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Dentin Baglayic1 Ajanlarda Giincel Gelismeler

Current Advances Dentin Bonding Agents

(074 Nezahat Nurefsan EVLI?
ORCID: 0009-0004-1260-6162

Giris: Adezyon, restoratif dis hekimliginde kritik bir siire¢ olup,
mineralize dis dokular ile restoratif materyaller arasinda saglam bir
baglant1 olusturmaktadir. Dentin bonding ajanlar1 ise bu baglanmay1
artiran ince rezin tabakalar olarak tanimlanmaktadir. Klinik
uygulamalarda, tedavi sliresini azaltmak, uygulama kolaylig
saglamak ve restorasyon dayanikliligini artirmak amaciyla farkl
jenerasyon bonding ajanlar1 gelistirilmistir. Bu adeziv sistemler,
restoratif tedavilerde daha etkili sonuglar saglamakta ve dis dokusunu
koruma hedefiyle gelistirilmeye devam etmektedir.

Simin KOCAAYDIN?
ORCID: 0000-0003-2577-7513

Sonug¢: Bu derlemede, adezyonun tanimi ve dnemi ile dentin bonding
sistemlerin tarihgesi, siniflandirmalari, karsilagtirmalari, giincel | tigianbul Kent Universitesi, Dis Hekimligi Fakiiltesi,
bonding sistemlerin gelisimi ve c¢alisma mekanizmalari ayrintili | Pedodonti A.D.

olarak incelenmistir. Ayrica klinik vakalarda kullamlan giincel | Istanbul, Tiirkiye

bonding ajanlarinin farkli parametrelerle karsilagtirmalarinin
degerlendirildigi ¢calismalara yer verilmistir.

Anahtar Kelimeler: Adezyon, Dentin Baglayic1 Ajanlar, Restoratif
Materyaller.

ABSTRACT

Objective: Adhesion is a critical process in restorative dentistry,
establishing a strong bond between mineralized tooth tissues and
restorative materials. Dentin bonding agents are defined as thin resin
layers that enhance this bonding. In clinical practice, various
generations of bonding agents have been developed to reduce
treatment time, facilitate application, and improve restoration
durability. These adhesive systems yield more effective outcomes in
restorative treatments and continue to be refined with the goal of
preserving tooth tissue.

Conclusion: This review examines the definition and importance of
adhesion, along with the history, classifications, and comparisons of
dentin bonding systems, the evolution and working mechanisms of
current bonding systems, and studies evaluating different parameters

of contemporary bonding agents used in clinical cases. lletisim Adresi /Corresponding Adress:
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Adezyon, farkli vyiizeylerin fiziksel veya kimyasal
metotlar kullanilarak bir araya getirilme siirecini ifade
etmektedir. Adezyon restoratif tedavilerde, mineralize dis
dokular: ile restoratif materyaller arasinda kritik bir rol
oynamaktadir (1). “Adeziv” adi1 verilen 6zel bir tabaka
kullanilarak iki materyal arasindaki baglanma ve
etkilesim artirllmaktadir. Bu tabaka araciligiyla mine veya
dentin ile restoratif materyal arasinda bir tikag
olusturulmaktadir. Tika¢ olusumu, mikrosizintiya karsi
direncin artmasina, postoperatif hassasiyetin azalmasina,
marjinal renklenmenin ve sekonder clrik gelisim
risklerinin  azaltilmasinda  6nemli  dlgliide  katki
saglamaktadir (2,3).

Dentin bonding ajani, “dentin ile kompozit rezin matrisi
arasina uygulanan ince rezin bir tabaka" olarak
tanimlanmaktadir (3). Adeziv dis hekimligi, 1955'te
Buonocore'un  asitle  piiriizlendirme  prosediiriinii
bulmasiyla baglamistir (4). Her nesil, siiregte yer alan sise
sayisini azaltmayi, islem adimlarinin sayisin1i en aza
indirmeyi, daha hizli uygulama teknikleri saglamay1 ve
daha giicli baglanmay1r kolaylastiracak sistemleri
hedeflemistir (5).

Dentin Bonding Ajanlarin Simiflandirilmasi Ve Giincel
Gelismeler

Dentin bonding ajanlarinin giiniimiize kadar sayisiz
siniflandirmasi olmustur. Bunlardan bazilar1 nesil, klinik
adimlarin  sayis1 ve modern adeziv stratejilerine
dayanmaktadir  (3). Nesil simiflandirmasi  dental
bondinglerin ne zaman ve hangi sirayla gelistirildigini
ifade etmektedir.(5) Dordiincii nesil bondingler, smear
tabakasini tamamen ortadan kaldirmay1 ilk basaran ajanlar
olarak kabul edilmistir (6). Bu nesilde, ii¢ ana bilesen (asit,
primer, bonding) genellikle ayr1 siselerde bulunmakta ve
sirastyla uygulanmaktadir (7). Besinci nesil adeziv
sistemlerin gelisimiyle klinik siireclerdeki adimlar
azaltilmis ve islem siiresi kisaltilmistir. Bu sistemler, "tek
adimli" veya "tek sise" olarak adlandirilan uygulama
metodlarina dayanmaktadir (5,8). Altinct nesil adeziv
sistemler ayn1 zamanda “self-etch adezivler” olarak da
bilinmektedir. Bu adeziv sistemler tek ¢ozelti kullanarak
asitleme adimini ortadan kaldirmay1 ve diger adimlardan
birine dahil etmeyi amaglamaktadir (9). Yedinci nesil
adeziv sistemler, 1999'un sonlarinda gelistirilmis, “All-in-
one” adeziv sistemler ise 2002 yillarinda ortaya ¢ikmustir
(10). Bu sistemler, adezyon igin gerekli tiim bilesenleri tek
bir sise icerisinde barindirarak adezyon protokollerini
onemli Ol¢iide basitlestirmistir  (11,12). 2010 yilinda,
Voco America, nano boyutlu dolgu maddeleri igeren ve
sekizinci nesil bir adeziv ajan1 olan Voco Futurabond
DC'yi tanitmistir (13). Bu yeni ajanin igerisine dahil edilen
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nano-dolgu maddeleri, rezin monomerlerin miktarini
artirarak hibrit tabakanin kalinligini iyilestirmistir. Bu
gelisme, adeziv sistemin mekanik giliclinii arttirmistir
(14,15). Nano dolgu maddeleri, mine ve dentin
arasindaki baglanma kuvvetini iyilestirirken, stresi
absorbe etme kapasitesini artirarak tiriiniin raf dmriinii
uzatmaktadir (5). Self-etch 6zelligine sahip olan bu
sekizinci nesil ajanlar, asidik hidrofilik monomerler
icermekte olup, tiikiirik veya nem ile kontamine
olmus mine tizerinde kolaylikla kullanilabilmektedir

3).
Modern Adeziv Sistemlerin Mekanizmalari

Etch-and-Rinse Adeziv Sistemler

Uc asamali ve iki asamali olmak iizere iki grupta
incelenmektedir. U¢ asamali sistem, fosforik asitle dis
dokusunun piiriizlendirilmesi, hidrofilik bir primerin
uygulanmasi ve ardindan adeziv rezinin uygulanmasi
basamaklarini icermektedir. Iki asamali sistem ise
fosforik asitle piirlizlendirme ve yikama sonrasi,
primer ve adeziv rezin bir arada uygulanmaktadir
(16). ki asamali total-etch sistemlerin, ii¢ asamali
sistemlere gore klinik olarak daha az basarili oldugu
ve  yiksek  teknik  hassasiyet  gerektirdigi
belirtilmektedir (17). Bu sistemlerde, demineralize

kollajenin  infiltre  edilmesi  ve  solventin
uzaklastirllmasinda  zorluklar  yasandigi  ifade
edilmektedir (17).

Etch-and-rinse  sistemin  baglantt mekanizmasi

mikromekaniktir ve hibrit tabakanin olusumuna
dayanmaktadir (18). Ayn1 zamanda bu teknik
hassasiyet gerektiren islemler igcermektedir. Asiri
kurutma sonucu demineralize kolajen lifler ¢oker ve
monomer difiizyonunda azalma meydana
gelmektedir. Bu da uygun bir hibrit tabaka olusumunu
engellemektedir (3). Asirt 1slak veya kuru kosullar
adezivin uygulanmasim1 zorlagtirmakta ve rezin-
dentin ara yliziinde sorunlara neden olabilmektedir.
Bu sorunlar hibrit tabakanin erken bozulmasina yol
acabilmektedir (19). Bu olumsuzluklara ragmen, etch-
and-rinse adeziv sistemleri, mine ve dentine
sagladiklar1 giiclii baglanma yetenekleri sayesinde
restorasyonlarda hala onemli bir yer tutmaktadir.
Ozellikle mine yiizeyinde asitle piiriizlendirme islemi,
mikro ve makro gozenekler olusturarak rezinlerin
kolayca niifuz etmesini ve polimerizasyon sonrasi
giicli  bir mikromekanik tutunma saglamasini
miimkiin kilmaktadir (20). Dentine baglanma daha
zorlu bir siire¢ olsa da li¢ agsamal1 sistemler, primer ve
adeziv rezinin ayri ayrt uygulanmasiyla dentin
yiizeyini daha etkili bir sekilde hazirlamakta ve derin
monomer infiltrasyonuna olanak tanimaktadir. Bu
ozellikler, restorasyonlarin uzun vadeli dayaniklilig
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ve klinik basaris1 agisindan kritik Oneme sahiptir.
Giuinimiuzde, kullanim: daha basit olan self-etch
materyallerin gelistirilmesine yonelik ¢alismalar devam
etmektedir (3).

Self-Etch Sistemler

Self-etch sistemler, etch-and-rinse tekniginin nem
hassasiyetini kontrol altina almak amaciyla ortaya
cikmustir. Ayrica, adeziv uygulamanin klinik islemlerini
basitlestirerek klinik siireyi azaltmak icin gelistirilmigtir
(21). Self-etch sistemler, asidik monomerler igerdikleri
icin ayrica bir asitle agindirma adimi gerektirmemektedir
(22). Bu monomerler dis yiizeyini ayn1 anda hem asitle
asindirmakta hem de primer asamasini uygulamaktadir.
Bu sistemler ‘smear tabakasini' degistirebilmekte ve ince
bir hibrit tabaka olusturmaktadir (23). Self-etch adeziv
sistemlerinin smear tabakasi lizerindeki etkisi daha az
olmaktadir. Bu dentin tiibiillerinin daha az agiga
¢ikarilmasina ve etch-and-rinse sistemlerine kiyasla daha
az dentin sivi akisimna yol a¢maktadir. Boylece post-
operatif hassasiyetin azalmasina katkida bulunmaktadir.
Ancak, self-etch adezivlerin daha az asidik olmasi, etch-
and-rinse adeziv sistemlerine gore daha diisiik mine
asindirma kapasitesi gibi bir dezavantaji da beraberinde
getirmektedir (24). Self-etch sistemler klinik uygulama
adimlarinin sayisina gore siniflandirilmaktadir. Tki adiml
self-etch sistemlerin ilk adimi asidik monomerden
olusmus hidrofilik bir primer soliisyon igerirken, ikinci
adim hidrofobik baglayici bir ajan igermektedir (25). Tek
asamali self-etch adezivlerin asir1 hidrofilik yapisi
nedeniyle su, substrattan adeziv tabakaya dogru hareket
etmektedir. Bu durum adezivin yar1 gegirgen bir membran
gibi davranmasina neden olmaktadir. Bu siire¢, adeziv
tabaka ile kompozit arasinda kiigiik su damlaciklarinin
olusmasina sebep olmaktadir. Ayni1 zamanda, bag
kuvvetinde azalmaya, rezinin hidrolizi ile dis-rezin
baginin zamanla bozulmasina yol agmaktadir (26). Dentin
ve mineye self-etch adezivlerin uygulanmasinin
dezavantajlarindan biri fosforik asit kadar mineyi
asindiramamalaridir. Distik asit seviyeleri nedeniyle, bu
durum servikal restorasyonlarin mine kenarlarinda
goriilen marjinal renk degisikliklerinin artmasina yol
acmaktadir. Bu nedenle self-etch adezivlerin bozulmasi,
asidik bilesenlerinin adeziv tabakasinin su ¢ekme
egilimini ve esnekligini artirmasindan
kaynaklanmaktadir. Bu durum, adezivin daha fazla su
emmesine ve daha yumusak hale gelmesine yol
agcmaktadir (27). Dentine yeterli adezyon etch-and-rinse
veya self-etch adezivler ile tamamen saglanabilmektedir.
Ancak, minede fosforik asit kullanilan etch-and-rinse
yaklasimi daha ¢ok tercih edilmektedir (28,29).

Universal Adeziv Sistemler

Tek adimli self-etch adezivlerin eksikliklerini
gidermek amaciyla universal adezivler gelistirilmistir.
Universal adezivler, self-etch ve etch-and-rinse
protokollerini destekleyecek sekilde tasarlanmistir.
Bu sistemler, asidik fonksiyonel monomer (6rnegin,
10-metakriloksidekil dihidrojen fosfat (10-MDP),
gliserol fosfat dimetakrilat (GPDM)), hidrofilik (2-
hidroksietil metakrilat (HEMA)) ve hidrofobik
monomer (bisfenol A-glisidil metakrilat (Bis-GMA))
ile ¢oziicii (su, etanol, aseton) icermektedir.(30) Bu
fonksiyonel gruplar, hidroksiapatitteki kalsiyum
iyonlariyla baglanarak dentine etkili bir kimyasal bag
saglamakta ve bu sayede stabil bir baglanma
bolgesi olusmaktadir (31,32). 10-MDP, universal
adezivlerde kullanilan ilk fonksiyonel monomer olup,
demineralizasyon ve baglanma siire¢lerinde Onemli
bir rol oynamaktadir. Uzun karbon zinciri sayesinde
hidrolitik degradasyona karsi direng gosterebilmekte
ve hidroksiapatit kalsiyumu ile iyonik baglar kurarak
stabil MDP-Ca tuzlarini olusturabilmektedir. Bu
tuzlar, adeziv ara yilizde birikerek dentine uzun siireli
baglanmay1r saglayan bir nanotabaka meydana
getirmektedir. Hidrofobik metakrilat ve hidrofilik
fosfat gruplari, MDP'nin hem restoratif materyallere
hem de dis dokularima baglanmasini miimkiin
kilmaktadir. Diger monomerler, 10-MDP’ye kiyasla
daha diisiik baglanma dayanimi ve hidrolitik direng
sergilemektedir (32). Universal adezivler, hem self-
etch adezivler olarak dentin yiizeylerine hem de etch-
and-rinse  adezivler olarak mine yiizeylerine
uygulanabilmektedir. Bu  ¢ift  fonksiyonellik,
genellikle "segici mine piirlizlendirmesi (selective
etch)" adi verilen teknikle saglanmaktadir. Bu
ozellikleri sayesinde universal adezivler "multi-
mode" veya "g¢ok amach" adezivler olarak da
anilmaktadir (33,34). Universal adezivler klinik
uygulamada yaygin olarak kullanilmasina ragmen,
dentin tizerinde en 1yi adeziv performansi elde etmek
icin hangi uygulama tekniginin secilecegi konusunda
zorluk yasanmaktadir. Zorlu erisim, sinirli zaman
veya cocuk hastalarda diisiik hasta uyumu gibi
durumlarla  karsilasildiginda  self-etch  tercih
edilebilmektedir (3).

Giincel Dentin Bonding Ajanlarin Karsilastirma
Kriterleri

Adeziv  dis  hekimliginde  birgok ilerleme
kaydedilmesine ragmen, restorasyonlarin
uygulanmasi sirasinda adezyon ara yiizli 6nemli bir
zorluk meydana getirmektedir. Dikkate alinmasi
gereken faktorler arasinda, oral ortamdaki nem,
cigneme stresleri, sicaklik ve pH degisiklikleri ile
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diyet ve ¢igneme aligkanliklar1 gibi kimyasal ve mekanik
zorluklar bulunmaktadir (35). Adeziv uygulamalar
sirasinda yapilan bazi1 hatalar olumsuz durumlara neden
olabilmektedir. Dentine uygulanan asit sonrasi yikanan
dentinin agsir1 kurutulmasi kollajenlerin ¢okme riskini
artirmaktadir (36). Ayrica dentinin asirt asitlenmesi zayif
baglantiya neden olabilmektedir. Hibrid tabakanin
tabaninda  zayif  infiltrasyon  gOsteren  alanlar,
mikrosizintiya, kollajen hidrolizine ve zamanla arayliziin
bozulmasina sebep oldugu bildirilmektedir (3).

Baglanma Dayanim Kuvveti

Baglanma kuvveti, bonding ajanin restoratif materyal ve
dis dokusuna olan mekanik ve kimyasal adezyon
yetenegini degerlendirmek i¢in kullanilan temel bir
kriterdir (37).

Ganesh ve ark. (2020), yaptig1 bir in-vitro ¢calismada, 64
adet ciiriiksliz premolar dislere class V kaviteler
hazirlanmistir. Hazirlanan 6rnekler randomize dort deney
grubuna ayrilmis ve her bir gruba farkli nesillerdeki
bonding ajanlar1 uygulanmistir. Sekinci nesil G-Premio
Bond, besinci nesil Adper Single Bond 2, altinci nesil
Clearfil SE ve yedinci nesil Single Bond Universal
makaslama baglant1 kuvveti agisindan karsilagtirilmistir.
Sekizinci nesil G-Premio Bond, diger nesillere gore
istatistiksel olarak anlamli bir sekilde daha {istiin
makaslama baglantt kuvveti sergilemistir. Bu {istiin
performansin, G-Premio Bond'un yapisinda bulunan ve
dentin tiibiillerine daha iyi penetrasyon saglayan hidrofilik
ve  hidrofil olmayan ~ monomerlerin  dengeli
kombinasyonundan kaynaklandig1 belirtilmistir. Sonug
olarak, G-Premio  Bond'un  primer  kullanimi
gerektirmeden self-etch uygulamasi ile uyumlu oldugunu,
uzun siireli estetik ve asmmma direnci sundugunu ve
hipersensitif digler icin ideal bir segenek oldugu
bildirilmistir (35).

Hardan ve ark. (39) yaptig1 sistematik inceleme ve meta-
analizde, universal adezivlerin baglanma dayanimini
artirmak i¢in mevcut alternatif teknikler uygulanmis ve ek
bir strateji olup olmadig1 arastirilmistir. Bu calismada
dentine baglanma dayanimini artirmak igin adezivin aktif
sekilde uygulanmasi ve adezivdeki solventin 10 saniyeden

daha wuzun siire hava spreyi ile uzaklastirilmasi
Onerilmistir. Ayrica, 40 saniyeye kadar uzatilmis
polimerizasyon siiresi, 1i¢ saniye secici dentin

piiriizlendirmesi, adeziv uygulama siiresini 2 kat artirma,
ekstra rezin katmani, MMP inhibitérlerinin (klorheksidin,
1-etil-3(3-dimetilaminopropil) karbodiimid, yesil ¢ay 6z,
galardin, tetrasiklin, etilendiamintetraasetik asit (EDTA)
ve kuaterner amonyum tuzlar1) adezivi uygulamadan once
kullanilmasi, etanol ile 1slak baglama yontemi (etanol-wet
bonding) ve birden fazla katman uygulanmasi (iki katman
ve daha fazlasi) onerilmistir. Nemli baglanma tekniginin
(wet-bonding), dentin ylizeyi tamamen kurutulmadan,
nemli durumda birakilan bir uygulama oldugu

bildirilmistir (38). Diger yandan, uygulama siiresinin
kisaltilmas1 ve dentin hassasiyet gidericilerin
universal adezivlerin dentin baglanma giliciinii
olumsuz etkiledigi bildirilmistir (39). Akram ve ark.
(40) calismasinda, klorheksidin yiiklii mezoporlu
silika nanopartikiillerinin (CHX-loaded/MSN) pH
duyarli bir sistem olarak gelistirilip dentin
adezivlerine uygulanmasinin antimikrobiyal etkinlik
ve bag dayanimi iizerindeki etkileri incelenmistir.
Calismada, CHX'nin yavas salinimini saglayan ve
dentin-kollajen arayiiziiniin bozulmasini Onleyen
nanopartikiil sistemleri tasarlanmistir. Sonuglar, bu
sistemlerin ~ biyofilm  olusumunu ve dentin
proteazlarinin  aktivitesini  (6rnegin, MMP'ler)
baskilayarak  hibrit  tabakamin = dayanikliligini
artirdigmi  gostermistir.  pH'va  duyarli  bu
nanopartikiillerin restoratif dis hekimliginde bag
dayanimini artirarak daha uzun 6miirlii restorasyonlar
icin etkili oldugu belirtilmistir. Ayrica, bu sistemlerin
sitotoksisitesinin  diisiik oldugu ve uzun siireli
antibakteriyel etkinlik sagladigi vurgulanmistir (40).
Akram ve ark. (40) yaptigi ¢alismada, nano-giimiis
(nAg) ile modifiye edilmis indirgenmis grafen oksit
(RGO) ve grafen nanoplateletler (GNP) dentin
baglayict  ajanlarda  kullanilarak  rezin-dentin
arasindaki mekanik ve biyolojik 6zellikler iizerindeki
etkileri degerlendirilmistir. GNP/nAg modifiye
ajanlar, Streptococcus mutans biyofilm olusumunu
belirgin sekilde inhibe ederken diisiik sitotoksisite
profili sergilemistir. GNP/nAg gruplar, diizenli ve
homojen hibrit katmanlar olusturarak daha giiclii
rezin-dentin baglantis1 saglamis ve en dislik

nanoleakage ile en yiiksek mikro-gerilme bag
dayanimi  ve elastikiyet modiili  degerlerini
gostermistir.  Grafen  bazli  nanopartikiillerin

antimikrobiyal ve mekanik O6zellikleri desteklenmis
olup, daha fazla klinik arastirma gerekliligi
vurgulanmigtir (41).

