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Wykaz stosowanych skrotow

AAE — Amerykanskie Stowarzyszenie Endodontow

EDTA — kwas etylenodiaminotetraoctowy

NaCl — sol fizjologiczna

NaOCI — podchloryn sodu

TAP(A) — pasta trdjantybiotykowa zawierajaca amoksycyling
TAP(C) — pasta trojantybiotykowa zawierajaca cefaklor
TAP(D) — pasta trojantybiotykowa zawierajaca doksycykling
TAP(K) — pasta trojantybiotykowa zawierajaca klindamycyne
TAP(M) — pasta trojantybiotykowa zawierajaca minocykline



1. INFORMACJA

Rozprawe doktorska pt. ,,Analiza zmiany barwy zmineralizowanych tkanek z¢ba
po zastosowaniu terapii endodoncji regeneracyjnej oraz ocena skuteczno$ci
wybielania w badaniach in vitro” stanowi cykl trzech publikacji:

1. Fagogeni I, Metlerska J, Lipski M, Falgowski T, Gorski M, Nowicka A. Materials
used in regenerative endodontic procedures and their impact on tooth discoloration.
J Oral Sci. 2019;61(3):379-385. doi: 10.2334/josnusd.18-0467 (IF: 1.200; MEIN:
40.000).

2. Fagogeni I, Falgowski T, Metlerska J, Lipski M, Gorski M, Nowicka A. Efficiency
of teeth bleaching after regenerative endodontic treatment: A systematic review.
J Clin Med. 2021;10(2):316. doi: 10.3390/jcm10020316 (IF: 4.964; MEiN: 140.000).

3. Fagogeni I, Metlerska J, Falgowski T, Gorski M, Lipski M, Nowicka A. Effectiveness
of teeth whitening after regenerative endodontics procedures: an in vitro study. J Clin

Med. 2022;11(23):7016. doi: 10.3390/jcm11237016 (IF: 4.964; MEiN: 140.000).

Publikacje te =zostaly opublikowane w migdzynarodowych czasopismach
naukowych znajdujacych si¢ na liscie filadelfijskiej. L.aczna warto$¢ ich wspotczynnika
oddziatywania (Impact Factor — IF) wyniosta 11,128. Cykl wspomnianych prac uzyskat
320 punktow wedhug wykazu czasopism naukowych i recenzowanych materiatow
z konferencji migdzynarodowych ogtoszonego przez Ministerstwo Edukacji 1 Nauki
(MEIN).

Do pracy =zostaly dofaczone o$wiadczenia kandydata oraz pozostatych
wspotautorow publikacji okreslajagce indywidualny wkiad w powstawanie prac

stanowigcych rozprawe doktorska.

1.1. Opinia Komisji Bioetycznej oraz zgoda wydana przez Inspekcj¢ Weterynaryjna

Uzyskano zaswiadczenia: Komisji Bioetycznej o nr KB-0012/53/01/18 dnia
18 stycznia 2018 r. oraz inspekcji weterynaryjnej o nr PIW.HP.9260/Uppz/Bad./2/2017
dnia 5 grudnia 2017 r.
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2. WSTEP

2.1. Endodoncja regeneracyjna

Regeneracja oznacza zdolno$¢ organizmu do odtworzenia utraconych
lub uszkodzonych tkanek lub organéw oraz powrdt do ich pierwotnej formy i funkcji
(Galler 2016). Zabiegi endodoncji regeneracyjnej to biologiczne procedury majace na
celu zastgpienie zdrowa tkanka uszkodzonej z¢biny, struktur korzenia oraz komorek
kompleksu miazgowo-zebinowego (Murray i wsp. 2007). Endodoncja regeneracyjna
obejmuje: rewaskularyzacje, terapi¢ z wykorzystaniem metod inzynierii tkankowej,
terapi¢ genowg oraz terapi¢ z wykorzystaniem komoérek macierzystych. Pierwszy opis
przypadku, w ktérym celem leczenia byla regeneracja miazgi, zostal przedstawiony
w 2001 r. przez Iwaya i wsp. (Iwaya 1 wsp. 2001), natomiast pierwsze badania kliniczne
obejmujace leczenie zgbow niedojrzatych z wykorzystaniem techniki regeneracyjnej,
zwanej wowczas rewaskularyzacja, wykonali i opublikowali w 2004 r. Banchs i Trope
(Banchs i Trope 2004).

Najczesciej stosowang technika endodoncji regeneracyjnej jest wspomniana
rewaskularyzacja miazgi, aktualnie nazywana rewitalizacjg, poniewaz obejmuje nie tylko
ponowne unaczynienie, ale takze inerwacj¢ 1 odtworzenie kompletnej, nowej
miazgopodobnej tkanki (Galler 2016, Lin i Kahler 2017). Rewitalizacja miazgi, zgodnie
z zaleceniami Amerykanskiego Stowarzyszenia Endodontéw (AAE), powinna by¢
przeprowadzana podczas dwoch wizyt. Jednak jak wynika z niektorych badan, mozna
osiggna¢ zadowalajacy efekt leczniczy juz w czasie jednej wizyty (McCabe 2015,
Aldakak 1 wsp. 2016, Hafez i wsp. 2021). Taka jednowizytowa procedura posiada wiele
zalet, m.in..: zmniejsza ryzyko powtornej infekcji kanatu korzeniowego, skraca czas
leczenia, co jest istotne zwlaszcza w przypadku pacjentéw nieprzestrzegajacych
harmonogramu zaplanowanych wizyt, oraz zmniejsza ryzyko pegknigcia zgba (Aldakak
1 wsp. 2016). Ograniczenie liczby wizyt obniza rowniez koszt leczenia. Rewitalizacja
miazgi jest szeroko stosowana szczegdlnie w trakcie leczenia zgbow niedojrzatych
u mtodych pacjentow.

Leczenie chordb miazgi zebow niedojrzatych to ogromne wyzwanie dla lekarzy
dentystow. Zgby te cechuja si¢ niezakonczonym rozwojem korzenia, w ktorym wystepuje
szeroki otwor wierzchotkowy oraz cienkie $ciany, co utrudnia prawidlowy pomiar

dtugosci kanatu oraz jego wypeltnienie, zwtaszcza w okolicy przywierzchotkowej. Z tego



powodu podczas tradycyjnego leczenia endodontycznego trudno jest osiagnac optymalny
efekt terapeutyczny. Przeprowadzane jest takze inne postepowanie niz w przypadku
zebow dojrzatych.

W leczeniu zeboOw niedojrzalych z niezakonczonym rozwojem korzenia,
w ktorych rozpoznano martwice miazgi, powszechnie stosuje si¢ technike apeksyfikacji
(Rafter i wsp. 2005). Gléwnym celem tej techniki jest wytworzenie bariery z tkanki
twardej w okolicy wierzchotka zg¢ba poprzez dlugotrwale stosowanie wodorotlenku
wapnia lub zamknigcie okolicy wierzchotka korzenia preparatem typu MTA, a nastgpnie
ostateczne wypetienie kanatu. Powiktaniem, ktére moze wystapi¢ po uzyciu tej techniki,
jest peknigcie korzenia zgba, poniewaz nie powoduje ona pobudzenia rozwoju korzenia,
a co si¢ z tym wigze — pogrubienia $cian kanatlu korzeniowego oraz zakonczenia rozwoju
wierzchotka korzenia, nast¢pujacych w warunkach fizjologicznych. Pobudzenie rozwoju
korzenia i jego dalszy wzrost jest mozliwy dzigki procesowi apeksogenezy (Rafter 2005),
jednak do jego rozpoczecia konieczna jest obecno$¢ zywej miazgi w kanale
korzeniowym. Gdy ten warunek nie moze by¢ spelniony, stosuje si¢ procedury
endodoncji regeneracyjnej, ktore dzigki uzyskaniu zywej tkanki miazgopodobnej
w kanale korzeniowym pozwalajg na dalszy jego rozwdj.

Glownym celem procedury rewitalizacji miazgi jest eliminacja objawow oraz
gojenie si¢ kosci. Cel drugorzedowy oraz trzeciorzegdowy to zwigkszenie grubosci
1 dlugosci $ciany korzenia oraz pozytywna reakcja w badaniu wrazliwo$ci miazgi.
Jak wspomniano wyzej, metoda rewitalizacji miazgi najczesciej jest przeprowadzana
podczas dwoch wizyt. Zgodnie z zaleceniami AAE z 2021 r., podczas pierwszej wizyty
nalezy znieczuli¢ pacjenta, zatozy¢ koferdam i usuna¢ zainfekowana miazge, obficie
przeptuka¢ kanat 1,5-3-procentowym podchlorynem sodu — NaOCl (20 ml/5 min/kanat),
minimalizujagc mozliwo$¢ wtloczenia S$rodkéw pluczacych w okolice przestrzeni
okotowierzchotkowej, a nastepnie trzeba wyplukac kanat solg fizjologiczng (NaCl) lub
kwasem etylenodiaminotetraoctowym (EDTA) (20 ml/5 min/kanat), wysuszy¢ kanat
saczkami papierowymi i zatozy¢ do kanalu paste¢ wodorotlenkowo-wapniowa lub
trojantybiotykowa o niskim stezeniu (1-5 mg/ml) ponizej granicy szkliwno-cementowe;.
Pasta trojantybiotykowa, ktora sktada si¢ z ciprofloksacyny, mertonidazolu i minocykliny
—TAP(M), zmieszanych w stosunku 1:1:1, moze powodowac przebarwienia tkanek zgba.
Aby je zminimalizowad, nalezy rozwazy¢ przed jej zastosowaniem uszczelnienie komory
zgba systemem wigzacym. Mozna uzy¢ rowniez pasty dwuantybiotykowej, ktora nie

zawiera minocykliny lub zastgpi¢ minocykling innym antybiotykiem, tj. klindamycyng —
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TAP(K), amoksycyling — TAP(A) czy cefaklorem — TAP(C). Nastepnie nalezy zalozy¢
wypelienie tymczasowe (np. cement szklo-jonomerowy lub inny materiat tymczasowy).
Na drugiej wizycie, po 1-4 tygodniach, jezeli nie wystgpity objawy infekcji, trzeba
znieczuli¢ pacjenta 3-procentowg mepiwakaing niezawierajaca Srodka zwezajacego
naczynia, zatozy¢ koferdam, z kanalu korzeniowego usunaé paste dezynfekujaca,
a nastepnie wyplukac kanat przy uzyciu 20 ml 17-procentowego EDTA i NaCl, wysuszy¢
saczkami papierowymi i, przechodzac pilnikiem Kerra 2 mm poza otwor wierzchotkowy,
spowodowac¢ krwawienie do kanatu, po czym poczeka¢ okoto 15 min, az wytworzy si¢
skrzep. W przypadkach, w ktérych nie da si¢ uzyska¢ krwawienia z kanalu, mozna
zastosowaé osocze bogatoptytkowe, fibryne bogatoptytkowa lub autologiczng matryce
fibrynowa pozyskang z krwi pacjenta. Nastepnie skrzep krwi zaleca si¢ przykry¢ kolejno
resorbowalng gabka kolagenowa (np. CollaPlug, Collacote, CollaTape), materiatem
White MTA i $wiatloutwardzalnym cementem szklo-jonomerowym. W zwigzku
z doniesieniami, ze MTA ma wptyw na przebarwienie tkanek zeba, nalezy rozwazy¢
zastosowanie takich materiatow, jak: Biodentine (Septodont, Lancasted, PA, USA) lub
EndoSequence (BC RRM-Fast Set Putty, Brasseler, USA), zwlaszcza w zgbach
przednich, ktérych efekt estetyczny jest bardzo wazny. Nastgpnie trzeba odbudowac
korong zeba przy uzyciu materiatu kompozytowego. Badanie kontrolne po zabiegu
nalezy wykona¢ po 6, 12 i 24 miesigcach. Procedura rewitalizacji przeprowadzana
podczas jednej wizyty jest podobna do dwuwizytowej z pomini¢ciem zastosowania pasty

wodorotlenkowo-wapniowej lub antybiotykowe;.

2.2. Przebarwienia z¢bow wystepujace po zabiegach endodoncji regeneracyjnej

Wspolczesnie w leczeniu stomatologicznym oprdcz aspektu zdrowotnego istotng
role odgrywa rowniez estetyka uzebienia. Ma ona wptyw nie tylko na postrzeganie siebie,
ale takze na jako$¢ zycia pacjentow. Kolor zebow jest jednym z najwazniejszych
czynnikéw decydujacych o zadowoleniu z wygladu wlasnego uzebienia (Tin-Oo 1 wsp.
2011, Samorodnitzky-Naveh i1 wsp. 2007). Wraz z pojawieniem si¢ 1 wzrostem
intensywnos$ci przebarwien zeboéw poziom zadowolenia spada (Tin-Oo i wsp. 2011).
Nalezy nadmieni¢, iz przebarwienia wedtug ich pochodzenia mozemy podzieli¢ na:
egzogenne (przyleganie do powierzchni szkliwa czynnikow chromogennych) oraz

endogenne (barwniki przenikaja w struktur¢ tkanek zeba) lub miejscowe
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1 ogolnoustrojowe (Janczuk 1 wsp. 2015). Przyczyny przebarwien miejscowych
1 ogélnoustrojowych opisano w tabeli 1.

Przebarwienie korony zeba odnotowuje si¢ rowniez po zabiegach endodoncji
regeneracyjnej (Kahler i Rossi-Fedele 2016). Dyskoloracja tkanek moze wystapi¢ na
poczatku leczenia, w ktorym istotny wptyw na kolor zeba ma pasta dezynfekujaca, lub
w pozniejszym czasie, czyli po skrwawieniu okolicy okotowierzchotkowej oraz po
aplikacji materialu barierowego. Badania oceniajagce wpltyw procedur endodoncji
regeneracyjnej na zmian¢ koloru zgba dowodza, ze zardwno pasty dezynfekujace, krew,

jak i uzyte materialy barierowe nie sg dla niego obojetne.

Tabela 1. Przyczyny przebarwien z¢bow (Janczuk i wsp. 2015)

Przebarwienia miejscowe Przebarwienia ogélnoustrojowe
endogenne egzogenne endogenne
e leki i materiaty stosowane do e  barwniki e  przedawkowanie antybiotykow
wypehiania kanatow korzeniowych Z pozywienia, z grupy tetracyklin,
w trakcie leczenia endodontycznego, e  plukanki e  przedawkowanie fluoru,
e mineralizacja komory zgba w wyniku antyseptyczne, e  choroby ogdlnoustrojowe t.j.:
urazu mechanicznego, e uzywki o zwlOknienie torbielowate
e pozostawienie martwej miazgi trzustki,
w komorze, o niedoczynnos$¢ nadnerczy,
e leki i materiaty stosowane do o nadczynno$¢ tarczycy,
wypehienia zgbow, o niedoczynno$¢ tarczycy,
e uszkodzenie zawigzkow zgbow statych, o nadczynno$¢ przedniego plata
e  urazy z¢bow, przysadki,
e resorpcja wewnetrzna, o osteodystrofia Albrighta,

e  krwotok miazgi w trakcie ekstyrpacji o choroby genetyczne, np.:

miazgi w znieczuleniu, wrodzona porfiria,

e prochnica, o choroby dziedziczne, np.:

. . . ) dziedziczona dysplazja szkliwa
e patologiczne $cieranie si¢ zgbow,

e nieszczelna odbudowa zgba po leczeniu i zebiny
endodontycznym powodujaca wnikanie
bakterii oraz barwnikow egzogennych

do jamy zgba
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2.2.1. Wplyw past dezynfekujacych na kolor z¢ba

Wielu badaczy zwrécito uwage na przebarwienie korony zeba po zabiegu
rewitalizacji miazgi. Moze si¢ ono pojawi¢ juz na pierwszym etapie leczenia, czyli po
dezynfekcji kanatu korzeniowego, co zostato opisane w badaniach in vitro (Lenherr i wsp.
2012, Akcay i wsp. 2014, Kohli i wsp. 2015, Santos i wsp. 2017) oraz in vivo (Kim 1 wsp.
2010), zwtaszcza po zastosowaniu TAP(M). Zalecana przez AAE pasta wodorotlenkowo-
wapniowa moze ogranicza¢ przebarwienia po zabiegach endodoncji regeneracyjnej
(Kahler i Rossi-Fedele 2016), jednak autorzy podaja, ze nie jest ona obojetna dla koloru
z¢bow (Chen i wsp. 2012). Przebarwienie spowodowane TAP(M) moze pojawic si¢ juz
po 24 godzinach od zastosowania tej pasty (Kim i wsp. 2010). Kirchhoffi wsp. zauwazyli,
ze wyptukanie jej NaOCl nie powoduje wybielenia przebarwionych tkanek zeba
(Kirchhoff i wsp. 2015). Niezaleznie od uzywanej techniki ptukania, 88% TAP(M)
pozostaje w kanale korzeniowym, a okoto 350 pum jest obecne obwodowo w obrebie
zgbiny (Berkhoff 1 wsp. 2014). Rowniez Kim 1 wsp. badali wptyw opisywanej pasty oraz
jej poszczegoOlnych skladnikdw na kolor zeba i stwierdzili, ze najwiekszy potencjat
przebarwiajacy posiada minocyklina, ktéra jest potsyntetyczng pochodng tetracykliny.
Chelatacja jonow wapnia przez minocykling 1 tworzenie nierozpuszczalnego kompleksu
(Kim 1 wsp. 2010), jej taczenie z kolagenem, oksydacja oraz transformacja w produkty
uboczne s3 potencjalng przyczyna przebarwienia tkanek zebow (Zizka i wsp. 2018). Aby
zmniejszy¢ mozliwos¢ dyskoloracji, AAE =zaleca, aby przed uzyciem TAP(M)
zaaplikowa¢ system wigzacy na zgbine koronowa, zmniejszy¢ stezenie TAP(M)
1 zastosowac paste ponizej potaczenia szkliwno-cementowego (AAE 2021). Zauwazono,
ze system wigzacy ogranicza przebarwienie tkanek zebow, natomiast nie eliminuje go
catkowicie (Kim 1 wsp. 2010, Shokouhinejad 1 wsp. 2018).

Badano takze wplyw =zastgpienia minocykliny innym antybiotykiem,
tj. klindamycyna, amoksycyling, cefaklorem, lub jej catkowitego pominigcia. Kim i wsp.
zastosowali TAP(K) w dwoch klinicznych przypadkach, w ktorych doszto do martwicy
miazgi, 1 zauwazyli, ze zgby po zabiegach endodoncji regeneracyjnej nie ulegly
przebarwieniu (Kim 1 wsp. 2014). Podobny wynik uzyskali Venkataraman 1 wsp.
w przeprowadzonym przez siebie badaniu in vitro (Venkataraman i wsp. 2019). Z kolei
potencjat przebarwiajacy TAP(A) jest roznie opisywany. Akcay i wsp. zaobserwowali, ze
pasta ta powoduje przebarwienie tkanek zebow (Akcay 1 wsp. 2014), co jest sprzeczne

z wynikami Santosa i wsp. (Santos 1 wsp. 2017). Badania te r6znity si¢ jednak metodyka.
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Akcay 1 wsp. przed wprowadzeniem pasty plukali kanat 10 ml
5,25-procentowego NaOCl, a nastgpnie umieszczali TAP(A) przez wierzchotkowa cze$é
korzenia. Autorzy nie zawarli w publikacji informacji o stezeniu pasty (Akcay i wsp.
2014). Natomiast Santos 1 wsp. ptukali kanat 3 ml 1,5-procentowego NaOCl, a nastepnie
wprowadzili 0,1 mg/ml TAP(A) przez otwér dostepowy do kanatu zeba (Santos 1 wsp.
2017). Po zastosowaniu TAP(C) odnotowano zmian¢ koloru zeba (Akcay i wsp. 2014),
natomiast pasta dwuantybiotykowa nie powodowala przebarwien jego korony
zauwazalnych okiem nieuzbrojonym (Akcay 1 wsp. 2014, Santos 1 wsp. 2017, Fundaoglu

Kiigiikekenci i wsp. 2019).