Brkanovic ve ark. (42) yaptigi bir laboratuvar
caligmasinda farkli universal adeziv ajanlarin dentin
baglanma giicii lizerine etkileri karsilastirilmistir. G2-
Bond Universal, Clearfil Self-etch Bond ve
Scotchbond Universal Plus olmak tizere ii¢ farkl
adeziv ajanin dentin baglanma glicii
degerlendirilmistir. U¢ adeziv arasinda, Scotchbond
Universal Plus en diisiik baglanma giicii degerine
sahipken, G2-Bond Universal'n diger adezivlere
kiyasla dentine kesme baglanma giicii acisindan
belirgin bir farkinin oldugu bildirilmistir. G2-Bond
Universal’mm  {stlin ~ performansinin, HEMA
icermemesi nedeniyle hibrit tabakanin stabilitesini
artirmasina baglanmistir. HEMA'min varligi, adeziv
tabakasinin uzun vadede hidrolize ugrama riskini
artirabilirken, HEMA igermeyen G2-Bond Universal,
daha dayanikli bir baglanma ve daha diisiik
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mikrosizinti  sagladigr  belirtilmistir. Sonu¢  olarak,
ozellikle self-etch uygulandiginda, HEMA icermeyen
universal  adeziv G2-Bond  Universal'n  klinik
uygulamalar icin en etkili universal adeziv oldugu
bildirilmistir (43).

Mikrosizinti

Mikrosizinti, restorasyon materyali ile dis dokusu
arasindaki araliktan bakteriler, agiz stvilari, molekiiller ve
iyonlarin gecisine yol agan istenmeyen bir durum olarak
tanimlanmaktadir (43). Dentin bonding ajanlarinin en
onemli karsilastirma  kriterlerinden biri, restoratif
materyal ve dis dokusu arasindaki bagin mikrosizintiya
karst direnci olmaktadir. Mikrosizint1 testleri, bonding
ajanlarinin sizdirmazlik kabiliyetini degerlendirmek i¢in
kullanilmaktadir (44). Fathpour ve ark. (45) yaptiklar
randomize kontrollii bir calismada
servikal restorasyonlarda universal adezivler ile sekizinci
nesil iki adimli self-etch adezivler mikrosizint1 a¢isindan
karsilastirilmistir.  Bu  in-vitro deneysel c¢alismada
cliriiksiiz 70 adet premolar dis randomize bes gruba
ayrilmistir (G-Premio Bond/self-etch teknigi, G-Premio
Bond/total etch  teknigi, G-Premio Bond/segici
piiriizlendirme teknigi, Clearfil SE Bond/self-etch teknigi,
Clearfil SE Bond/segici piiriizlendirme teknigi.).(45)
Clearfil SE Bond/self-etch teknigi grubu, mine
kenarlarinda en yiliksek mikrosizintiya sahipken; G-
Premio Bond’un her iki grubu da en diisiik mine
mikrosizinti oranina sahip oldugu bildirilmistir. Clearfil
SE Bond/self-etch grubu, dentin kenarlarinda en yiiksek
mikrosizintiytr  gosterirken;  G-Premio  Bond/secici
puriizlendirme teknigi grubunun en az mikrosizinti
gosterdigi bildirilmistir (45). Akram ve ark. (46), pH
duyarl1  klorheksidin  yiikli ~ mezoporoz  silika
nanopartikiilleriyle modifiye edilmis bir deneysel dentin
adezivini  degerlendirmistir.  Calisma, nanopartikiil
modifikasyonunun dentin baglanma giiciinii artirdigini,
hibrit tabaka stabilitesini iyilestirdigini ve mikrosizintiy1
azalttigin1  gostermistir. Bu basari, nanopartikiillerin
homojen dagilim saglamasi, genis ylizey alanlariyla
baglanmay1 giiclendirmesi ve klorheksidinin
antimikrobiyal etkisiyle iligkilendirilmistir. Sonug olarak,
modifiye adezivin hem baglanma giicii hem de uzun siireli
klinik basar1 a¢isindan etkili oldugu belirtilmistir (46).
Sengar ve ark. (47) yaptigi randomize kontrollii bir in-
vitro ¢alismada, 27 adet ¢iiriiksiiz dise class V kaviteler
acilarak  mikrosizint1  agisindan  karsilastirilmastir.
Kaviteler, etch-and-rinse adeziv sistemi (Adper Single
Bond 2/ Besinci Nesil Ajan), self-etch adeziv sistemi (G-
Bond/ yedinci nesil ajan) ve self-etch akiskan kompozit
rezin (Constic) kullanilarak restorasyon yapilmistir (47).
Constic, icerisinde bonding ajanini da barindiran akiskan
kompozit bir materyaldir.

Self-etch adeziv sistemi (G-Bond) ile etch-and-rinse
adeziv sistemi (Adper Single Bond 2) arasinda
mikrosizintt  farki istatistiksel olarak anlaml
bulunmamistir. ~ Self-etch  akiskan  kompozitin
(Constic), diger adeziv sistemlere kiyasla en yiiksek
mikrosizintt miktarina sahip oldugu bildirilmistir.(47)
Bu calismanin sonucunda,tim adeziv sistemler
mikrosizint1 riski tasidigi; ancak total-etch adeziv
sistemin (Adper Single Bond 2) en az mikrosizinti
degerini gosterdigi bildirilmistir. Adper Single Bond
2’nin daha diisiik mikrosizint1 gdstermesinin nedeni,
mine ve dentin tizerinde gii¢clii mekanik ve kimyasal
baglanma saglayarak hibrit tabaka olusumunu
optimize etmesi oldugu bildirilmistir. Buna karsin,
Constic’in  yetersiz plriizlendirme ve bonding
ajaninin homojen bir sekilde dagilamamasi nedeniyle
daha  yiiksek mikrosizinttya neden  oldugu
belirtilmistir (47). Singh ve ark. (48) yaptig1 deneysel
bir in-vitro ¢alismada, 45 adet premolar diste agilan
sinif V kaviteler, total-etch, universal ve sekizinci
nesil sistemler ile restore edilerek mikrosizinti
acisindan  karsilastirilmistir.  Ornekler ii¢ gruba
ayrilmis ve sirastyla total-etch besinci nesil (Tetric N-
Bond), universal self-etch yedinci nesil (Prime &
Bond Universal) ve sekizinci nesil (Futura Bond DC)
adeziv sistemleri kullanilmistir.(48) Sekizinci nesil
adezivlerin mikrosizintt agisindan total-etch ve
universal adeziv sistemlerine kiyasla daha iyi sonuglar
gosterdigi tespit edilmistir (48). Bu adeziv ajanlarin,
mikrosizinttyyr azaltmada daha etkili oldugu ve
restorasyonlarin  marjinal biitlinligiinii  sagladig:
bildirilmistir (48).

Rocha ve ark. (49) yaptigi ¢calismada, Brezilya kirmizi
propolisinin  dentin  adezivlerinin  gecirgenligi
iizerindeki etkisi incelenmistir. Adezivlere propolis
eklenmesinin hibrit tabaka iizerinden su gecisini
onemli Olclide azalttigi ve dentin sizdirmazligim
tyilestirdigi bildirilmistir. Propolis igeren adezivler,
konsantrasyona bagli olarak etkili sonuglar vermis ve
500 pg/mL en yiiksek etkinligi saglamistir. Bu etkiler,
propolisin igerigindeki polifenoller ve flavonoidlerin
antimikrobiyal 6zellikleri ile hibrit tabaka stabilitesini
artirict etkisine baglanmustir. Ozellikle, propolisin
hibrit tabaka icindeki kollajen fibrillerini stabilize
ederek demineralizasyonu azalttig1 ve mikrosizintiy1
onledigi vurgulanmistir. Deneysel adezivler (iki
asamali "etch-and-rinse" metakrilat bazli adeziv)
propolisten olumlu etkilenirken, Single Bond daha
istliin performans gostermistir. Bu durum, Single
Bond’un daha gelismis bilesimine baglanmistir. Bu
bulgular, propolisin dental uygulamalarda adeziv
performansini artiran bir biyoaktif bilesen oldugunu
gostermistir (49).
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Nem Toleransi

Klinik uygulamalarda, tiikiirik ve kanin ¢alisma alanini
kontamine etmesi durumunda etkili bir nem kontrolii
saglamak biyiik bir zorluk olusturmaktadir. Tikiiriik
proteinleri ve nemin varligl, restorasyonlarin baglanma
dayanimini ciddi oranda azaltarak uzun dénem basariy1
olumsuz etkileyebilmektedir (50). Sugimura ve ark. (51)
yaptigr randomize klinik bir caligmada universal
adezivlerin etch-and-rinse yontemine gore nemli yiizeyde
baglanma dayanimi  degerlendirilmistir. ~ All-Bond
Universal, G-Premio Bond, Prime&Bond Active ve
Scotchbond Universal Adhesive degerlendirilmistir. Etch-
and-rinse yontemiyle uygulanan universal adezivlerin
dentine olan baglanma dayaniklili§i, mineye olan
baglanma dayanikliligindan farkli olarak yiizey neminden
etkilenmistir. Ozellikle, All-Bond Universal ve G-Premio
Bond’un dentine baglanma dayaniklilifi, yiizey nemine
duyarli bulunurken, Prime&Bond Active ve Scotchbond
Universal Adhesive’in bu duruma daha az duyarli oldugu
belirtilmistir. Bu farklilik, baz1 universal adezivlerdeki
katki maddelerinin baglanma stabilitesini artirma ve su
miktarini diizenleme 6zelliklerine baglanmistir. Etch-and-
rinse yontemi kullanildiginda, dentin yiizeyindeki nemin
universal adezivlerin baglanma performansini dogrudan
etkiledigi ve uygun nem seviyesinin restorasyon basarisi
icin kritik bir 6neme sahip oldugu vurgulanmistir (51).

Jitumori ve ark. (52) yaptig1 bir in-vitro ¢alismada, farkli
adeziv stratejiler kullanilarak, kok dentininde fiber
postlarin baglanmasina nemin etkisi degerlendirilmistir.
Toplam 72 adet endodontik tedavi gormiis dis alt1 gruba
ayrilmistir. Bunlar, dentin ylizeyinin nemine ve adeziv
sistemlere gore su sekildedir: a) etch-and-rinse/nemli, b)
etch-and-rinse/kuru, c¢) self-etch/nemli, d) self-etch/kuru,
e) self-adhesive/nemli ve f) self-adhesive/kuru. Rezin
materyalinin Push-out testi ile baglanma dayanimi, SEM
ile nanosizinti ve Vickers testi ile mikrosertligi
degerlendirilmistir. Push-out testi sonuglarina gore, etch-
and-rinse grubunda baglanma dayaniminin daha yiiksek
oldugu goézlemlenmistir. Bununla birlikte, kuru dentin,
araylizde daha disik mikrosizinti  gdstermistir.
Mikrosertlik  degerlendirmesinde ise, self-adhesive
stratejisi kuru dentin iizerinde istatistiksel olarak en
yiiksek degerleri gostermistir. Etch-and-rinse stratejisinin
baglanma dayanimi ag¢isindan {istiin oldugu, ancak nem
kontrolii saglanamadiginda self-adhesive stratejilerin kuru
dentin lizerinde daha uygun bir alternatif olabilecegi tespit
edilmistir. Ayrica, nemin baglanma dayanimina olan
etkisinin, farkli adeziv sistemler arasinda belirgin
farkliliklar gosterdigi vurgulanmistir (52).

Mohan ve ark.’min 2023 yilinda yaptigi bir in-vitro
calisma yedinci ve sekizinci nesil adeziv sistemlerin
tikiirik ~ kontaminasyonunun  kesme  baglanma
dayanikliligina etkisini karsilagtirmayr amaglamistir.
Toplam 66 adet premolar dis, yedinci ve sekizinci nesil
adeziv sistemler kullanilarak iki ana gruba ayrilmis ve her

bir grup ti¢ alt gruba (kontrol, tiikiiriikle kontamine ve
tiikiiriik kontaminasyonundan sonra adezivin yeniden
uygulanmasi) bdliinmiistiir. Sekizinci nesil adeziv
sistemlerin, tiiklirik kontaminasyonuna karst daha
direngli oldugunu ve kontaminasyondan sonra
adezivin yeniden uygulanmasinin kesme baglanma
dayanikliliginin kontrol gruplarina yakin seviyelere
getirebildigi bildirilmistir. Sekizinci nesil adezivlerin,
kimyasal yapilarindaki hidrofilik ve hidrofobik
monomer dengesi sayesinde tiikiiriik varliginda daha
stabil baglar olusturdugu bildirilmistir. Sonug olarak,
sekizinci nesil adezivler, yedinci nesil adezivlere
kiyasla tiikiirik kontaminasyonu varliginda ve
yoklugunda daha yiiksek kesme baglanma
dayaniklilig1 degerleri gosterdigi belirtilmistir (50).

Dentin Baglayici Ajanlarda Yenilikg¢i
Yaklasimlar: Antimikrobiyal, Anti-Enzimatik ve
Biyoaktif Sistemlerin Klinik Potansiyelleri

Dentin baglayici ajanlar, bag stabilitesini artirmak,
clirtk  olusumunu engellemek ve biyolojik
uyumlulugu saglamak igin siirekli yeniliklerle
gelistirilmektedir. Son yillarda antimikrobiyal, anti-
enzimatik ve biyoaktif 6zelliklere sahip yeni nesil
sistemler, baglayici ajanlarda 6nemli ilerlemeler
saglamistir (53). Yousaf ve ark. (54) calismasinda,
self-etch (AdheSE One) ve etch-and-rinse (Eco-Etch)
adeziv sistemler, postoperatif hassasiyet acisindan
karsilastirilmistir. Self-etch sistem, 24 saat sonrasinda
soguk uyarana kars1 daha diisiik hassasiyet saglarken,
bir hafta sonunda gruplar arasinda  fark
gozlenmemistir. Self-etch sistemin daha 1yi sonug
vermesi, dentin tiibilillerini kismen kapatarak sivi
hareketini  sinirlamast  ve  hidrofilik-hidrofobik
monomer dengesiyle daha stabil hibrit tabaka
olusturmasina baglanmistir. Buna karsin, etch-and-
rinse sistemlerde nem kontroliiniin zorlugu ve dentin
tiibiillerinin tamamen aciga ¢ikmasi, hassasiyetin
artmasina ve mikrosizintt riskinin yiikselmesine
neden olmustur. Sonug olarak, self-etch sistemlerin
erken donemde hassasiyeti azaltmada daha avantajh

oldugu, ancak etch-and-rinse sistemlerin mine
baglanmasinda daha giiclii performans
gosterebilecegi  belirtilmistir.  Adeziv ~ sistem

seciminde ylizey hazirlig1 ve nem kontroliiniin 6nemi
vurgulanmigtir (54). Koohpeima ve ark. (55), nano-

gimiis (NAg) partikiillerinin ~ farkli  adeziv
protokolleriyle  dentin  iizerine uygulandiginda
kompozit makaslama bag kuvveti iizerindeki

etkilerini arastirmistir. Calismada, NAg partikiilleri
hem etch-and-rinse hem de self-etch adeziv
sistemlerle kullanilmistir. Sonuglar, NAg 6n isleminin
her iki sistemde de bag kuvvetini artirdigin1 ve en iyi
sonucun Adper Single Bond ile asitle asindirma
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oncesinde elde edildigini gdstermistir. Ayrica, NAg'nin
antibakteriyel etkilerinin bag dayanimina olumsuz bir
etkisi olmadig1r tespit edilmistir. Nano-glimiis iceren
adeziv  sistemlerin  restoratif dis  hekimliginde
antibakteriyel koruma ve artirilmis bag stabilitesi i¢in
etkili bir yaklasim oldugu tespit edilmistir (55). Dutra-
Correa ve ark. (53), diisiik konsantrasyonlarda (50-250
ppm) nano-giimiis (NAg) igeren bir dental adezivin
antibakteriyel etkilerini, sitotoksisitesini ve mikro-gerilme
bag dayanimini (uTBS) degerlendirmistir. Caligsmada,
NAg iceren adezivlerin Streptococcus mutans biyofilm
olusumunu anlamli sekilde azalttig1 ve 6zellikle 250 ppm
konsantrasyonunda en yiiksek antibakteriyel etkinligi
sergiledigi belirtilmistir. Ayrica, NAg iceren adezivlerin
kontrol grubu olan Scotchbond Multi-Purpose ile benzer
uTBS degerleri sagladigi ve sitotoksisitede artisa neden
olmadig1 tespit edilmistir. NAg'in dig-adeziv arayiiziinii
bakterilere kars1 koruyarak dental restorasyonlarin uzun
omirliligiini artirabilecegi belirtilmistir (53). Younus ve
ark.’nin (56) yaptig1 randomize kontrollii bir ¢aligmada
orta ve siddetli dentin hipersensitivite agris1 olan
hastalarda, dentin hassasiyet gidericiler ile self-etch
adezivin etkinligi karsilagtirilmistir. Dentin hassasiyeti
olan toplam 254 hasta, Grup A (Single Bond Universal
Agent) ve Grup B (Seal & Protect Agent) olarak
randomize iki gruba ayrilmistir. Grup A'daki hastalarin %
86,60's1 dentin hassasiyetinde iyilesme gozlemlenirken,
Grup B'deki hastalarin sadece % 67,7'si hassasiyette
azalma bildirmistir. Self-etch adezivin tistiin performansi,
dentin tiibiillerini etkin sekilde kapatarak sivi hareketini

azaltmasi ve giicli hibrit tabaka olusturmasina
baglanmistir. Sonug olarak, self-etch adeziv
uygulamasinin ardindan bir dakika sonra dentin

hassasiyeti onemli olciide azalmakta ve bir ay siireyle
hassasiyet giderici ajanlara kiyasla daha etkili oldugu
bildirilmistir (56). Park ve ark. (58) yaptigi ¢alismada,
postoperatif hassasiyeti azaltmak i¢cin CPNE7-DP'yi All-
Bond Universal (ABU) adezivine entegre ederek
ABU/CPNE7-DP adli materyali gelistirmistir. CPNE7-
DP, dentin hassasiyetlerinin tedavisinde kullanilan
bioaktif bir terapotik ajan olarak tamitilmistir (57). Bu
materyal, pulpa tarafinda tiibiiler dentin iiretimini tesvik
etmekte ve dentin tiibiillerini tikayarak dentin
hassasiyetini  tedavi  ettigi ~ gozlenmistir  (57).
ABU/CPNE7-DP, dentin tiibiillerine niifuz edebilmekte,
in-vitro odontoblast farklilasmasii tesvik etmekte ve
baglanma performansint etkilemeden in-vivo tiibiiler
yapida tgiincll dentin iiretebilmektedir. Bu calismada,
ABU/CPNE7-DP’nin post-operatif hassasiyeti azaltmada
yenilik¢i bir biyoaktif adeziv oldugu sonucu bildirilmistir
(58).

Alghauli ve ark. (59) tarafindan yapilan sistematik
inceleme ve meta-analizde, self-adeziv rezin simanlarin
(SA) total-etch (TE), selektif asitleme (Sle) ve self-etch

(SE) protokolleriyle karsilastirildiginda, postoperatif
hassasiyet agisindan anlamli bir fark olmadigi, ancak
debonding ve sagkalim oranlar1 bakimindan Sle ve
SE'nin daha iistiin oldugu belirtilmistir. SA'nin daha
disik performansi, mine yiizeyinde yetersiz
piiriizlendirme ve hibrit tabaka olusumunun sinirh
olmastyla agiklanmistir. TE protokolii, mine iizerinde
giicli bir mikromekanik bag olustururken, Sle
protokolii dengeli baglanma sagladigi icin daha
yiiksek sagkalim oranlart gosterdigi bildirilmistir. SE
protokolii, dentin tiibiillerine yeterince niifuz ederek
stv1 hareketini sinirladigi ve postoperatif hassasiyeti
azalttigl; ancak mine baglanmasinda daha smirh
kaldig1 belirtilmistir. Calismada, yilizey hazirliginin ve
baglanma mekanizmasinin restorasyon basarisinda
belirleyici oldugu vurgulanmistir. SA'nin uygulama
kolayligina ragmen oOzellikle mine baglanmasinda
daha diistik performans gosterdigi tespit edilmistir
(59).

SONUC

Estetik beklentilerin artmasi ve tedavi siirelerinin
kisalmasi, restoratif materyallerin gelistirilmesini
oncelikli hale getirmistir. Asit uygulamasinin ortaya
¢ikmasiyla restorasyonlarin kalitesini artirmak igin
cesitli dentin bonding materyalleri gelistirilmistir.
Glincel dentin bonding ajanlarinin gelistirilmesinde
siireci  basitlestirmeyi  amaclayan  ilerlemeler
kaydedilmistir. Stabiliteleri ve baglanma dayanimi
performanslar1  ile  iligskili  klinik  sonuglar
iyilestirilmeye c¢alisilmistir. Postoperatif hassasiyeti
azaltma, marjinal sizdirmazhigr iyilestirme ve
mikrosizintlyr azaltmaya yonelik calismalar devam
etmektedir.
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Kompozit Materyallerdeki Gelismeler

Advancements In Composite Materials In Dentistry

0z

Giris: Kompozit rezinler, modern dis hekimliginde siklikla kullanilan restoratif
malzemelerden biri olarak genis bir uygulama alanina sahiptir. {1k olarak 1960'larda
klinik kullanima giren kompozitler, zaman iginde ¢esitli siniflandirmalara ayrilarak
estetik, dayaniklilik ve biyouyumluluk gibi farkli ihtiyaglara gore gelistirilmistir.
Giliniimiizde partikiil boyutu, viskozite ve polimerizasyon yontemine gore farkli
tirleri bulunan bu malzemeler, cesitli klinik ihtiyaclar1 karsilayacak sekilde
ozellestirilmistir. Kompozit rezinlerin gelisim siireci, yeni antibakteriyel
ozelliklerin, kendini onarma kapasitesinin ve ¢iiriik dnleyici etkilerin eklenmesiyle
stirekli olarak devam etmektedir. Bu derlemede, kompozit rezinlerin gelisimi,
cesitleri ve siniflandirmalar1 detayli sekilde ele alinmistir. Kompozitler; partikiil
boyutlari, viskozite 6zellikleri ve polimerizasyon yontemlerine gore kategorize
edilerek tepilebilir, akiskan ve bulk-fill gibi farkli tiirlerinin klinik avantajlar
incelenmistir. Ayrica, giomer ve ormoser gibi fonksiyonel ozelliklere sahip
kompozit tiirlerinin antibakteriyel etkileri, kendini onarma kabiliyeti ve ¢iiriik
onleme ozellikleri iizerinde durulmustur. Antimikrobiyal ajanlarin eklenmesi,
remineralizasyon ve disiik polimerizasyon biiziilmesi gibi yenilik¢i 6zelliklerin
kompozitlerin performansini nasil artirdig1 vurgulanmaistir.

Sonug: Son olarak, teknolojik ilerlemelerle kompozitlerin biyoaktif hale getirilerek
agiz sagligin desteklemesi ve restorasyonlarn 6mriinii uzatmasi gibi gelismelerin
gelecekteki potansiyel katkilarma da yer verilmistir.

Anahtar Kelimeler: Biyouyumlu Materyaller, Dental Materyaller, Kompozit
Rezinler

ABSTRACT

Objective: Composite resins are widely used restorative materials in modern
dentistry, offering a broad range of applications. First introduced for clinical use in
the 1960s, composites have been developed over time to meet varying needs such
as aesthetics, durability, and biocompatibility through various classifications.
Today, these materials come in different types according to particle size, viscosity,
and polymerization method, tailored to meet various clinical requirements. The
development of composite resins is ongoing, with the addition of new antibacterial
properties, self-healing capacity, and caries-preventive effects. This review
examines the development, types, and classification of composite resins in detail.
Composites are categorized based on particle sizes, viscosity characteristics, and
polymerization methods, exploring the clinical advantages of different types,
including conventional, flowable, and bulk-fill composites. Furthermore,
functional composite types with antibacterial effects, such as giomers and
ormocers, are discussed regarding their self-healing capacity and caries-preventive
properties. Innovative features, such as the addition of antimicrobial agents,
remineralization, and low polymerization shrinkage, are highlighted for their
enhancement of composite performance.

Conclusion: Finally, the potential contributions of technological advancements are
explored, focusing on the bioactive transformation of composites to support oral
health and extend the longevity of restorations in the future.

Key Words: Biocompatible Materials, Dental Materials, Composite Resins.
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Kompozitler, yaklasik 50 yildir klinik uygulamalarda
yaygin  olarak  kullanilan en  popiiler dolgu
malzemelerinden biri olarak kabul edilmektedir. Bu
malzemelerin gelisimi ve evrimi, temel olarak akrilat
kokenlidir ve kompozitler ilk olarak 1962'de Dr. Rafael
Bowen’in bisfenol-A diglisidil metakrilat (Bis-GMA,
Bowen rezini) monomerini bulmasiyla dis hekimligi
alanina girmistir. Bu gelisme, kompozit rezinlere
doldurucu partikiillerin eklenmesi ve adeziv sistemlerle
mine ve dentine daha iyi baglanma saglanmasiyla birlikte,
kompozitlerin kullaniminin yayginlagsmasini saglamigtir
(1-5). Rezin kompozitler, organik matriks iginde gesitli
tipte ve boyutta inorganik dolduruculardan (dagilan faz)
ve ara fazdan (baglayici faz) olusmaktadir (6,7). Organik
matriks, kompozitin aktif olan bilesenidir ve baslatici-
aktivator sistemi, polimerizasyon inhibitdrleri, ultraviyole
stabilizatorleri, kivam azalticilar, katalizorler ve renk
pigmentleri bilesenlerini icermektedir (7,8).

Kompozit malzemeler, formiilasyonlarinda, 6zelliklerinde
ve estetiklerinde stirekli olarak iyilestirmeler yapilarak dis
hekimligi alaninda giderek daha popiiler hale gelmektedir
(9,10). Bununla birlikte, kompozitlerin uzun vadeli
performansini1 artirmak i¢in antibakteriyel ve kendini
onaran malzemelerin gelistirilmesi gerektigi bildirilmistir.
Bu nedenle, kompozitlerin gelistirilmesi ve iyilestirilmesi
icin ileri stratejilere ihtiya¢ bulunmaktadir (11-15).

Kompozit Rezinlerin Simiflandiriimasi

Kompozit Rezinlerin inorganik Doldurucu Partikiil
Biiyiikliikleri ve Sekillerine Gore Siniflandirilmasi

En yaygin siniflandirma sistemlerinden biri inorganik
doldurucu partikiil boyutu, sekli ve dagilimmi dikkate
almaktadir (16). Lutz ve Phillips 1983 yilinda makrofil,
mikrofil, hibrit ve modern hibrit kompoziti tanitmiglar (1)
ve Bayne ve ark. 1994 yilinda nanofil kompozitleri alt
boliimler olarak eklemislerdir (17). Teknoloji ilerledikce
partikiil boyutu 6nemli Ol¢lide azaltilmis malzemeler
tanitilmis ve hibrit kompozitler olarak adlandirilmistir (9).
Hibrit kompozitler baslangigta posterior restorasyonlar
icin en iyi malzemeler olarak kabul edilmistir ancak
glinlimiizde anterior estetik restorasyonlar i¢in de ¢ok
kullanight olarak tanimlanmaktadir (18). Son olarak,
nanoteknolojinin yardimiyla, ~10 ila 100 nm arasinda
partikiil boyutlarina sahip nanoboyutlu doldurucular
iceren kompozitler tanitilmistir (14,19).
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Kompozit Rezinlerin Viskozitelerine Gore

Siniflandirilmasi
Kondanse Olabilen (Packable) Kompozitler

1990’larin  sonlarinda tanmitilan bu malzemeler,
yogunlugu ve manipiilasyonu ile amalgama benzer
Ozelliklere sahiptir (20). Hibrit kompozitlere kiyasla
daha fazla inorganik partikiil icerirler ve bu partikiil
dagilimlar1 daha yogundur, dolayisiyla viskoziteleri
daha yiiksektir. Bu nedenle, bu tiir kompozit
rezinlerin &zellikle posterior bolgelerde kullanimi
onerilmektedir (4).

Akiskan (Flowable) Kompozitler

Glinlimiizde, akigkan ve geleneksel kompozitlerin
avantajlarin1 birlestirmek amaciyla, > % 70 hacimle
dolu akigkan kompozitler geleneksel tepilebilir
kompozitler i¢in bir alternatif olarak hem anterior
hem de posterior restorasyonlar igin tanitilmistir (16).
Korkut ve ark. (2020), yiiksek viskoziteli iki akiskan
kompozit (G-aenial Injectable, Estelite Super Low
Flow), yiiksek viskoziteli bir bulk-fill kompozit
(Filtek Bulk-Fill), diisiik viskoziteli akiskan kompozit
(Filtek Ultimate Flowable) ve tepilebilir bir kompozit
(Filtek Ultimate) kullanarak, farkli viskozitelerdeki
rezin esaslh  kompozit malzemelerin  ¢esitli
renklendirici  ¢oOzeltilere  batirildiginda  renk
stabilitesini degerlendirmeyi amacglayan bir ¢alisma
yapmuslardir. Kirmizi sarapta bekletilen 6rneklerin en
yiiksek diizeyde renk degisimine ugradigin1 ve bunu
kahve, ¢ay ve kolanin takip ettigini belirtmislerdir.
Yiiksek viskoziteli akiskan kompozit malzemelerin
renk stabilitesinin tepilebilir kompozitle benzer
oldugunu bildirmislerdir (21). Tirk ve ark. (2023),
bir nanohibrit tepilebilir (G-aenial Posterior) ve
akiskan kompozit (G-aenial Universal Injectable), bir
nanofil tepilebilir (Filtek One Bulk-Fill Restorative)
ve akiskan kompozit (Filtek Ultimate Flow), bir
submikron dolduruculu tepilebilir (Estelite Posterior
Quick) ve akiskan kompozit (Estelite Bulk-Fill Flow)
kullanarak asinma hacim kaybi1 ve derinligini
karsilastirmali olarak degerlendiren bir c¢alisma
yapmislardir. Asinma hacim kayb1 ve derinliginin,
minede diger tim kompozit gruplarmma gore
istatistiksel olarak anlamli derecede daha diisiik
oldugunu, nanofil kompozitlerin asinma hacim kayb1
ve derinliginin, diger kompozit tiplerine gére anlaml
derecede daha yiiksek oldugunu, nanohibrit ve
submikron dolduruculu kompozit gruplari arasinda
her iki parametre agisindan anlamli bir fark
bulunmadigint bildirmislerdir. Goriiniir viskozite
acgisindan, geleneksel kompozitlerin asinma hacim
kaybi1 ve derinliginin, akigkan kompozitlerden anlamli
derecede daha diisiik oldugunu da bildirmislerdir (22).
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Kompozit Rezinlerin Polimerizasyon Sekillerine Gore
Siiflandirilmasi

Kimyasal Yolla
Kompozit Rezinler

(Self-Cured) Polimerize Olan

Bu kompozitlere “otopolimerizan kompozitler” de denir
(9). Sinirli ¢aligma siiresine sahip olup igerdikleri tiglinciil
aminler nedeniyle uzun vadeli kullanimdan sonra sariya
veya turuncuya donme egilimindedirler. Bu renk
degisiklikleri, malzemenin renk stabilitesindeki zayiflikla
iligkilidir  (8). Bu nedenlerden dolayi, birgok
otopolimerizan kompozit artik dogrudan restorasyonlar
yerine, rezin bazli yapistirma simanlart veya kor
materyalleri olarak tercih edilmektedir (8,9).

Isik ile Polimerize Olan (Light-Cured) Kompozit
Rezinler

Isikla polimerize olan kompozit rezinler i¢in g¢esitli 151k
kaynaklar1 bulunmaktadir. Bunlar arasinda halojen 1s1k
kaynaklari, lazer 1sik kaynaklari, plazma ark 151k
kaynaklar1 ve (LED) 151k kaynaklar1 yer almaktadir. En
yaygin olarak kullanilanlari ise halojen ve LED 1s1k
kaynaklaridir (2,23).

Is1ile Polimerize Olan Kompozit Rezinler

Polimerizasyonu 1s1 ile gerceklesen kompozit rezinler,
arttk monomer miktarinin azaltilmasina katkida
bulunabilen 1s1 igeren agiz dist kiirleme yoOntemiyle
polimerize edilmektedirler. Bu monomer miktarindaki
azaltma, kompozit rezinin mekanik oOzelliklerinde
gelismelere yol agmaktadir (9).

Hem Kimyasal Yolla Hem de Isikla Polimerize Olan
(Dual-Cured) Kompozit Rezinler

Bu kompozitlerde polimerizasyon reaksiyonu goriiniir
1s18a maruz birakilarak baslatilmakta ancak 1s18in
yoklugunda zamanla yavas yavas devam eden bir
reaksiyon meydana gelmektedir. Bu kompozit rezinler
endodontik postlarin simantasyonunda ve kor materyali
olarak yaygin kullanilmaktadir (Sekil 1) (8,9).

| Fonksiyonel Yetenek

Inorganik Doldurucu Partikiil

Boyutu

Ormoserler / Giomerler / Siloranlar / Fiberle
Giiglendirilmis Kompozitler / Akilli Tek Renk
Kompozitler / Self-Adeziv Kompozitler /
Indirekt Kompozitler / Bulk-Fill Kompozitler /
Alkalli (Smart) Materyaller

Makrofil / Mikrofil / Hibrit
Modem Hibrit / Nano
Kompozitler

o

KOMPOZIT REZINLER

-

4 AN

Polimerizasyon Sekli I |

Viskozite Seviyesi I

Kondanse olabilen
Akiskan

Kimyasal Yolla
Polimerizasyon /
Isik ile Polimerizasyon
Ist ile Polimerizasyon

Hem Kimyasal Yolla Hem de
Isikla Polimerizasyon

Sekil 1. Kompozit rezinlerin siniflandirilmasi.

Fonksiyonel Yeteneklerine Gore Kompozitler
Ormoserler

1998 yilinda piyasaya siiriilen ormoserler, organik
modifiye seramiklerin  isimlendirilmesinde ilk
hecelerinin ~ birlesimiyle  olusmuslardir  (4).
Ormoserlerin  diisiik  polimerizasyon biiziilmesi,
yiiksek asmma direnci, biyouyumlu o&zellikler
tagimasi, cliriiklerle miicadelede koruyucu olmasi ve
dogal dis yapisina benzer bir termal genlesme
katsayisina sahip olmasi avantajlarindandir (24,25).
Abreu ve ark. (2022), daimi posterior dislerde, bulk-
fill ve ormoser kompozitlerin klinik sagkalimlarini,
geleneksel  nanofil ve  nanohibrit  rezinlerle
kargilastirdiklar1  bir meta analiz  ¢alismasi
yapmislardir. Ortalama takip siiresinin 40 ay oldugu
bu c¢alismada, 11 randomize klinik ¢aligma
incelenmistir. Toplam 812 restorasyon
degerlendirilmis ve 58 basarisiz restorasyon analiz
edilmistir. 253 bulk-fill restorasyondan 18’1 (%7.11),
173 ormoser restorasyondan 21'i (% 12.3) ve 386
kontrol grubundan 20'si (% 5.18) (nanofil veya
nanohibrit kompozitler) basarisiz olmustur. Meta-
analizde, bulk-fill ve kontrol grubu arasinda
istatistiksel olarak anlamli bir fark olmadigini,
ormoser ve kontrol grubu karsilastirildiginda kontrol
grubunun daha iyi klinik sagkalim gosterdigini
bildirmislerdir (26). Rensburg ve ark. (2023), bir
ormoseri (Admira Fusion), birinci nesil ormoser bazli
kompozit (Admira) ve nanokompozit (Filtek Z350
XT) ile yiizey pirizliligi, yiizey sertligi ve
mikrosizintt agisindan karsilagtiran bir ¢alisma
yapmiglardir. Yizey piirtizliliigi ve mikrosizinti
acisindan anlamli bir farklilhik kaydedilmedigini ve
nanokompozitin ormoser malzemelerden anlamli
derecede daha sert oldugunu bildirmiglerdir (27).

Giomerler

Giomerler,  kompozit  malzemelerin  estetik,
cilalanabilirlik ve biyouyumluluk o6zelliklerini cam
iyonomerlerin flor salinimi ve yeniden yiiklenebilme
yetenekleri ile birlestiren yeni bir hibrid malzemedir
(28). Bu materyaller, asitlere dayanikli bir film
olusturarak bakteri adezyonunu engelleyerek dental
plak olusumuna karsi direng gostermektedirler (29).
Bu ozellikler, giomerleri kok ciriikleri, ¢iirtiksiiz
servikal lezyonlar, sinif V restorasyonlar ve siit disi
restorasyonlart gibi klinik kullanimlar igin tercih
edilen bir segenek haline gelmektedir (30,31). Neto ve
ark. (2022), yaptig1 bir meta analiz ¢aligmasinda
giomer restoratif kompozitleri, rezin modifiye cam
iyonomer siman ile kiyaslandiginda marjinal
adaptasyon ve daha iyi yiizey piiriizliiliigii agisindan
benzer ozellikler gostermistir. Beautifil 11, Beautifil
Flowable Plus ile karsilastirildiginda, marjinal
adaptasyon ve anatomik form acgisindan Beautifil
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Flowable Plus FOO ile benzer bir ozellikler gostermis,
ancak marjinal renklenme ve yiizey piiriizliiliigii agisindan
dahakétii bir sonug elde edilmistir (32).

Siloranlar

Siloran, oksiran ve silan molekiillerinin reaksiyonundan
elde edilmistir ve ad1 da bu iki bilesenden gelmektedir
(24). Bu kompozitler, geleneksel kompozitlere alternatif
olarak, biyouyumlu olmalari, mekanik 6zelliklerinin iyi
olmasi, polimerizasyon derinlikleri ve polimerizasyon
biliziilmelerinin  diisik olmast nedeniyle piyasaya
sunulmustur (33,34). Schmidt ve ark. (2015), disiik
biliziilme o6zellikli bir siloran bazli kompozitin (Filtek
Silorane) klinik performansini, metakrilat bazli bir
kompozit (CerameX) ile karsilastirarak inceledikleri bir
calisma  yapmuslar  ve  her  iki  malzemenin
restorasyonlarinin da 5 yil sonra klinik olarak kabul
edilebilir oldugunu rapor etmislerdir. Metakrilat bazl
kompozite kiyasla siloran bazli kompozitin herhangi bir
avantajinin bulunmadigini ve buna bagl olarak Filtek
Silorane'nin diisiik biiziilmesinin sinif I kavitelerde klinik
basar1 i¢in belirleyici bir faktér olmayabilecegini
bildirmislerdir (35). Yantcheva ve ark. (2021), yaptiklari
bir ¢alismada marjinal uyum ve mikrosizinti incelenmis
ve F.Ultimate, F.Silorane ve Sonicfill kompozitleri
karsilagtirilmistir. F.Ultimate ve F.Silorane salin i¢inde
10 ay beklettikten sonra, sinif II kavitelerde tamamen
dentinde yer alan dis eti kenarina marjinal uyum ve daha
az mikrosizint1 ile SonicFill'den istatistiksel olarak
anlaml farkliliklar gosterdiklerini bildirmislerdir (36). Bu
materyaller, kendi adeziv sistemleriyle uygulanmalarinin
gerekmesi, sinirli renk segeneklerine sahip olmalari, ve
klinik kullanim alanlarmin genellikle Smif I ve II
kaviteleri, yani arka grup dislerle sinirli olmast gibi
nedenlerle yaygin olarak kullanilmamaktadir (37,38).

Fiberle Gii¢lendirilmis Kompozitler

Fiberle giiclendirilmis kompozit rezinler, farkli 6zelliklere
sahip fiberlerin kompozit yapilara eklenmesiyle
olusturulan malzemelere denilmektedir (37).

Fiberle gii¢clendirilmis kompozitlerin kirilma dayanimlari,
diger kompozit rezinlere kiyasla daha yiiksek degerler

sergilemektedir  Ayrica  polimerizasyon  biizlilme
streslerini  kontrol  altmma  alarak  mikrosizintiy1
azaltmaktadirlar ~ (39,40).  Fiberle  giliglendirilmis

kompozitler, 6zellikle posterior bolgede, yiiksek ¢igneme
kuvvetlerine maruz kalan alanlarda kullanilmak iizere
tasarlanmigtir (41). Ayrica, splint uygulamalarinda ve
genis madde kaybi olan kanal tedavili dislerin
restorasyonunda da kullanilmaktadir (38).

Son yillarda piyasaya siiriilen EverX Posterior, % 7.2
hacimce kisa fiberler i¢eren ve tek tabaka halinde kolayca
yerlestirilebilen ve dentin yerine gecen materyal olarak
gelistirilmistir. Ancak geleneksel bir kompozit ile iizeri
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ortiilmelidir (40,42). Jafarnia ve ark. (2021), kisa fiber
takviyeli bir rezin kompozit olan EverX Posterior'un
fiziksel ve mekanik 6zelliklerini degerlendirmek ve
biiylik posterior restorasyonlar i¢in tasarlanmis Filtek
Bulk-fill ve Beautifil-Bulk ile karsilastirmak i¢in bir
calisma yapmislardir. EverX-Posterior'un egilme
mukavemeti diger iki rezin kompozit ile
karsilastirilabilir seviyede oldugunu ve daha yiiksek
bir egilme modili gosterdigini bildirmislerdir.
EverX-Posterior, cilalama sonrasinda en yiiksek
ylizey pirlizliligi gosteritken, bu ¢alismada
kullanilan tiim kompozitler arasinda en diisiik
hacimsel biizilme oranina sahip oldugunu ve ayrica
EverX-Posterior'un polimerizasyon derinliginin 4.24
mm oldugunu (li¢ grup arasinda en yliksek derinlik)
bildirmislerdir (43).

Rajaraman ve ark. (2022), fiberle gii¢lendirilmis bir
kompozit olan EverX Posterior ve alkazit bir materyal
olan Cention N olmak {izere iki gelismis restoratif
materyalin kirilma direncini degerlendirmek ve
karsilastirmak icin yaptiklar1 calismada EverX
Posterior ile restore edilen disler, Cention N ile restore
edilenlere gore kirilmalara kars1 daha yiiksek ortalama
kirilma direnci gostermistir. EverX Posterior ile
restore edilen disler, saglam dislere gore ortalama
kirllma direnci agisindan anlamli  bir fark
gostermezken, Cention N ile restore edilen dislerde
anlamli bir fark gézlendigini bildirmislerdir (44).

Akill Tek Renk Kompozitler

VITA Classical (VITA Kuzey Amerika, Yorba Linda,
CA) skalasindaki 16 renk tonunu tek bir renk ile
karsilayabilen, ekstra renk pigmenti veya boya
icermeyen tek renkli restoratif materyallerdir. Yari
saydam alanlarda maskeleyici formu olan daha opak
tek renk kompozit formu tercih edilmektedir (45).
Klinisyenin renk se¢imi yapmak zorunda kalmamasi,
kolay uygulanabilmesi, cilalanabilme kapasitesinin
1yl olmasi ve tatmin edici sonuglar vermesi tek renk
kompozitlerin avantajlar1 arasindadir. Buna karsin,
uzun siireli renk stabilitesi konusunda bazi siipheler
bulunmaktadir (46). Aydin ve ark. (2021), yaptiklari
caligmada tek renk ve coklu renk sistemine sahip
kompozitlerin  ylizey pirizliliigiiniic ve renk
degisimini  incelemislerdir.  Yiizey pirtzliilik
degerleri arasinda baslangicta istatistiksel olarak
anlamli bir farklilik bulunmadigini ve tek renkli
kompozitlerin, renk secimini basitlestirmesine
ragmen 1 ay sonra c¢oklu renk sistemine sahip
olanlardan daha fazla renk degisimi gdsterdigini
bildirmislerdir (47).
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Self-Adeziv (Kendi Baglanabilen) Kompozit Rezinler

Self-adeziv kompozitler, 2009 yilindan itibaren kullanilan
diistik viskoziteye sahip materyallerdir (37). Bu
kompozitler, genellikle kiigiik sinif I kaviteler ve ¢iiriiksiiz
servikal lezyonlarin restorasyonunda tercih
edilmektedirler ~ (48).  Calismalar, self adeziv
kompozitlerin dis dokularma tutunma yeteneklerinin,
geleneksel kompozit rezinlerden daha az oldugu
konusunda fikir birligi saglamaktadir (49,50). Cesitli
arastirmalarda, kompozit uygulanmadan O©nce dentin
yiizeyinin hazirlanmasi ve piiriizlendirilmesi 6nerilmis ve
bu prosediiriin baglanma degerlerini belirgin sekilde
artirdig gosterilmistir (48,51). Rezinlerle
karsilagtirildiginda; yiizey diizgiinliigii ve parlakligi,
genlesme ve su emilimi agisindan da basarili sonuglar elde
edilememistir (52,53). Bu simanlarin adeziv etkileri uzun
donem klinik ¢alismalarla heniiz dogrulanmadigindan bu
konuda daha fazla ¢alismaya ihtiyag¢ vardir (19).