2.2.2. Wplyw krwi na kolor z¢ba

Przebarwienie tkanek zgbdéw moze pojawié¢ sie w kolejnym etapie leczenia
regeneracyjnego, czyli po skrwawieniu okolicy okotowierzchotkowej Iub — jezeli
skrwawienie nie jest mozliwe — po zastosowaniu fibryny bogatoplytkowej, a nastepnie
materiatu barierowego. Badacze zauwazyli, ze krew ma silny potencjal przebarwiajacy
(Lenherr 1 wsp. 2012, Felman i1 Parashos 2013, Dettwiler 1 wsp. 2016, Shokouhinejad
1 wsp. 2016), co moze by¢ spowodowane wnikaniem barwnikow pochodzacych
z erytrocytow do tkanek zeba (Felman i1 Parashos 2013) oraz akumulacja ich produktow
rozktadu w kanalikach zgbinowych (Marin 1 wsp. 1997). W badaniu histochemicznym,
przeprowadzonym 1 opisanym przez Marin 1 wsp., najwigksze przebarwienie wystapito
w zebinie znajdujacej si¢ najblizej komory miazgi, a jego intensywno$¢ malata
w kierunku zewngtrznej powierzchni zgba (Marin 1 wsp. 1997). Shokouhinejad i wsp.
dowiedli, ze po 1 miesigcu probki zawierajace krew przebarwily si¢ bardziej niz te,
w ktorych zastosowano fibryne bogatoplytkowa. Przyczyng mniejszego potencjatu
przebarwiajacego tkanki zeba moze by¢ brak erytrocytow w fibrynie bogatoptytkowe;j
(Shokouhinejad 1 wsp. 2019). Po zaaplikowaniu materiatu barierowego na skrzep krwi
dyskoloracja zgba moze si¢ zwigkszy¢, co zauwazyt Lenherr i wsp. po zastosowaniu
Portland Cement (Medcem GmbH, Weinfelden, Switzerland) oraz White MTA (Angelus,
Londrina, PR, Brazil) (Lenherr 1 wsp. 2012). Do podobnych wnioskow doszli
Shokouhinejad i wsp., poréwnujac dyskoloracje zeboéw po uzyciu Biodentine, ProRoot
MTA (Dentsply, Tulsa, OK, USA), Orto MTA (BioMTA, Seul, Republika Korei)

1 EndoSequence Root Repair Material w obecnosci krwi oraz soli fizjologicznej
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(Shokouhinejad 1 wsp. 2016). W grupach, w ktorych zastosowano krew, wystapito

wigksze przebarwienie tkanek.

2.2.3. Wplyw materialu barierowego na kolor z¢ba

Kolejnym czynnikiem majacym wplyw na kolor zgba sg cementy krzemowo-
wapniowe, stosowane jako materiaty barierowe. Ich sktad (zawierajg one m.in.: bizmut,
zelazo, tlenki glinu 1 magnezu) moze powodowac¢ zmiane koloru zgba (Shokouhinejad
1 wsp. 2016, Kang 1 wsp. 2015). Pierwsza formulacja MTA miata szary kolor (Marciano
1 wsp. 2014, Mozynska 1 wsp. 2017), co sprawialo, ze zastosowanie jej w obszarach
estetycznych bylo ograniczone. Aby zminimalizowaé ryzyko przebarwienia,
wprowadzono White MTA, w ktorym zredukowano ilo$¢ tlenkéw: magnezu, glinu
i zelaza, co spowodowato redukcje fazy glino-ferrytowej, odpowiadajacej za szary kolor
Grey MTA (Marciano i wsp. 2014).

Jak wynika z aktualnych badan, White MTA ma silny potencjat przebarwiajacy
tkanki zgba. Jest to najprawdopodobniej spowodowane obecnosciag w cemencie tlenku
bizmutu — sktadnika, ktoéry daje kontrast w obrazie rentgenowskim. Mechanizm
przebarwien zgbow wywotanych tlenkiem bizmutu jest oparty na utlenianiu tlenku
bizmutu do weglanu bizmutu. Reakcja ta zachodzi wtedy, gdy bizmut ma kontakt
z dwutlenkiem wegla z powietrza. Redukcja tlenku bizmutu do bizmutu réwniez moze
powodowaé przebarwienia. Marciano 1 wsp. zaobserwowali, ze tlenek bizmutu
w kontakcie z kolagenem przeksztalca si¢ w czarny osad (Marciano 1 wsp. 2014),
natomiast Camilleri zauwazyta, ze White MTA zmienia kolor po zanurzeniu w NaOCl,
wlasnie ze wzgledu na to, ze zawiera w sktadzie tlenek bizmutu (Camilleri 2014).

Analizowano réwniez, czy istnieje zaleznos¢ pomiedzy stezeniem tlenku bizmutu
azmiang koloru w cementach krzemowo-wapniowych. Odnotowano, ze pomimo
zwigkszajacej si¢ nieprzepuszczalnosci dla promieni rentgenowskich, stezenie tlenku
bizmutu nie wptywa na intensywnos$¢ przebarwien (Marciano i wsp. 2013). Jednym
z cementow zawierajacych tlenek bizmutu jako substancje dajaca kontrast radiologiczny
jest Ortho MTA. Jego producent twierdzi, ze sktad Ortho MTA jest podobny do sktadu
ProRoot MTA, ale zawiera mniejszg ilos¢ metali cigzkich (BioMTA technologies).
Niestety, badacze zauwazyli, ze cement ten ma wplyw na zmiang koloru leczonych zebow
(Mozynska 1 wsp. 2017, Shokouhinejad 1 wsp. 2018), a przebarwienie widoczne jest

okiem nieuzbrojonym nawet juz po 7 dniach obserwacji (Metlerska i wsp. 2021). Wiagze
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si¢ to najprawdopodobniej z obecnoscig tlenku bizmutu. Wielu producentéw
zmodyfikowato juz sktad cementéw krzemowo-wapniowych poprzez zmniejszenie ilosci
tlenku bizmutu lub zastgpienie go tlenkiem cyrkonu, tlenkiem tantalu lub wolframianem
wapnia, ktére rowniez sg sktadnikami dajgcymi kontrast radiologiczny. Amerykanskie
Stowarzyszenie Endodontéw zaleca jednak, aby podczas leczenia zgbdw przednich,
ktorych efekt estetyczny jest istotny, stosowac takie cementy krzemowo-wapniowe, jak
Biodentine oraz EndoSequence BC RRM-Fast Set Putty jako alternatywe dla MTA (AAE
2021). W tabeli nr 2 przedstawiono cementy krzemowo-wapniowe wraz ze $rodkiem

kontrastujagcym.

Tabela 2. Cementy krzemowo-wapniowe oraz zawarty w nich srodek kontrastujacy

Srodek kontrastujacy Material Producent

Tlenek bizmutu MTA Angelous, Angelus, Londrina, PR, Brazil,
MTA Plus Avalon Biomed Inc, by Prevest

Denpro Limited, Jammu, India

Ortho MTA, BioMTA, Seoul, Korea,
ProRoot MTA gray and Dentsply, Tulsa, OK, USA,
white,

Tlenek cyrkonu Biodentine Septodont, Saint-Maur-des-Fossés

Cedex, France

Tlenek tantalu Endosequence BC RRM, Brasseler USA, Savannah, GA, USA,
NEO MTA Plus Avalon Biomed Inc. Bradenton, FL,
USA
Wolframian wapnia MTA Repair HP Angelus, Londrina, PR, Brazil

W analizowanym badaniu Biodentine, MTA Repair HP (Angelus, Londrina, PR,
Brazil) oraz Ortho MTA zostaly zastosowane jako materiaty barierowe. Biodentine to
substytut zebiny, ktory wykazuje wysoka bioaktywnos¢ 1 biokompatybilno$¢ oraz
wytrzymato$¢ na $ciskanie (Kaur i wsp. 2017). Dzigki modyfikacji sktadu cement ten
wyroznia si¢ skroconym czasem wigzania oraz tatwiejszym sposobem aplikacji
w porownaniu z MTA. Znaczne zmniejszenie potencjatu przebarwiajgcego opisywanego
materiatu wigze si¢ z zastgpieniem tlenku bizmutu tlenkiem cyrkonu (Mozynska 1 wsp.
2017, Kang i wsp. 2015). Cze$¢ badan in vitro wykazata, ze po zastosowaniu Biodentine
tkanki z¢gbow nie zmienily swojego koloru, aczkolwiek Dettwiler i wsp. opisuja

umieszczanie materialu w bloczkach szkliwno-zgbinowych (Dettwiler 1 wsp. 2016), za$
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Kohli i wsp. — w kanale korzeniowym (Kohli i wsp. 2015). Z kolei Metlerska i wsp.
zauwazyli, ze Biodentine po 3 i 6 miesigcach przebarwil tkanki zebow. Materiat
umieszczono w zebach bydlecych w komorze miazgi po uprzednim odcigciu korzenia
(Metlerska i wsp. 2021).

W badaniach in vivo Biodentine zostal uzyty w procedurze pulpotomii. Abuelniel
1 wsp. odnotowali, ze po 18 miesigcach od zabiegu z¢gby nie zmienity koloru (Abuelniel i
wsp. 2020), natomiast Haikal 1 wsp. oraz Uesrichai i wsp. zaobserwowali odpowiednio
nieznaczne wizualne przebarwienie w 17% zebow (Haikal 1 wsp. 2020) oraz szare
przebarwienie w 27% zgbow leczonych Biodentine (Uesrichai i wsp. 2019). Po zabiegu
endodoncji regeneracyjnej, w ktorej zostata zastosowana pasta dwuantybiotykowa, w 1
z 13 zeboéw leczonych przy uzyciu Biodentine zauwazono dyskoloracj¢ zeba rok po
zabiegu (Aly 1 wsp. 2019). Jednak w tym przypadku na zmiang¢ koloru tkanek mogty mie¢
wplyw inne czynniki, tj. uzyta pasta dwuantybiotykowa czy obecno$¢ krwi.

Jak juz wspominano, AAE rekomenduje stosowanie Biodentine podczas leczenia
zgbow przednich (AAE 2021), natomiast inni badacze sugeruja réwniez uzycie MTA
Repair HP (Metlerska 1 wsp. 2021). Najnowsze badania wykazaty, ze nie powoduje on
przebarwien zgboéw widocznych okiem nieuzbrojonym (Aguiar 1 wsp. 2019, Metlerska
1 wsp. 2021). Co wiegcej, Metlerska 1 wsp. zauwazyli, ze po zmieszaniu MTA Repair HP
ma kolor delikatnie niebieski, to za$ moze sprawiaé, ze wizualny odbidr koloru zgba przez
pacjenta po zabiegu bedzie pozytywny (Metlerska i wsp. 2021). Przez producenta
materiat ten opisywany jest jako cement o wysokiej plastycznos$ci, ktory w srodowisku
wilgotnym nie traci swoich wtasciwosci. Dodatkowo czas jego wigzania wynosi 15 min,
co moze by¢ zaleta, zwlaszcza w trakcie zabiegdéw endodoncji regeneracyjne;.

Pomimo tego, ze niektére cementy krzemowo-wapniowe maja niski potencjal
przebarwiajacy, nalezy wzia¢ pod uwage, iz podczas zabiegdw endodoncji regeneracyjne;j
maja styczno$¢ z krwig lub z fibryng bogatoptytkowsg. Wielu badaczy poréwnywato
wpltyw cementow krzemowo-wapniowych, stosowanych jako materialy barierowe, na
kolor leczonego zeba w kontakcie z krwig oraz z solg fizjologiczng. Stwierdzili oni, ze
krew prowadzi do wigkszych przebarwien (Felman i Parashos 2013, Shokouhinejad
1 wsp. 2016, Madani 1 wsp. 2019, Al-Hiyasat 1 wsp. 2021), co jest zgodne z wynikami
Shokouninejad i wsp., ktérzy badali potencjat przebarwiajacy omawianych materiatow
w obecnosci fibryny bogatoptytkowej i krwi (Shokouninejad i wsp. 2019). Natomiast
Namazikhah 1 wsp. zauwazyli w mikrostrukturze cementéw krzemowo-wapniowych

porowatosci (Namazikhah 1 wsp. 2008), mogace absorbowac sktadniki krwi, powodujace
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przebarwienie materiatlu, a w zwigzku z tym — przebarwienie tkanek zgba. Ponadto
mozliwe jest, ze w czasie wigzania cementdw krzemowo-wapniowych dojdzie do
interakcji pomiedzy erytrocytami z krwi a niezwigzanym cementem. Powolny proces
wigzania moze umozliwi¢ penetracje erytrocytow do tkanek zeba i1 struktury cementu,
a pdzniejsza hemoliza spowoduje zarowno przebarwienie zgba, jak i samego cementu
(Torabinejad 1 wsp. 2018, Yoldas i wsp. 2016, Slaboseviciute i wsp. 2021). Zatem
istotnym czynnikiem w trakcie wyboru materiatu barierowego jest czas wigzania, ktory

waha si¢ w przedziale od kilkunastu minut do kilku godzin.

2.2.4. Metody poprawy estetyki przebarwionych zebow

Przebarwione z¢by, zwlaszcza w odcinku przednim, s3 jednym z powodow
zglaszania si¢ pacjentow do stomatologa. Celem leczenia jest poprawa estetyki, czyli
zmiana koloru zgba. W zaleznos$ci od pochodzenia przebarwienia i ilo§ci zachowanych
tkanek, zeba mozna wybieli¢, zamaskowac przebarwienie materialem kompozytowym,
wykonac¢ licowke lub korong porcelanowa.

Jednym z warunkéw kwalifikacji do leczenia regeneracyjnego jest zachowana
odpowiednia ilos¢ tkanek wilasnych zgba. Zaleca si¢, aby korona zgba nie wymagata
p6zniejszej odbudowy z wykorzystaniem wktadu korono-korzeniowego (AAE 2021). Co
wiecej, leczenie przebarwionych zebdéw po zabiegu endodoncji regeneracyjnej powinno
si¢ odbywac przy uzyciu techniki minimalnie inwazyjnej, ktéra nie spowoduje kolejnej
utraty tkanek wtasnych pacjenta. Przykladem moze by¢ wybielanie. Badania wskazuja,
ze jest ono mozliwe do osiagniecia (Kahler i wsp. 2018, Parthiban 1 wsp. 2018,
Timmerman i Parashos 2018), aczkolwiek nie zawsze udaje si¢ uzyska¢ pierwotny odcien
leczonego zgba (Kim i wsp. 2010, McTigue i wsp. 2013, Antov 1 wsp. 2019). Gdy
wybielanie nie jest satysfakcjonujace dla pacjenta lub gdy nie jest mozliwe (np. z powodu
uczulenia na §rodek wybielajacy), mozna zamaskowac przebarwienie zgba kompozytem.

Najlepszym rozwigzaniem podczas stosowania procedur endodoncji
regeneracyjnej jest uzycie odpowiednich materialéw, aby zminimalizowa¢ ryzyko
wystgpienia zmiany koloru ze¢ba po zabiegu, a tym samym uchroni¢ pacjenta przed
nieestetycznym przebarwieniem — zwlaszcza gdy zab znajduje si¢ w odcinku przednim

uzgbienia.
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2.3. Wybielanie przebarwionych z¢ebow po zabiegach endodoncji regeneracyjnej

Przebarwienie zebow moze niekorzystnie wptywacé na jako$¢ zycia pacjentow
(Viegas i wsp. 2014), dlatego zaleca si¢ ograniczenie ryzyka jego powstania. Jezeli
pomimo stosowania si¢ do zalecen AAE dochodzi do przebarwienia leczonych zebow,
nalezy rozwazy¢ zastosowanie prostej, niedrogiej, a zarazem maloinwazyjnej techniki,

jaka jest wybielanie.

2.3.1. Wybielanie z¢bow u osob ponizej 18. roku zycia

Wybielanie zgbow po zabiegach endodoncji regeneracyjnej moze by¢ nie lada
wyzwaniem dla klinicystow, szczegolnie w przypadku doboru $rodka wybielajacego
1 jego stezenia, a takze sposobu wykonania zabiegu. Przepisy odnoszace si¢ do
bezpieczenstwa produktow kosmetycznych z 2012 r. zezwalaja na stosowanie <0,1-
procentowego nadtlenku wodoru 1 innych zwigzkéw lub mieszanin uwalniajacych
nadtlenek wodoru (The Cosmetic Products (Safety) (Amendment) Regulations 2012,
Greenwall-Cohen 1 wsp. 2018) u pacjentow w wieku ponizej 18 lat. Jednak nowe
zalecenia, zawarte w General Dental Council Position Statement, dotyczace wybielania
zgbow, stanowia, ze produkty zawierajace lub uwalniajace 0,1-6% nadtlenku wodoru nie
moga by¢ uzywane u tej grupy pacjentdow, chyba ze celem wybielania jest leczenie lub
zapobieganie chorobom (General Dental Council 2016). Nie istniejg doktadne wytyczne,
w jaki sposob nalezy przeprowadzi¢ procedur¢ wybielania po zabiegach endodoncji

regeneracyjnej (Fagogeni i wsp. 2021).

2.3.2. Wybielanie zebow u oséb powyzej 18. roku zycia

Wybielanie zgbow u osob dorostych, regulowane przepisami zawartymi
w General Dental Council Position Statement, The Cosmetic Products (Safety)
(Amendment) Regulations oraz Rozporzadzeniem Komisji (UE) 2019/831 z dnia 22 maja
2019 r., znajdujagcym si¢ w Dzienniku Urzedowym Unii Europejskiej, jest mozliwe
z uzyciem nadtlenku wodoru lub $srodkéw wydzielajacych nadtlenek wodoru o stezeniu
0,1-6% (General Dental Council Position Statement 2016, The Cosmetic Products
(Safety) (Amendment) Regulations 2012, Rozporzadzenie Komisji (UE) 2019/831
z dnia 22 maja 2019 r.).
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2.3.3. Stosowane techniki wybielania zebow

Ze wzgledu na specyfike endodoncji regeneracyjnej oraz ograniczenia zwigzane
ze stezeniem materialu wybielajgcego trudno jest okresli¢ odpowiedni czas oraz technike
wybielania, ktéra bedzie skuteczna i efektywna, a zarazem bezpieczna dla nowopowstatej
tkanki miazgopodobnej w kanale korzeniowym. Jak wynika z badan, przebarwione z¢by
byly wybielane przy uzyciu r6znych technik: wewnetrznej (D'Mello i Moloney 2017, De-
Jesus-Soares 1 wsp. 2018, Parthiban 1 wsp. 2018), zewnetrznej (Antov 1 wsp. 2019) lub
taczac obie te techniki (Antov i wsp. 2019).

Wybielanie wewnetrzne (wewnatrzkoronowe) jest technika podobng do metody
stopniowego wybielania (tzw. walking bleach) z¢bow bezmiazgowych. Materiat
wybielajacy umieszcza si¢ w komorze miazgi, a nowopowstata miazgopodobna tkanka
w kanale korzeniowym jest chroniona przez material barierowy (Santos i wsp. 2017) oraz
przez most z¢binowy, jezeli si¢ wytworzy. Badacze umieszczali preparat wybielajacy
bezposrednio na materiale barierowym (Akbulut i wsp. 2017) lub na warstwie cementu
szklo-jonomerowego, ktory zostat zaloZzony na materiale barierowym (Kim i wsp. 2010,
D’Mello 1 Moloney 2017, Parthiban 1 wsp. 2018, Antov 1 wsp. 2019). Dodatkowa,
szczelnie zalozona warstwa materialu jest wykorzystywana w technice stopniowego
wybielania, aby zapobiec przenikaniu srodkéw wybielajacych do okolicy przyszyjkowe;j
oraz przywierzcholkowej zg¢ba (Plotiono 1 wsp. 2008). W tym celu szerokie zastosowanie
ma cement szklo-jonomerowy, aczkolwiek obecnie analizuje si¢ rowniez wlasciwosci
uszczelniajagce cementow krzemowo-wapniowych. W badaniu, w ktorym oceniano
mikroprzeciek w zebach leczonych endodontycznie, odnotowano, Ze zaréwno
Biodentine, jak i MTA skutecznie zapewniaty odpowiednig szczelno$¢ koronowa
(Ramezanali 1 wsp. 2017). Natomiast w badaniu przeprowadzonym przy uzyciu
skaningowego mikroskopu elektronowego oraz dzigki wykorzystaniu spektroskopii
rentgenowskiej z dyspersjg energii zauwazono, ze srodki wybielajace maja niekorzystny
wplyw na wiasciwosci powierzchniowe MTA, takie jak: chropowato$¢, mikrotwardos¢
oraz rozklad pierwiastkow w materiale (Serin Kalay 2019). Wybielanie wewngetrzne to
czesto stosowana technika po zabiegach endodoncji regeneracyjnej (D’Mello 1 Moloney
2017, De-Jesus-Soares 1 wsp. 2018, Kahler i wsp. 2018, Parthiban i wsp. 2018,
Timmerman i Parashos 2018). Zauwazono, ze dzigki uzyciu tej techniki mozliwe jest
wybielenie zebow (Kahler i wsp. 2018), uzyskanie koloru podobnego do zgbow
sasiednich (D’Mello 1 Moloney 2017, De-Jesus-Soares 1 wsp. 2018) oraz osiggni¢cie
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satysfakcjonujacego dla pacjenta efektu (Timmermann i Parashos 2018). By¢ moze to
wynik dziatania preparatow wybielajacych, ktore wydzielaja badz zawieraja duze
stezenia nadtlenku wodoru — cz¢sto niezgodne z zaleceniami General Dental Council
Position Statement, okreslajacymi maksymalne stezenie srodkéw wybielajacych, jakie
mogg by¢ stosowane u 0sob ponizej 18. roku zycia.

Wybielanie zewnetrzne (zewnatrzkoronowe) najczgsciej stosuje si¢ w przypadku
zebow zywych. Przed zabiegiem nalezy wykona¢ indywidualnie dopasowane naktadki
oraz dobra¢ odpowiedni preparat wybielajacy. Technika wybielania zewnetrznego polega
na tym, ze pacjent naktada preparat wybielajacy na naktadke, ktérg umieszcza na zgbach.
W 2019 r. podjeto probe wykonania wybielania zewnetrznego przebarwionego zgba po
zabiegu endodoncji regeneracyjnej 10-procentowym nadtlenkiem mocznika przez
4 godzinny dziennie w ciggu 2 tygodni. Zauwazono popraw¢ odcienia z¢ba, natomiast
pacjent nie byl w pelni zadowolony z ostatecznego efektu. W kolejnych dwoch
przypadkach autorzy zastosowali potgczenie obu technik wybielania: wewnetrznego oraz
zewnetrznego. Materiatl wybielajacy (10-procentowy nadtlenek mocznika) umieszczali
zarbwno w komorze, jak 1 na zewnatrz zgba (przy uzyciu naktadki wybielajacej).
W pierwszym przypadku zab zmienit kolor z C3 na B1, natomiast w drugim zauwazono
minimalng poprawe odcienia, jednakze pacjent nie byt tym zaniepokojony (Antov i wsp.
2019). W tabeli nr 3 przedstawiono wady 1 zalety wybielania wewnatrz- oraz

zewnatrzkoronowego, a takze polaczenia obu tych technik.

2.3.4. Mechanizm wybielania z¢bow

Wybielanie zgbow to kazdy proces, ktorego efektem jest rozjasnienie koloru zeba
(Carey 2014). Barwniki zmieniajace jego kolor to najczes$ciej zwigzki organiczne
posiadajace sprzezone tancuchy naprzemiennych pojedynczych lub podwdjnych wigzan,
czesto zawierajace heteroatomy oraz pierscienie fenylowe i karbonylowe, 1 sa okreslane
jako chromofory (Joshi 2016, Joiner 2006). Wybielanie nastepuje poprzez rozpad wigzan
podwdjnych, utlenienie innych czastek chemicznych w tancuchu sprzezonym albo
poprzez rozszczepienie lancucha sprzezonego (Joiner 2006). Jest to spowodowane
dziataniem nadtlenku wodoru, ktéry moze by¢ stosowany bezposrednio jako substancja
wybielajaca lub tez moze by¢ uwalniany z nadboranu sodu albo nadtlenku karbamidu
(Plotino 1 wsp. 2008). Nadtlenek wodoru, dyfundujgc w struktury zeba, dysocjuje,

wytwarzajac wolne rodniki tlenowe (Joshi 2016). Doktadny opis reakcji przedstawiono
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w tabeli 4 (Perchyonok i Grobler 2015). Temperatura, pH, §wiatto i obecnos$¢ kationow

metali wptywaja na reaktywno$¢ wspomnianych rodnikow. W wyniku reakcji wysoce

reaktywnych rodnikéw tlenowych z chromoforami powstajg produkty, ktore majg

charakter polarny, mniejsza mase czasteczkowa i sg fatwo usuwane z z¢ba w srodowisku

wodnym (Kwon i Wertz 2015). Dodatkowo nowopowstate produkty sg jasniejsze (Joshi

2016).

Tabela 3. Wady i zalety wybielania wewngtrznego, zewnetrznego oraz potaczenia obu
tych technik (Antov i wsp. 2019)

Wybielanie Zalety Wady
Wybielanie skuteczne w leczeniu moze wystapi¢ resorpcja
wewnetrzne przebarwien przyszyjkowa,

wewngetrznych,
wymagane mniejsze potrzeba kilku wizyt, aby
zaangazowanie pacjenta uzyska¢ optymalny efekt
wybielania,
Z czasem moze wWystapic
regresja koloru zeba
Wybielanie pacjent kontroluje stopien mniejsza efektywnosc¢
zewngtrzne wybielania, az uzyska w poréwnaniu do wybielania

pozadany efekt

wewnatrzkoronowego,
wymagane zaangazowanie
pacjenta,

ograniczony stopien
wybielania zebow,

moze wystapié resorpcja
przyszyjkowa,

Z czasem moze wystapié
regresja koloru z¢ba,
moze wystapié
nadwrazliwo§¢é

Polaczenie wybielania
wewnetrznego
i zewnetrznego

uzyskanie maksymalnego
efektu wybielajacego,
pacjent kontroluje stopien
wybielania, az uzyska
pozadany efekt

wymagane bardzo duze
zaangazowanie pacjenta,
Z czasem moze wWystapic
regresja koloru z¢ba,

moze wystapic resorpcja
przyszyjkowa,
moze wystgpic
nadwrazliwo$§¢
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Tabela 4. Powstawanie nadtlenku wodoru oraz formowanie si¢ wolnych rodnikéw
(Perchyonok i Grobler 2015)

Wzér
Powstawanie nadtlenku wodoru z nadboranu sodu  Na;[B>(0,)2(OH)4]+2H,0—2NaBO; +2H, O,
Powstawanie nadtlenku wodoru z nadtlenku H>NCONH,; *H20,—H,NCONH; +H,0,
karbamidu
Nadtlenek wodoru tworzy wolne rodniki, takie jak H,O, —-2HO’
rodniki hydroksylowe i perhydroksylowe oraz HO+H,0,—H,O0+HOy"

aniony ponadtlenkowe HO; -<H+0Oy

Reaktywne czgsteczki tlenu, ktore sa niestabilne 2H,0,2H,0+2{0} «+>2H, O+0;
i przeksztalcaja si¢ w tlen

Aniony nadtlenku wodoru H20,-H+HOO"

2.3.5. Preparaty/Srodki wybielajace stosowane po zabiegach endodoncji

regeneracyjnej

W celu wybielenia przebarwionych tkanek zeba stosowane s3 roézne srodki
wybielajace, ktore sktadaja sie ze sktadnikéw aktywnych oraz nieaktywnych. Sktadniki
aktywne to nadtlenek wodoru lub sktadowe nadtlenku mocznika, natomiast do
sktadnikow nieaktywnych zalicza si¢: Srodki zageszczajace, nosnik, Srodki
powierzchniowo czynne 1 dyspergatory barwnika, konserwanty oraz substancje smakowe
(Malpaniiwsp. 2019). W tabeli nr 5 przedstawiono sktadniki nieaktywne oraz ich funkcje
w materiale wybielajagcym.

Autorzy w swoich badaniach stosowali r6zne rodzaje srodkow wybielajacych,
takich jak: nadtlenek wodoru (Akbulut i wsp. 2017), nadtlenek karbamidu (Antov i wsp.
2019, Khedmat i wsp. 2021), nadboran sodu (Kim i wsp. 2010, D'Mello i Moloney 2017,
De-Jesus-Soares 1 wsp. 2018) lub mieszaning tych materiatow (McTigue i wsp. 2013,
Jiménez-Padilla 1 wsp. 2021).

Nadtlenek wodoru jest substancjg o silnych wlasciwosciach utleniajacych (Chng
1 wsp. 2005). W wyniku jego rozktadu dochodzi do powstania wolnych rodnikéw,
reaktywnych czasteczek tlenu lub aniondéw nadtlenku wodoru (Perchyonok i Grobler
2015) — tabela nr 4. Nadtlenek wodoru moze by¢ stosowany bezposrednio lub moze tez
by¢ uwalniany z nadtlenku karbamidu lub nadboranu sodu. W stomatologii stosowany
jest w stezeniu 5—-35-procentowym (Plotino i wsp. 2008).

Akbulut i wsp. przeprowadzili badanie in vitro, w ktorym wybielano zgby ludzkie
35-procentowym nadtlenkiem wodoru po zabiegu endodoncji regeneracyjnej, w ktorym,
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zastosowano TAP(C), a nastepnie krew i odpowiedni materiat barierowy (Pro Root MTA,
Biodentine, MM-MTA). Autorzy zauwazyli, ze probki w grupie, w ktoérej uzyty byt
cement Biodentine, wybielity si¢ znacznie bardziej w stosunku do innych grup (Akbulut
1 wsp. 2017). Natomiast Kahler i wsp. wykonali badanie in vivo. W tym celu wykorzystali
35-procentowy nadtlenek wodoru i efektywnie wybielili 2 przebarwione zgby po zabiegu
endodoncji regeneracyjnej (Kahler i wsp. 2018). Z kolei w badaniu przeprowadzonym
przez McTigue i wsp. skutecznie wybielono 11 z 14 zebow dzigki zastosowaniu 35-
procentowego nadtleneku wodoru przez 3 min, a nast¢pnie nadboranu sodu zmieszanego

z 10-procentowym nadtlenkiem wodoru (McTigue i wsp. 2013).

Tabela 5. Sktadniki nieaktywne oraz ich funkcje w materiale wybielajacym (Malpani
I wsp. 2019)

Skladniki nieaktywne Funkcja
Srodki zageszczajace: o zwicksza lepko$¢ materiatu wybielajacego,

e Karbopol e zwigksza do czterech razy czas uwalniania
(karboksypolimetylen, aktywnego tlenu z materiatu wybielajacego
0.5-1.5%)

Nosnik: e utrzymuje wilgotne srodowisko,
e gliceryna, e rozpuszczaja si¢ w nim inne sktadniki

e glikol propylenowy

Surfaktant e srodek zwilzajacy powierzchnie, umozliwia dyfuzje

sktadnika wybielajacego,

Dyspergator barwnika e utrzymuje pigmenty w zawiesinie

Konserwanty: e zapobiegaja rozwojowi bakterii w materiatach
e  metyl, wybielajacych,
e propyloparaben, e przyspieszaja rozklad nadtlenku wodoru przez
® benzoesan sodu uwolnienie metali przejSciowych, takich jak: zelazo,

miedz i magnez

Substancje smakowe: e poprawiaja smak produktu wybielajacego
*  migta,
e anyz,

e slodzik (np. sacharyna)

Nadboran sodu to bialy krystaliczny proszek, ktory zawiera ok. 95% nadboranu
wydzielajacego 9,9% tlenu. Rozklada si¢ do H202, metaboranu sodu 1 tlenu w kontakcie

z wodg, kwasnym srodowiskiem czy cieptym powietrzem (Ozer i Kapisiz 2021, Doumani
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1 wsp. 2019). Wyrozniamy kilka rodzajéw nadboranu sodu: monohydrat, trihydrat
1 tetrahydrat — r6znig si¢ one zawartoscig tlenu (Weiger i wsp. 1994).

Nadboran sodu zmieszany z woda destylowang (Kim i wsp. 2010, De-Jesus-
Soares 1 wsp. 2018, Timmerman i wsp. 2018), solg fizjologiczng (Miller i wsp. 2012) lub
30-procentowym nadtlenkiem wodoru (Parthiban i wsp. 2018) stosowano jako $rodek
wybielajacy przebarwione zgby po zabiegach endodoncji regeneracyjnej. Najczesciej
przeprowadzano wybielanie wewnetrzne (Kim i wsp. 2010, De-JesusSoares 1 wsp. 2018,
Parthiban 1 wsp. 2018, Timmerman 1 Parashos 2018). W cytowanych badaniach ze¢by
wybielono skutecznie, uzyskujac podobny kolor do innych z¢gbow wlasnych (D’Mello
i Moloney 2017, De-JesusSoares i wsp. 2018) i osiagajac satysfakcjonujacy wynik
wybielania (Parthiban i1 wsp. 2018, Timmerman i Parashos 2018) — poza przypadkiem
opisanym przez Kim i wsp., ktérzy zauwazyli, ze odcien zeba wybielanego poprawit sig,
aczkolwiek nie udato si¢ osiagnac jego pierwotnego koloru (Kim i wsp. 2010). Warto
jednak zauwazy¢, ze nadboran sodu zostal zakazany w Europie na mocy Cosmetics
Regulation 1223/2009 (European Commission Website 2020) i sklasyfikowany jako
srodek rakotworczy, mutagenny oraz dziatajacy szkodliwie na rozrodczos$é.

Nadtlenek karbamidu jest krystalicznym cialem statym, ktory w obecnosci
wody uwalnia tlen. To roztwor niestabilny. Gdy ma kontakt ze §ling lub tkankami jamy
ustnej, dysocjuje na nadtlenek wodoru oraz mocznik (Rea i wsp. 2019). Najczesciej
stosowany jest do wybielania zgbow Zywych z uzyciem nakladek indywidualnych
w technice zewngtrznej. Przeprowadzono badanie in vitro, w ktorym wybielano zgby
przebarwione po zabiegach endodoncji regeneracyjnej. W tym celu uzyto
10-procentowego nadtlenku karbamidu.

Z 3 wybielanych zebow, skutecznie wybielono 1, w 2 zauwazono poprawe
odcienia, z czego wjednym przypadku pacjent nie byt do konca zadowolony
z uzyskanego efektu (Antov i wsp. 2019).

W pisSmiennictwie brakuje obszernych badan in vitro, wykonanych na duzych
grupach badawczych, ktore analizowatyby wybielanie przebarwionych zgbdéw po jedno-
1 dwuwizytowych zabiegach endodoncji regeneracyjnej w kontek$cie rdéznych past
dezynfekujacych, krwi/ fibryny bogatoptytkowej 1 materiatow barierowych. Kilku
autorow podjeto probe takiej analizy po umieszczeniu w kanale korzeniowym krwi
1 wybranego materiatu barierowego (Akbulut i wsp. 2017, Jiménez-Padilla i wsp. 2021,
Khedmat i wsp. 2021), ale w zadnych badaniach nie dokonano oceny wybielania po

zabiegach endodoncji regeneracyjnej, w ktorej zastosowano fibryne bogatoptytkowa.
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Ponadto wigkszo$¢ badaczy stosowata wysokie stezenie srodkow wybielajacych, co jest
niezgodne z wymaganiami dotyczacymi leczenia stomatologicznego pacjentdw ponizej
18. roku zycia. Wszystkie te czynniki zostaty uwzglednione w niniejszej pracy, ktora
zostala przeprowadzona na duzej grupie badawczej. Oceniono w niej wybielanie po
zastosowaniu réznych past dezynfekujacych i krwi/ fibryny bogatoptytkowej oraz
materiatéw barierowych, w tym najnowszych cementéw na bazie krzemianu wapnia,

m.in. MTA Repair HP.
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3. GLOWNE ZALOZENIA I CELE PRACY DOKTORSKIEJ

Zabiegi endodoncji regeneracyjnej moga by¢ przyczyna przebarwien korony
leczonych zebow. Zaréwno materialy stosowane podczas leczenia, jak i krew oraz
preparaty krwiopochodne nie sg obojetne dla tkanek zeba. Bardzo wazne jest okreslenie
przyczyny zmiany ich koloru, zwlaszcza gdy wspomniany zabieg zostaje
przeprowadzony w odcinku przednim uzgbienia, w ktérym bardzo istotne jest
zachowanie zadowalajacej pacjenta estetyki. Z tego powodu podjeto probe oceny zmiany
koloru zebow po wykonanych zabiegach endodoncji regeneracyjnej i mozliwosci ich

wybielenia.

Cele pracy doktorskiej:

1. Przeglad systematyczny piSmiennictwa obejmujacy analiz¢ potencjalu
przebarwiajacego materiatow stosowanych w endodoncji regeneracyjnej na
podstawie opublikowanych badan in vitro.

2. Przeglad systematyczny pi$miennictwa obejmujacy analize skutecznosci wybielania
przebarwionych zeboéw po zabiegach endodoncji regeneracyjnej na podstawie
opublikowanych badan in vitro oraz in vivo.

3. Analiza wplywu jedno- oraz dwuwizytowych zabiegéw endodoncji regeneracyjnej

na kolor leczonych zgbow oraz ocena efektywnosci ich wybielania.

W pracy doktorskiej postawiono nastgpujace hipotezy badawcze:
1. Zabiegi endodoncji regeneracyjnej powoduja przebarwienia tkanek zgba.
2. Przebarwione po zabiegach endodoncji regeneracyjnej zgby mozna efektywnie

wybielié.
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4. STRESZCZENIA PUBLIKACJI STANOWIACE ROZPRAWE
DOKTORSKA

4.1. Materials used in regenerative endodontic procedures and their impact on

tooth discoloration

Endodoncja regeneracyjna ma na celu zastagpienie zdrowa tkanka uszkodzonej
zgbiny, struktur korzenia oraz komorek kompleksu miazgowo-zebinowego. Klinicznie
najczesciej stosowang technika endodoncji regeneracyjnej jest rewitalizacja miazgi.
Wedlug AAE zabieg ten obejmuje: usuni¢cie zainfekowanej miazgi, dezynfekcje kanatu
korzeniowego przy uzyciu past dezynfekujacych, skrwawienie  okolicy
przywierzchotkowej korzenia i uzyskanie krwi w kanale korzeniowym lub — gdy nie jest
ono mozliwe — zastosowanie osocza bogatoplytkowego, fibryny bogatoptytkowej lub
autologicznej matrycy fibrynowej pozyskanej z krwi pacjenta oraz aplikacj¢ materiatu
barierowego. Zalecane jest wykorzystanie cementu White MTA jako materiatu
barierowego, aczkolwiek powoduje on przebarwienie tkanek zebow. Aby
zminimalizowaé ryzyko wystapienia przebarwienia, zwlaszcza jezeli leczony zab
znajduje si¢ w odcinku przednim uzgbienia, AAE zaleca uzycie cementow krzemowo-
wapniowych Biodentine (Septodont, Lancasted, PA, USA) lub EndoSequence BC RRM-
Fast Set Putty (BC RRM-Fast Set Putty, Brasseler, USA). Badacze zauwazyli, Ze
materialy stosowane w endodoncji regeneracyjnej moga powodowaé widoczne
przebarwienia z¢bow, negatywnie wplywajace na jako$¢ zycia pacjentow, ktorzy
oczekuja zarowno skutecznego leczenia, jak i1 zadowalajagcego efektu estetycznego —
zwlaszcza jezeli leczone s3a zeby przednie. Z tego powodu tak wazne jest
wykorzystywanie materiatlow, ktore nie spowoduja przebarwienia tkanek zgba.

Celem pracy byta ocena potencjalu przebarwiajagcego materialéw stosowanych
w endodoncji regeneracyjnej na podstawie opublikowanych badan in vitro.