Indirekt Kompozit Rezinler

Indirekt kompozit rezin restorasyonlar, seramik ve metal
destekli indirekt restorasyonlara alternatif olarak
degerlendirilmektedir. Direkt restorasyonlara kiyasla,
polimerizasyon dereceleri daha yiiksek, asinmaya karsi
daha direncli ve mekanik O6zellikleri de daha giigliidiir
(54). Indirekt kompozit restorasyonlar, agiz disinda
polimerize edilmesinden dolayt daha iyi marjinal
biitiinliik saglar ve bu da sizdirmazlik elde edilmesine
yardimec1 olur. Restorasyonlarda sekil, form, okliizal
kapanis iliskileri, bitirme ve cila islemleri daha ideal bir
sekilde gerceklestirilmektedir (54). Indirekt kompozit
rezin materyaller, genellikle hibrit kompozitler ve yiiksek
oranda cam doldurucular icerir. Bu kompozit rezinler,
dogal dis yapisina benzer bir elastikiyete sahip
olduklarindan, fonksiyon sirasindaki kirtlma riskini
azaltmaktadirlar (55). Indirekt kompozit restorasyonlar ile
rezin siman arasindaki adezyonun zayif olmasi ve zaman
almas1 gibi dezavantajlar bulunmaktadir. Bu teknik,
preperasyonu, olcii alimim ve yapistirmay1
gerceklestirirken  daha  fazla  teknik  hassasiyet
gerektirmektedir (8).

Bulk-Fill Kompozitler

Bulk-fill kompozitlerin gelismis transliisent yapist ve
geleneksel  kompozitlerden  daha  yiiksek  bir
polimerizasyon derecesine sahip olmalar1 kaviteye daha
kalin (4-5 mm) kiitleler halinde yerlestirilmesine olanak
tanir  (56). Bulk-fill kompozitlerin  kullanilmasi
restorasyon siirecinde zaman tasarrufu saglamanin yani
sira, tabakalama teknigine bagli olarak olusabilecek
kontaminasyon ve bosluk riskini ortadan kaldirarak daha
homojen restorasyonlar elde edilmesine olanak tanir (57).

Yeni gelistirilmis  bulk-fill kompozit rezinlerin,
polimerizasyon biiziilmesi daha azdir ve bu
Ozellikleri, kavite duvarlarinda daha  diisiik

polimerizasyon biiziilme stresi olusturmaktadir (58).
Bulk-fill kompozit rezinler, yogunluklarina ve
polimerizasyon yontemlerine ~ bagl olarak
smiflandirilmaktadir  (59). Yogunluklarina gore,
disik ve yiiksek viskoziteli olmak iizere iki gruba
ayrilirlar. Polimerizasyon yoOntemlerine gore ise
kimyasal, 151k ve dual-cure polimerize olan bulk-filler
olmak iizere {i¢ grupta yer alirlar. Diisiik viskoziteli
olanlar ayrica akigkan bulk-fill kompozit rezinler
olarak da adlandirilmaktadir (60). Diisiik viskoziteli
bulk-fill kompozitler, daha az doldurucu igerigine
sahiptirler ve genellikle liner olarak veya minimal
restorasyonlarda kullanilmaktadir (61). Azaltilmig
doldurucu yiikii ve bilesimi nedeniyle mekanik
ozellikleri smirlidir. Bu nedenle, geleneksel bir
kompozit veya yiiksek viskoziteli bulk-fill kompozit
ile karsilagtirlldiginda, 2 mm'lik bir kaplama
tabakasina ihtiya¢ duymaktadir (62).  Yiiksek
viskoziteli bulk-fill kompozitler, daha yiiksek oranda
inorganik  doldurucuya sahiptirler. Bu yiiksek
doldurucu orani, mekanik Ozelliklerin daha iyi
olmasmi saglamakta ve yiizey asinma direncini

arttirmaktadir. Yiksek  viskoziteli  bulk-fill
kompozitlerle, herhangi bir geleneksel rezin
kompozitiyle ortiilmeden kavite tamamen

doldurulabilmekte ve restorasyon tamamlanmaktadir
(63,64). Diger yiiksek viskoziteli kompozitlerden
farkl1 olarak, Sonic Fill 2 kompoziti, 6zel tasarlanmis
bir el aleti ve sonik titresim kullanarak yiiksek
viskoziteden diisiik viskoziteli kompozite
doniismektedir. Bu 6zellik sayesinde, kompozit daha
akic1 bir kivama gelmekte ve kaviteye daha kolay
uygulanmaktadir (60). Piyasada, Parkell (ABD)
tarafindan {iretilen HyperFil ve Coltene (Isvigre)
tarafindan tretilen Fill Up olmak iizere iki adet dual-
cure  polimerize  olan  bulk-fill  kompozit
bulunmaktadir (60). Kumar ve ark. (2022), okliizal ve
gingival duvarlardaki mikrosizintiyr incelemek igin
x-tra fil, Tetric Power Fill, SDR Flow Plus, Power
Flow kullanarak yaptiklar1 bir ¢alismada dort grup
arasinda hem okliizal hem de diseti kenarlarinda
mikrosizintida istatistiksel olarak anlamli bir fark
olmadigini  belirtmislerdir. Ug¢ rezin kompozit
materyalde de mikrosizint1 oldugunu, dort materyalin
de diseti kenarlarinda okliizal kenara kiyasla daha
fazla mikrosizint1 gosterdigini ve Tetric Power Fill
diseti kenarinda en az mikrosizintiya sebep oldugunu
bildirmislerdir (65). Sengupta ve ark. (2023), yaptigi

sistematik  bir derlemede; tabakali teknikler
kullanilarak ~ yapilan  direkt kompozit rezin
restorasyonlarin, daimi dislerde bulk teknigi
kullanilarak  yapilanlarla ~ klinik  olarak  aym
performansi sergiledigi,
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yerlestirme teknikleri, retansiyon, tekrarlayan/ikincil
cliriik, marjinal renklenme/leke, marjinal
adaptasyon/biitiinliik, kirik, postoperatif hassasiyet, yiizey
dokusu/piirtizliiliikk, renk esleme ve anatomik form
acisindan anlamli farkliliklar gostermedigi, bulk teknigini
tabakal1 dolgu yontemine iyi bir alternatif tedavi segenegi
sundugu, restorasyon siiresini azalttigt ve uygulayici
hatalarini azaltma imkan1 sagladigi bildirilmistir (66).

Akill (Smart) Materyaller

Glinlimiizde, ideal bir materyale ulasma amaciyla tim
gereksinimleri karsilayacak tek bir malzeme heniiz
mevcut olmamakla birlikte, ¢alismalar bu yonde devam
etmektedir. Bu amacla gelistirilen malzemeler, kalan dis
yapisint  mimkiin oldugunca basarili bir sekilde
desteklemeyi hedefler ve genellikle "akilli" veya "smart"
olarak adlandirilirlar. Bu materyaller, sicaklik, nem, pH,
stres gibi gesitli etkenlerle etkilesime girerek 6zelliklerini
degistirebilme yetenegine sahiptirler (67).

Biyoaktif Kompozit Rezinler

Dental restoratif materyallerin biyoaktif 6zelliklere sahip
olma konsepti, adeziv dis hekimligi kavramlarmin ve
florlirtin  ikincil veya tekrarlayan c¢lirlimeyi Onleme
yeteneginin anlasilmasinin birlestirilmesinden dogmustur
(68,69). Bu materyaller, inorganik fosfat c¢ozeltisi
varliginda apatite baglanma yetenegini gelistiren bir
katmanin gelistirilmesine dayanmaktadir (68). Kompozit
rezinin igine silanize edilmemis biyoaktif cam
doldurucular eklenerek biyoaktivite saglanmaktadir (70).
Bu biyoaktif materyaller ayrica azaltilmis polimerizasyon
biliziilmesi, remineralizasyon yetenegi, hidrofiliklik
indiiksiyonu ve dentinle siki temas gibi bircok avantaj
sunmaktadir. Ayrica, katmanlar arasinda minimal bosluk
olusumuna izin vermekte ve kompozit rezinlerden daha az
teknik  hassasiyet  gerektirmektedir  (68,70-72).
Alrahlah’in c¢aligmasinda (2018), rezin bazli 5 farkh
restoratif materyalin diametral gerilme dayanimi,
biikiilme dayanimi ve ylizey mikrosertligi incelenmistir.
Bu calismanin sonucunda, biyoaktif restoratif materyalin
cam iyonomer simandan anlamli derecede daha iyi
performans gosterdigi goriilmiistiir. Biikiilme dayanimi ve
diametrik gerilme dayanimi ise kompozitlerle benzer
diizeyde bulunmustur (72). Tohidkhah ve ark, (2022),
Activa™ Bioactive-Restorative materyalinin mine ve
dentin marjinal mikrosizintisin1 ve dentin mikrogerilme
baglanma mukavemetini (uTBS), geleneksel restoratif
materyallerle karsilastirmali olarak degerlendiren bir
calisma yapmistir. Calisma sonucunda baglayici ajan
icermeyen Activa Bioactive, dentin iizerinde belirgin
sekilde daha diisiik mikro-tensil baglanma mukavemeti
(uTBS) ve mine ile dentin kenarlarinda daha yiiksek
mikrosizint1 gdstermis ve Activa Bioactive'in adeziv rezin
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ile birlikte kullanilmasi, diger restoratif materyallerle
karsilastirilabilir bir dentin baglanma mukavemeti ve

kenar bolgesinde sizdirmazlik sagladig belirtilmistir
(73).

Self-Healing (Kendini
Rezinler

Onarabilen) Kompozit

Kendi kendini tamir edebilen kompozitlerde temel
fikir, herhangi bir dis miidahaleye gerek kalmadan
mikro c¢atlaklarin otomatik olarak onarilmasi ve dental
restorasyonlarin Omriiniin uzatilmasidir. Hentiz rutin
klinik uygulama asamasina gec¢ilmemis olsa da klinik
olarak test edilmis, biyouyumlu ve kolay
uygulanabilir materyallerden iiretilen bu tiir
kompozitler lizerine ¢alismalar mevcuttur (37).
Kendi kendini onaran malzemeler ii¢ ana tipe
ayrilabilir: mikrokapsiil tabanli yapilar, vaskiiler
yapilar ve icsel yapilar. Mikrokapsiil tabanl yapilar,
matriks malzemesinde iyilestirici bir ajan igeren
mikrokapstilleri igerir, bu kapsiiller ayn1 zamanda
takviye gorevi gormektedir. Vaskiiler yapilar ise ici
bos lifler, kilcal tiipler veya kanallar gibi yapilar
araciligilyla matriks malzemesi i¢inde iyilesme
ortamin tasir. Igsel yapilar ise otomatik bir iyilesme
sistemine sahip degildir; iyilesme islemi digaridan
gelen destekle gerceklesmektedir (74).

Wu ve ark. (2015), antibakteriyel fonksiyon igin
dimetilaminoheksadesil metakrilat (DMAHDM) ve
remineralizasyon i¢in amorf kalsiyum fosfat (NACP)
nanopartikiilleri igeren, catlaklari iyilestirmek igin
kendi kendini onaran bir kompozit gelistirmiglerdir.
Kompozit igerisine % 7.5'e¢ kadar mikrokapsiil
eklenmesinin ~ mekanik  6zellikleri olumsuz
etkilemedigini bildirmislerdir. Kendi kendini onaran
DMAHDM-NACP kompoziti, DMAHDM i¢cermeyen
kontrol kompoziti ile karsilastirildiginda, biyofilm
canliligin1 ve laktik asit tiretimini inhibe ederek ve
koloni olusturan birimleri 3-4 kat azaltarak gii¢lii bir
antibakteriyel etki gosterdigini de bildirmislerdir (75).
Bu alanda klinik uygulama asamasina gegilebilmesi
icin ilave klinik ¢alismalara ihtiyag duyulmaktadir
(76).

Remineralizasyon Yetenegine Sahip Kompozit
Rezinler

Dental kompozit rezinler i¢inde kalsiyum fosfat (CaP)
doldurucu bulunduran materyallerin remineralizasyon
yetenekleri vardir. Bu kompozitler, in vitro olarak,
slipersatiirasyon seviyelerinde kalsiyum (Ca) ve fosfat
(P) iyonlar salgilayarak dis lezyonlarin1 remineralize
ettikleri gosterilmistir (77).

Ancak, son zamanlarda, yaklagtk 100 nm
biiyiikliigiindeki CaP  nanoparcaciklar1  farkli
tekniklerle rezinlere eklenmistir. Elde edilen CaP
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nanokompozit, daha iyi mekanik ozelliklere sahipken,
geleneksel CaP igeren kompozitlere benzer sekilde
kalsiyum ve fosfat salgilamaktadir (78,79).

Cheng ve ark. (2012) vyaptigt c¢alismada, Ag
nanopartikiillerin antibakteriyel 6zelliklerinden ve amorf
kalsiyum fosfat nanopartikiillerinin (NACP)
remineralizasyon etkisinden faydalanmak i¢in bu iki farkl
nanopartikiilii birlestirmislerdir. Olusturulan deneysel
kompozit, istenen antibakteriyel ve remineralizasyon
ozelliklerini  saglamak i¢in, kompozitin mekanik
ozelliklerini olumsuz yonde etkilemeden elde edilmistir.
Ag nanopartikiill igeren NACP nanokompozitinin
biikiilme dayanimi ve elastik modiiliiniin, geleneksel bir
dental kompozit ile karsilastirilabilir seviyede oldugu
rapor edilmistir (80).

Antimikrobiyal Ozellige Sahip Kompozit Rezinler

Dental kompozit rezinler, yeterli mekanik o6zelliklere
sahip olmalarma ragmen, bakteri adezyonuna ve plak
birikimine izin veren bir yiizeyle sahip olmalari, en 6nemli
dezavantajlarindan biridir. Bu nedenle, dental kompozit
rezinlerin etkili ve uzun siireli antimikrobiyal 6zellikler
sergilemeleri, klinik uygulamalar i¢in Onemli bir
gerekliliktir ~ (81,82).  Antimikrobiyal  6zelliklerin
kompozit rezinlerde gelistirilmesi i¢in antimikrobiyal
ajanlarin doldurucuya eklenmesi ve rezin matrikse
eklenmesi olarak iki temel yaklasim vardir (82).
Doldurucuya eklenenler esas olarak islevsel doldurucu
yiizeylerine  antimikrobiyal ajanlarin  eklenmesini
icermektedir. Bu antimikrobiyal bilesenler genellikle hizli
bir sekilde salinim gosterirler, bu nedenle antimikrobiyal
etkinlikleri hizla azalmaktadir (82).

Rezin matrikse eklenen tip, kompozit rezinlerin uzun
donem antimikrobiyal 6zelliklerini koruyarak, kovalent
baglanma yoluyla salinan antimikrobiyal bilesenleri en

aza indirmeyi amaclamaktadir. Dental kompozit
rezinlerin  organik  matriksine,  12-metakriloiloksi-
dodecyl-piridinyum bromid (MDPB), 2-
metakriloiloksietil ~ fosforilkolin  (MPC), kuarterner

amonyum metakrilatlar (QAMs) gibi bilesenler eklenerek
antimikrobiyal etki saglanmaya caligilmaktadir. Ancai(,
bunlardan bir kismi heniiz klinik uygulama asamasina
gecmemistir (82).

Alkazitler

Alkazitler, capraz bagli polimer yapisi sayesinde 1'12s't
diizey biikiilme direnci sunan, dis rengiyle uyumlu yeni
bir restoratif malzemedir (76). Alkazit ornegi olarak,
Cention N, toz ve sivi formdaki bilesenleriyle
kendiliginden sertlesen veya 1sikla sertlesen seceneklere
sahip olan UDMA temelli bir restoratif malzemediy.
Icerdigi alkali cam partikiilleri, asidik saldirilar sirasinda
icerisindeki flortir, kalsiyum ve hidroksil iyonlarini
salarak ortamm pH degerini ndtralize edici bir etki

saglamaktadir. Bu sekilde demineralizasyonu
Onleyerek, remineralizasyon icin temel
olusturmaktadir (76). Kaur ve ark. (2019), Cention N
ile yiiksek dayanikli bir posterior cam iyonomeri olan
GC IX'un basing dayanimimi degerlendirdikleri bir
calismada, Cention N'nin basing dayaniminin, GC
IX'ten daha yiiksek oldugunu ve bu bulgulara
dayanarak, Cention N'nin posterior restorasyonlar i¢in
onemli bir alternatif olabilecegi belirtmislerdir (83).
Kini ve ark. (2019), Cention N materyalini adeziv
kullanarak ve kullanmadan, 34 adet ¢ekilmis iist gene

premolar  diste smuf I  kaviteler acarak
degerlendirdikleri caligmada, cam iyonomer ve
kompozit  restorasyonlarla  karsilastirmislardir.

Arastirma sonuglarina gore, adeziv uygulanarak
kullanilan Cention N materyalinin diger materyallere
gore daha az mikrosizint1 gésterdigini belirtmislerdir
(84). Fousiya ve ark. (2022), yaptiklar1 bir calismada
ise otopolimerize ve dual-cure olan Cention N’nin
basing dayanimi ve egilme kuvveti karsilagtirilmisgtir.
Otopolimerize Cention N ile dual-cure Cention N'nin
basing dayanimi ve biikiilme dayanimi arasinda
istatistiksel olarak anlamli bir fark bulunmadigi
bildirilmistir (85). Cention N ile ilgili ¢ok sayida
deneysel ¢alisma olmasina ragmen klinik kullanimi
oldukga yenidir (76).

SONUC

Teknolojinin ilerlemesiyle kompozit rezinlerde
gecmisten glinlimiize Oonemli ilerlemeler
kaydedilmistir. Glinlimiizdeki restoratif materyaller
nispeten kaybedilen dis dokularinin yerine gecerken,
gelecekteki restoratif materyallerin ayn1 zamanda
biyoaktif olmasi, ¢iiriik riskini azaltmaya, restorasyon
omriinli uzatmaya ve insanligin agiz sagligi ve yasam
kalitesini arttirmaya katkida bulunmasi
beklenmektedir.
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Evaluation of Artificial Intelligence Chatbots In The Management of Primary Tooth
Traumas: A Comparative Analysis

Siit Disi Travmalarinin Yonetiminde Yapay Zeka Sohbet Botlarmin Degerlendirilmesi:
Karsilastirmal1 Bir Analiz

ABSTRACT Mihriban GOKCEK TARAC!

Objective: This study aimed to evaluate the reliability and consistency of four artificial ORCID: 0000-0003-3960-8518

intelligence (Al) chatbots—ChatGPT 3.5, Google Gemini, Bing, and Claude Al—as public
sources of information on the management of primary tooth trauma.

Materials and Method: A total of 31 dichotomous questions were developed based on
common issues and concerns related to dental trauma, particularly those frequently raised
by parents. Each question, sequentially presented to the four Al chatbots, was repeated three
times daily, with a one-hour interval between repetitions, over a five-day period, to assess
the reliability and reproducibility of responses. Accuracy was determined by calculating the
proportion of correct responses, with 95% confidence intervals estimated using the Wald
binomial method. Reliability was assessed using Fleiss’ kappa coefficient.

IKarabiik University, Faculty of Dentistry,
Results: All Al chatbots demonstrated high accuracy. Bing emerged as the most accurate | Department of Pediatric Dentistry,

model, achieving an accuracy rate of 96.34%, while Claude had the lowest accuracy at | Karabiik, Turkey

88.17%. Consistency was classified as “almost perfect” for ChatGPT, Bing, and Gemini,
whereas Claude exhibited a ““substantial” level of agreement. These findings underscore the
relative performance of Al models in tasks requiring high accuracy and reliability.

Conclusion: Among the four Al chatbots evaluated, Bing delivered the most accurate and
consistent responses. ChatGPT 3.5 and Gemini followed closely in terms of performance,
whereas Claude lagged behind, exhibiting lower accuracy and consistency. These results
emphasize the importance of critically evaluating Al-based systems for their potential use in
clinical applications. Continuous improvements and updates are essential to enhance their
reliability and ensure their effectiveness as public information tools.

Key Words: Artificial Intelligence, ChatGPT, Dental Trauma.
0oz
Amag: Bu calisma, dort yapay zeka sohbet botunun (ChatGPT 3.5, Google Gemini, Bing ve

Claude Al) siit disi travmasinin yonetimiyle ilgili kamuya acik bilgi kaynaklari olarak
giivenilirligini ve tutarliligini degerlendirmeyi amaglamustir.

Gereg ve Yontemler: Ebeveynlerin dental travmalar hakkinda en sik sordugu sorular temel
almarak, "Evet" veya "Hayir" seklinde yanitlanabilen 31 soru hazirlanmistir. Her soru, dort
Yapay Zeka sohbet botuna sirasiyla yoneltilmis ve yanitlarin gilivenilirligini ve
tekrarlanabilirligini degerlendirmek amaciyla bes giin boyunca, giinde ii¢ kez, birer saat
arayla tekrarlanmistir. Dogruluk, dogru yanitlarin orani hesaplanarak belirlenmis ve %95
giiven araliklar1 Wald binom yontemi kullanilarak tahmin edilmistir. Giivenilirlik, Fleiss’in
kappa katsayisi ile degerlendirilmistir.

Bulgular: Tiim Yapay Zeka sohbet botlar1 yiiksek dogruluk sergilemistir. Bing, %96,34
dogruluk orani ile en dogru model olarak one ¢ikarken, Claude %88,17 dogruluk orani ile
en diisik performansi gostermistir. Tutarlilk agisindan ChatGPT, Bing ve Gemini
“neredeyse milkemmel” diizeyde uyum gosterirken, Claude “6nemli” diizeyde bir uyum
sergilemistir. Bu bulgular, yiiksek dogruluk ve giivenilirlik gerektiren gorevlerde Yapay
Zeka modellerinin géreceli performansini vurgulamaktadir.