Przeglad piSmiennictwa zostat przeprowadzony zgodnie z wytycznymi PRISMA.
Dnia 18 lutego 2018 r. przeszukano sze$¢ baz danych: MEDLINE (PubMed), Google
Scholar, the Cochrane Library, Scopus, Lilacs i Web of Science. Kryteria wiaczenia
obejmowaty: badania in vitro, badania, w ktérych materiaty umieszczane byty w tkankach
zgba oraz publikacje opisujace zabiegi endodoncji regeneracyjnej. Artykuty, ktére nie
spelniaty kryteriow wlaczenia, zostalty wykluczone. Ostatecznie do analizy

zakwalifikowano 11 prac napisanych w jezyku angielskim.
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Przebarwienie tkanek zgba po zabiegu endodoncji regeneracyjnej moze pojawic
si¢ na kazdym etapie leczenia — zarowno po zastosowaniu past dezynfekujacych, jak
1 krwi oraz materialu barierowego. Pasta trdjantybiotykowa, ktora w swoim sktadzie
zawiera minocykling, ma silny potencjal przebarwiajacy, w przeciwienstwie do
wodorotlenku wapnia. W poddanych analizie badaniach in vitro wykazano, ze krew
przebarwia tkanki zeba. Przebarwienie to zauwazono zaréwno w zgbach, w ktérych byta
stosowana tylko krew, ale takze w tych, w ktérych na krew aplikowano materiat
barierowy. Cementy krzemowo-wapniowe uzywane jako materialy barierowe,
zawierajace w skladzie tlenek bizmutu, réwniez przebarwily tkanki zeba.
Po zastosowaniu systemu wigzacego na zgbing badanych z¢bow odnotowano mniejsza
dyskoloracj¢ w poréwnaniu z grupami, w ktorych system wigzacy nie zostat zastosowany,
aczkolwiek nie wyeliminowano jej catkowicie.

Analiza badan wykazata, ze wickszo$¢ materialdéw stosowanych w zabiegach
endodoncji regeneracyjnej ma potencjal do przebarwiania tkanek zgba. W celu
zmniejszenia ryzyka przebarwien zgbow, przed aplikacjg srodka dezynfekujacego czy
materialu barierowego zalecane jest uszczelnienie zebiny systemem wigzacym 1 uzycie
pasty trojantybiotykowej ponizej granicy szkliwno-cementowej. Przeprowadzono
niewielkg liczbg¢ badan in vitro z zakresu tego zagadnienia, dlatego dalsze badania sg

uzasadnione.
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4.2. Efficiency of teeth bleaching after regenerative endodontic treatment: A

systematic review

Endodoncja regeneracyjna jest bardzo preznie rozwijajaca si¢ dziedzing, szeroko
wykorzystywana w celu leczenia niedojrzatych zgbow statych, w ktérych wystapita
martwica miazgi. Jednak niekorzystnym wynikiem tych zabiegobw moze by¢
przebarwienie leczonych zebow, zwlaszcza w przypadku odcinka przedniego uzebienia.
Przyczyng obserwowanych przebarwien mogg by¢ krew oraz stosowane materiaty. Aby
zmniejszy¢ lub zniwelowaé przebarwienie wyleczonego ta metoda zgba, mozna
zamaskowac je materiatem kompozytowym lub zab wybieli¢. Wybielanie to technika
prosta, niedroga 1 maloinwazyjna, aczkolwiek brakuje doktadnych wytycznych
dotyczacych procedury, §rodka i czasu trwania wybielania przebarwionych zebow po
zabiegach endodoncji regeneracyjnej, co moze by¢ duzym problemem dla lekarzy
klinicystow, zwlaszcza ze pacjent oczekuje, aby zabieg ten byl bezpieczny
1 przewidywalny. Kilku badaczy wykazato, ze wybielenie przebarwionych zebow po
zabiegach endodoncji regeneracyjnej moze by¢ osiagalne, a uzyskany efekt —
satysfakcjonujacy dla pacjenta, jednakze nie jest to w peini przewidywalna procedura.

Celem przegladu piSmiennictwa byla analiza skutecznosci wybielania
przebarwionych zeboéw po =zabiegach endodoncji regeneracyjnej na podstawie
przeanalizowanych badan in vitro oraz in vivo.

Przeglad piSmiennictwa zostal przeprowadzony zgodnie z wytycznymi PRISMA.
Dnia 30 stycznia 2020 r. przeszukano cztery bazy danych: MEDLINE (PubMed), Web of
Science, the Cochrane Library i Scopus. Kryteria wlaczenia obejmowaty: badania in vitro
oraz in vivo, w ktérych analizowano wybielanie z¢gbow po zabiegach endodoncji
regeneracyjnej oraz takie, w ktérych stosowano srodek wybielajacy w tkankach zebow.
Publikacje niespetniajgce kryteriow wigczenia zostalty wykluczone. Ostatecznie do
analizy zakwalifikowano 15 prac, wtym: 6 badan in vitro 1 9 badan in vivo.
Zakwalifikowane artykuty zostaty napisane w jezyku angielskim.

Badania in vitro dotyczyly wybielania zebow bydlecych oraz ludzkich.
Przebarwione z¢by, w ktorych stosowana byta TAP(M), wybielily si¢ bardziej niz te,
w ktorych uzyto TAP(D) i TAP(A). W badaniu, w ktérym w procedurze regeneracyjne;j
wykorzystano TAP(C), krew i1 materiaty barierowe, takie jak: Biodentine (Septodont,
Lancasted, PA, USA), MM-MTA (Micro Mega, Besancon Cedex, France) lub ProRoot
MTA (Dentsply, Tulsa, OK, USA) zauwazono, ze ze¢by, w ktérych zaaplikowano
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Biodentine, wybielily si¢ istotnie bardziej w poroéwnaniu z zgbami z innych grup. Sposréd
26 leczonych zebow w badaniach in vivo wybielono 17 zebow. W szeséciu przypadkach
nastgpila poprawa koloru, natomiast w trzech — wybielanie nie bylo wystarczajace.
Srodek wybielajacy, technika i czas wybielania pomigdzy analizowanymi badaniami
roéznily si¢. Stosowano wybielanie wewngetrzne, zewnetrzne oraz potgcznie obu tych
technik. Do przeprowadzenia zabiegu uzyto nadtlenku wodoru, nadtlenku mocznika,
nadboranu sodu lub potaczenia nadtlenku wodoru z nadboranem sodu.

Wybielanie przebarwionych z¢gbow po zabiegach endodoncji regeneracyjnej jest
osiggalne. Jednak ze wzgledu na stosowanie podczas badan ro6znych materialow i technik
nie jest mozliwe wyciagniecie jednoznacznych wnioskow. Aby stworzy¢ doktadne
wytyczne, ktore okreslatyby odpowiednig technike, materiat 1 czas trwania wybielania
przebarwionych zebow po zabiegach endodoncji regeneracyjnej, wymagane sg dalsze,

dhlugoterminowe badania.
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4.3. Effectiveness of teeth whitening after regenerative endodontics procedures: an

in vitro study

Przebarwienia zgbdw po zabiegach endodoncji regeneracyjnej moga negatywnie
wplywac na jako$¢ zycia mlodych pacjentdow i ich rodzin, dlatego nalezy przeprowadzi¢
procedure regeneracyjng w taki sposéb, aby zminimalizowa¢ ryzyko powstania
przebarwienia. Jednak w przypadku jego wystgpienia mozna zastosowa¢ minimalnie
inwazyjng technik¢ poprawy koloru zeba, jaka jest wybielanie. Obecnie nie ma
doktadnych wytycznych dla lekarzy klinicystow odno$nie zalecanego $rodka
wybielajacego, techniki oraz czasu wybielania zebow po przeprowadzonej procedurze
endodoncji regeneracyjnej, tak aby zabieg byl bezpieczny dla nowopowstatej tkanki
miazgopodobnej w kanale korzeniowym, a zarazem skuteczny i efektywny.

Celem pracy byla analiza wplywu jedno- oraz dwuowizytowych zabiegow
endodoncji regeneracyjnej na kolor leczonych zgbodw oraz ocena efektywnosci ich
wybielania.

Postawiono dwie hipotezy badawcze:

1. Zabiegi endodoncji regeneracyjnej powoduja przebarwienia tkanek zgba.
2. Przebarwione po zabiegach endodoncji regeneracyjnej zeby mozna efektywne
wybielic.

Do badania wiaczono 200 jednokorzeniowych zgbow bydlecych zZuchwy,
w ktoérych wykonano dostgp endodontyczny, usuni¢to miazge z komory i kanatu
korzeniowego, nastepnie odcigto cze$¢ wierzchotkowa korzenia 15 mm od potaczenia
szkliwno-cementowego za pomocg wiertla diamentowego z chtodzeniem wodnym, a 4-
milimetrowg cze¢$§¢ wierzchotkowa korzenia uszczelniono cementem szklo-
jonomerowym (GI, Kromoglass 2, LASCOD, Wtochy). Kanaty korzeniowe poszerzono,
po czym wyptukano NaOCI oraz EDTA i osuszono saczkami papierowymi. Wszystkie
zgby losowo podzielono na dwadziescia grup (n = 10). W badaniu uwzglgdniono dwie
grupy kontrolne, w ktérych kanaty korzeniowe wypetniono NaCl i krwig. Na wewnetrzne
Sciany komory zgbow zastosowano system wiazacy (Tokuyama Universal Bond,
Tokuyama Dental, Tokio, Japonia) zgodnie z zaleceniami producenta. W dwunastu
badanych grupach wykonano dwuwizytowy zabieg endodoncji regeneracyjnej. W szesciu
z dwunastu opisywanych grup uzyto TAP(M), a w kolejnych szesciu paste
wodorotlenkowo-wapniowa (Biopulp, Chema-Elektromet, Rzeszéw, Polska). Po 3

tygodniach z kanatu usunigto paste dezynfekujaca, kanal ptukano EDTA, NaCl i osuszono
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saczkami papierowymi. Nastepnie do kanatlu zaaplikowano krew lub fibryne
bogatoptytkowa 4 mm ponizej potaczenia szkliwno-cementowego i zatozono 3-
milimetrowg warstwe materiatu barierowego: Biodentine, MTA Repair HP lub Ortho
MTA.

Podsumowujac, po wyplukaniu TAP(M) do kanatow w trzech grupach
zaaplikowano krew 1 zatozono odpowiedni materiat barierowy: Biodentine, OrthoMTA
lub MTA Repair HP, a w kolejnych trzech grupach — fibryne bogatoptytkowa i Biodentine,
OrthoMTA Iub MTA Repair HP. Analogicznie postgpiono w probkach, w ktérych
wyplukano paste wodorotlenkowo-wapniowa: zaaplikowano krew i zatozono Biodentine,
OrthoMTA lub MTA Repair HP oraz fibryn¢ bogatoplytkowa i Biodentine, OrthoMTA
lub MTA Repair HP. W szesciu grupach nie zastosowano pasty dezynfekujacej, poniewaz
zaplanowano jednowizytowa endodontyczng procedure regeneracyjng. Krew lub fibryna
bogatoptytkowa oraz materiat barierowy zostaly zaaplikowane podobnie jak w grupach
dwuwizytowych: krew + Biodentine, krew + OrthoMTA, krew + MTA Repair HP, fibryna
bogatoplytkowa + Biodentine, fibryna bogatoptytkowa + OrtoMTA, fibryna
bogatoplytkowa + MTA Repair HP. Po zaaplikowaniu krwi lub fibryny bogatoplytkowe;j
oraz zalozeniu materiatu barierowego do kanatu korzeniowego ponizej granicy szkliwno-
cementowej 1 upewnieniu si¢, ze cement zwigzal, otwor dostepowy zamknigto cementem
szklo-jonomerowym na okres 4 tygodni. Po 4 tygodniach usuni¢to cement szkto-
jonomerowy oraz 2 mm materiatu barierowego, po czym zalozono okoto 2 mm cementu
szkto-jonomerowego. Nastepnie do komory miazgi wprowadzono nadtlenek karbamidu
(Peroxidon, Chema-Elektromet, Rzeszow, Polska) i watke, a ubytek zamknigto cementem
szkto-jonomerowym. Srodek wybielajacy zatozono na 1 tydzien. Zabieg wybielania
wykonano dwukrotnie w odstgpie 7 dni. W trakcie badan probki przechowywano
w  inkubatorze (220 'V, 50 Hz, Carbolab Electronic, @ Warszawa)
w 100-procentowej wilgotnosci w 37°C. Do pomiaru zmiany koloru zebow uzyto
spektrofotometru. Pomiary zostaty wykonane: przed leczeniem, 3 tygodnie po zalozeniu
pasty dezynfekujacej, 4 tygodnie po zatozeniu krwi/ fibryny bogatoptytkowej i materiatu
barierowego, 1 tydzien po pierwszym wybielaniu oraz 1 tydzien po drugim wybielaniu.
Na kazdym etapie badania wykonano zdjg¢cia zgbdw aparatem EyeSpecial C-II.

We wszystkich grupach, w ktorych zastosowano paste dezynfekujaca,
zaobserwowano zmian¢ koloru leczonych zebow. Wigksze przebarwienie wystgpito
w zgbach po uzyciu TAP(M). Prawie wszystkie zgby po zabiegach endodoncji

regeneracyjnej ulegly przebarwieniu, z wyjatkiem tych, w ktorych w trakcie
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jednowizytowego zabiegu zastosowano fibryne bogatoptytkowa i cement MTA Repair
HP. Po pierwszym i drugim wybieleniu w kazdej z badanych grup wykazano zmiang
koloru zgba w poroéwnaniu z jego pierwotnym kolorem, co bylo zauwazalne okiem
nieuzbrojonym. Po drugim wybielaniu zeby, w ktorych w dwuwizytowym zabiegu
endodoncji regeneracyjnej zastosowano wodorotlenek wapnia, oraz te, w ktorych
przeprowadzono jednowizytowy zabieg endodoncji regeneracyjnej, staty si¢ jasniejsze,
natomiast zgby po zabiegu dwuwizytowym z zastosowaniem TAP(M) staty sie
ciemniejsze w poréwnaniu z kolorem sprzed leczenia.

Przebarwienie tkanek zeba po zabiegu endodoncji regeneracyjnej jest niemal
nieuniknione. Jesli to mozliwe, sugerowane sa jednowizytowe zabiegi. W trakcie
zabiegbw dwuwizytowych zaleca si¢ wykorzystywanie pasty wodorotlenkowo-
wapniowej jako pasty dezynfekujacej ze wzgledu na nizszy potencjal przebarwiajacy
tkanki zgba. W kontek$cie wystgpowania przebarwien wskazane jest zastosowanie
fibryny bogatoptytkowej. Warto rozwazy¢ wybielanie przebarwionych zebdw, w ktorych
przeprowadzono jednowizytowy zabieg endodoncji regeneracyjnej, oraz zgbow po
zabiegu dwuwizytowym wykonanym przy uzyciu wodorotlenku wapnia, poniewaz jest
ono mozliwe, ale nie gwarantuje powrotu do pierwotnego koloru. Nie zaleca si¢
wybielania z¢gbéw poddanych dwuwizytowemu zabiegowi endodoncji regeneracyjnej
z zastosowaniem TAP(M) nadtlenkiem karbamidu, gdyz efekt moze by¢ odwrotny do
zamierzonego. W celu ustalenia wytycznych dotyczacych procedury wybielania zebow

po zabiegach endodoncji regeneracyjnej wskazane jest przeprowadzenie dalszych badan.
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5. WNIOSKI

1. Analiza badan wykazala, ze wigkszo$¢ materiatéw stosowanych w zabiegach
endodoncji regeneracyjnej ma potencjat do przebarwiania tkanek zeba. W celu
zmniejszenia ryzyka przebarwien zebow przed aplikacjg srodka dezynfekujacego czy
materiatu barierowego zalecane jest uszczelnienie zgbiny systemem wigzacym
1 uzycie TAP(M) ponizej granicy szkliwno-cementowej. Przeprowadzono niewielka
liczbe badan in vitro z zakresu tego zagadnienia; dlatego dalsze badania sa
uzasadnione.

2. Analiza badan wykazatla takze, ze wybielenie przebarwionych z¢bow po zabiegach
endodoncji regeneracyjnej jest osiggalne. W badaniach dominowata metoda
wewnetrzna, ale ze wzgledu na niedostateczng liczbg publikacji dotyczacych
alternatywnych metod wybielania ich poréwnanie byto utrudnione. Uzycie réznych
metod i srodkow wybielajacych oraz czasu wybielania powoduje, Ze nie jest mozliwe
wyciaggnigcie jednoznacznych wnioskow. Konieczne sg dalsze badania w celu
stworzenia precyzyjnych wytycznych okreslajacych odpowiednig technike, materiat
1 czas trwania wybielania przebarwionych zgboéw po zabiegach endodoncji
regeneracyjne;j.

3. Przebarwienie tkanek zgbow po zabiegach endodoncji regeneracyjnej jest niemal
nieuniknione. W przeprowadzonym badaniu zmiana koloru tkanek zebow dotyczyta
wszystkich grup z wyjatkiem tej, w ktorej zastosowano fibryne bogatoptytkowa oraz
cement MTA Repair HP. Jesli to mozliwe, sugerowane sa jednowizytowe zabiegi
endodoncji regeneracyjnej. W trakcie zabiegow dwuwizytowych zaleca si¢
wykorzystywanie pasty wodorotlenkowo-wapniowej jako pasty dezynfekujacej ze
wzgledu na nizszy potencjal przebarwiajacy tkanki zeba. W kontekscie
wystgpowania przebarwien wskazane jest zastosowanie fibryny bogatoplytkowe;j
oraz nieimplikujacego przebarwien materiatu barierowego, np. cementu MTA Repair
HP. Warto rozwazy¢ wybielanie przebarwionych zgbdw, w ktorych przeprowadzono
jednowizytowy zabieg endodoncji regeneracyjnej oraz zebOw po zabiegu
dwuwizytowym wykonanym z uzyciem wodorotlenku wapnia, poniewaz jest ono
mozliwe, ale nie gwarantuje powrotu do pierwotnego koloru. Nie zaleca si¢
wybielania  zebow  poddanych  dwuwizytowemu zabiegowi endodoncji

regeneracyjnej z zastosowaniem TAP(M) nadtlenkiem karbamidu, gdyz efekt
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wybielenia moze by¢ odwrotny do zamierzonego. W celu ustalenia wytycznych
dotyczacych procedury wybielania zgbow po zabiegach endodoncji regeneracyjne;j
wskazane jest przeprowadzenie dalszych badan.

Hipotezy badawcze

1. Wyniki badania byly w wigkszosci zgodne z pierwsza hipoteza dotyczaca
przebarwien z¢bow po zabiegach endodoncji regeneracyjnej. Pierwsza hipoteza
zerowa zostata zaakceptowana.

2. Wyniki badania byly niezgodne z zalozeniami drugiej hipotezy dotyczacej
wybielania zgbdw po zabiegach endodoncji regeneracyjnej, poniewaz efekt

wybielania nie zawsze byt osiggalny. Druga hipoteza zerowa zostata odrzucona.
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6. PUBLIKACJE STANOWIACE ROZPRAWE DOKTORSKA

6.1. Materials used in regenerative endodontic procedures and their impact on tooth

discoloration
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Abstract: There is some evidence of tooth discolor-
ation after regenerative endodontic procedures. The
aim of this review is to determine which materials
used in regenerative procedures induce tooth discol-
oration, The authors searched six digital databases
in February 2018: PubMed, Google Scholar, the
Cochrane Library, Scopus, Web of Science, and
Lilacs. As a result, 353 studies were found. Eleven
studies that met the established criteria were selected.
Analysis of the selected studies showed that most
materials used in regenerative endodontic procedures
have the potential to stain tooth tissues. To decrease
tooth discoloration, sealing dentin with a dentin-
bonding agent before the placement of a disinfectant
paste and barrier materials should be considered.
Only a small number of in vitre studies have been
performed; therefore, further studies on this topic are
warranted.
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Introduction

Regenerative endodontics, the newest branch of

stomatology, studies the potential for the regeneration
of damaged pulp as well as the creation and delivery
of replacement pulp-dentin tissues (1). Potential
regenerative endodontic technigues include root canal
revascularization, pulp implants, three-dimensional cell
printing, postnatal (adult) stem cell therapy, scaffold
implants, injectable scaffolds, and gene therapy (1). The
most common technique used 1s root canal revasculariza-
tion, also called revitalization (2), which is used for the
treatment of nonvital, infected, and immature permanent
teeth (3).

Pulp necrosis of immature permanent teeth in children
is commonly caused by injuries and caries (4) and often
affects anterior teeth. The treatment of immature perma-
nent teeth is particularly challenging for dentists, because
these teeth are characterized by thin root walls and a
wide apical opening. These attributes hinder correct root
length measurement and airtight root filling, particularly
in the apex. This increases the risk of tooth breaking. To
date, cases of irreversible inflammation or pulp necrosis
with incomplete root development are treated via the
production of a mineralized barrier near the apex of the
root during the process of apexification; however, this
process does not induce tooth length growth, thickening
of root walls, or the formation of the root apex (4,5),
which occurs under physiological conditions, described
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Fig.1 Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) low diagram of the search strategy.

as apexogenesis (6). Apexogenesis is possible only when
the vital pulp or pulp-like tissue is present in the canal.
Using regenerative endodontics, it is possible to recreate
this process. According to the American Association of
Endodontists (AAE), the regenerative process consists
of removal of the infected pulp, disinfection of the root
canal with disinfectant pastes, promotion of bleeding into
the canal system by over-istrumenting, and placement
of the barrier material over a blood clot (http:/fwww.aae.
org/regenerativeendo/, accessed on May 7, 2018). White
mineral trioxide aggregate (WMTA) is recommended by
AAE as a barrier material. However, mineral trioxide
aggregate is associated with discoloration; therefore,
bioceramics or tricalcium silicate cements (e.g.. Bioden-
tine, Septodont, Lancaster, PA, USA and EndoSequence
BC RRM-Fast Set Putty, Brasseler USA [RRM]) should
be considered in the esthetic zone. In some cases, promo-
tion of bleeding is not possible, and AAE recommends the
application of platelet-rich plasma, platelet-rich fibrin, or
autologous fibrin matrix as an alternative therapy (http://
www.aae.org/regenerativeendo/, accessed on May 7,
2018).

There are reports in the literature (7) that materials
used in regenerative endodontic therapy have the
potential to cause visible tooth discoloration, which may
significantly and negatively impact the quality of life in
children. Patients desire both successful treatment and an
esthetic outcome, particularly for their front teeth; there-
fore, materials and procedures with the lowest possible
staining potential must be carefully chosen.

Visual spectrophotometry is a widely and successtully
used method of color evaluation in dentistry (8) and is
currently considered the gold standard method. The delta

E value defines the color difference between the final and
mitial values, The aim of this review is to evaluate the
discoloration potential of factors and materials used in
regenerative endodontic procedures based on published
in vitro studies.

Materials and Methods

The main question aimed to answer in this paper was
whether the materials and procedures used in regenera-
tive endodontic procedures could cause discoloration of
the hard tissues of the teeth, Publications were searched
without a year limit in PubMed, Google Scholar, the
Cochrane Library, Scopus, Lilacs, and Web of Science
databases. The search phrases included “{{regenerative
endodontics OR regenerative procedure OR pulp therapy
OR revascularization OR revitalization) AND (bioc-
eramic OR biodentine OR mia OR mineral trioxide
aggregate OR triple antibiotic paste OR tap OR blood
OR prf OR prp) AND discolo®)”.

The final search was performed on February 18, 2018.
Inclusion criteria comprised the following types of
articles: in vitro studies, studies that used preparations
placed into the tooth tissues, and those that described
revitalization procedures.

Results
A total of 353 titles were retrieved by the query (71 in
PubMed, 201 in Google Scholar, one in Lilacs, three in
the Cochrane Library, 13 in Scopus, and 64 in Web of
Science). Eleven studies were chosen according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) standards (Fig. 1). Table 1
shows information regarding the analyzed materials,
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Table 1 Data pertaining to analyzed studies

381

Author and Mo of teeth! Irrigani(s)  Sample prepara- Measurement method! Material Discoloration
year type of teeth tiom method Measarement fime Yes/Na Final considerations
Lenherr et al. 210 14 NaOCI Material placed  Vita Easyshade Compact o Yes Specimens with TAP(m)
2002 (%) Bovine teeth  20% EDTA, in cuboid enamel-  Before ond after plocement of  Blood Yes were the most discolored,
tap water dentine blocks material, CH Mo
1w, 1, 3m,6m, 12m ApexCal Yes
Ultracal X8 No
TARm) Yes
GMTA Tes
GMTA = blood Yes
WMTA Yes
WHMTA + blood Yes
FC Mo
PC + blood Yes
Akeay et al. k] 10mL 5.35% Canal filled with ~ Spectro Shade Micro CG Mo Specimens with TAP(m)
200E(1m Bovine weeth  Ma0Cl material Afier placement of mat CH ] were the most discolored.
10mL 17% ldo Tw 2w 3w DAP No
EDTA TAP{m) Yes
10 mL distilled TAPd) Yes
water TAPa) Tes
TAPc) Yes
Felman et al. 24 6 mlL 4% Canal filled with ~ Photoshop CS4 - Canon EOS Saline ] Specimens with blood were
RN Human teeth  NaOC1, material 430D - CIE Lab Blood Yes the most discolored.
4 mL15% EDTA Before placement of material,  WMTA + saline Yes
1 mL, 4% 1d.35d WMTA + blood Yes
NaDil
Kirchhofferal. 20 Distilled water  Materials placed  Vita Easyshade Advance 4.0 TARm) Yes Discoloration was observed
244121 Human teeth 5 mL of 2.5% e the pulp Before placement of matenal,  After ninsing out TAP{m} Yes i all specimens.
NaCl chamber after 3 w of placement of
TAF{m), after rinsing out
TAF(m)
Kohli et ol B 10mL 3% Canal filled with  Ocean Optics RRM Mo Specimens with TAP(m)
2005{13) Human teeth  NaOC] material Before placement of material, RRMF Mo were the most discolored,
10mL 17% Lw, 1, 2o, 6 m Bl No
EDTA, WHMTA Yes
10 mlL distilled GMTA Yes
water TAP{m) Yea
G No
Dettwiler etal, 330 1% NaOCl Material placed Vitn EasyShade Empty No Specimens with blood were
2006414 Bovine teeth  20% EDTA in enamel-dentine  Before and after placement of - Blood Yes the most discolored.
saling seluticn  block material Ledermix MTA No
1w, 1o, 3m, 6m, 12m MM-MTA N
RO No
Odontocenn No
P No
PC Bi:0 Yes
PC Zeld No
TAPD Yes
DAF Tes
Shokoubinejad 104 5.25% NaOCl Canal filled with  Konika C82000 PMTA + saline Yes Al specimens with blood
etal Human teeth  17% EDTA material Before placement of material,  Ortho MTA + saline Yes were more diseobored than
2006 (15) L, b m, 6m RRM + saline Yes thisse with saling.
B = saling s
PMTA + blood Yes
Ortho MTA + blood Yes
RREM + hlood Yes
BD = bload Yes
Hlood Yes
Saline solution Yes
Bamtos et al, 50k ImlL 1.5% Canal filled with Vit Ensyshade, VITA G No Specimens with WMTA
2016{16) Bovine teeth  NaOCl, material Classical A1-D4 Shade Guide  TAP{a) No were discolored more than
3l 17% ld 3, 1w 2w 3wlm, TAP{n) Yes those with GIC.
EDTA 2m, 3 m, 4 m after antibiotic  DAP No
distilled water paste placement. CH ]
P, 3, 1w 2w 3wim, TAF{m) WMTA Yes
2 m afler materal GICWMTA TAFGE) "WMTA Yes
placement DAP WMTA Yes
CH/WMTA Yes
TAR(m) GIC Yes
TAP{a) /GIC Yes
DAPGIC Yes
CHGIC Yes
Akbulut et al, 42 17% EDTA, Canal filled with Vit Ensyshade Advance TAPc) Yes Disenboration was ohserved
20074{17T) Human teeth  2.5% NaOC1 material Baseline, 3 w {TAP(ch PMTA + blood Yes in all specimens.
4w (PMTA; DB; MM-MTA  BD -+ blood Yes
* bload) BAM-RATA + blood Yes
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Table 1 continuation

Author and No. of tecth/ Trrigantis) Sample prepara- Measurement method! Material Diiscoloration
year type of teeth tion method Measurement time Yes/No Final considerations
Shokouhinejad 96 20mL 1.5% Canal filled with  Vita Easyshade TAR{m), PMTA + blood Yes Specimens without DBA
etal. Bovine eeth  NaOC| material Before placemant of matenals,  TAF(m), OrthoMTA + blood  Yes discalered more than thase
200T{1E) 20mL 17% In seme groups, 4w atter placement of TAP{m), RetroMTA + blond  Yes with DBA,
EDTA the access cavity  antibiotic paste TAP{m), BD + blood Yes
walls were sealed  Afier placement of barrier TAF(m), PMTA + bloodDBEA  Yes
with DBA before  materinl TAF(m), OrthoMTA + boed DBA - Yes
placement of the  Afier filling of the access TAPm), RemoMTA + blosd DBA - Yes
material cavity TAP{m), BD + blood DBA Yes
4 m after flling of access
cavity
Iriboz et al. #5 2 mlL 5.25% Canal filled with ~ Vita Ensyshade TAP{m) Yes Discoloration was observed
2007 (&) Humian teeth  NaOCL, 10 mL material Od, Tw 2w 3w dw P Yes in specimens with TAF{m)
5350 Wall, CH N andl MP
10mL17%
EDTA 10 L
5.25% NaldC1,
10 mlL distilled
waler

CG: control group; CH: calcium hydroxide: DAP: double antibiotic paste; TAP(m): triple antibiotic paste with minocycline: TAP(d}: triple antibiotic
paste with doxyeycline; TAP{a): riple antibiotic paste with amoxicillin, TAP(c): riple antibiotic paste with cefaclor: TAP(ef): triple antibiotic paste with
cefuroxime; BD: Biodentine: RRM: EndoSequence Root Repair Material puity; RRMF: EndoSequence Root Repair Material fast set paste; WMTA: white
MTA; GMTA: grey MTA; MP; minocyeline paste; FMTA: Pro Root MTA; PC; Portland Cement; PC B0, Portland cement with added bismuth oxide;
PC Zr0y: Portland cement with added wirconium oxide; GIC: glass ionomer cement; MTA: mineral trioxide agpregate; DBA: dentin-honding agent; d: day;

m: month; w: week.

éfﬂd‘@'t@d‘d‘&&d‘@'f\-’@' f‘
FEGNG Y Gy
e

misrine wid sld siw eiw siw wim ein sinein sie siie

Il ieibbah 1
J‘d“@“fe‘\??*@‘@@ J:ﬁ:‘,@

[l
f*‘ C s

Materiati (Reference)

Fig. 2 Delta E values defining the color changes of materials in reviewed studies, The numbers in

parentheses are reference citations.

CG: control group; CH: caleium hydroxide; DAP: double antibiotic paste; TAP{m): triple antibiotic
paste with minocycline; TAP{a): triple antibiotic paste with amoxicillin; TAP(cf): triple antibiotic
paste with cefuroxime: BD: Biodentine; WMTA: white MTA; GMTA: grey MTA; MP: minocycline
paste; PMTA: Pro Root MTA; PC: Portland cement; PC Bi.Os: Portland cement with added bismuth
oxide; PC Zr0: Portland cement with added zirconium oxide; GIC: glass ionomer cement; MTA:
mineral trioxide aggregate; OA: teeth with open apices; CA: tecth with closed apices.

irrigants, tooth type, sample preparation method, mea-
surement time, measurement method, and discoloration
(8-18). Figure 2 presents delta E values from studies that
included its value in results (8,9,12,14,16,17); however,
not all studies included numeric delta E values. A statisti-
cal analysis could not be performed because of different
parameters used by reviewed studies. The risk of bias
was evaluated according to the modified Methodologi-

cal Index for Non-randomized Studies (MINORS) scale
{Fig. 3). All the analyzed studies presented a low risk of
bias.

Discussion
This review identified 11 in wvirro studies that have
reported tooth discoloration induced by materials used
in regenerative endodontic techniques. Notably, most of
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Fig. 3 Risk of bias according to the modified Methodological
Index for Non-randomized Studies (MINORS) scale.

the studies analyzed in this review used different sample
preparation procedures. For instance, Lenherr et al, (9)
and Dettwiler et al. (14) placed the studied materials in
cuboid enamel-dentine blocks, whereas Kirchhoff et al.
(12) used pulp chambers. However, some researchers
studied materials in the root canal (8,10,13,16,18).
Different methodologies in some instances led to
different results,

A wvast amount of research has measured tooth
discoloration using a spectrophotometer and evaluated
discoloration with the CIELAB color space technique
{defined by the International Commission on [llumination
(CIE)) (9,10,12-14,16-1R). Felman et al. (11) obtained
images with a digital camera and used Adobe Photoshop
84 to perform shade analysis with a CIELAB color
space. Schokouhinejad et al. (15) measured discoloration
with a spectroradiometer. Analysis of all the retrieved
data showed that tooth discoloration could occur at any
stage of treatment, such as afier the use of a disinfectant
paste, promotion of bleeding, or placement of barrier
materials.

Disinfectant pastes are intracanal medications used
to disinfect the canal during pulp revitalization. Seven
papers studying triple antibiotic paste (TAP) with mino-
eycline were found (8-10,12,13,16,18). Four of them
compared TAP 1o different materials and found it to be
the most potent in terms of staining ability (9.10,13.16),
with minocyeline having the greatest staining potential
of the other three antibiotics (19). One of the studies
found that discoloration was permanent despite rinsing
out the paste (12). BerkhofT et al. (20) noted that regard-
less of the irrigation techniques used, around 88% of TAP
with minocyeline was found in the root canal system.
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TAP with minocycline was circumferentially presented
up to 350 um within the dentin (20). Minocycline is
semi-synthetic tetracycline derivative which staining
potential was likely related to its chelation of calcium
ions (19) and incorporation into the tooth tissue (12)
as well as the formation of an oxidation product (21).
TAP with minocycline caused the greatest tooth discol-
oration (9,10,13,16), even when compared to specimens
containing only blood (9). Kirchhoff et al. (12) studied
the ability of sodium hypochlorite (NaOCl) to bleach
teeth by rinsing out TAP with minoeycline from the
canal. They found that NaOCI was not enough to cause
bleaching. According to the AAE, minoeycline could be
omitted from or replaced with other antibiotics in TAP,
such as cefaclor, clindamycin and amoxicillin (http://
www.aae.org/regenerativeendo/, accessed on  May
7, 2018). The staining potential of TAP with amoxi-
cillin was evaluated by two studies, which showed a
discrepancy in their outcomes (10,16). Ackay et al. (10)
observed the staining potential of TAP with amoxicillin;
this result was in contradiction with findings by Santos
et al. (16). There was also a difference in methodologies
of these studies. Ackay et al. (10) rinsed root canals with
10 mL of 5.25% NaOCl, and Santos et al. {(16) rinsed
them with 3 mL 1.5% NaOCI before placement of the
antibiotic paste. In addition, Ackay et al. (10) placed TAP
with amoxicillin through the apical aspect of teeth and
did not include information about the concentration of
the antibiotic paste. Alternatively, Santos et al. (16) used
0.1 mg/mL TAP with amoxicillin that was placed into the
root canal through endodontic access. Some authors have
reported that TAP with cefaclor induced tooth discolor-
ation (10,17). Ackay et al. (10) and Santos et al. (16)
claimed that double antibiotic paste placed in the root
canal was not the cause of tooth discoloration; this was in
contrast with findings by Dettwiler et al. (14), who used
enamel-dentin blocks as samples, which did not fully
correspond to real teeth. Caleium hydroxide exhibited
no staining potential in the reviewed studies (8-10,16),
but it was noted that ApexCal (Ivoclar Vivadent, Schaan,
Licchtenstein), which is a calcium hydroxide-based
product with bismuth carbonate, showed the ability to
discolor teeth (9). Bismuth ions, which are derivatives of
bismuth carbonate, could be responsible for ApexCal’s
staining potential.

The next stage of revitalization was the promotion of
bleeding into the root canal by over-mstrumenting the
apex, followed by the placement of a coronal barrier
material over the blood clot. A blood clot formed
inside the canal could affect the color of the teeth. This
discoloration was most likely caused by the distribu-
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tion of blood products, such as hemoglobin, hematin,
and erythrocytes, which penetrated the dentinal tubules
(22). In a histochemical study, Mariin et al. (22) noted
that most discoloration could occur in the dentine layer
near the pulp chamber and its intensity 1s decreasing
towards the outer tooth surface. Blood had high staining
potential which oceurred with (9,11,15,17) and without
contact with barrier materials (9,11,14,15). Lenherr et
al. (9) stated that after blood contamination of Portland
Cement (PC; Medeem GmbH, Weinfelden, Switzerland)
and WMTA (Angelus, Londrina, PR, Brazil), increased
discoloration was observed. Shokouhinejad et al. (15)
compared the effect of blood contamination of barrier
materials on tooth color and concluded that all materials
that were in contact with the blood presented higher
staining potential than materials that were in contact
with saline, The materials included Biodentine (Septo-
dont, Saint Maur des Fosses, France); ProRoot MTA
{Dentsply, Tulsa, OK, USA); Ortho MTA (BioMTA,
Seoul, Republic of Korea); and RRM. Only one study
examined the influence of plasma and platelet concen-
trate on tooth discoloration. Marin et al. (22) reported
that teeth with a pulp chamber filled with plasma and
platelet concentrates did not demonstrate color changes
compared to teeth filled with sterile saline.

Many authors noted that materials used in regen-
erative procedures as barrier materials caused tooth
discoloration. Discoloration was largely related to the
composition of materials used. such as bismuth, iron,
aluminum, and magnesium oxides (15,23). The mecha-
nism of tooth discoloration caused by bismuth oxide was
based on the oxidation of bismuth oxide into bismuth
carbonate, This reaction ocewrred when bismuth was
in contact with carbon dioxide from the air. Reduction
of bismuth oxide to bismuth metal could also cause
discoloration (24). Marciano et al. (24) reported that
when in contact with collagen, bismuth oxide changed
to a black sediment. Camilleri observed discoloration
of WMTA after immersing material in NaOCI (25).
WMTA contained bismuth oxide, which was discolored
after contact with NaOCl, WMTA in contact with ethyl-
enediaminetetraacetic acid (EDTA) showed significant
discoloration compared to samples of material immersed
in normal saline and samples left in dry condition, This
was in disagreement to situations when Biodentine was
used and color stability was observed (26). Grey MTA
(GMTA; Angelus, Londrina, PR, Brazil) (9,13) and
WMTA (9,13) cements also caused discoloration, which
was probably induced by their radiopacifying compo-
nent, bismuth oxide.

Many manufacturers modified the composition of

materials by reducing the content of bismuth oxide or
replacing it with zirconium oxide, which 1s also used
as a contrasting material (27). Some studies report that
zirconium oxide does not have a high staining potential
(14.23,28). Dettwilet et al. {14) evaluated PC, PC with
bismuth oxide, and PC with zirconium oxide. In this
study, discoloration was observed in PC with bismuth
oxide, but not in MM-MTA (Micro Mega, Besancon
Cedex, France) and Ledermix MTA (Riemser Pharma
GmbH, Greifswald-Insel Riems, Germany), although
these two products contained bismuth oxide. The authors
did not provide an explanation of this phenomenon. They
noted that the occurrence and concentration of bismuth
oxide in calcium silicate cements was not a reliable indi-
cator of the possibility of discoloration. Marciano et al.
(29) further investigated whether there was a correlation
between the concentration of bismuth oxide and color
change in calcium silicate cements. Authors noticed that
despite increasing radiopacity, bismuth oxide did not
influence intensity of discoloration (29). It was probable
that composition of the calcium silicate cements could
affect tooth discoloration. Biodentine (13,14), RRM,
and EndoSequence Root Repair Material fast set paste
(RRMF; Brasseler USA, Savannah, GA, USA) (13),
which contain zirconium oxide, did not produce discol-
oration in separate samples. Discoloration was induced
with ProRoot MTA (15), OrthoMTA (15), RRM (15),
Biodentine (15), and WMTA (11) evaluated in samples
with blood and saline. Blood contamination had a strong
impact on tooth color. WMTA and GMTA caused visible
tooth discoloration after 6 months, as opposed to Bioden-
tine, RRM and RRMF (13). The difference was related to
the replacement of bismuth oxide with zirconium oxide in
Biodentine, RRM, and RRMF. Shokouhinejad et al. (15)
reported that OrthoMTA in contact with saline presented
greater tooth discoloration after 6 months than Bioden-
ting and RRM did. WMTA also had staining potential,
but it was greater when the material was contaminated
with blood (11). Uptake of blood components in porosi-
ties of barrier materials could be a potential mechanism
of color change (9).