Sonug: Degerlendirilen dort Yapay Zeka sohbet botu arasinda Bing, en dogru ve tutarli
yanitlar1 saglamistir. ChatGPT 3.5 ve Gemini, performans agisindan Bing’i yakindan takip
ederken, Claude daha diisiik dogruluk ve tutarlilik gostererek geride kalmistir. Bu sonuglar,
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INTRODUCTION

Technological innovations are at the forefront of recent
global developments, with rapid advancements in the
field of artificial intelligence (Al) playing a pivotal role,
particularly in the healthcare sector. Artificial
intelligence can be defined as a collection of
technologies capable of mimicking various human
attributes, such as performing tasks, learning,
reasoning, interpreting, and data planning. These tasks
are carried out through computer systems that operate
autonomously (1). Chatbots based on Al have
significantly transformed digital communication,
enhancing the quality of human interaction. Using deep
learning algorithms, these chatbots are extensively
trained on large datasets, continuously improving the
accuracy of responses while simulating human neural
networks to enhance relevance (2). Leading platforms
in this field include GPT-3.5, developed by OpenAl
Inc., Google Gemini by Google LLC, Microsoft
Corporation’s Bing, and the Claude model by
Anthropic PBC (3). In recent years, Al integration has
marked a significant advancement in dentistry,
providing powerful tools for the prediction, diagnosis,
and development of treatment plans for dental diseases
(4). The ChatGPT series is regarded as one of the most
advanced natural language processing models available
to the public today (5). As a prominent example of an
Al application, ChatGPT is an advanced chatbot
capable of fulfilling a variety of text-based tasks, such
as answering questions, engaging in dialogues,
preparing content, and providing responses. It also
successfully performs tasks, such as taking exams and
translating between different languages, offering
valuable assistance in complex discussions regarding
efficiency and guidance (6,7). As of May 2024,
ChatGPT boasts approximately 200 million active users
per month, positioning it among the top-ranked and
most popular Al chatbots (3). Other notable platforms
include Google’s Gemini, with 200 million users,
Microsoft Corporation’s Bing, which has 1.2 billion
users, and Anthropic PBC’s Claude Al released in
March 2023, which claims higher accuracy than
ChatGPT. Since its launch, Claude Al has gained 1.7
million active monthly users (8). These applications are
equipped with advanced natural language processing
and translation capabilities, having undergone
extensive training in vocabulary and language.
Additionally, they offer text generation functions (9).
These tools can assist patients by answering their
questions, helping them understand treatments,
potential side effects or complications, prognoses, and
expected outcomes (10). Traumatic dental injuries
(TDIs) are common among children and young adults,

accounting for 5% of all injuries. It has been reported
that TDIs affect 25% of school-aged children and
typically occur before the age of 19 (11). These injuries
are the second most prevalent oral health issue after
dental caries and are often a leading cause of
emergencies in the oral region (12). Timely and
accurate guidance is crucial for providing appropriate
treatment in dental trauma cases (3). However, because
of difficulties in securing timely appointments or
accessing expert consultations, individuals have
increasingly turned to Al chatbots for advice (13).
Consequently, the tendency to seek advice online after
dental trauma has notably increased in recent years (3).
The field of dentistry has undergone significant
transformation in recent decades, with Al-based
technologies playing a critical role in this shift (14).
Unlike search engines that provide general information
from various sources on a specific topic, Al-powered
chatbots present information in a conversational style,
making it easier to understand complex subjects
(15,16). Although there has been growing interest in the
use of chatbots in medical research, concerns persist
regarding the accuracy and reliability of the health
information provided by these chatbots (17). Although
previous studies have investigated the validity and
reliability of Al-powered chatbots, a limited number of
studies have examined the accuracy of information
related to dental trauma. To the best of our knowledge,
no study has focused on the treatment of dental trauma
in primary teeth. Therefore, the aim of this study is to
evaluate the reliability and consistency of Al chatbots
as a public source of information on dental trauma. The
null hypothesis is that Al applications provide accurate
and consistent recommendations regarding the
treatment of dental trauma in primary teeth.

MATERIAL AND METHODS

Study Design

In this study, the accuracy and consistency of the
responses provided by Al chatbots—ChatGPT 3.5,
Google Gemini, Bing, and Claude—were evaluated in
the context of managing TDIs in primary teeth.

Question Preparation

The questions used in this study were based on the
guidelines established by the International Association
of Dental Traumatology (IADT), specifically the 2020
guidelines for the management of TDIs in primary
dentition (18). A total of 39 questions and their answers
were formulated, addressing common issues and
concerns related to dental trauma, particularly those
frequently raised by parents. All questions were
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designed to have a yes/no format to minimize the risk
of ambiguous or partially correct answers. A pilot study
was conducted with 15 pediatric dentists to ensure the
clarity of the questions. On the basis of their feedback,
any unclear or potentially confusing sections were
revised, and 31 questions were finalized (Appendix 1).

Extent of Knowledge Required by Questions

The questions were categorized based on the level of
knowledge required to answer them: simple, moderate,
and difficult. The classification was based on a survey
conducted with 73 fifth-year dental students. Students
were asked to respond to the questions in a yes/no
format. On the basis of their responses, questions with
more than 60% correct answers were classified as
simple, those with 30%-60% correct answers were
classified as moderate, and those with less than 30%
correct answers were categorized as difficult. The
impact of the level of required knowledge on the
accuracy and consistency of Al responses was
subsequently evaluated.

Chatbot Processing

New accounts were created for each Al platform to
prevent any influence from prior searches. The
questions were asked sequentially to the four Al
chatbots (ChatGPT 3.5, Google Gemini, Bing, and
Claude Al) and were framed with the following
instruction: “As an experienced pediatric dentist, please
answer each of the following questions regarding the
management of traumatic dental injuries in primary
teeth with either a yes or no.” All questions were asked
by a single person to ensure consistency in the
responses. Each question was asked three times at the
same time of the day, with a one-hour interval between
each repetition, to evaluate the reliability and
reproducibility of the answers. This procedure was
repeated for five days. The “new conversation” option
was selected each time to ensure the independence of
the questions, resulting in a total of 1,860 responses.
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Accuracy of Responses

Accuracy refers to the alignment of the Al chatbot
responses with an external standard (the reference
answers), which, in this study, was based on the IADT
guidelines for the management of TDIs in primary teeth
(18).

Reliability and Consistency of Responses

Reliability refers to the consistency of the responses
produced by the chatbot under the same or similar
conditions. By contrast, consistency refers to whether
the Al tool produces the same or similar answers over
different time periods. In this study, consistency was
assessed by comparing responses from the same Al
platform over different times.

Ethical Approval

As this study did not involve human or animal subjects,
ethical approval was not required. The data collected
were obtained in full compliance with the terms of
service of the relevant Al platforms.

Statistical Analysis

All responses were recorded in an Excel spreadsheet
(Microsoft, Redmond, WA, USA) and analyzed using
statistical software (IBM SPSS Statistics 30.0.0.0 and
R Programming 4.4.2). An accuracy analysis was
conducted for the Al applications. Accuracy was
measured as the proportion of correct responses, and
95% confidence intervals (Cls) were calculated using
the Wald binomial method. Reliability was evaluated
using Fleiss’ kappa coefficient, which measures the
level of agreement across responses over time and
among multiple “raters”.
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Appendix 1. Questions and Answers

Are the results of pulp sensitivity tests reliable in primary teeth?

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.

20.
21.

22.
23.
24.
25.

26.

217.

28.
29.
30.
31

Is the incidence of periodontal tissue injuries higher than that of dental hard tissue injuries

in primary teeth?

Should root canal treatment be considered for a primary tooth with yellowish discoloration
but no signs of infection following trauma?

Does a child’s level of cooperation influence the choice of treatment for primary tooth
trauma?

Does the time remaining until the exfoliation of the primary tooth influence the choice of
posttraumatic treatment?

Do treatments for dental trauma in primary and permanent teeth vary?

Should avulsed primary teeth be replanted?

Can a splint be applied to reposition mobile fragments in primary tooth trauma?
Can primary tooth trauma affect permanent teeth?

Does oral hygiene affect the prognosis of treatment after dental trauma?

Is filling the first treatment option for enamel fractures observed in primary teeth?

Is it possible for broken fragments of teeth to penetrate into the soft tissues?

Is it possible to reattach broken fragments to the tooth in primary tooth fractures?

Is root canal treatment the only option for managing complicated crown fractures in primary
teeth?

Does the restorability of the crown affect the treatment option for primary teeth with crown-
root fractures?

Does the localization of the fracture line in the root fractures of primary teeth affect the
treatment option?

Does the mobility of the fractured segment in the root fractures of primary teeth influence
the treatment option?

Is it necessary to reposition a displaced but stable coronal fragment in primary teeth with
root fractures?

Is repositioning the fractured fragment necessary in alveolar fractures seen in the primary
dentition?

Do all luxation injuries of primary teeth require root canal treatment?

Is splinting necessary for primary teeth with concussion?

Is splinting necessary for primary teeth with subluxation?

Is radiographic evidence observed in primary teeth with extrusion?

Does the degree of extrusion in primary teeth influence the decision for extraction?

Can a primary tooth with extrusion be left to heal spontaneously if there is no interference
with occlusion?

Is radiographic evidence observed in primary teeth with lateral luxation?

Can a primary tooth with lateral luxation be left to heal spontaneously if no occlusal
interference occurs?

Should a primary tooth that is intruded toward the permanent tooth bud be extracted?
Should a severely intruded primary tooth be repositioned to its normal position and splinted?
Is spontaneous eruption expected in cases of severe intrusion of a primary tooth?

Can intrusion and avulsion be clinically confused?
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Yes

No
No

Yes

Yes

Yes
No

Yes
Yes
Yes
No

Yes
Yes
No
Yes
Yes
Yes
No

Yes

No

No

No
Yes
Yes
Yes

Yes

Yes

No
No
Yes
Yes
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RESULTS

Accuracy of Responses

Each of the four Al platforms provided answers to a
total of 31 questions three times a day over a period of
five days. In this method, each Al platform generated
15 responses per question, resulting in a total of 465
responses per platform. The total number of responses
from all four platforms was 1,860. An evaluation of all
responses showed that the percentage of correct
answers provided by the Al applications across all
questions was 92.85%, with 1,727 correct responses.
The percentage of correct responses for each Al
platform is presented in Table 1 (The 95% Cls for these
percentages have been calculated).

Table 1. Distribution of Correct Answer Rates by Al Application.

N % Cl 95%
Chat- Correct responses 444 | 9548 (93.6, 97.37)
GPT 35 Incorrect responses 21 4.52 (2.63, 6.4)
Gemini Correct responses 425 91.4 (88.85, 93.95)
Incorrect responses 40 8.6 (6.05, 11.15)
Bing Correct responses 448 | 96.34 | (94.64, 98.05)
Incorrect responses 17 3.66 (1.95, 5.36)
Claude Correct responses 410 @ 88.17 | (85.24,91.11)
Incorrect responses 55 11.83 (8.89, 14.76)

CI: Confidence Interval, N: Number, %: Percentage

Consistency of Responses

The consistency of the AI applications’ responses
(measured by Fleiss’ kappa) across five days and three
different time intervals is compared in Table 2.
According to the results, the Bing Al application
demonstrated the highest consistency, while the Claude
Al application exhibited the lowest consistency. The
consistency of ChatGPT, Bing, and Gemini Al
applications showed near-perfect agreement, while the
consistency of Claude Al was found to be in significant
agreement (Table 3) (19,20). The responses provided
by the Al applications at different times were found to
be meaningfully consistent within each application.
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Table 2. Consistency of Al Chatbots

Reliability?  Standard p Cl 95%°
Error
Chat- 0.944 0.0413 p <0.0001 (0.8631, 1)
GPT
0.980 00251  p<00001  (0.9307,1)
0.940 0.0427 p <0.0001 (0.8564, 1)
Claude 0.793 0.0728 p < 0.0001 (0.6504,
0.9356)

*Fleiss Kappa Score, "Wald Binom Method, CI: Confidence
Interval

Table 3. Interpretation of Fleiss Kappa Scores.

Interpretation ‘

<0.0 Poor Agreement
0.00-0.2 Weak Agreement
0.21-0.4 Fair Agreement
0.41-0.6 Moderate Agreement
0.61-0.8 Substantial Agreement
0.81-1 Almost Perfect Agreement

Extent of Knowledge Required by the Questions and
Accuracy—Consistency

The accuracy and consistency of the responses to
questions with varying levels of knowledge
requirements were analyzed across four different Al
applications. According to the results of the Pearson
Chi-Square test, there was a significant association
between the knowledge level required by the questions
and the accuracy percentage for all four Al applications
(p < 0.05). As the level of knowledge required by the
questions increased, the accuracy of the responses
decreased (Table 4). According to the Fleiss Kappa
analysis, the consistency of responses provided at
different times was higher for questions requiring basic
knowledge. However, as the level of knowledge
required by the questions increased, the consistency of
the responses decreased (Table 5).
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Table 4. Accuracy of Chatbots Based on the Level of Knowledge Required.

Total Number of

Al Chatbots Knowledge Level Correct Answers Percentage NS Cl 95%
Basic 150 100 150 -
ChatGPT 3.5 Moderate 177 98.3 180 (96.4-100)
Advanced 117 86.67 135 (84.79-88.53)
Basic 150 100 150 -
Gemini Moderate 167 92.77 180 (96.4-100)
Advanced 108 80 135 (76.22, 83.78)
Basic 150 100 150 -
Bing Moderate 179 99.44 180 (98.35, 100)
Advanced 119 88.15 135 (82.69, 93.60)
Basic 136 90.66 150 (86.011,
95.32)
Claude
Moderate 167 92.77 180 (88.12, 97.43)
Advanced 107 79.26 135 (72.42, 86.09)
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Table 5. Consistency of Chatbots Based on the Level of Knowledge Required.

Al Chatbots Knowledge Level Fleiss Kappa Standard Error Cl 95%
Basic 1 0 -
ChatGPT 3.5 Moderate 0.94 0.0177 p < 0.0001 (0.91, 0.97)
Advanced 0.91 0.0247 (0.86, 0.96)
Basic 1 0 -
Gemini Moderate 0.954 0.0156 p < 0.0001 (0.923, 0.985)
Advanced 0.877 0.0283 (0.821, 0.933)
Basic 1 0 -
Bing Moderate 0.977 0.0433 p < 0.0001 (0.8922, 1)
Advanced 0.97 0.0569 (0.8585, 1)
Basic 0.878 0.1035 (0.6751, 1)
Claude Moderate 0.76 0.1233 p < 0.0001 (0.5184, 1)
Advanced 0.728 0.1483 (0.4373, 1)

Cl: Confidence interval

DISCUSSION

Accurate and timely emergency treatment is critical in
cases of dental trauma. However, barriers to accessing
healthcare services can negatively affect this process
(21,22). While search engines, such as Google, are
widely used to access information, the use of Al
chatbots for such inquiries is becoming increasingly
common (5). Many individuals now turn to Al chatbots
for detailed and explanatory information.
Consequently, ensuring the validity and reliability of
the information provided by these tools is of utmost
importance. This study aimed to evaluate the
performance of four Al chatbots as public information
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sources in the management of primary tooth traumas.
While a limited number of studies in the literature have
assessed the validity and reliability of Al chatbots as
information sources in the field of dental trauma
(3,5,23,24), no prior research has specifically focused
on the treatment of primary tooth traumas or
comprehensively evaluated four different Al chatbots.
The questions in this study were designed to align with
IADT guidelines, focusing on common scenarios in
dental trauma and addressing the topics most frequently
asked by parents.
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The questions were structured to be answered
exclusively in a “yes” or “no” format. The responses
provided by the Al chatbots were evaluated for
accuracy against the answers derived from IADT
guidelines. The “yes/no” format was chosen because of
the ability of Al chatbots to generate information and
references (24). Studies have shown that large language
models (LLMSs) often have high error rates and may
produce incorrect or fabricated responses (25,26). By
limiting responses to two options— “yes” or “no”—this
study aimed to minimize the risk of additional or
fabricated information and ensure the reliability of the
collected responses. Ensuring that the questions are
clear and comprehensible is crucial to testing the
accuracy and validity of the responses obtained from
the Al applications. In this study, questions and their
answers were designed based on IADT guidelines, a
widely accepted resource developed by a
comprehensive group of expert dental professionals
specializing in dental trauma. The questions addressed
common scenarios in dental trauma and topics
frequently asked by parents. A pilot study was
conducted with 15 pediatric dentists to ensure clarity
and comprehensibility. On the basis of the feedback
received, ambiguous or potentially confusing elements
were revised or removed, resulting in a consensus on 31
finalized questions. This process aimed to minimize
errors attributable to question misinterpretation,
thereby enhancing the reliability of the responses
collected. Variations in network architectures and
differences in the size and diversity of data resources
lead to Al applications producing different responses to
the same questions. These differences highlight the
unique strengths and weaknesses of each application
(27). In diagnostic studies, an acceptable accuracy
threshold is required to exceed 90% (28). In this study,
the highest accuracy percentage was observed with
Bing, while only Claude failed to achieve a percentage
above 90%. Comparing the findings of this study with
those of other research on the accuracy of Al
applications in dental trauma, Ozden et al. reported an
accuracy rate of 57.5% for ChatGPT 3.5 and Google
Gemini (24). Portilla et al. found that Gemini achieved
a general accuracy rate of 80.8% (23). Conversely,
Johnson et al. reported Claude Al as the most valid and
reliable application, while identifying Bing as the least
valid (3). By contrast, this study observed a notably
higher overall accuracy rate of 92.85%. The
improvement in accuracy rate represents a significant
advancement in Al applications. The evolving
capabilities of chatbot response generation may explain
differences in the quality and reliability of responses
across studies conducted at different times (29).
Furthermore, Bing’s superior accuracy can be attributed
to Microsoft’s robust infrastructure. Microsoft’s
extensive and continuously updated knowledge base
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provides Bing with a comprehensive source of
information, enabling it to deliver highly accurate,
thorough, and up-to-date responses on a wide range of
topics. In this study, the Al application with the lowest
accuracy rate was Claude. This contrasts with the
findings of Johnson et al., who, in their study evaluating
the validity of responses from four Al applications on
dental trauma, reported that Claude Al provided
significantly more valid answers than other chatbot
applications did (3). This discrepancy between the two
studies may stem from the differences in the types of
questions posed to the Al models. In Johnson’s study,
open-ended questions requiring text-based responses
were used, whereas this study employed questions with
yes or no answers. Claude excels in understanding and
generating human language, and it can provide
successful text-based responses. Its comprehensive
answers made it more valid than ChatGPT and Gemini
in handling traditional questions. Ozden et al. reported
that they were unable to achieve a sufficient level of
consistency when evaluating ChatGPT and Google
Bard (Gemini) (24). Mohammad-Rahimi et al.
measured the consistency of Google Bard’s (Gemini)
responses to frequently asked questions in the field of
endodontics using Cronbach’s alpha scale and achieved
a result of 0.703, which they considered to demonstrate
acceptable reliability (30). However, they also
emphasized that the LLM tends to provide different
phrasing with each repetition of the questions. In this
study, satisfactory consistency was observed with all Al
robots, except for Claude Al (greater than 90%). Bing
showed the highest overall consistency, while Claude
Al exhibited the lowest. Nevertheless, the responses
obtained at different times remained internally
consistent. Similar to this study, Portilla et al. reported
high consistency with the Gemini application (Fleiss
kappa = 0.941) (23). The improvement in consistency
among Al applications could be attributed to updates
made to these models. Specifically, the new version of
Gemini introduced a new architecture and significant
developments in training and service infrastructure,
enhancing efficiency, reasoning, and long-context
performance (31). In this study, it was observed that as
the level of knowledge required by the questions
increased, the accuracy and consistency of the Al
applications’ responses decreased. This trend may be
attributed to the limited information density in the
datasets on which the Al models were pre-trained or to
the specific context or expertise required for more
complex questions. Therefore, developing chatbots that
are carefully trained on verified and high-quality
databases is essential to fully benefit from Al chatbots.
This approach will ensure that users can quickly find
the necessary information while also guaranteeing
accuracy by limiting the results to the reliable contents
of the databases. In this way, the spread of unreliable
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information or content from unknown sources can be
prevented, ensuring that users access accurate answers
(23). This study has several important limitations. First,
the questions used in the study were designed to be
answered with a simple “yes” or “no.” This approach
limited the responses, preventing unnecessary or
irrelevant information from emerging. However, this
type of closed-ended question does not fully reflect the
complexity of interactions between dentists and
patients or real-life scenarios in dental practice. Second,
the continuous updating of data sources by Al
applications has created a dynamic process that may
lead to variations in the study results across different
time periods. This factor made it difficult to compare
the data obtained with other studies and introduced
notable variability in the results. In this regard, the
nature of Al systems is considered a factor that could
affect the validity of the findings.

CONCLUSION

The results of this study showed that among the four Al
chatbots, Bing emerged as the most accurate and
consistent in providing responses. Following Bing,
ChatGPT 3.5 and Gemini ranked next in terms of
performance. However, Claude lagged the other
applications, showing lower performance in both
accuracy and consistency. These findings highlight the
need for careful evaluation when assessing the usability
of Al-based systems in clinical applications. While Al
systems provide quick responses, their potential to offer
incorrect or incomplete information poses a significant
risk to the quality of information provided to patients.
Continuous improvements and data updates are
essential to enhance the reliability and effectiveness of
Al chatbots. Furthermore, more research is needed to
understand and improve in depth the role of Al
technologies in the healthcare sector. Such studies
could provide valuable insights into the effectiveness
and reliability of Al in clinical settings, contributing to
the future development of dental health services.
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Assessment Of The Readability Of Informed Consent Forms Used In An Oral And
Maxillofacial Surgery Clinic

Agiz, Dis Ve Cene Cerrahisi Kliniginde Kullanilan Bilgilendirilmis Onam Formlarinin
Okunabilirliginin Degerlendirilmesi

32

ABSTRACT

Objective: Informed consent documents should be written in a manner that is easy
to read and understand. This study aims to evaluate the readability of informed
consent documents utilized before surgical procedures in the department of oral
and maxillofacial surgery at a university in Tiirkiye.

Materials and Method: This study analyzed twenty consent forms used in a
university's maxillofacial surgery clinic. The number of sentences, words,
syllables, words per sentence, syllables per word, and the frequency of medical
terms were calculated for each form. The readability levels of the consent forms
were evaluated using the Atesman formula.