AAE recommends using a dentin-bonding agent on
dentin in the pulp chamber and using TAP below the
cementoenamel junction to mitigate tooth discoloration.
Shokouhinejad et al. (18) evaluated the impact of the use
of pulp chamber dentin insulation with a dentin-bonding
agent before placing TAP with minocyeline into a root
canal and before placing blood and barrier materials on
staining potential (18). The authors stated that this proce-
dure decreased tooth discoloration but did not eliminate
the problem (18,19),
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Abstract: The aim of this review is to evaluate of effectiveness of bleaching procedures used to
treat discolored teeth subsequent to regenerative endodontic procedures (REFs) based on the review
of in vitro and in vivo studies. This literature review was carried out according to the PRISMA
guidelines, Four databases (PubMed, Scopus, the Cochrane Library, and Web of Science databases)
were searched electronically, until 30 January 2020 without a year limit. The quality of studies was
assessed using a modified methodological index for non-randomized studies. After analyzing 1405
studies, 6 in vitro and % in vivo studies were eligible for this review. In in vitro studies, effectiveness
of bleaching was assessed in teeth discolored by antibiotic pastes, blood, and barrier materials
in various combinations. In all analyzed studies, bleaching was effective in teeth discolored by
antibiotic pastes as well as by blood and barrier materials. Of 26 treated teeth in the in vivo studies,
17 teeth were bleached successfully. In six cases, there was improvement of the shade. In three cases,
bleaching was not sufficient. Bleaching material, techniques, and times differed between studies.
Whitening of discolored teeth after REPs is achievable. However, to establish precise guidelines,
further long-term clinical studies should be performed.

Keywords: bleaching; carbamide peroxide; hydrogen peroxide; regenerative endodontic treatment;
revascularization; sodium perborate

1. Introduction

Regenerative endodontic procedures (REPs) are a recently expanding field in endodon-
tics. They are “biologically based procedures designed to physiologically replace damaged
tooth structures” [1]. Regeneration of damaged dentin and root structures, as well as the
pulp-dentin complex, are fundamental goals of these procedures [1]. REPs are increas-
ingly applied in immature permanent teeth with pulpal necrosis (with or without apical
periodontitis) as an alternative treatment option to apexification. Unlike traditional apexifi-
cation, physiological root development and maturation represent the greatest advantages
of this method [2]. However, some studies report the occurrence of tooth discoloration
subsequent to REPs [3,4], which is an unfavorable outcome of these procedures [5,6].
The potential causes of observed discoloration are respectively: intracanal medicaments,
distribution of blood products, and compositions of barrier materials used in REPs.

Teeth discoloration may negatively impact the quality of life in young patients and
their families [7], especially if the problem concerns anterior teeth. To minimize the risk
of discoloration, placing of triple antibiotic paste (TAP) containing minocycline (TAPM)

J. Clin. Med, 2021, 10, 316, hitps:/ /doi.org / 10,3390/ jem 10020316
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below the cemento-enamel junction and sealing the pulp chamber with a dentin bonding
agent should be considered [8]. However, authors have stated that this recent procedure
could not completely eliminate the problem [49,10].

Masking the discoloration with composite resin veneer or internal bleaching are
the treatment options used to reduce or eliminate tooth discoloration after REDPs [11].
Simple, viable, and minimally invasive procedures should be considered as a treatment
of choice. The ideal option would be dental bleaching. However, the 2012 Cosmetic
Products Safety Amendment Regulations allowed the use of <0.1% hydrogen peroxide
and other compounds or mixtures that release hydrogen peroxide on a group of patients
under 18 years old [12,13]. This is problematic situation faced by dentists, when there
are indications for performing bleaching, but the procedure is illicit [13]. Fortunately, a
new regulation in the General Dental Council’s Position Statement on Tooth Whitening
currently available on their website claims that products containing or releasing between
0.1% and &% hydrogen peroxide cannot be used in young patients under 18 years old, but
the exception is when the whitening is aimed at treating or preventing disease [14].

Hydrogen peroxide is an active ingredient in bleaching materials [15]. It can penetrate
the dentin and releases oxygen, which breaks double bonds of the organic and inorganic
compounds inside dental tubules [15,16]. Hydrogen peroxide is applied directly or might be
formed as a result of a chemical reaction from sodium perborate or carbamide peroxide [15].

Whitening improves the color of the discolored tooth. However, not always to a
sufficient degree [17]. There are currently no precise guidelines for dental bleaching of
discolored teeth subsequent to REPs. The bleaching procedure differs across the currently
available studies. The aim of this review was to identify the effectiveness of teeth whitening
after REPs.

2. Materials and Methods
2.1. Review Questions

The literature review was performed in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) standards (Figure 1) [18]. This review
aims to find an answer for the questions listed below:
1. Is whitening of discolored teeth after REPs effective?
2. What kind of bleaching techniques should be used after REPs?
3. What kind of bleaching agents should be applied in bleaching techniques after REPs?
4. How long should bleaching last?

2.2. Search Strategy and Study Selection
Four databases (PubMed, Scopus, the Cochrane Library, and Web of Science databases)
were searched electronically by two independent reviewers (LF and T.F) for publications
involving bleaching of teeth discolored after REPs. Publications were searched without
a year limit. The last search was conducted on 30 January 2020. The search phrases are
presented in Table 1. After removing duplicates all titles and abstracts were examined.
Publications were extracted based on the inclusion criteria listed below:
1. Invitro and in vivo studies that evaluated bleaching of tooth discoloration after REPs.
2. Publications in which bleaching material was placed in the tooth tissues.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram of the search

strabegy.

Table 1. The search phrases.

Database

Search Phrases

Medline 2
[PubMed] 3
(547)

All

(E((((((((regenerative endodontic procedures) OR regenerative endodontic treatment) OR
revascularization) OR revitalization) OR Biodentine) OR mineral trioxide aggregate) OR triple antibiotic
paste) OR blood) OR platelet rich fibrin) OR platelet rich plasma) OR PRP) OR PRF

(discolo®) OR stain®

((((bleach®) OR whiten*) OR sodium perborate) OR hydrogen peroxide) OR carbamide peroxide
{({({({({{({({{regenerative endodontic procedures) OR regenerative endodontic treatment) OR
revascularization) OR revitalization) OR Biodentine) OR mineral trioxide aggregate) OR triple antibiotic
paste) OR blood) OR platelet rich fibrin) OR platelet rich plasma) OR PRP) OR PRF)) AND ((discolo*) OR
stain®)) AND ({{{(bleach*) OR whiten*) OR sodium perborate) OR hydrogen peroxide) OR carbamide
peroxide)

Scopus
(734)

All

(ALL ("tooth™) OR ALL (“teeth™))

(ALL ("regenerative endodontic procedures”) OR ALL (“regenerative endodontic treatment”) OR ALL
(“revascularization™) OR ALL (“revitalization”) OR ALL (“Biodentine”) OR ALL ("mineral trioxide
aggregate”) OR ALL {“triple antibiotic paste”) OR ALL (“blood”) OR ALL (“platelet rich fibrin”) OR ALL
(“platelet rich plasma”) OR ALL {*PRP") OR ALL (“FRF"))

(ALL (discolo*) OR ALL (stain®))

(ALL (bleach*y OR ALL (whiten®) OR ALL (“sodium perborate”) OR ALL (“hydrogen peroxide”) OR ALL
(“carbamide peroxide™))

{{ALL ("tooth™) OR ALL (“teeth”}}}) AND ({ALL (“regenerative endodontic procedures™) OR ALL
("regenerative endodontic treatment”) OR ALL (“revascularization”) OR ALL (“revitalization”) OR ALL
(“Biodentine”) OR ALL {“mineral trioxide aggregate”) OR ALL (“triple antibiotic paste”) OR ALL
(“blood"”) OR ALL (“platelet rich fibrin”) OR ALL (“platelet rich plasma”) OR ALL (“PRP") OR ALL
(“PRF"))) AND ((ALL (discolo®) OR ALL (stain))) AND ((ALL (bleach*) OR ALL (whiten®) OR ALL
(“sodium perborate”) OR ALL (“hydrogen peroxide”) OR ALL (“carbamide peroxide™)))
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Table 1. Conf.

Database

Search Phrases

Web of
Science
(376)

ALL FIELDS: (regenerative endodontic prm:edures] OR ALL FIELDS: {regenerative endodontic treatment)
OR ALL FIELDS: {revascularization) OR ALL FIELDS: (revitalization) OR ALL FIELDS: (Biodentine) OR
ALL FIELDS: (mineral trioxide aggregate) OR ALL FIELDS: (triple antibiotic paste) OR ALL FIELDS:
(blood) OR ALL FIELDS: (platelet rich fibrin) OR ALL FIELDS: (platelet rich plasma) OR ALL FIELDS:
(PRF) OR ALL FIELDS: (PRF)

ALL FIELDS: (discolo®) OR ALL FIELDS: (stain®)

ALL FIELDS: (bleach®) OR ALL FIELDS: {whiten*) OR ALL FIELDS: (sodium perborate) OR ALL FIELDS;
(hydrogen peroxide) OR. ALL FIELDS: (carbamide peroxide)

Cohrane

27)

All

(regenerative endodontic procedures OR regenerative endodontic treatment OR revascularization OR
revitalization OR Biodentine OR mineral trioxide aggregate OR triple antibiotic paste OR blood OR
Platelet rich fibrin OR Platelet rich plasma OR PRI OR PRF)

{discolo® OR stain®*)

({bleach* OR whiten® OR sodium perborate OR hydrogen peroxide OR carbamide peroxide)
(regenerative endodontic procedures OR regenerative endodontic treatment OR revascularization OR
revitalization OR Biodentine OR mineral trioxide aggregate OR trlp]q- antibiotic paste OR blood OR Platelet
rich fibrin OR Platelet rich plasma OR PRF OR PRF) in All Text AND (discolo* OR stain®) in All Text AND
(bleach™ OR whiten* OR sodium perborate OR hydrogen peroxide OR carbamide peroxide) in All Text

2.3. Quality Assessment

The quality of in vitro and in vivo studies was assessed using a modified methodolog-
ical index for non-randomized studies (MINORS) [19]. This index includes twelve items:
the first eight items pertain to non-comparative studies and an additional four concern
comparative studies. Search results of in vivo studies including case series and case reports.
The risk of bias assessment tool to evaluate the methodological quality of case reports
was not developed [20]. To show an overview and standardize different types of studies
including case reports and case series a modified MINORS scale was used analogous to
that of Benetti et al. [21]. The modified MINORS scale items were as follows: clear aim,
clear REPs protocol, clear bleaching protocol, prospective collection of data, justification of
sample size, follow-up period appropriate to the aim of the study, endpoints appropriate
to the aim of the study, blinded analysis, an adequate control group, contemporary groups,
baseline equivalence of groups, and adequate statistical analyses. The items were scored: 0,
not reported; 1, reported but inadequate; and 2, reported and adequate. All twelve itemns
were used to assess in vitro studies, of which the first eight items were used to evaluate
the in vivo studies. The ideal score for comparative studies is 24 and for non-comparative
studies 16 [19]. The classification of quality of the in vivo studies was made on according to
that of Elkhadem et al. [20] into poor (0-5), fair (6-10), and good (11-16) and analogously a
similar classification was used for in vitro studies: poor (0-8), fair (9-16), and good (17-24).
The results of each item, total score, and study quality are presented in Tables 2 and 3 for
the in vitro and in vivo studies, respectively.
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Table 2. Risk of bias according to the modified Methodological Index for Non-randomized Studies (MINORS) scale in
in vitro studies.

Kirchhoff  Yasaetal.  Akbulut  Iribozetal. Santosetal | ndaoslu
etal. [22] (161 etal. [23] [24] [25] Kiigitkekenci
etal, [26]
Clear aim 2 2 2 2 2 2
Clear REPs protocol 1 1 2 1 1 1
Clear bleaching protocol 2 2 2 2 2 2
Prospective collection of data 2 2 2 2 2 2
Justification of sample size 0 2 0 0 0 2
Follow-up period appropriate to
the aim of the study 2 2 2 2 2 2
Endpoints appropriate to the aim 2 2 2 2 2 2
of the study
Blinded analysis 0 0 0 0 0 0
An adequate control group a 0 0 1 2 2
Contemparary groups 0 0 0 2 2 2
Baseline equivalence of groups 2 2 2 2 2 2
Adequate statistical analyses 2 2 2 2 2 2
Total score 15 17 16 18 19 21
Study quality fair good fair good good good

Numbers coding: 2, reported and adequate; 1, reported but inadequate; 0, not reported,

Table 3. Risk of bias according to the modified Methodological Index for Non-randomized Studies (MINORS) scale in
in vivo studies.

Kim Miller McTigue D¥Mello D;J:;‘;g" Kahler Parthiban  Timmerman  Antov
etal. [9]  etal [27] etal.[17]  etal [11] etal. [29]  etal [30] etal. [31]  etal. [32]
et al. [28]
Clear aim 1 2 1 2 2 1 2 2 1
Clear REPs prmrocol 2 2 2 2 2 2 2 2 2
Clear bleach lnﬁ protocol 2 1 1 2 2 1 1 2 2
Prospective collection of
data 2 2 2 2 2 2 2 2 2
Justification of sample 0 0 0 o 0 0 0 0 0
size
Follow-up period
appropriate to the aim of 1 2 2 0 2 0 2 0 1
the study
Endpuoints appropriate to
the aim of the study ! ! 1 z 2 ! 2 1 z
Blinded analysis 0 a ] 0 a 0 0 0 0
Total score 9 10 @ 10 12 7 11 9 1n
Study quality fair fair fair fair good fair good fair fair

Numbers coding: 2, reported and adequate; 1, reported but inadequate; 0, not reported,

3. Results

After analyzing 1405 studies retrieved from the query of all databases, six in vitro
and nine in vivo studies were qualified on using the PRISMA criteria (Figure 1). Two of
the included studies were searched from additional sources [11,30]. Articles excluded
were studies in which the procedure did not correspond to REPs in in vitro studies [33-35];
studies where bleaching was performed after apexification [36] or partial pulpetomy [37]
in in vive studies; studies lacking information about bleaching agent and technique [35,39];
and review articles [4,40].

3.1. Results of In Vitre Studies

In six in vitro studies, both bovine teeth [16,25] and human teeth [22-24,26] were
bleached. Bleaching was carried out in discolored teeth after the application of antibiotic
pastes, blood, and barrier materials in various combinations. Sodium perborate [16,22,24],
hydrogen peroxide [16,23,26], and carbamide peroxide [25] were used as bleaching agents.
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Bleaching material was placed inside [16,22-26] or inside and outside [25] dental crowns.
The authors evaluated color changes using spectrophotometric measurements [16,22-26]
which allows to obtain the CIELAB color coordinates for a quantitative evaluation of color
changes and based on the VITA Classical A1-D4% Shade Guide, a standard and reference
system used worldwide in tooth shade determination [25]. In studies in which antibiotic
pastes were used, a tooth stained with TAPM bleached more than a tooth stained with TAP
with doxycycline (TAPD) and amoxicillin (TAPA) using both 35% hydrogen peroxide and
sodium perborate [16,26]. In studies in which TAP with cefaclor (TAPC), blood and barrier
material such as Biodentine (Septodont, Lancasted, PA, USA), MM-MTA, (Micro Mega,
Besancon Cedex, France), and ProRoot MTA (Dentsply, Tulsa, OK, USA) were used and
bleaching was performed with 35% hydrogen peroxide, the group treated with Biodentine
bleached significantly more than in other groups [23]. Information extracted from qualified
in vitro studies including number and teeth type, intracanal medicament or/and coronal
barrier, discoloration, bleaching material and technique, the measurement method, and
time as well as bleaching effect are listed in Table 4. Figure 2 presents delta E values from

studies, which included its value among the results.

Table 4. Data pertaining to analyzed in vitro studies.

No. of lInI.raca.naI Discoloration Bleaching Bleaching Measurement  Measurement .
AuthorYear Teeth/Teeth  Medicament or_a’and YesiNe Material Methed Methad Time Bleaching Effect
Type Coronal Barrier
Kirchholf e TATRI/IR et with » Material Vita The bleaching eifect
et al, 2015 hiirman "I'APM..fm"wh with Y:: SP+DW placed in the EasyShade Tw, 2w, 3w was similar between
pei| teeth A E pulpchamber  Advance 4.0 CA and OA groups
The whitening effect
of the 35%HP was
10 TAFM s Material .eiupen'm: than S
Yasa et al., bovine TAPD Vs 35% HP aced i the Spectro 44,84, 124 Diseoloration caused
2015 [16] teeth TA' Yes SP W ¥ 1> chambe Shade Micro e by the TAPM and
o TAPC Yes pulp ehamber TAPC was more
bleached compared
to TAPD and TAPA
The group with BD
Akbulut 42 TAFC Jes Material Vit s mor
- PMTA + blood Yes SR, § significantly
ctal, 2017 human BD + blood Yes 3570 HF placed over EasyShade Tw whitened than the
[23] teeth o = coronal barrier Advance whitenied than
MM-MTA + blood Yes groups with PMTA
and MM-MTA
SP
8P =Heat
- SP +Ultrasonic ) ) .
Iriboz et al., husr:m TarM Yes instrument 30 s, ];\rci:t;virrllﬂtlJ'le Ea.&i‘f:l:ade Id 1w :I:ﬂ::ﬁ: ?]5]
2017 [24] iy MP Yes 29k Hz P o hambe yE d ! b
tee SF +Ultrasomic pulp chamber graups
instrument 60 5,
28k Hz
TAPM/WMTA Yes ﬂ‘if:’“"fﬁ]
TAPA/ WMTA Yes vas app .
DAP/WMTA Yes inside and Vita No difference was
Santos 50 CH/WMTA Yes outside dental  EasyShade found between first
etal, 2017 bovine TAPM/GIC Yes A7 CP ¢ ""'f"“TF“." 15 C;"'_T," ) 14,84 and second
[25] teeth g\:yc;[c; Yes ;fl':’;chl‘;l; AL Shade bleaching within the
AP SGIC Yes - . same group
CH/GIC Yes SES5I0NS Were Guide
oG No performed at
1-week interval
TAFPM Yes - s . e
et al. 3018 human TAPA Yes TNA-YAG laser placed in the EasyShade #d,8d,02d ey than in
. teeth TAPC Yes P pulp chamber  Advance 4.0 group
|26] TAPD Yes irradiation other groups

Abbrevialions: BD, Biodentine; CA, closed apices; CG, control group; CH, calcium hydroxide; CF, earbamide peroxide; d, day; DAF, double
antibiotic paste; DW, distilled water; GIC, glass ionomer cement; HE, hydrogen peroxide; ME, minocycline paste; OA, open apices; PMTA,
Pro Root MTA; 5P, sodium perborate; TAPA, triple antibiotic paste with amoxicilling TAPC, triple antibiotic paste with cefaclor; TAPD,
triple antibiotic paste with doxycycline; TAPM, triple anhbiotic paste with minocycline; w, week; WMTA, white MTA.
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Figure 2. Delta E values defining the color changes of the tooth induced by bleaching materials reported in in vitro studies.
Abbreviations: BD, Biodentine; CA, closed apices; CG, control group; d, day; DAFT, double antibiotic paste; GIC, glass
ionomer cement; HF, hydrogen peroxide; MTA, mineral trioxide aggregate; OA, open apices; PMTA, Pro Root MTA; SF,
sodium perborate; TAPA, triple antibiotic paste with amoxicilling TAPC, triple antibiotic paste with cefaclor; TAPD, triple
antibiotic paste with doxyeyeline; TAPM, triple antibiotic paste with minocycling; TIPB, thermo/ photo bleaching; w, week;
WE, walking bleaching; WMTA, white MTA.

3.2. Results of In Vive Studies

Nine in vivo studies related to bleaching after REPs were identified in this review,
seven of which were case reports [9,11,27-31] and two case series [17,32]. Of the 26 treated
teeth, 23 were anterior teeth [9,11,17,27,28,30,32] and three involved premolar teeth [29,31].
Bleaching was performed in teeth in which discoloration was caused by intracanal pastes
(e.g., TAP with clindamycin [TAPK], TAPM, TAPA, Odontopaste, double antibiotic paste
[DAT], calcium hydroxide [CH| and chlorhexidine gel) and barrier materials (e.g., mineral
trioxide aggregate [MTA], white MTA [WMTA], grey MTA [GMTA], and Portland Cement
[PC]). Internal, external and both of techniques were carried out to bleach discolored teeth.
In the studies discolored teeth were bleached with different bleaching agents: sodium
perborate [9,11,27,28,31], hydrogen peroxide [29], and carbamide peroxide [32]. Two
authors used the combination of sodium perborate and hydrogen peroxide [17,30]. Sodium
perborate was the most frequent bleaching agent used in the in vivo studies. Whitening
improved the color of the discolored teeth [11,28-30] both without [32] and with patient
satisfaction [27,31]. However, teeth did not always return to their original shade [9]. Of all
the analyzed studies, three cases did not bleach sufficiently [17]. Table 5 contains details
from in vivo studies including patient ages, tooth type, injury, preoperative diagnosis,
medicaments applied in REFs, discoloration, bleaching material and methods, as well as
bleaching outcome.

A statistical analysis could not be performed because of different parameters used by
reviewed studies.
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Table 5. Data pertaining to analyzed in vivo studies,

Patient

Tooth

Preoperative

Intracanal

Coronal

Discoloration

Bleaching

AuthorfYear Age Type Injury Diagnaosis Medicament Barrier Yes/No/Color Material Bleaching Method Bleaching Effect Yes/No
Yes
3 ;
Yes Cervicills::;ung The cervical shade improved,
Kim etal., 7y 1 Uncomp. NP, SAP TAPM MTA Blue-greyish SP + DW with GIC the t'uluth did not return to its
2010[9] fracture . L . original shade, patient was
discoloration 4 mm of MTA was L i}
left in canal satisfied with the tooth
whitening
Yes Yes
Miller etal., 9y 1 Avulsion AIP, AAP TAPM WMTA Grey SP+S 1% 1w The patient and child were
2012 [27] ¢ discoloration pleased with the final tooth
) - color
Ty 11 Intrusion NF, CAA TAPM GMTA Yes
7y 21 Intrusion NI, CAA TAPM GMTA Yes
-,
7y 21 Palatal NP, AAP TAPM GMTA Yes
Tuxation
7y 21 Avulsion NF, AAP TAPM GMTA Yes
Dens .
0y 22 evaginatus NF, AAP TAPM GMTA Yes Cotton pellet ) .
: - - " saturated with 11 teeth were successfully
McTigue et al, By 21 Extrusion NF, CAA TAPM GMTA Yes 35% HP for 3 N bleached
2003 [17] Ny 21 Extrusion NP, AAP TAPM GMTA Yes min, 3 cases could not be bleached
7y 21 Avulsion NP, AAP TAPK WMTA Yes SP+10% HP sufficiently
6y 1 Compl NP, AAP TAPK WMTA Yes
- fracture
9y 21 Extrusion NP CAA TAPK WMTA Yes
6y 31 Uncomp. NP, CAA TAPK WMTA Yes
- fracture
9y 11 Avulsion NE CAA TAPK WMTA Yes
Uy 21 Avulsion NE, CAA TAPK WMTA Yes
8y 1 Uncomp. yp aas TAPK WMTA Yes
- fracture
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Table 5. Cont.

Patient

Tooth

Preoperative

Intracanal Coronal

Discoloration

Bleaching

Author/Year Age Type Injury Diagnosis Medicament Barrier Yes/No/Color Material Bleaching Method Bleaching Effect Yes/No
Tx2w
. N Yes Cervical sealing Yes
D'Mello et al., 7y 1 Uncomp. NP, APF, EC Odontopaste Surgicel Grey SP 4+ SW with CIC I'he tooth achieved a natural
2007 [11] fracture WMTA . . A tooth color similar to the
discoloration 3 mm of WMTA .
adjacent tooth
was left in canal
De-Jesus- Compl TAPM 2xlw Yes
Soare f“‘r :ﬂ . 1 fracture NP CH+2% MTA Yes F— Cervical sealing Yes
IUlg[tN] " N 21 Uncomp. NP chlorhexidine MTA Yes : with Coltesol. MTA  Both teeth were similar to the
- fracture gel was left in canal color of the other teeth
11y 35 - N, CAA TAPA WMTA Yes 235% HP Internal bleaching Yes
Kahleret al., Yes
2018291 45 . NE, APP TAPA WMTA Yes 35% HP Internal bleaching  Bath teeth were successfully
bleached
Cervical sealing
. Yes with GIC Yes
Parthiban 4y 21 Crown NF, AAP TAPM PRE Blue-greyish  SP+30% HP  CH was placed in Satisfactory results were
etal, 2018 [30] fracture MTA . . . W
discoloration the access cavity achieved
after bleaching
Tx3w
T Surgicel Yes Cervical sealing Yes
ot :T";;:g‘?:‘l] 12y 45 I APP - “JG;H;I].FT\ greyish-blue 5P+ DW with Cavit W. Patient was satisfied with the
‘ : discoloration WMTA was tooth color after bleaching

removed from canal
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Table 5. Cont.

Author/Year P;h;:f -!I.Z;T Injury Pg;:p;l[;;;:e h;:;?(;;“::ﬂ g:';‘]gl Bglm];g:]:: Bl\l;:;l:;:ls Bleaching Method Bleaching Effect Yes/No
1% 2w idhper
day)
Internal /external
Uncomp bleaching e
15y 1 r NF, CAP DAP WMTA Yes 10% CP i Tooth had lightened from C3
acture Cervical sealing to B1 shade
with GIC )
Part of WMTA was
left in canal
Antov et al., 2% 2widhper
2019 [32] day) Yes
Internal /external There was minimal
9y 2 R NP, CAP DAP PC Yes 10% CP Vbleachi‘ng 7 impml\.'ement of the shade,
’ cervical sealing with patient was no longer
GIC concerned about the
Part of PC was left discoloration
in canal
Uncomp 1% 2w (hper lmpmveme:f:bf shade was
14y 21 Fractme‘ NP, CAP DAP rc Yes 10%CT day) noted, the patient w, N
, the patient was no
External bleaching

fully satisfied with the shade

Abbreviations: AAA, acute alvenlar abscess; AAP, asymptomatic apical periodontitis; AP, asymptomatic irreversible pulpitis; APP, acute periapical periodantitis; CAA, chronic alvealar abscess; CAP, chronic
apical periodontitis; CH, calcium hydroxide; Compl. Fracture, complicated crown fracture; CF, calcium perborate; DAP, double antibiotic paste; DW, distilled water; FC, facial cellulitis; GIC, glass ionomer
cement; GMTA, grey MTA; h, hours; HE, hydrogen peroxide; IF, irteversible pulpitis; MTA, mineral trioxide aggregate: NF, necrotic pulp; PC, portland cement: PRE, platelet vich fibrin; 5, saline; SAF, symptomatic
apical periodontitis; 5P sodium perborate; SW, sterile water; TAPA, triple antibiotic paste with amoxicillin; TAPK, triple antibiotic paste with clindamycin; TAPM, triple antibiotic paste with minocycline;
Uncomp. Fracture, uncomplicated crown fracture; w, week; WMTA, white MTA; y, year
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4. Discussion

This review investigated the efficiency of bleaching tooth discoloration after REPs.
All qualified studies were divided into two groups, in vitro and in vivo studies, and were
discussed separately,

4.1. Analysis of In Vitra Studies

Most of the analyzed studies evaluated the whitening effect of tooth discoloration
caused by disinfectant pastes [16,22,24,26] because root canal disinfection is the most
important and initial stage in the revascularization procedure in which discoloration could
be observed. In the in vitro studies included in this analysis where TAPM was used,
coronal discoloration was observed more often than when other disinfectant pastes were
applied [16,25,26]. A tooth stained by TAPM whitened more compared to teeth discolored
by TAPD, TAPA, TAPC, or DAP [26]. Yasa et al. [16] found that the whitening effect was
greater when teeth were discolored by TAPM and TAPC compared to groups with TAPD
and TAPA. However, the number of teeth in the groups was smaller (n = 5) than in the study
by Fundaoglu Kiigiikekenci et al. [26] and there was no information on the concentration
of TAPC used [16].

Effective bleaching was achieved using 35% hydrogen peroxide [16,26], sodium perbo-
rate [16,22,24], and 37% carbamide peroxide [25]. The whitening effect of 35% hydrogen
peroxide was greater than that of sodium perborate [156]. The bleaching effect of 35%
hydrogen peroxide exceeded the perceptibility threshold from the 4th day of the evaluation
and increased over time [26]. The highest bleaching effect was noticed on the 12th day [26],
but another study showed no statistically significant difference (P = 0.175) between the
8% and 12th day of measurements [16]. The number of teeth in the test groups differed
between studies [16,26]. Nd-YAG laser irradiation on a 35% hydrogen peroxide increased
the efficacy of internal bleaching, but there was no significant difference between the walk-
ing bleach technique and the thermo/photo bleaching technique (I" = 0.19) [26]. Akbulut
et al. [23] assessed the effectiveness of whitening teeth in which discoloration was induced
respectively by TAPC, blood, and barrier materials, such as Biodentine, MM-MTA, or
ProRoot MTA. In this study, 35% hydrogen peroxide was applied over the coronal barrier.
The group with teeth discolored by Biodentine was bleached significantly more than with
MM-MTA and ProRoot MTA, while no statistically significant difference was observed be-
tween specimens in groups treated with MM-MTA and ProRoot MTA [23]. The differences
could be related to the composition of barrier materials such as calcium silicate cements.
Biodentine contains zirconium oxide as a radiopacifying component, while ProRoot MTA
and MM-MTA contained bismuth oxide, which is associated with tooth discoloration.
Calcium silicate cements with zirconium oxide exhibited less discoloration [41]. This may
be attributed to it being a finer sized particle [42] and, therefore, its effect on calcium silicate
material diffusion into dentin tubules [43]. Moreover, Biodentine has also a highly specific
surface area [42], which possibly increases the effectiveness of the bleaching agent [23].
However, overoxidation of bismuth oxide contained in ProRoot MTA and MM-MTA could
result in discoloration [41] and thus, may lead to a reduction in whitening efficiency.

Sodium perborate is effective as a whitening agent and improves discoloration caused
by TAPM [22,24]. Kirchhoff et al. [22] studied the ability of sodium perborate to bleach
stained teeth with open and closed apices. The results indicated that the group with open
apices bleach was similar to groups with closed apices, which is an interesting result,
especially since younger teeth have potentially wider dentinal tubules [44]. Iriboz et al. [24]
observed that there were no significant differences in bleaching on stained teeth with TAPM
and minocycline paste when sodium perborate was used without or with activation by
heat from a hand instrument, using an ultrasonic instrument for 30 s at a frequency at
29 kHz or 60 s at a frequency at 28 kHz. Increasing the temperature of bleaching agent with
a heated hand instrument has been historically described [45], although excessive heating
may damage the dental pulp in vital tooth bleaching [46] and increases the risk of external
cervical resorption in non-vital tooth bleaching [47]. Currently in clinical procedures
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bleaching agents” activation by heat from a hand instrument is not performed. Santos
et al. [25] bleached specimens using 37% carbamide peroxide gel. Bleaching agent was
placed two times with 1-week interval inside and outside the dental crown for 45 min.
In the same group no difference was found between first and second bleaching. It may
suggest that only one session of bleaching is effective to improve color shade.

4.2, Analysis of In Vivo Studies

Regenerative endodontic procedures involved all treated teeth, of which only one
was completed in a single visit [31]. In analyzed studies, a change in color was noticed
some time after the disinfectant paste was placed or post-treatment. In two of the in-
cluded studies, grey and blue-greyish discoloration was observed six weeks after placing
TAPM [9,27]. TAPM was most frequently used as an intracanal disinfectant [9,17,27,28,30].
However, other materials were also used (e.g.. TAPK, Odontopaste, TAPA, DAP, CH, and
2% chlorhexidine gel). Parthiban et al. [30] noticed mild discoloration 28 days after TAPM
placement and blue-greyish discoloration three months post-treatment. In other cases, post-
treatment discoloration time occurrence varied between studies. It is worth mentioning
that not all studies contained information about the color of the discoloration.

The research methodology differed between studies. Bleaching was performed after
one week [9], 39 weeks [27], 3 months [30], 39 months [11], and 58 months [31]. Some
authors [17,28,29] did not include information about the post-treatment time before starting
whitening in their studies. Bleaching was carried out using different techniques: internal,
external, or both of these techniques.

Internal bleaching in which the bleaching material was placed into the pulp chamber
was similar to the walking bleach technique carried out for non-vital teeth. Although vital
pulp-]ike tissue i1s formed in root canal fo]klwing REPs, the coronal pu]p space is empty.
This allows using the non-vital teeth bleaching technique to treat discolored teeth after
REFPs because cervical sealing material protects the new vital pulp-]ik{-: tissue from the
bleaching agent [25].

Bleaching techniques were carried out in asymptomatic patients immediately after the
regeneration procedure had been performed in the teeth in which the hard tissue bridge
did not manage to form [9] or after some time from bleaching when continued lateral wall
thickening [11], periapical healing and maturation of the root apex [31] was observed. Kim
et al. [9] performed bleaching one week post-treatment. The barrier material (MTA) was left
in canal and the bleaching agent was placed over the cervical sealant with glass ionomer
cement (GI). Eight months after bleaching the radiograph showed evidence of continuation
of apical closure. Despite the only barriers separating the newly formed pulp-like tissue
were MTA and GI, respectively, revascularization procedures were successful, which was a
very meaningful result, especially since bleaching materials may damage the pulp tissue
and cause pulp inflammation [21]. However, it is worth noticing that Tsujimoto et al. [48]
using a scanning electron microscope observed changes in surface structure of MTA after
application of hydrogen peroxide as a bleaching agent. Discovered structural alterations
described as e.g., globular structures, woodpecker holes and creases were dependent
on hydrogen peroxide concentration and may predispose to microleakage occurrence.
Although the findings suggest that MTA is an insufficient barrier against tooth bleaching,
an in vitro study of 2-mm intra-orifice barriers of GMTA, WMTA and GI showed similar
coronal leakage in all tested materials [49]. The studies with a fluid transport model [49] and
protein leakage test [50] showed that cervical sealing material significantly reduces leakage
even when bleaching agent is in use. Therefore, seeing the fact that sealing materials
are highly required as they reduce the possibility of resorption further investigation is
essential. The formation of the dentin bridge underneath the barrier material could act as
an additional biological seal. The formation of the dentin bridge underneath the barrier
material could act as an additional biological seal. Additionally, studies that analyzed the
thickness of the dentin bridge formation after direct pulp capping showed that the mean
thicknesses of the hard-tissue dentin bridge depended on the material used [51].
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Unfortunately, there are risks associated with internal bleaching of non-vital teeth,
such as weakening of the physical properties of dental hard tissues, penetration of the
bleaching agent in the dentinal tubules, dental fracture during treatment, and the most
serious, external cervical root resorption [52]. No information on the above-mentioned
complications was included in the in vivo studies analyzed. To avoid cervical root resorp-
tion in the treatment of non-vital tooth discoloration, a cervical barrier should be placed to
prevent diffusion of the bleaching agent throughout the dentinal tubules [53]. Similar to
this technique, the authors in the analyzed studies also applied cervical sealing materials
such as GI [9,11,30,32], Cawit W (3M, 5t Paul, MN, USA) [31], or Coltosol (Coltene Whale-
dent, Mahwah, NJ, USA) [28] which was placed in cases when barrier material (e.g., MTA,
WMTA, PC) was removed [31] or left [9,11,28,32] in the canal. Some authors did not report
on the cervical sealing material [17,27,29].

Among the widely used bleaching materials such as carbamide peroxide, hydrogen
peroxide, and sodium perborate, the last one was mainly used. Sodium perborate has been
classified as carcinogenic, mutagenic, or toxic to reproduction (CMR substances) and its
use is prohibited in Europe (Cosmetics Regulation 1223/2009) [54]. In analyzed studies,
sodium perborate was mixed with hydrogen peroxide [17,30], distilled water [9,25,531],
sterile water [11], or saline [27] and was placed in the pulp chamber. McTigue et al. [17]
also applied a cotton pellet saturated with Superoxol (Sultan Healthcare, Hackensack, NJ,
USA) for 3 min. The duration of whitening time varied from one to three weeks. The
bleaching agent was placed in the pulp chamber once [11,17,27,31], twice [28], and three
times [%] depending on the study. Only in one study was calcium hydroxide placed in the
access cavity after bleaching for one week [30] and in one study was the evaluation of color
changes made using a digital spectrophotometer [28].

Antov et al. [32] showed three cases in which 10% carbamide peroxide was used
in the bleaching procedure. In two cases, two weeks of internal/external bleaching was
performed using vacuum formed bleaching trays with a reservoir over the labial surface of
the bleached teeth. Before bleaching reduction of the barrier material and cervical sealing
with GI were performed. Bleaching showed a satisfactory final result in the first case and
minimal improvement of shade in the second case. In the third case, because of the lack of
radiographic evidence of Portland cement and calcific barriers, and therefore, the risk of
damage to revitalized tissue upon reduction of cement, two weeks of external bleaching
was performed. Shade was improved but the patient was not fully satisfied with the result,
which was why a direct composite veneer was provided.

From 26 treated teeth 17 teeth were bleached successfully [11,17,28,29,32]. In six cases,
there was an improvement of the shade [9,27,30-32] of which, in one case presented by
Antov et al. [32], the effect was minimal and, in a case presented by Kim et al. [¥], the tooth
did not return to its original shade. In three cases bleaching was not sufficient [17].

The clinicians who perform REPs should be aware of the high-risk of post-treatment
discoloration [32] and all procedures ought to be performed with minimal risk of potential
discoloration. If the discoloration appears, bleaching should be considered ultimately to
improve shade or in the transitional period before more invasive procedures were planned
such as porcelain veneers or crowns.

There are no exact guidelines for dental bleaching of discolored teeth after REPs. There
are no randomized trials on this topic. However, based on analyzed studies a summary of
the current bleaching procedure was presented below.

Three different bleaching techniques were used in the analyzed studies: internal,
internal-external, and external bleaching technique, of which internal bleaching was the
most frequently used method in an asymptomatic patient [9,11,27,30,31]. It is worth men-
tioning that internal bleaching technique is commonly used in non-vital teeth and analyzed
studies provide insufficient information about follow-up and long-term observations after
this method was applied in terms of its effect on the outcome of teeth regeneration pro-
cedure. The barrier material was usually left in the canal [9,11,28,32], which may affect
the additional seal and minimize the risk of damage to dentin bridge or revitalized pulp.
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Cervical sealing with GI cement was frequently applied to the barrier material [9,11,32].
The bleaching agent was placed inside the dental crown analogously to a non-vital tooth
bleaching technique [9,11,17,27-31]. As a bleaching agent, three different substances were
used: hydrogen peroxide, sodium perborate, and carbamide peroxide. It is impossible to
conclude which bleaching agent should be recommended owing to high variability in the
investigated studies—different bleaching agents, its concentration, time, and technique
of application, but also inconsistent outcome evaluation. The problem with evaluation
is especially seen in in vivo studies, where a quantitative method was used only once
and qualitative methods were not standardized, because such a standardization does not
exist. Difference in local legal permissibility is also a major issue in terms of guidelines
preparation e.g., the use of sodium perbaorate is not legal in the Europe. Calcium hydroxide
was placed in the pulp cavity after bleaching [30] only in one case. The access cavity was
restored with composite [9,27,29,30].

Taking the above into consideration, a standardized protocol for the bleaching proce-
dure and assessment should be introduced to obtain the most reliable results.