Results: The mean number of words in the consent forms was 11.8, the mean
number of syllables was 2.9, and the proportion of medical terms was 3.38. Based
on the Atesman readability formula, the readability scores of the consent
documents used in surgery ranged from 37.1 to 68.8. Among the 20 consent forms
analyzed, six were deemed 'difficult’ in readability, while 14 were rated as
'moderate difficulty’.

Conclusion: Based on study findings, informed consent forms used in oral and
maxillofacial surgery are difficult to read and generally require a high school or
higher level of education. Given Tiirkiye's average education level and health
literacy rate, it is recommended that consent forms used in oral and maxillofacial
surgery be revised to enhance readability.

Key Words: Atesman Readability Formula, Informed Consent Form, Oral and
Maxillofacial Surgery, Readability.
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Amac: Bilgilendirilmis onam belgeleri okunmasi ve anlasilmasi kolay bir sekilde
yazilmalidir. Bu ¢aligmada Tiirkiye'deki bir liniversitenin agiz, dis ve ¢cene cerrahisi

anabilim dalinda cerrahi islemlerden oOnce kullanilan aydinlatilmis onam
belgelerinin okunabilirliginin degerlendirilmesi amaglanmustir.

Gere¢ ve Yontemler: Bu calismada bir tiniversitenin ¢ene cerrahisi kliniginde
kullanilan yirmi onam formu analiz edilmistir. Her form i¢in climle, kelime, hece,
climle basina kelime, kelime basina hece ve tibbi terimlerin siklig1 hesaplanmustir.
Onam formlarinin okunabilirlik diizeyleri Atesman formiilii kullanilarak
degerlendirilmistir.

Bulgular: Onam formlarindaki ortalama kelime sayisi 11,8, hece sayisi
ortalamasi 2,9 ve tibbi terimlerin oram1 %3,38 olarak hesaplanmistir. Atesman
okunabilirlik formiiliine gére onam formlarinin okunabilirlik puanlar1 37,1 ile
68,8 arasinda degismistir. Incelenen 20 onam formu arasinda 6’s1 "zor" iken 14’{i
"orta zorluk™ seviyesinde idi.

Sonug¢: Calisma bulgularma gore, oral ve maksillofasiyal cerrahide kullanilan
bilgilendirilmis onam formlar1 okunmasi zor formlardir ve genellikle lise veya daha
yiiksek egitim seviyesi gerektirir. Tiirkiye'nin ortalama egitim seviyesi ve saglik
okuryazarligi orami g6z Oniine alindiginda, oral ve maksillofasiyal cerrahide
kullanilan onam formlarinin okunabilirligini artirmak i¢in revize edilmesi onerilir.

Anahtar Kelimeler: Atesman Okunabilirlik Formiilii, Bilgilendirilmis Onam
Formu, Agiz ve Maksillofasial Cerrahi, Okunabilirlik.
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INTRODUCTION

Informed consent forms are documents designed to
inform patients about the procedures or interventions to
be performed and to obtain their consent. Securing
informed consent from patients before initiating any
medical treatment is both an ethical and legal
obligation. During the informed consent process,
mandated by various national and international
regulations, patients are provided with information in
an understandable manner regarding their condition and
disease, the benefits and risks of the proposed
intervention, alternative treatments, and the potential
consequences of refusing treatment. The process
concludes with the patient voluntarily accepting or
declining the proposed intervention. Medical
procedures can only be performed after the patient has
been fully informed and has provided their consent. The
primary purpose of informed consent is to enable
patients to exercise their right to make decisions about
their care and to safeguard their autonomy.
Furthermore, the consent process fosters trust, a
cornerstone of the relationship between healthcare
providers and patients (1). Guidelines across specialties
have established that the consent process should
provide information that is clear, detailed and tailored
to each patient (2). This information, which should be
clear, legible, and accurate, should be documented,
stored, and made available to the patient to protect the
patient, clinician, and healthcare provider (3). In recent
years, with the digitalization of healthcare services,
computer-aided personal record forms have been
developed using software programs in the healthcare
field. Digital tools can improve patient information and
streamline consent management (4). Electronic
approval (e-Approval), which uses digital technologies
to enable the approval process, can include status
boards, multimedia to complement text-based content,
interactivity (e.g., explaining definitions, testing
knowledge), electronic signatures, and version control
technologies. It has been reported that e-Approvals
have the potential to improve the quality and
consistency of documentation, eliminate unreadable or
misplaced forms, and increase patient safety (5). A
systematic review published in 2023 showed that
compared with patients using paper-based consent,
patients using e-consent better understood clinical trial
information, engaged more with the content, and rated
the consent process as more acceptable and usable (6) .
However, when evaluating the legal validity of sharing
the consent form with the patient in an electronic
environment and the patient signing this form with an
electronic signature, issues such as whether the consent
form contains personal explanations and whether the
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consent is provided remotely should be considered. In
cases where a standard form is used or information is
provided only electronically, it cannot be claimed that
the information is legally valid (7). Readability refers to
the ease or difficulty experienced by a reader when
reading a text and can be objectively assessed using
various mathematical formulas. It provides numerical
data on the readability of the text by analyzing the
syllable, word, and sentence characteristics of the
language (8). Readability formulae have been devised
to assess readability based on parameters like word and
sentence length and syllable count. When The Gunning
Fog index (9) and Flesch Kincaid index (10) are widely
used to evaluate the readability level of English texts,
and the Atesman formula (11) is widely used to
determine the readability level of Turkish texts. It is
vital that patients fully understand their informed
consent forms before undergoing any medical
procedure (8). The effectiveness of the information
provided is limited by the patient's ability to
comprehend it; therefore, the 'readability” and
"comprehensibility" of the material are as crucial as its
accuracy and validity (12). As patients' level of
understanding and comprehension increases, clinical
outcomes improve, patient satisfaction increases, and
patients' psychological stress decreases. Oral and
maxillofacial surgery is a branch of dentistry where
surgical interventions and surgeries are frequently
performed. In a study conducted on dental malpractice
cases in Tirkiye, it was reported that the lawsuits filed
were mostly related to patients of prosthetic dentistry
and oral and maxillofacial surgery (13). In the literature
review, no studies were found that examined the
readability levels of informed consent documents
associated with oral and maxillofacial surgery
procedures. This study aims to evaluate the readability
of informed consent forms used before surgical
operations in a university oral and maxillofacial surgery
clinic using the Atesman readability formula.

MATERIAL AND METHODS

This research received approval from the Clinical
Research Ethics Committee of Afyonkarahisar Health
Sciences University (approval date: December 1, 2023;
approval number: 2023/499) and was conducted by the
principles outlined in the Helsinki Declaration.
Additionally, permission for the study was obtained
from the dean's office of the Faculty of Dentistry at
Afyonkarahisar Health Sciences University.

The consent forms used for maxillofacial surgery in the
oral and maxillofacial surgery clinic were identified,
and each consent document was electronically
transferred to Microsoft Word. The total number of
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sentences, words, syllables, and characters in the
documents was calculated. Additionally, the mean
number of words per sentence, the mean number of
syllables per word, and the medical term ratio were
determined. To ensure accurate readability results, the
headings in the forms were removed. The legibility of
the informed consent documents was assessed using the
Atesman formula, which is used to determine the
readability level of Turkish texts.

Atesman Readability Formula

The Atesman readability formula was established by
Atesman in 1997 by converting the Flesch reading ease
test to Turkish (11). According to the formula, the
readability level of a text is interpreted such that the
closer the score is to 100, the easier the text is to read,
whereas the closer the score is to 0, the more difficult it
is to read. The following formula was used to calculate
the Atesman score:

Readability Score =198.825 - 40.175 x (total
syllables/total words) — 2.610 x (total words/total
sentences). The result obtained from this formula
indicates which class level an article addresses in the
Turkish education system (Table 1).

Table 1. Reading levels according to Atesman readability formula.

90-100 It can be read with primary school 4th grade and below education. Very easy

80-89 It can be read with 5th or 6th-grade level education.

70-79 It can be read with 7th or 8th-grade level education. Easy

60-69 It can be read with 9th or 10th-grade level education.

50-59 It can be read with 11th or 12th-grade level education. Medium
difficulty

40-49 It can be read with 13th or 15th-grade level education.

30-39 It can be read with undergraduate level (16th grade) education. Difficult

<29 It can be read with postgraduate (>16th grade) level education. Very difficult

RESULTS

The research involved 20 consent forms commonly
used in the oral and maxillofacial surgery department.
Among the consent forms analyzed, the implant surgery
consent form had the highest number of sentences,
words, syllables, and characters. The periapical surgery
consent form had the highest average number of words
per sentence (n=14.8), while the soft tissue grafting
consent form had the lowest average number of words
per sentence (n=8.74). Additionally, the cyst tumor
surgery consent form had the highest average number
of syllables per word (n=3.25), whereas the impacted
tooth extraction consent form had the lowest average
number of syllables per word (n=2.64). The consent
form with the highest medical term rate (9.55%) was
the autotransplantation consent form, while the consent
form with the lowest medical term rate (1.36%) was the
soft tissue grafting consent form (Table 2).

In the research, each consent document's score and
readability degree were calculated based on the
Atesman readability formula. According to the
Atesman readability formula, the readability score of
the consent documents used in surgery ranged between
37.1 and 68.8. When the consent documents were
assessed using the Atesman formula, the readability of
6 consent documents was at the "difficult” level, and the
readability of 14 consent forms was at the "medium
difficulty” level. Of the 14 consent forms with a
medium level of reading difficulty, 10 had a readability
level of "11th or 12th grade,” while only 4 had a
readability level of "9th or 10th grade.” The cyst-tumor
surgery consent form was the most difficult to read
(undergraduate level), while the impacted tooth
extraction consent form was the easiest to read (9th and
10th grade level) (Table 3).
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Table 2. Numerical values of the consent forms used.

Abscess Drainage 110 318 8 862 13.75 2.89 1.81
Biopsy 116 376 9 971 12.89 3.24 3.44
Tooth Extraction 449 1231 46 3421 9.76 2.74 1.55
Electrosurgery 156 476 15 1295 10.40 3.05 3.20
Frenectomy 315 923 34 2489 9.26 2.93 2.22
Impacted 1 ooth 472 1246 48 3483 9.83 2,64 1.90
Implant Surgery 1109 3393 84 9217 13.20 3.06 1.08
Cyst Tumor Surgery 55 179 4 477 13.75 3.25 9.09
Laser Surgery 112 331 8 896 14.00 2.96 1.78
Local Anesthesia 123 358 9 967 13.67 291 5.69
Maxillofacial Trauma 156 441 11 1204 14.18 2.83 6.41
C'Osureozzg;‘;'mtra' 99 303 10 801 9.90 3.06 2,02
Autotransplantation 178 542 15 1472 11.87 3.04 9.55
Periapical Surgery 222 629 15 1708 14.80 2.83 2.25
Preprosthetics Surgery 454 1388 41 3757 11.07 3.06 1.54
Hard Tissue Grafting 303 916 28 2531 10.82 3.02 2.31
Sinus Lift Surgery 279 813 28 2274 9.96 2.91 3.58
Temporomandibular 706 24 1927 10.00 2.94 2.50
Joint Treatments
P'at;'ggﬁggtﬁgﬂzrate 156 441 11 1204 14.18 2.83 4.48
Soft Tissue Grafting 367 1081 42 2908 8.74 2.95 1.36
Total 5471 16091 490 43864 11.80 2.95 3.38
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Table 3. Readability scores and reading levels of informed consent forms based on the Atesman readability formula.

Abscess Drainage 51.9
Biopsy 44.2
Tooth Extraction 65.6
Electrosurgery 52.4
Frenectomy 62.1
Impacted Tooth Extraction 68.8
Implant Surgery 45.1
Cyst Tumor Surgery 37.1
Laser Surgery 47.8
Local Anesthesia 52.2
Maxillofacial Trauma 52.5
Closure Of Oro-Antral Opening 56.9
Autotransplantation 48.4
Periapical Surgery 50.9
Preprosthetics Surgery 50.5
Hard Tissue Grafting 49.7
Sinus Lift Surgery 55
Temporomandibular Joint 582
Treatments
Platelet Concentrate Applications 52.5
Soft Tissue Grafting 63.3

DISCUSSION

Informed consent forms are documents used to apprise
patients of procedures or interventions and to acquire
their consent. For the consent to be valid, patients must
understand the nature, purpose, risks, and benefits of
the procedure. If this information is not understood, any
consent given may be considered invalid, and
healthcare providers may be subject to legal liability
(14). In this study, consent forms used in a university
oral and maxillofacial surgery clinic were evaluated in
terms of readability using the Atesman readability
formula. The study results showed that informed
consent forms used in maxillofacial surgery generally
have “moderate” or “difficult” readability. The Patient
Rights Regulation states that patient information should
be sufficiently understandable, clear, and concise, and
should be able to answer the patient's questions about
medical practice (15). Consent forms should be written
in simple, plain, and understandable language that
includes sufficient information. Whenever possible, it
is considered best practice to obtain written consent
from the patient rather than verbal consent (16). Based

11th-12th grade
13th-15th grade
9th-10th grade
11th-12th grade
9th-10th grade
9th-10th grade
13th-15th grade
Undergraduate
13th-15th grade
11th-12th grade
11th-12th grade
13th-15th grade
11th-12th grade
11th-12th grade
13th-15th grade
11th-12th grade
11th-12th grade

11th-12th grade

9th-10th grade
11th-12th grade

Medium difficulty
Difficult
Medium difficulty
Medium difficulty
Medium difficulty
Medium difficulty
Difficult
Difficult
Difficult
Medium difficulty
Medium difficulty
Difficult
Medium difficulty
Medium difficulty
Difficult
Medium difficulty
Medium difficulty

Medium difficulty

Medium difficulty
Medium difficulty

on the research, patients may retain up to 20% of
spoken information, possibly due to concerns,
discomfort, fear of the unknown, time constraints, and
a lack of medical understanding. However, when
combined with written materials, retention rates can
increase to around 50% (17). Verbal information can be
modified and conveyed at a level that the patient can
comprehend, but written information is usually
prepared with a fixed content and reading level.
Therefore, the content, language use, and readability of
these forms are extremely important. Readability
studies are conducted to make the language more
understandable and have become a universal concept
that linguists are currently working on intensively. The
readability of a text can vary based on both the
complexity of the text itself and the comprehension
level of the reader. Factors such as sentence and word
length, the number of syllables per word, and the use of
specialized terminology all contribute to the readability
of a text (18). Each language's readability may be
measured using methods tailored to its structure.
According to the Atesman formula, the mean sentence
length in the Turkish language is typically 9-10 words,
while the Bezirci—-Yilmaz formula suggests it is 10-11
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words. Furthermore, both calculations indicate that the
mean word length in the Turkish language is 2.6
syllables (11,19). When all consent forms were
evaluated in this study, the mean number of words was
calculated as 11.8, and the average number of syllables
was calculated as 2.9. These values are above the
average determined for Turkish. In general, consent
forms contain very complex information that is difficult
for patients to understand (20). The readability of
consent forms dominated by medical terminology will
be further reduced. It has been reported that the rate of
medical terms in informed consent forms used before
anesthesia in Tiirkiye is at the level of 4% (8). In this
study, the rate of medical terms was found to be 3.38%,
similar to the literature. Limiting sentence length to 8-
10 words to increase readability, preferring short and
more commonly used synonyms instead of long and
multi-syllable words, and using commonly used simple
terms instead of medical terminology are some
strategies that can be applied (21). Sénmez et al.
recommended that patient consent forms be visually
enriched with diagrams and videos to increase their
understandability (12). In this study, 20 consent forms
used in the oral and maxillofacial surgery clinic of a
university were evaluated in terms of readability using
the Atesman Readability formula, which is widely used
in evaluating the readability of Turkish texts. In light of
the study findings, the consent forms examined were
evaluated as “moderately difficult” or “difficult” by the
Atesman formula. This situation is consistent with
studies conducted in many countries across different
branches. A study conducted in the United States
reported that invasive consent forms were written at an
average of the 15th grade level, which is roughly
equivalent to the reading level expected in the third year
of university education (22). In Tirkiye, urological
surgery and emergency medical intervention consent
forms have been reported to exhibit a difficult
readability level, typically understandable at a high
school level (23). Boztas et al. reported that consent
forms used before anesthesia were difficult to read (8).
Similarly, a study conducted in Spain revealed that the
readability of anesthesia informed consent forms was
low and their understandability was limited (24). A
research examining the readability of consent
documents used in cardiology clinics reported that the
readability level was at the 11th or 12th-grade level
based on the Atesman index (25). In a study evaluating
the readability of informed consent documents for
intravenous and intramuscular injections, all forms
were rated as "moderately difficult” based on the
Atesman formula (1). In studies conducted, it has been
concluded that there is a correlation between the level
of education and the level of understanding.
Determining the education level of a text provides a
certain indication of its understandability. In the United
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States, it is recommended that texts be written at a 6th-
8th grade reading level in order to ensure they are easily
understood by the general population (26). The mean
education period of individuals aged 25 and older in
Tiirkiye was 9.3 years in 2023 (27). In this research, it
was noted that the consent documents utilized in oral
and maxillofacial surgery exhibited readability levels
corresponding to the 9th and 10th grades or higher,
according to the Atesman formula. Therefore, it was
revealed that these consent forms did not meet the
recommendations in the literature. Since oral and
maxillofacial surgery procedures cover a wide range of
patient ages, care should be taken to ensure that consent
forms are easily understood, even by the least educated
patient group. It has been shown that inadequate health
literacy levels cause various difficulties in
understanding medical information and implementing
instructions, which leads to problems in the effective
use of health services (28). Sahin et al. found in their
study that only 29.6% of patients who underwent
orthopedic surgery read the forms from beginning to
end, and 41.5% did not remember the possible
complications (29). As stated by the American National
Institutes of Health, about 40% of the American
population has insufficient health literacy. (30) The
results of a study conducted in Turkey in 2014 revealed
that 64.6% of the population had insufficient or
problematic health literacy (31). Considering the
inadequate level of health literacy, it is clear that
consent forms prepared in Tiirkiye should be written in
more understandable language. Enhancing the
readability of consent forms and supplementing them
with visual aids, such as videos and diagrams, can
improve patient comprehension of procedures and
enhance their retention of potential risks (32,33).
Handwritten consent forms have been associated with a
high error rate and a high rate of missed core risks (34).
Introducing a semi-digital consent app with modifiable
procedure-specific content has reduced variability and
omission of core risks, while improving error and
readability rates (35). The use of electronic resources
for surgical consent has been shown to improve patient
knowledge of the procedure (36). A study has shown
that e-consent forms reduce error rates and offer the
potential to increase clinical efficiency when compared
to paper-based consent forms (37). A recently
published systematic review concluded that digital
consent has the potential to improve the overall
informed consent process when compared to paper
forms (38). In a study in the United Kingdom evaluating
patient experience and the effectiveness of digital
consent, those who gave consent digitally reported
significantly higher levels of satisfaction than those
who gave consent using a paper form, stating that the
form was easier to read and understand, and that
possible complications were easier to understand. In
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addition, 86% of patients who gave consent digitally
received a copy of the consent form, compared to 18%
of patients who gave consent using paper (39). E-
consent is environmentally friendly and eliminates the
need to fax, scan, copy or file, allowing support staff to
focus on direct patient care. An e-Consent exists
permanently in the electronic health record and cannot
be lost. Incomplete or incomplete consent is the most
common cause of first case delay in operating rooms,
affecting patient and staff satisfaction and having
significant financial implications (37). Digital consent
can be as time-consuming or even faster than paper
consent (40). A study published in 2025 reported that
digital consent forms potentially provide cost
advantages over paper consent forms (41). In addition,
a recently published study demonstrated the importance
of digitization in reducing the spread of infections by
showing that filling out consent forms with a tablet
containing a software program significantly reduced
surface contamination compared to filling out a paper
consent form (42). However, barriers to e-consent
adoption include the clinical and technical expertise
required to create a consent application specific to a
pan-specialty procedure and concerns about digital
access for patients (43). This study emphasizes that
texts containing informed consent information should
be easy to read, whether prepared using traditional or
digital methods. Future studies can address and
evaluate the relationship between the use of different
tools and readability and understandability. This study
has several limitations, including the fact that it only
examined the consent forms used in a university's
maxillofacial surgery clinic and evaluating them solely
according to the Atesman readability index. Even if
similar procedures are performed, the results cannot be
generalized to all maxillofacial clinics. The study did
not assess whether the consent forms were sufficient in
terms of medical and legal content, nor did it determine
the extent to which patients could understand these
forms. Additionally, the font type, size, and patient
anxiety, which may affect the readability of the forms,
were not evaluated. Further research is needed to
evaluate the accuracy and comprehensibility of the
consent forms. Despite these limitations, this study is
the first to assess the readability of consent forms used
in oral and maxillofacial surgery.

CONCLUSION

Insufficient readability and comprehensibility of
informed consent forms can render them invalid,
potentially exposing healthcare providers to legal
liability. For these reasons, informed consent forms
should be drafted to be easily readable and
comprehensible in both content and format.

The study results revealed that the comprehensibility
levels of informed consent forms employed in oral and
maxillofacial surgery are quite low. Considering the
low average education level and health literacy in
Tirkiye, it is recommended that the content of consent
documents used in maxillofacial surgery be reviewed.
The language used in informed consent forms should be
suitable for the reading comprehension level of the
intended audience, employing a clear and legible
writing style with visual aids wherever feasible. When
preparing consent forms, it's crucial to ensure
readability at or below a 6th-grade level, minimize
medical terminology, opt for words with three or fewer
syllables, and employ concise and straightforward
sentences. In addition, digital technologies such as e-
consent, which include multimedia and which patients
can interact with, supported by visual content such as
figures and videos, can be used to increase the
readability and understandability of texts.

REFERENCES

1. Ebem E, Tutar MS, Yildiz M, Canitez A, Kara O,
Kozanhan B. Intravendz ve Intramiiskiiler Enjeksiyon
Bilgilendirilmis Onam Formlarinin  Okunabilirlik

Acisindan  Degerlendirilmesi. ~ Anadolu  Klin.
2019;24:132-136.

2. Cheung E, Goodyear G, Yoong W. Medicolegal
update on consent: ‘The Montgomery Ruling.” The
Obstetrician & Gynaecologist. 2016;18(3):171-172.

3. Dyke R, St-John E, Shah H, et al. Comparing shared
decision making using a paper and digital consent
process. A multi-site, single centre study in a trauma
and orthopaedic department. Surgeon. 2023;21(4):235-
241.

4. Wiertz S, Boldt J. Ethical, Legal, and Practical
Concerns Surrounding the Implemention of New Forms
of Consent for Health Data Research: Qualitative
Interview Study. J Med Internet Res. 2024;26:e52180.

5. St John ER, Scott AJ, Irvine TE, Pakzad F, Leff DR,
Layer GT. Completion of hand-written surgical consent
forms is frequently suboptimal and could be improved
by using electronically generated, procedure-specific
forms. Surgeon. 2017;15(4):190-195.

6. Cohen E, Byrom B, Becher A, Jorntén-Karlsson M,
Mackenzie AK. Comparative Effectiveness of
eConsent: Systematic Review. J Med Internet Res.
2023;25:e43883.

Uluslararas1 Dig Hekimligi Bilimleri Dergisi 2025;11(1):32-40.



7. Aksu M. Tip Bilisimi Hukuku. In: Tip Biligimi.
Istanbul University Press; 2021.

8. Boztas N, Ozbilgin S, O¢men E, et al. Evaluating the
Readibility of Informed Consent Forms Available
Before Anaesthesia: A Comparative Study. Turk J
Anaesthesiol Reanim. 2014;42(3):140-4.

9. Gunning R. The Technique of Clear Writing.
McGraw-Hill, New York, USA;1952.

10. Flesch R. A new readability yardstick. J Appl
Psychol. 1948;32(3):221-233.

11. Atesman E. Measuring readability in Turkish. A.U.
Tomer Language J. 1997;58:171-4.

12. Sénmez MG, Kozanhan B, Ozkent MS, et al.
Evaluation of the readability of informed consent forms
used in urology: s there a difference between open,
endoscopic, and laparoscopic surgery? Turk J Surg.
2018;34(4):295-299.

13. Karaarslan B, Karaarslan ES, Celik S, Ertas E, Celik
N. Evaluation of malpractice cases in dentistry which
was discussed in high health council during 2001-2007.
Turkiye Klinikleri J Dental Sci. 2010;16:142-148.

14. Pape T. Legal and ethical considerations of
informed consent. AORN J. 1997;65(6):1122-1127.

15. Hasta Haklar1 Yonetmeligi. Resmi Gazete, 1998.
Accessed October 8, 2023.
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=48
47&MevzuatTur=7&MevzuatTertip=5

16. Reynard J, Reynolds J, Stevenson P. Practical
Patient Safety.; 2009.

17. Sanghvi S, Cherla D V., Shukla PA, Eloy JA.
Readability assessment of internet-based patient
education materials related to facial fractures.
Laryngoscope. 2012;122(9):1943-1948.

18. Kollia B, Basch CH, Kamowski-Shakibai MT,
Tsiamtsiouris J, Garcia P. Testing the Readability of
Online Content on Autism Spectrum Disorders. Adv
Neurodev Disord. 2019;3(1):85-90.

19. Bezirci B, Yilmaz AE. A software library for
measurement of readability of texts and a new
readability metric for Turkish. Dokuz Eyliil
Universitesi Miihendislik Fakiiltesi Fen ve Miihendislik
Dergisi. 2010;12(3):49-62.

Uluslararas1 Dig Hekimligi Bilimleri Dergisi 2025;11(1):32-40.

20. Paasche-Orlow MK, Taylor HA, Brancati FL.
Readability Standards for Informed-Consent Forms as
Compared with Actual Readability. The new England
J. 2003;348.

21. Walsh TM, Volsko TA. Readability Assessment of
Internet-Based Consumer Health Information. Respir
Care. 2008;53(10).

22. Eltorai AEM, Naqvi SS, Ghanian S, et al.
Readability of Invasive Procedure Consent Forms. Clin
Transl Sci. 2015;8(6):830-833.

23. Sénmez MG, Taskapu HH, Sénmez LO et al.
Tiirkiye’de Elektif Uroloji ve Acil T1p Prosediirleri igin
Kullanilan  Bilgilendirilmis Onam  Formlarinin
Okunabilirlikleri Arasinda Fark Var mi? Genel Tip
Derg. 2020;30:151-156.

24. Garcia-Alvarez JM, Garcia-Sanchez A. Readability
and Comprehension of Anesthesia Informed Consent
Forms in a Spanish County Hospital: An Observational
Study. Nursing reports (Pavia, Italy). 2024;14(2):1338-
1352.

25. Dural IE. Are Consent Forms Used in Cardiology
Clinics Easy to Read? Turk Kardiyol Dern Ars.
2022;50(8):590-594.

26. Friedman DB, Hoffman-Goetz L. A systematic
review of readability and comprehension instruments
used for print and web-based cancer information.
Health Educ Behav. 2006;33(3):352-373.

27. TUIK, Ulusal Egitim Istatistikleri 2023. Accessed
July 10, 2024.
https://data.tuik.gov.tr/Bulten/Index?p=Ulusal-Egitim-
Istatistikleri-2023-53444

28. Davis TC, Michielutte R, Askov EN, Williams M
V., Weiss BD. Practical assessment of adult literacy in
health care. Health Educ Behav. 1998;25(5):613-624.

29. Sahin N, Oztiirk A, Ozkan Y, Demirhan Erdemir A.
What do patients recall from informed consent given
before orthopedic surgery? Acta Orthop Traumatol
Turc. 2010;44(6):469-475.

30. Finnie RKC, Felder TM, Linder SK, Mullen PD.
Beyond reading level: a systematic review of the
suitability of cancer education print and Web-based
materials. J Cancer Educ. 2010;25(4):497-505.

39


https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=4847&MevzuatTur=7&MevzuatTertip=5
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=4847&MevzuatTur=7&MevzuatTertip=5

40

31. Ozdemir S, Ak¢a H. Health Literacy in Turkey.
Med J SDU. 2021; 28: 535-536.

32. Borello A, Ferrarese A, Passera R, et al. Use of a
simplified consent form to facilitate patient
understanding of  informed consent for laparoscopic
cholecystectomy. Open Med (Wars). 2016;11(1):564-
573.

33. Shukla AN, Daly MK, Legutko P. Informed consent
for cataract surgery: patient understanding of
verbal, written, and videotaped information. J
Cataract Refract Surg. 2011;38(1):80-84.

34. Owen D, Aresti N, Mulligan A, Kosuge D.
Customizable pre-printed consent forms: a solution in
light of the Montgomery ruling. Br J Hosp Med (Lond).
2018;79(2):97-101.

35. St John ER, Bakri AC, Johanson E, et al.
Assessment of the introduction of semi-digital consent
into surgical practice. Br J Surg. 2021;108(4):342-345.

36. Bethune A, Davila-Foyo M, Valli M, Da Costa L.
e-Consent: approaching surgical consent with mobile
technology.  Canadian  Journal ~ of  Surgery.
2018;61(5):3309.

37. Reeves JJ, Mekeel KL, Waterman RS, et al.
Association of Electronic Surgical Consent Forms With
Entry Error Rates. JAMA Surg. 2020;155(8):777-778.

38. De Sutter E, Zage D, Boccia S, et al.
Implementation of Electronic Informed Consent in

Biomedical Research and Stakeholders’ Perspectives:
Systematic Review. J Med Internet Res. 2020;22(10).

39. Ellis LB, Barcroft J, St John E, Loughran D,
Kyrgiou M, Phelps D. Digital consent in gynecology:
an evaluation of patient experience. Arch Gynecol
Obstet. 2024;309(2):611-619.

40. Chen C, Lee PI, Pain KJ, Delgado D, Cole CL,
Campion TR Jr. Replacing Paper Informed Consent
with Electronic Informed Consent for Research in
Academic Medical Centers: A Scoping Review. AMIA
Jt Summits Transl Sci Proc. 2020;2020:80-88.

41. Houten R, Hussain MI, Martin AP, et al. Digital
Versus Paper-Based Consent from the UK NHS
Perspective: A Micro-costing Analysis. Pharmacoecon
Open. 2024;9(1):27-39.

42. Baser B, Gulnar B, Tuhan Kutlu E. Comparison of
conventionally and digitally completed patient consent-
anamnesis forms in terms of surface contamination.
Technol Health Care. 2023;31(5):1737-1746.

43. St John ER, Bakri AC, Johanson E, et al.
Assessment of the introduction of semi-digital consent
into surgical practice. Br J Surg. 2021;108(4):342-345.

Uluslararas1 Dig Hekimligi Bilimleri Dergisi 2025;11(1):32-40.



Dental Sciences

Uluslararasi Dig Hekimligi Bilimleri Dergisi

Effect of Remaining Dentin Thickness on Thermal Changes at The Root Surface During
Obturation With Thermoplasticized Gutta-Percha In Internal Resorption Cavities

Internal Rezorpsiyon Kavitelerinde Termoplastik Gutta-Perka ile Doldurulmasi Sirasinda Kok
Yiizeyinde Olusan Termal Degisiklikler Uzerinde Kalan Dentin Kalinlhigmimn Etkisi

ABSTRACT

Objective: The treatment of internal resorption focuses on removing necrotic pulp tissue,
disinfecting the root canal and fill the root canal ystem, including the resorption zone. Warm
gutta-percha techniques are commonly recommended for sealing resorption defects due to
their flowable properties, however, concerns persist regarding temperature increases during
the obturation process. This study aims to investigate the impact of remaining dentin
thickness on temperature changes at the root surface during thermoplasticized gutta-percha
obturation in simulated internal resorption cavities.

Materials and Method: Thirty maxillary central incisor teeth were used. The teeth were
divided into two halves. A resorption cavity was created on one root half, while the other
half was served as the control. The teeth were divided into three groups based on the
remaining dentin thickness in the halves that containing the internal resorption cavity (0.4
mm, 0.7 mm, and 1 mm). Temperature changes during the thermoplastic gutta-percha
obturation were measured using thermocouples. A paired samples t-test was conducted to
assess the differences between the resorptive and control surfaces, and a one-way ANOVA
test was applied to evaluate the temperature variations across the groups.

Results: Statistically significant temperature differences were observed between the
resorption and control surfaces in all groups, no significant differences were found among
the three dentin thickness groups.

Conclusion: The study concludes that internal resorption cavities result in higher
temperature transmission at the root surface during thermoplasticized gutta-percha
obturation, irrespective regardless of dentin thickness. However, no significant differences
in temperature were observed across different dentin thicknesses.

Key Words: Dentin, Gutta-Percha, Root Resorption, Thermoplastic Techniques.
0z

Amag: Internal rezorpsiyon tedavisi nekrotik pulpa dokusunun uzaklastirilmasina, kok
kanalin1 dezenfekte edilmesine ve rezorpsiyon bolgesi de dahil olmak iizere kok kanal
sisteminin doldurulmasima odaklanir. Sicak giita-perka teknikleri, akiskan 6zelliklerinden
dolay1 genellikle rezorpsiyon defektlerini kapatmak i¢in 6nerilmektedir. Ancak, obturasyon
islemi sirasinda olusabilecek sicaklik artiglari ilgili endiseler devam etmektedir. Bu caligma,
simule edilmis i¢ rezorpsiyon bosluklarinin termoplastize giita-perka ile obturasyonu
sirasinda kalan dentin kalmliginin kok yiizeyindeki sicaklik degisimleri {izerindeki etkisi
arastirilmistir.

Gerec ve Yontemler: Otuz adet maksiller santral kesici disi kullanilmustir. Disler iki yarima
ayrilmistir. Bir kok yarisinda bir rezorpsiyon kavitesi olusturulurken, diger yarist kontrol
grubu olarak kullanildi. Disler, i¢ rezorpsiyon boslugunu igeren yarilardaki kalan dentin
kalinligina gore ti¢ gruba ayrildi (0.4 mm, 0.7 mm ve 1 mm). Termoplastik gutta-perka ile
doldurulmasi sirasinda meydana gelen sicaklik degisiklikleri thermocouple kullanilarak
Olciildii. Rezorpsiyonlu ve kontrol yiizeyleri arasindaki farklari degerlendirmek igin
eslestirilmis 6rneklem t-testi, gruplar arasindaki sicaklik degisimlerini degerlendirmek i¢in
ise tek yonlit ANOVA testi kullanildi.

Bulgular: Tim gruplarda rezorpsiyon ve kontrol yiizeyleri arasinda istatistiksel olarak
anlaml sicaklik farklar1 gozlendi, ancak ii¢ dentin kalinlig1 grubu arasinda anlamli bir fark
bulunmamustir.

Sonu¢: Calisma, i¢ rezorpsiyon bosluklarinin, dentin kalinligindan bagimsiz olarak,
termoplastik gutta-perka obtiirasyonu sirasinda kok yiizeyinde daha yiiksek sicaklik
iletimine yol agtig1 sonucuna varilmistir, Ancak farkli dentin kalinliklar1 arasinda sicaklik
acisindan anlamli bir fark gozlenmemistir.

Anahtar Kelimeler: Dentin, Gutta-Perka, K&k Rezorpsiyonu, Termoplastik Teknikler.
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INTRODUCTION

Resorption of dental tissues can occur due to clastic
activity, arising from either physiological or
pathological processes (1). Internal root resorption
(IRR), a form of pathological root resorption, typically
results from trauma or prolonged pulp infections. If left
untreated, IRR is characterized by a progressive
destruction of root dentin through an inflammatory
process (1, 2). This condition leads to the formation of
a granulation tissue-filled cavity, complicating proper
root canal preparation and obturation. The primary
objectives in treating teeth affected by IRR is to remove
necrotic pulp tissue, disinfect the root canal system and
achieve a three-dimensional filling of the root canal,
including the resorption zone. This is accomplished
through chemo-mechanical preparation, aiming to halt
the resorption process (1). Cases of IRR present
significant challenges in achieving complete root canal
obturation (1). To effectively seal resorptive defects,
the filling material must possess adequate flowable
properties. Gutta-percha remains the most commonly
used obturation material, and its flowability can be
enhanced through heating (3, 4). Several obturation
systems utilizing warm gutta-percha have been
developed, with studies demonstrating their
effectiveness in filling the irregularities associated with
IRR (5-7). However, despite the low thermal
conductivity of dental tissues (8), temperature increases
on the root surface remain a significant concern with
warm gutta-percha techniques (9-12). Previous
research shows that a temperature rise of 10 °C can
result in fat cell necrosis and bone remodeling in rabbits
(13). This article aimed to investigate the impact of
remaining dentin thickness in artificially created
internal resorption cavities on temperature changes at
the root surface. The null hypothesis was that the
remaining dentin thickness in internal root resorption
cavities directly affect temperature increases at the root
surface.

MATERIAL AND METHODS

The protocol of this study was approved by Ordu
University clinical research ethics committee (ODU
KAEK 2016/70). The total sample size required for the
study was determined based on the data from a previous
study (14) using the G*Power 3.1 software package
(Heinrich). Based on the F-test family, an effect size of
0.660, an alpha type error of 0.05, and a power of 0.85,
the minimum total sample size required was calculated
as 30. Human maxillary incisors extracted due to
orthodontic, periodontal, or prosthetic reasons were
included in the study. Teeth with caries or fractures in
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the roots were excluded from the study. Thirty teeth
with a single root canal were randomly allocated into
three groups. Teeth were decoronated using a diamond
disc under water-cooling to standardize 17 mm root
length. A #15 K-file was inserted into each root canal
until the tip was visible at the apical foramen, and 1 mm
was subtracted from this measurement to establish the
working length. The root canals were prepared using
the Reciproc Blue system (VDW, Munich, Germany)
up to the R50 file (50.05) with copious irrigation using
5.25% NaOCl via a 30-gauge irrigation needle
(NaviTip; Ultradent, South Jordan, UT). Longitudinal
grooves were created on the palatal and buccal surfaces
of the roots, and the roots were split into halves using a
hammer and chisel. A digital micrometer was
employed to determine the location of the resorption
cavity and the initial dentin thickness of the root halves.
A test apparatus was custom-designed for this study to
create resorption cavity under controlled conditions.
This apparatus consisted of a diamond bur mounted on
a motor capable of moving vertically in electronically
controlled increments of 0.1, 1, and 10 mm (Figure 1A).
Simulated resorption cavities with a diameter of 1.6 mm
were prepared on one root half at a distance of 5 mm
from the root tip, resulting in remaining dentin
thicknesses of 0.4 mm, 0.7 mm, and 1 mm (Figure 1B).
The remaining dentin thickness was confirmed using a
digital micrometer. The other half of the root was
served as the control. A red dot was marked on the
surfaces of both root halves using a CD marker to
indicate the sites for subsequent temperature
measurements with a thermocouple. The two halves
were then reassembled using cyanoacrylate glue
(Scotch Super Glue Gel; 3M, St Paul, MN).

The experimental groups were categorized as below:

Group 1: Simulated resorption cavities with a
remaining dentin thickness of 0.4 mm (n=10) and their
corresponding control halves is the plural of half.

Group 2: Simulated resorption cavities with a
remaining dentin thickness of 0.7 mm (n=10) and their
corresponding control halves is the plural of half.

Group 3: Simulated resorption cavity with a remaining
dentin thickness of 1 mm (n=10) and their
corresponding control halves is the plural of half.

A plastic apparatus was designed to securely hold the
sample and thermocouple tips during the root canal
obturation of the roots (Figure 1C). K-type
thermocouple tips were affixed to the red markings on
the root surfaces using heat insulation paste. The
downpack handpiece of the ElementsFree obturation
system (SybronEndo/Kerr Endodontics, Orange, CA).
was used to deliver thermoplasticized injectable gutta-
percha material at 200 °C into the root canals. All teeth
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across the groups were obturated under standardized
room conditions on the same day. The maximum
temperature on the surface of the resorption cavity and
the corresponding area on the control half was recorded
using the thermocouple.

Figure 1. A, the test apparatus designed to prepare the internal
resorption cavity with precise remaining dentin thickness; B, the
resorption cavity that prepared using the apparatus; C, the test
setup where measurement is made by using thermocouple.

Statistical Analysis

The Shapiro-Wilk test confirmed that the data were
followed a normal distribution. For each dentin
thickness, a paired samples t-test was conducted to
compare the temperature differences between the
surface with the resorptive cavity and the control
surface. To determine whether significant differences
existed in the temperatures transmitted outside the root
among the three different dentin thicknesses, a one-way
ANOVA was performed with a 95% confidence level.
All analyses were conducted using SPSS software
(SPSS Inc, Chicago, IL).

RESULTS

The maximum temperature values recorded in this in
vitro study were 35.6 °C for a remaining dentin
thickness of 0.4 mm on resorption cavities, 34.4 °C for
0.7 mm, and 34.2 °C for 1 mm. The temperature
differences between the resorptive surface and the
control surface were statistically significant across all
three thickness groups (Groups 1, 2, and 3) (p = 0.002,
0.014, and 0.023, respectively). In all groups, the mean
maximum temperatures recorded on the control surface
were lower than those on the resorptive surface. The
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mean maximum temperature values recorded at the root
surface for the different dentin thickness groups are
presented in Table 1. No statistically significant
difference was observed among the groups regarding
the mean maximum temperature values reached on the
root surface

Table 1. The mean and standard deviation of the maximum
temperature values recorded on root surfaces with varying
remaining dentin thicknesses.

DEntin ThICKNESS Tl\élnewapl)r:el!\:ti)?e De\?it:fion

Group 1 (0.4 mm) 32.35 2.29 10

Group 2 (0.7 mm) 31.02 3.02 10 = 0.437
Group 3 (1 mm) 30.90 2.80 10

DISCUSSION

Studies have demonstrated that internal resorption
cases and root canal irregularities are sealed more
effectively using warm thermoplastic filling techniques
compared to the cold lateral condensation (5-7).
However, the use of heat in thermoplasticized root
canal obturation techniques to enhance the flowability
of gutta-percha can result in an increase in temperature
at the root surface (9-12, 14-17). A temperature rise
exceeding 10 degrees at the root surface is a concern in
root canal treatment, as it may lead to pathological
changes in the periodontal tissues (13). This study
examined the temperature variations transmitted
outside the root in internal resorption cavities with three
different dentin thicknesses. In all groups with varying
dentin thicknesses, the temperature transmitted outside
the root was found to be higher than that in the control
group, which lacked an internal resorption cavity.
These findings suggest that the presence of an internal
resorption cavity increases the temperature transmitted
outside the root during thermoplastic filling techniques.
Although the mean maximum temperature transmitted
outside the root appeared to increase as the dentin
thickness decreased, no statistically significant
differences were observed among the different dentin
thicknesses. Lipski (2006) evaluated the temperature
rise on the root surface during root canal filling with
injectable  warm  gutta-percha, reporting that
mandibular central incisors exhibited a temperature
increase three times higher than that of maxillary
central incisors (11). Two additional studies on this
subject observed that while the temperature rises in
maxillary incisor teeth remained below the critical
threshold, those in mandibular central incisor teeth
exceeded the critical threshold of 10 °C (15, 17). This
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difference was attributed to the thinner dentin in
mandibular central incisors compared to maxillary
central incisors and canines. In our study, although an
increase in the temperatures transmitted to the root
surface was observed as dentin thickness decreased, no
statistically significant differences were found between
the groups. These findings align with studies
demonstrating that thinner dentin facilitates greater
temperature transmission during thermoplastic filling
procedures. Ulusoy et al. (2015) compared the
temperature values transmitted outside the root in teeth
with internal resorption using three different root canal
filling methods. They reported higher temperature
values in resorbed teeth within the group where the
thermoplasticized injectable gutta-percha method
(Obtura I1) was used, compared to those without a
resorption cavity (9). Their findings align with the
result of this study. Additionally, they reported that the
temperature transmitted outside the root using this
method exceeded the critical threshold of 10 °C.
Similarly, in our study, the maximum temperature
values reached approximately 36 °C during
experiments conducted at a room temperature of around
22 °C, surpassing the critical threshold. One limitation
of this study is that the experiments were conducted at
room temperature, which may have influenced or
moderated the recorded temperatures. Additionally, a
finite element analysis study (18) demonstrated that in
models without blood flow, the temperatures
transmitted outside the root canal were higher
compared to models with blood flow. The lack of
simulation for the surrounding periodontal ligament
and blood flow in our study suggests that the recorded
temperature increases may not fully represent clinical
reality. Consequently, these limitations may impact the
validity of the temperature data in terms of clinical
applications. Future research should consider utilizing
models that account for the effects of the periodontal
ligament and blood flow, and body temperature.

CONCLUSION

The findings indicated that the presence of an internal
resorption  cavity significantly increased the
temperature transmitted outside the root, regardless of
the remaining dentin thickness. Although a trend of
higher temperature transmission with decreasing dentin
thickness was observed, no statistically significant
differences were detected among the groups in terms of
maximum temperature values. These results suggest
that while thermoplastic filling techniques are effective
for achieving adequate obturation in cases of IRR,
clinicians should exercise cautious regarding potential
temperature increases that may negatively impact
periodontal tissues.
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OI[[IRTIG[y[’l Case Report

Konik Isinh Bilgisayarh Tomografi Ile Dogrulanms Olagandisi Ust Birinci Biiyiik Az

Disin Endodontik Tedavisi: Olgu Sunumu

Endodontic Treatment of An Unusual Upper First Molar Confirmed By Cone Beam Computed

Tomography: Case Report

oz
Kok kanal tedavisinin basarili olabilmesi i¢in kok kanal sisteminden
enfekte pulpa dokusunun tamamen c¢ikarilmasi gerekmektedir,
Tedavisi yapilacak disin anatomisi ve olas1 varyasyonlarini bilmek
basar1 elde etmek icin en temel faktorlerden biridir. Ust cene birinci
biliylik azi dislerinin kanal ve kok morfolojileri her zaman tipik
degildir. Dislerin morfolojilerindeki anomaliler her zaman kok
sayisinin fazlaligi ya da azlig1 seklinde olmayip ayni zaman da kanal
sayisinin azhigi ve fazlaligi seklinde de goriilebilmektedir. Islem
oncesi tan1 i¢in alinan radyografide bir anomaliden siiphelenilen disler
farkli agilardan alinan periapikal radyografilere ve 6zellikle de konik
1s1nlt bilgisayarlt tomografi gibi ileri goriintiilleme yontemlerine
ihtiya¢ duymaktadir.

Sonu¢: Bu vaka raporunun amaci endodontik tedavi sirasinda iist
birinci biliyiik az1 disinde tespit edilen olagandis1 anatomiyi
tanimlamaktir.

Anahtar Kelimeler: Eksternal Anatomi, Internal Anatomi, Ust
Birinci Biiyiikk Az Disi, Konik Isinli Bilgisayarli Tomografi, Kok
Kanal Tedavisi.

ABSTRACT

For the successful outcome of root canal treatment, it is crucial to
entirely eliminate the infected pulpal tissue from the root canal system.
Understanding the anatomy of the tooth to be treated and its potential
variations is one of the fundamental factors for achieving success. The

canal and root morphologies of maxillary first molars are not always| {

typical. Anomalies in the morphology of teeth can manifest not only
as an increased or decreased number of roots but also as variations in
the number of canals. Teeth suspected of having anomalies, as
observed in the preoperative diagnostic radiographs, may require
periapical radiographs taken from different angles and, especially,
advanced imaging methods such as cone-beam computed tomography|
for further evaluation.

Conclusion: This case report aims to describe the unusual anatomy
identified in the maxillary first molar during endodontic treatment.

Key Words: External Anatomy, Internal Anatomy, Maxillary First

Molar, Cone Beam Computed Tomography, Root Canal Treatment.
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GIiRiS OLGU SUNUMU

Basaril1 bir kok kanal tedavisi yapabilmek icin kok
kanal sisteminin tamaminin yeterli bir sekilde
temizlenmesi, sekillendirilmesi ve sizdirmaz olarak
doldurulmas1  gerekmektedir. Biitin bu tedavi
asamalarinin dogru ve eksiksiz uygulanabilmesi i¢in
dislerin eksternal ve internal anatomilerinin ve
bunlarin varyasyonlarinin iyi bilinmesi gerekmektedir.
Kok kanal sistemi igerisinde gozden kacirilan ve
dolayist ile tedavisi yapilmayan her alan, basarisiz
endodontik  tedavilerin en  sik  karsilagilan
nedenlerinden biridir (1). Fazladan kok ve kanal, daha
az sayida kok ve kanal, isthmus, lateral kanal, apikal
delta ve ramifikasyon varligi neredeyse tim dis
gruplarinda  gosterilmistir (2-4). Daimi maksiller
birinci biiyilik az1 disi de hem kok sayis1t hem de kokte
bulunan kanal sayisi agisindan en ¢ok varyasyon
gosteren diglerden biridir ve bu durum endodontik
tedavisinin yonetimini zorlastirmaktadir (5, 6). Daimi
maksiller birinci biiyiik az1 disi, ii¢ kok (mezyobukkal,
distobukkal, palatinal) ve dort kok kanali
(mezyobukkal kokte iki diger koklerde birer kok
kanal1) ile tanimlanmaktadir. Mezyobukkal kokte
ikinci bir kanal bulunma sikligint %18 -%96.1 gibi
genis aralikta gosteren ¢aligmalar mevcuttur. (7-9).

2022 yilinda yaymlanan bir derlemede Vertucci
smiflamasina  gore  konfigiirasyon  farkliliklar
gostermekle birlikte, mezyobukkal kokte ikinci bir kok
kanali bulunma orani %68.2 olarak bildirilmistir (10).

2021 yilinda yaynlanan ve Tiirk popiilasyonunda
maksiller biiyiik az1 dislerin kok ve kanal anatomisini
inceleyen bir ¢alismada ise mezyobukkal kokte ikinci
bir kok kanali bulunma oram1 %79.34 olarak
gosterilmistir (11). Literatiir incelemesi yapildiginda
ise bu anatomik tanimlamanin digina ¢ikan c¢esitli
varyasyonlarin varligi goriilmektedir. Bu dis ile ilgili
tek (12, 13), iki (14-16), dort (17), bes (18) kokli, alti
(19), yedi (20), sekiz (21) kanalli ve C sekilli kanal
formu (22, 23) gosteren bir ¢ok vaka raporu mevcuttur.
Ancak daimi maksiller birinci biiyiik az1 disinde kok ve
kanal sayisinin fazlaligi daha ¢ok tanimlanmisken kok
ve kanal sayisinin azligina daha nadir rastlanmaktadir
(24, 25). Bu vaka raporunun amaci nadir goriilen kok
kanal morfolojisine sahip daimi maksiller birinci
biiyiikk az1 disinin hem morfolojisini hem de basarili
endodontik tedavisini tanimlamaktir.
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16 yasinda sistemik olarak saglikli kadin hasta, sag tist
cenesinde siddetli ve siirekli devam eden agr1 sikayeti
ile Selcuk Universitesi Dis Hekimligi Fakiiltesi
Endodonti boéliimiine bagvurdu. Ekstraoral bulgulari
normal olan hastanin 16 numarali disinde daha 6nceden
yapilan bir amalgam restorasyon oldugu goriildii. Ilgili
dise Endo-Ice (Henry Schein, ABD) ile yapilan soguk
testi, yogun ve kalict bir agriya neden oldu. Dis
perkiisyona karsi hassas degildi ve periodontal muayene
sonucunda herhangi bir patolojik cep ve mobilite
goriilmedi. Radyolojik muayenede ise restorasyonun
derin oldugu ancak disin apikalinde herhangi bir patoloji
olmadigi tespit edildi (Sekil 1).

Sekil 1. Hastanin panoramik radyografisi.

Tim bu klinik ve radyolojik bulgular 1s18inda 16
numarali dise semptomatik irreversibl pulpitis teshisi
kondu kok kanal tedavisi yapilmasi planlandi. Lokal
anestezik soliisyonla (Ultracain DS forte, Sanofi-
Aventis, Frankfurt, Almanya) yapilan infiltratif anestezi
sonrasl, eski amalgam restorasyon tamamen kaldirilarak
giris kavitesi a¢ildi. Pulpa odas1 tabaninda beklenenden
farkli olarak biri bukkalde digeri ise palatinalde olan iki
kanal agzi bulundu. Pulpa odasinin tabani daha fazla
incelendiginde bagka kanal agzinin olmadig1 gézlendi.
Kok kanallarinin ¢alisma boyu elektronik apeks bulucu
(Dentaport-ZX, Morita, Tokyo, Japonya) ile belirlendi
ve radyografik olarak dogruland1 (Sekil 2a). Kok
kanalarmin sekillendirilmesi Revo-S (Micro-Mega,
Besancon, Cedex, Fransa) nikel titanyum egelerle apikal
cap AS40 olacak sekilde tamamlandi ve her ege
degisiminde %5.25’lik NaOCl (Imident, Konya,
Tiirkiye) soliisyonu ile irrigasyon yapildi.
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Sekil 2a. Calisma boyunu belirlemek i¢in el aletleri ile alinan
periapikal radyografi.

Kok kanallarinin gekillendirilmesi sirasinda bukkal
kanalin apikaline dogru egenin farkli yonlere dogru
hareket ettigi fark edildi ve sekillendirme bu durum
dikkate alinarak tamamlandi. Farkli acilarla rontgen
alindi ancak bukkal kanalin apikalindeki ayrilma
siiperpozisyon nedeni ile gosterilemedi. Sekillendirme
tamamlandiktan sonra %17’lik EDTA (imident,
Konya, Tiirkiye) ile final irrigasyon yapildi. Daha
sonra doner alete uyumlu agili giita-perka kon ve AH-
Plus (Dentsply Maillefer, Ballaigues, Isvicre) kok
kanal pat1 ile soguk lateral kondensasyon teknigiyle
kok kanallarinin dolumu tamamlandi (Sekil 2b). Dis
kompozit rezin (Kerr Herculite Classic, Romulus Ml,
ABD) dolgu materyali ile restore edildi.

Sekil 2b. Kok kanal tedavisi ve restorasyonu tamamlanmig disin
periapikal radyografisi.

Tedaviden bir ay sonra hasta kontrole ¢agirildi. Kok
kanal konfigiirasyonunu dogrulamak i¢in konik 151l
bilgisayarli tomografi (KIBT) alind1 (Sekil 3a). Alinan
KIBT’de disin bukkal ve palatinal olmak tizere iki ayr1
koke sahip oldugu, palatinal kanalda tek bir kok kanali
mevcutken bukkal kokiin kanal agzindan tek bir kok
kanal1 olarak baslayip yaklasik olarak apikal 1/3’liik
kisimda biri bukkalde digeri ise palatinalde olmak
iizere 1ki ayr1 kok kanali olarak sonlandigi belirlendi
(Sekil 3b ve 3c).

Sekil 3a. 16 numarali digin gesitli kesitlerde konik 1ginli bilgisayarl
tomografi goriintiisii.

Sekil 3b. 16 numarali disin konik 1s1nl1 bilgisayarli tomografiden
elde edilen aksiyal kesiti.

Sekil 3c. 16 numarali disin konik 15inl1 bilgisayarli tomografiden
elde edilen sagital kesiti.

TARTISMA

Kok kanal tedavisi, endodontik apikal cerrahi ve
planlanmis replantasyon islemlerini basarili bir sekilde
yapabilmek i¢in kok kanal anatomisini bilmek son
derece 6nemlidir. Kok kanal anatomisi i¢in endodontik
literatiirde en ¢ok kullanilan siniflamalar Weine (26) ve
Vertucci’nin (3) yaptig1 siniflamalardir. Mevcut vakada
16 numarali dis Weine siiflamasina gore Tip 111 olarak
kabul edilirken, bukkal kanalin apikalindeki dallanma
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Tip IV ile tarif edilebilmektedir. Vertucci
siiflamasina gore ise 16 numarali dis Tip IV olarak
kabul edilirken bukkal kanal Tip V olarak kabul edilir.
Ancak her iki siniflama da mevcut vakayi tarif ederken
karmasiklik yarattigindan Versiani ve ark. 2017 yilinda
yaptiklar1 calisma sonucu ortaya ¢ikan smiflamaya
gore kok kanal konfiglirasyonunu tanimlamak c¢ok
daha anlagilir olacaktir (27). Bu smiflamaya gore
sunulan vakadaki dis, 216 B!2 P! seklinde daha iyi
tanimlanmaktadir. Koklerde normal olarak tanimlanan
anatomiden daha az sayida kok gelismesine neden olan
fiizyonun, siirekli sement birikmesi ya da Hertwig
epitalyal kilifinin furkasyon bolgesinde
olusmamasindan kaynaklandigi diisiiniilmektedir (28).
Maksiller az1 dislerindeki kok flizyonu siklikla iki ya
da daha fazla kokiin kismi/tam flizyonu gibi farkli
flizyon sekilleri gosterebilmektedir. Martin ve ark.’nin
2016 yilinda yaptiklari c¢alisma (29) gelistirilerek
maksiller biiyiik az1 dislerin koklerinde 10 flizyon tipi
goriilebilecegi belirtilmistir (11):

Tip 1 fiizyon, mezyobukkal ve distabukkal kokler
arasindaki flizyonu,

Tip 2 fiizyon, mezyobukkal ve palatinal kokler
arasindaki flizyonu,

Tip 3 fiizyon, distobukkal ve palatinal kokler
arasindaki flizyonu,

Tip 4 fiizyon, mezyobukkal ve distabukkal kokler
arasindaki flizyona ek olarak
mezyobukkal/distobukkal kokiin  palatinal ~ kokle
flizyonu,

Tip 5 fiizyon, palatinal kokiin hem mezyobukkal hem
de distobukkal kokleri ile fiizyonu,

Tip 6 fiizyon, palatinal kokiin mezyobukkal ve
distobukkal koklerle flizyonu sonucu konik sekilli bir
kok olusmasi,

Tip 7 flizyon, mezyobukkal, distobukkal ve palatinal
koklerin esit derecede fiizyonu ile ii¢ yaprakli yonca
goriiniimlii kok olusmast,

Tip 8 flizyon, mezyobukkal, distobukkal ve palatinal
koklerin fiizyonu ile kiitle seklinde tek bir kok
olusmasi,

Tip 9 fiizyon, kok ylizeyinde oluk gibi herhangi bir
flizyon belirtisi goriilmeden palatinal kokle benzer
biiytikliikte tek bir bukkal kok olugmast,

Tip 10 fiizyon, herhangi bir siniflamaya uymayan,
olagan dis1  bir anatomi olusmast  olarak
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tanimlanmaktadir (Sekil 3a). Mevcut vakada da KIBT
ile elde edilen kesitlerden yola ¢ikarak Tip 6 fiizyon
tanimlamasina uyan bir kok kanal konfigiirasyonu
goriilmektedir (29). (Sekil 3b) Maksiller birinci azilarin
toplam %0,4’ilinlin bu anomaliye sahip oldugu rapor
edilmistir (28). Maksiller biiyiik az1 dislerde goriilen
flizyon oranlarin1 ve tiplerini inceleyen bagka bir
calismada ise Tip 6 filizyonun hi¢ goriilmedigi
bildirilmistir  (11). Bu vaka raporu ile Tirk
popiilasyonunda maksiller birinci az1 diste son derece
nadir goriillen bir kok kanal konfigiirasyonu
bildirilmektedir. Kok kanal tedavisi yapilan dislerin
cksternal ve internal anatomilerini tanimlamak igin
yapilan klinik ve laboratuvar calismalari, ¢ekilmis
dislerde  boyama ve temizleme, endoskopik
goriintiileme, radyografik goriintiileme, KIBT ve mikro
bilgisayarli tomografi (mikro BT) ile goriintiileme gibi
teknikler kullanmaktadir (30, 31). Ayrica yaymlanan
vaka raporlarinin toplanmasi sayesinde de veriler elde
edilebilmektedir (32). Yiiksek dogruluk seviyesi ve
genis veri sunmasi nedeniyle KIBT ve mikro BT
kullanarak yapilan caligmalar kok kanal anatomisi
calismalarinda altin standart olarak kabul edilmektedir
(30). KIBT ve mikro BT kullanilarak yapilan derlemeler
ve retrospektif calismalar kok kanal anatomileri ve
bunlarin  varyasyonlar1  hakkinda dogru  bilgi
vermektedir. Ancak inceleme yapilan popiilasyona bagh
olarak incelenen disle ilgili ortaya ¢ikan sonuglar ¢ok
gesitli  olmaktadir  (11). Literatiir  incelemesi
yapildiginda, Tiirk popiilasyonunda maksiller biiyiik az1
dislerde goriilen flizyonlarla ilgili yapilan calisma
sayisiin maksiller ikinci biiyilik az1, mandibular birinci
ve ikinci biiyiik azilara gore daha az oldugu
goriilmektedir. Son derece nadir goriilen bir anomali
olan mevcut vakanin, hem Tirk popiilasyonunda
maksiller biiyilk az1 dislerinde goriilen anomali
oranlarinin  degerlendirildigi ¢aligmalara hem de
kapsamli ve giiglii sonuglar ¢ikaran meta analizlere veri
kaynagi olusturarak literatiire katki saglayacagi
diisiiniilmektedir. Boyle bir anomali tespit edildiginde
kontralateral disten radyografi almanin da yararh
olacagini bildiren arastiricilar da mevcuttur (12).
Yapilan bir ¢alisma kok ve kanal morfolojilerinin %70-
%81 oraninda simetrik oldugunu belirtmistir (33).
Mevcut vakanin teshis panoramik filminde de 26
numarali dis, ilgili dise benzer eksternal anatomi
gostermektedir. Endodontik tedavi yapilacak disin
teshis filminde herhangi bir anormal anatomiden
stiphelenildiginde farkli agilardan alinan periapikal
radyografiler durumun kesinlestirilmesinde yardimci
olabilmektedir (9). Kok kanalindaki pulpa boslugu
genisliginin aniden daralmasi ya da genislemesi, ek bir
kanal ya da furkasyon varligini diisiindiirmelidir. Ancak
radyografiler ile kisitli goriintii elde edildiginden KIBT
ile elde edilen ii¢ boyutlu goriintiiler, tan1 ve tedavi
planlamasinin en dogru bir sekilde yapilmasim
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saglamaktadir (34). Prosediirel hatalarin da ortadan
kaldirilmast i¢in preoperatif KIBT alinmasi son derece
onemlidir ancak mevcut vakada tedavi yapilan
merkezde tomografi cihazi bulunmadigindan KIBT
goriintiileri bir ay sonraki kontrol seansinda alinarak
tespit edilen durum dogrulanmistir. Endodontik giris
kavitesi agildiginda pulpa odast tabaninin ve
duvarlarmin dikkatli incelenmesi ve kok kanal
girislerinin dogru saptanmasi da morfolojinin tam
olarak belirlenmesinde yardimci olabilmektedir (35).
Ancak endodontik giris kavitesinin yanlis acilmasi,
pulpa tabani, ¢iiriik dentin ve pulpa tas1 gibi yapilarin
tam kaldirilmamasi ya da kok kanal agzina ulagsmay1
engelleyen daha 6nceden var olan restorasyonlarin tam
uzaklastirllmamasi, kok kanal giriglerinin ve varsa
ekstra kok kanal girislerinin gozden kacirilmasina
neden olmaktadir. Doner alet ege iireten c¢esitli
firmalarin gelistirmis oldugu, kok kanal agizlarinin
genisletilmesine yardimeci1 egeler ile pulpa odasi
tabaninin kontrol edilmesi, %]1°’lik metilen mavisi
kullanilmasi, kanama odaklarinin incelenmesi ekstra
kok kanalinin yerinin tespitinde Onemli birer
yardimcidir. Ayrica pulpa odasi tabani incelenirken
uygun aydmlatma ve dental loupe ya da operasyon
mikroskobu gibi biiyiitme sistemlerinin kullanilmasi
klinisyen i¢in son derece faydali olacaktir (36). Mevcut
vakada herhangi bir biiylitme sistemi kullanilmamas,
uzun saftli karbit rond frez yardimi ile kok kanal
agizlar1 ortaya ortaya cikarilmis, dogrudan goriis
yontemi ile iki kok kanal agzi varlig tespit edilmistir.
Kok kanal sayisinin normal anatomiye gore daha az
oldugu anatomik varyasyonlarda ise pulpa odasi
tabaninin dikkatli incelenmemesi nedeni ile kok kanal
girisleri aranirken gereksiz dentin dokusu kaldirilmasi
ile periservikal dentin miktar1 azalmakta ve bu durum
tedavi sonrasinda disin direncini diisiirerek kirilmaya
yatkin hale gelmesine sebep olmaktadir. Modern
endodontik tedavinin gelistirilmesi ile klinik pratigine
kazandirilmis olan piezoelektrik cihazlarin ultrasonik
uclarmin  kullanomi  da  hem  gereksiz  doku
kaldirilmasint engellemekte hem de gizli kanal
agizlarmin agilmasini saglamaktadir (37). Ancak
mevcut vakada pulpa odasi tavani ve kanamali pulpa
dokusu ortadan kaldirildiktan sonra biri bukkalde
digeri ise palatinalde iki kok kanal agzi1 varlig1 tespit
edilmis ve alinan farkli agili radyografiler yardimi ile
disin iki kok kanalina sahip oldugu dogrulanmaistir.
Mekanik  sekillendirme ve kok  kanallarinin
irrigasyonundan sonra kok kanal agizlar1 daha net bir
sekilde goriilmiis, ekstra bir kanama odag1 ya da pulpa
odas1 tabaninda ekstra bir kok kanal varligina isaret
eden bir renk degisikligi gozlenmediginden ultrasonik
uglarin kullanimina ihtiyag duyulmamistir. Etkili bir
endodontik tedavi i¢in kok kanal sisteminin internal ve
eksternal anatomisi ve olast varyasyonlari hakkinda
yeterli bilgi sahibi olunmalidir. Var olan durumun

tespiti i¢in klinik muayene ve radyolojik inceleme
dikkatli bir sekilde yapilmalidir. Son yillarda dis
hekimligi pratiginde kullanimi oldukg¢a artan KIBT nin
preoperatif kullanimi teshis ve tedavi planlamasinin en
dogru sekilde yapilmasini saglamaktadir. Ayrica tedavi
sirasinda dental operasyon mikroskobu, loupe ve
aydinlatma sistemlerinin kullanim1 ve klinik rehberlere
uyarak tedavinin tamamlanmast klinisyenin isini
kolaylastirmakta, tedavi sonucunu olumlu olarak
etkilemektedir.
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