5. Conclusions

This systematic review indicated that whitening of discolored teeth after REPs is
achievable. The internal method was the dominant one, but due to alternative method
usage shortfall, it is hard to make a comprehensive comparison. Similar to difference in
bleaching agent usage observed in analyzed studies, there is a wide difference in bleaching
duration. Therefore, it is not possible to make a suitable conclusion. For the creation of
precise guidelines that would define the appropriate bleaching technique, material, and
duration in discolored teeth after REPs, further studies are required.
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Abstract: Discolouration resulting from regenerative endodontic procedures may have a negative
impact on the quality of life of treated patients; therefore, it is recommended to minimize this risk
by selecting appropriate scaffolds and barrier materials, and if discolouration occurs, the use of a
simple, cost-effective and minimally invasive technique, such as whitening, should be considered.
This in vitro study aimed to evaluate tooth discolouration after two- and single-visit regenerative
endodontic procedures and the effectiveness of subsequent whitening procedures with carbamide
peroxide. Two hundred bovine incisors were included in this study and divided into twenty groups
based on the tested material combinations. Two groups were control groups, one with saline and
the other group with blood. In the 12 groups, the experiment was designed to be consistent with
the two-visit regenerative endodontic procedures. Triple antibiotic paste or calcium hydroxide
were placed in the root canal, and then scaffolds (e.g., blood or platelet-rich fibrin) and barrier
materials (Biodentine, OrthoMTA or MTA Repair HP) were applied after rinsing the disinfectant
pastes. In the six groups that corresponded to the single-visit regenerative endodontic procedure,
the use of a disinfectant paste was omitted. Subsequently, the specimens were bleached twice with
carbamide peroxide at a 7-day interval. Colour change measurements were performed using a
spectrophotometer (VITA Easyshade Compact 5.0, VITA Zahnfabrik, Bad Sickingen, Germany).
Statistical analysis was performed with the Kruskal-Wallis H test, the independent f-test and I-test for
related samples. Tooth discolouration was noticed after two- and single-visit regenerative endodontic
procedures, except for the platelet-rich fibrin+MTA Repair HP group. After the first and second
whitening procedures, all of the tested two- and single-visit regenerative endodontic procedures
groups showed a change in the colour of the crown, which was noticeable to the naked eye (AE = 3.3).
When analysing the AE value between the first and second bleaching procedures, no changes in the
colour of teeth were visually noticed in the calcium hydroxide and platelet-rich fibrin +MTA Repair
HF groups (AE < 3.3). Single-visit regenerative endodontic procedures are suggested if possible;
however, if two-visit regenerative endodontic procedures are performed, it is recommended to use
calcium hydroxide as the disinfectant paste because of the lower staining potential. In the context
of discolouration, platelet-rich fibrin is advisable for use as a scaffold. The whitening procedure is
waorth considering, but does not guarantee a return to the original tooth colour, especially when triple
antibiotic paste is used.

Keywords: regenerative endodontic treatment; bleaching; discolouration; whitening; carbamide
peroxide; platelet-rich fibrin
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1. Introduction

Regenerative endodontic treatment is a dynamically developing field in endodontics
that allows regeneration of damaged dentin and root structures, as well as the pulp-dentin
complex [1] in immature permanent teeth with pulpal necrosis (with or without apical
periodontitis) [2]. Continued root development and maturation are important advantages of
regenerative endodontic procedures [3]; however, tooth discolouration is an unfavourable
outcome of these procedures [4-6]. According to the American Association of Endodontists,
regenerative endodontic procedures involve the removal of the infected pulp, disinfection
of the root canal with disinfectant pastes, promotion of bleeding into the canal system by
over-instrumenting, and placement of the barrier material over a blood clot [7]. If intracanal
bleeding is not attainable, platelet-rich fibrin can be used as a scaffold [5,9].

Many authors have noticed crown discolouration after regenerative endodontic pro-
cedures, which may negatively affect the quality of life of treated patients [10]; therefore,
it is recommended to reduce this risk as much as possible. To minimise the risk of dis-
colouration, the American Association of Endodoentists suggests sealing the pulp chamber
with a dentin bonding agent prior to the application of the disinfectant pastes, although
some authors have shown that this technique counteracts, but does not eliminate, the
problem [11,12].

The American Association of Endodontists recommends the use of calcium hydroxide
as a disinfectant paste. Calcium hydroxide may limit discolouration after regenerative
endodontic procedures [4]; however, Chen et al. [13] reported that it is not indifferent for
tooth colour. Triple antibiotic paste should be placed below the cementoenamel junction [7].
The concentration of triple antibiotic paste should be reduced, or minocycline, which has the
greatest staining potential, should be replaced with another antibiotic (e.g., clindamycin,
amoxicillin and cefaclor) or omitted [7]; nevertheless, in vitro [14-16] and in vivo [11]
studies have shown that despite following the American Association of Endodontists
recommendations, discolouration could not always be avoided.

It has been noted that white ProRoot MTA {Dentsply, Tulsa, OK, USA) has a strong
staining potential [17], and it is recommended to use Biodentine (Septodont, Saint-Maur-
des-Fossés, France) or EndoSequence BC RRM-Fast Set Putty (Brasseler, Savannah, GA,
USA) as barrier materials, especially if regenerative endodontic procedures are performed
in the anterior teeth [7]. If tooth discolouration occurs despite the use of the aforementioned
techniques, the use of a simple, cost-effective, minimally invasive technique, such as
whitening, should be considered. Teeth whitening is a process that lightens the colour of
the tooth [18]. Materials that affect the colour of the tooth are most often organic compounds
with conjugated chains of alternating single or double bonds, often containing heteroatoms
and phenyl and carbonyl rings, and are referred to as chromophores [19,20]. In the context
of chemical processes, bleaching occurs due to the breakdown of double bonds, cleavage of
conjugated chains or oxidation of other chemical molecules in the conjugated chain [19].
This is due to the action of hydrogen peroxide, which can be used directly as a bleaching
agent or can be released from sodium perborate or carbamide peroxide [21]. Hydrogen
peroxide diffuses into the tooth structure, dissociates and generates oxygen free radicals [20].
As a result of the reaction of highly reactive oxygen radicals with chromophores, products
are formed that are polar and have a lower molecular weight and are easily removed from
the tooth in an aqueous environment [22]. Additionally, de novo products are brighter [20].

Teeth whitening after regenerative endodontic procedures can be a challenge for clin-
icians, especially with regard to the selection of the material used and its concentration,
as well as the method of performing the procedure. In a group of patients younger than
18 years of age, the 2012 Cosmetic Products Safety Amendment Regulations allowed the
use of <0.1% hydrogen peroxide and other compounds or mixtures that release hydrogen
peroxide [23,24]. Yet, a new regulation in the General Dental Council’s Position Statement
on Tooth Whitening asserts that products that contain or release between 0.1% and 6%
hydrogen peroxide cannot be used in patients younger than 18 years of age, unless the
purpose of bleaching is to treat or prevent disease [25]. There are no designated guide-

61



I Clin, Med. 2022, 11, 7016

3of 20

lines on how bleaching procedures should be performed [26]. Researchers have bleached
discoloured teeth using different techniques, including internal [27-29] and external [30]
techniques, or bath [30]. The internal bleaching technique is similar to the walking bleach
technique, which is used to bleach non-vital teeth. The bleaching material is placed in
the pulp chamber, and the newly created pulp-like tissue in the root canal is protected by
a barrier material [16]. Different types of bleaching agents have been used in previous
studies, including hydrogen peroxide [31], carbamide peroxide [30,32] and sodium perbo-
rate [11,27,28], or a mixture of these materials [33,34]. Sodium perborate is prohibited in
Europe [35] and is classified as toxic to reproduction, carcinogenic, or mutagenic.

Several case reports have shown that whitening of discoloured teeth after regenerative
endodontic procedures is achievable and satisfactory for the patient [36,37], and even the
colour of adjacent or other teeth can be achieved [27], although this is not a fully predictable
procedure. There is a lack of extensive in vitro studies on large research materials that anal-
yse the whitening of discoloured teeth after single- and two-visit regenerative endodontic
procedures in the context of different disinfectant pastes, scaffolds, and barrier materials.
Several authors have analysed bleached teeth after single- or two-visit regenerative en-
dodontic procedures in which blood and a selected barrier material are placed into the root
canal [31,32,34], but no studies have evaluated bleaching after regenerative endodontic
procedures during which platelet-rich fibrin is used. Additionally, most of the authors used
a high concentration of whitening agents that did not meet the requirements for dental
treatment in patients younger than 18 years of age. All these factors were considered in
the present study, which was performed using extensive researched materials and was
designed to evaluate bleaching after the use of various disinfectant pastes and subsequent
scaffolds (blood and platelet-rich fibrin) and barrier materials, including the latest calcium
silicate-based cements, e.g., MTA Repair HP. This study aimed to examine tooth crown
discolouration after two- and single-visit regenerative endodontic procedures and the effec-
tiveness of the whitening procedure. The null hypotheses assume that, first, tooth tissue
discolouration occurs after regenerative endodontic procedures, and second, whitening
would be achievable.

2. Materials and Methods
2.1. Ethics Statements

The manuscript of this laboratory study has been written according to the Preferred
Reporting Items for Laboratory Studies in Endodontology (PRILE) 2021 guidelines [38]. The
PRILE 2021 flowchart is presented in Figure 1. The use of single-rooted mandibular bovine
incisors in this study was approved by the local ethics committee (no. KB-0012/53,/01/18).
The teeth were collected from bovine heads from a local meat processing plant that were to
be disposed of. The procedure was approved by the local Sanitary and Epidemiological
Station (No. PIW.HP.9260,/Uppz/Bad./2/2017).
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Figure 1. The PRILE 2021 flowchart.
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2.2. Sample Preparation

After the extraction of 230 teeth, the specimens were stored in 1% chloramine solution
for 24 h at 22 *C. All teeth were cleaned of plaque, sediment and stains using an ultrasonic
scaler, and polished with water and pumice paste. Thirty teeth were excluded because
of dental abnormalities or caries. Two-hundred teeth were included in the study and
prepared for further research, similar to Shokouhinejad et al.’s study [39]. Endodontic
access was prepared, and the pulp was removed from the pulp chambers and root canals
using a barbed broach. To simulate immature teeth and standardise the length of the roots,
the apical part of the root was removed 15 mm from the cementoenamel junction with a
diamond bur in a high-speed hand piece under water cooling, and 4 mm of the apical part
was sealed with glass ionomer cement (Kromoglass 2, LASCOD, Sesto Fiorentino, Italy).
The root canals were shaped using 1#-6# Gates Glidden drills. The canals were irrigated
with 1.5% NaOCl (20 mL/5 min), followed by 17% ethylenediaminetetraacetic acid (EDTA)
(20 mL/5 min) and dried with absorbent paper points. The teeth were randomly divided
into 20 groups (n = 10) (Figure 2). Two of the groups were control groups in which the
root canals were filled with 0.9% NaCl (group 1) or blood (group 2). The internal walls
of the pulp chambers of the remaining specimens were sealed with a dentin bonding
agent (Tokuyama Universal Bond, Tokuyama Dental, Tokyo, Japan), according to the
manufacturer’s instructions.
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Figure 2. Description of the experimental groups. Abbreviations: FRF, platelet-rich fibrin.

Twelve study groups were designed to undergo two-visit regenerative endodontic
procedures. In these groups, disinfectant pastes were applied to the root canal below the
cementoenamel junction using a syringe. Six groups were treated with triple antibiotic
paste, and the other six groups were treated with calcium hydroxide. Triple antibiotic
paste consisted of ciprofloxacin, metronidazole, and minocycline in equal proportions
(I:1:1) and was prepared with 0.9% NaCl to obtain a 5 mg/mL paste. Calcium hydroxide
was prepared according to the manufacturer’s instructions (Biopulp, Chema Elektromet,
Rzeszow, Poland). After 3 weeks, disinfectant pastes were rinsed out from the canal
with 17% EDTA (20 mL/5 min) and dried with absorbent paper points. Next, blood or
platelet-rich fibrin was applied to the canal 4 mm below the cementoenamel junction,
and 3 mm of calcium silicate-based cement was placed on the scaffold. The barrier ma-
terials used were Biodentine, MTA Repair HT, and OrthoMTA, and their compositions
and preparations are described in Table 1. Finally, after rinsing the triple antibiotic paste
from the canal, three groups were treated with blood and the following barrier material:
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Biodentine (group 3), OrthoMTA (group 4), or MTA Repair HP (group 5), and the next
three groups were treated with platelet-rich fibrin and the following barrier material: Bio-
dentine (group 6), OrthoMTA (group 7), or MTA Repair HP (group 8). The same procedure
was performed for the samples with calcium hydroxide. After disinfection, calcium hy-
droxide was replaced with blood and the following barrier material: Biodentine (group 9),
OrthoMTA (group 10}, or MTA Repair HI (group 11) in the three groups, and in the next
three groups, teeth were treated with platelet-rich fibrin and the following barrier material:
Biodentine (group 12), OrthoMTA (group 13), or MTA Repair HI? (group 14).

Table 1. Compositions of barrier materials.

Material Manufacturer Compounds Radiopacifier Mixing
Powder: tricalcium silicate,
dicaleium silicate, calcium
carbonate and oxide filler, 0.7 ¢ capsule of powder +
Septodont, iron oxide shade, and S-drbu 5puf P i
Biodentine Saint-Maur-des-Fossés zirconium oxide Zirconium oxide " draps o
Cedex, France Liquid: calcium chloride as liquid {triturator):
. 4 4000-4200 rpm; 30 s
lerator, hydrosoluble pr;
accelerator, hy
polymer water-reducing
agent, and water
?Ii-'_“rde;'.ca]:; umlu.arl.m.nate, 0.2 g pouches of powder
OrthoMTA BioMTA, Seoul, Korea ‘;;;;‘;“m:g"' € AWMU Dibismuth trioxide  + 2 drops of water
dibismuth trioxide mixed manually
Powder: tricalcium silicate,
Angelus, Londrina dicalcium silicate, tricalcium 0.085 g capsules of
MTA Repair HP ]‘RgBra;il ! aluminate, calcium oxide, Calcium tungstate  powder + 2 drops of
' ) and calcium tungstate liquid mixed manually

Liquid: water and plasticizer

In six groups, disinfectant pastes were not used, which is consistent with the single-
visit regenerative endodontic procedures. Scaffold and intracanal barrier materials were ap-
plied to the root canal, in a similar way to the following previous groups: blood + Biodentine
(group 15}, blood + OrthoMTA (group 16}, blood + MTA Repair HP (group 17), platelet-
rich fibrin + Biodentine (group 18), platelet-rich fibrin + OrthoMTA (group 19), and platelet-
rich fibrin + MTA Repair HP (group 20). Blood was collected from a healthy author. Cement
was placed on the scaffold 15 min after the blood clot had formed. For platelet-rich fib-
rin preparation, human blood was collected from the cephalic vein in sterile tubes and
centrifuged for 14 min at 1500 rpm using a Dr. Choukroun DUQ Quattro PRF centrifuge
{(Mount Pleasant, SC, USA). After centrifugation, three layers formed inside the tube, includ-
ing platelet-poor plasma, platelet-rich fibrin, and erythrocytes from which the platelet-rich
fibrin layer was selected. After application of the scaffolds and barrier materials, the cavity
was sealed with glass ionomer cement. After the setting of the cement was confirmed,
the access cavity was filled with glass ionomer cement for 4 weeks. After 4 weeks, glass
ionomer cement and 2 mm of the barrier material were removed, and cervical sealing with
glass ionomer cement was performed. Then, carbamide peroxide (Peroxidon, Chema—
Elektromet, Rzeszow, Poland) was placed into the pulp chamber and covered with a small
cotton pellet, and the access cavity was closed with glass ionomer cement. The bleaching
agent was applied for 1 week. The whitening procedure was performed twice at a 7-day
interval. During the study, the samples were stored in an incubator (220 V, 50 Hz; Carbolab
Electronic, Warsaw, Poland) at 100% humidity and 37 *C.

2.3. Colour Assessment

To measure the colour of the specimens, two blinded operators used a spectropho-
tometer (VITA Easyshade Compact 5.0, VITA Zahnfabrik, Bad Sackingen, Germany). The
specimens were placed at the level of the measuring tip of the device. Then, impression
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materials molds were made (Aquasil Soft Putty, Dentsply DeTrey, Konstanz, Germany) on
the labial surface of the teeth, with an oval hole cut-out in the area of the cervical third of
each tooth with a diameter of 6 mm, corresponding to the diameter of the spectrophotome-
ter’s measuring probe tip. Before the measurement, the specimens were dried for 3 s with a
blower. Each measurement was repeated thrice, and the spectrophotometer was calibrated
before each measurement. The measurement time points for each step are listed in Table 2.

Table 2. Measurement time points for a specific step.

Step Measurement Time Points

0 Before treatment

1 3 weeks after placement of disinfectant pastes

2 4 weeks after application of scaffold and coronal barrier
3 1 week after first bleaching procedure

4 1 week after second bleaching procedure

The use of a spectrophotometer allowed the measurement of the values of L, a and
b and evaluation of the shade of the tooth in accordance with the international VITA
SYSTEM 3D-MASTER shade systems. As suggested by the manufacturer (Vita-Zahnfabrik,
Bad Sickingen, Germany), the 26 shades of the Toothguide 3D Master were grouped into
5 groups of lightness levels [40] and are presented in Table 3. The authors performed
qualitative measurements and assigned them to the appropriate lightness levels.

Table 3. Shades of the Toothguide 3D Master grouped into five groups of lightness levels.

Lightness Level Shade

OM1, 0M2, and OM3

1M1 and 1M2

2M1, 2L1.5, 2R1.5, 2M2, 2L.2.5, 2R2.5, and 2M3
IM1, 3L1.5, 3R1.5, 3M2, 31.2.5, 3R2.5, and 3M3
4M1, 4L1.5, 4R15, 4M2, 4L2.5, 4R2.5, and 4M3
5M1, 5M2, and 5M3

L5 TS U S

To evaluate the exact colour changes, the authors carried out quantitative measure-
ments of L, a, and b and used the AE values in the CIELab colour space. AE is the difference
between the following and initial values, and was calculated according to the formula

AE = /(AL + (8a)® + (Ab)?

L is the lightness, which ranges from 0 (black) to 100 (white), a represents red (+) to
green (—), and b represents vellow (+) to blue (—).

A calculated AE value of >3.3 is considered as clinically perceptible [41]. Photographs
of samples were taken at each stage of the study with a specially designed EyeSpecial C-II
device (Shofu, Inc., Kyoto, Japan), which is a professional camera created for dental practice
with autoflash adjustment to reflect true colour. Photographs were taken in a specially
designed form that allows the same distance between the camera and the sample to be
obtained. Photos were taken in the automatic mode provided by the manufacturer. No
further modifications or enhancements were applied to the images.

2.4. Statistical Analysis

Statistical analyses were performed using NumPy [42], SciPy [43], Pandas [44], and
Scikit-learn [45] libraries for the Python programming language. Graphs were generated
using the Matplotlib [46] and Seaborn [47] Python libraries. Basic statistical descriptive
tests were performed, and data are presented as the mean and standard deviation. The
Kruskal-Wallis H test was used to evaluate the qualitative results from the VITA SYSTEM
3D-MASTER shade lightness levels. The independent t-test and {-test for related samples
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were used to compare the numerical values between the groups and steps in the quantitative
analysis. Hierarchical clustering was performed using the Ward method with Euclidean
affinity. A statistically significant test result threshold was set at p < 0.005 [48].

3. Results

Before the intervention, one tooth from each of the following groups was rejected:
groups 4, 13 and 20, due to a significant deviation from the initial colour. The lightness level
distribution of the VITA SYSTEM 3D-MASTER across the steps is presented in Figure 2.
In the qualitative analysis of group 1, no significant differences were observed between
the steps (p = 1). The level of lightness in group 2 significantly differed between the initial
and subsequent test steps. Means and standard deviations of the L, a, and b parameters
for all groups for each step are presented in Table 4. The AE, AL, L, a, and b values for
all groups and steps are shown in Figures 4-8, respectively. Group 1 with NaCl did not
present clinically perceptible discolouration at any stage of the study (AE < 3.3), unlike
group 2 with blood (AE = 3.3). Photographs of all samples taken with the EyeSpecial C-I1
camera are shown in Figure 9.
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Figure 3. Lightness level distribution of the VITA SYSTEM 3D-MASTER for each step.

Table 4. Means and standard deviations of L, a, and b values for all groups for each specified step,

Step 0 Step 1 Step 2 Step 3 Step 4
L {mean + SD} 92417 4+ 3220 B8.211 4 7083 B1.544 + 0870 B5.480 4 15439 87598 + 14909
a {mean + S0} —0.579 + 1170 —1.632 + 1499 (.022 + 2585 —1.755 + 2.361 —1.724 + 2866

b (mean +£ 5D 23484 + 3640 28252 +£ 10248 25143 + 5499 20856 + 4775 18452 + 4.937
5D, standard deviation.
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Step 0 corresponds to the samples without any interference. In the qualitative analysis,
most teeth were defined as lightness level 1 (Figure 3). The means and standard deviations

for the values of L, a, and b are presented in Table 4.

In step 1, visible tooth discolouration was observed in all groups in which the disinfec-
tant pastes were applied. The mean value of AE for the groups with calcium hydroxide was
4.27, and for the groups with triple antibiotic paste, AE = 23.13. Significant differences in
AE were found between the calcium hydroxide groups, triple antibiotic paste groups, and
groups where the disinfectant pastes were omitted, but not within the groups themselves.
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Figure 10 shows the samples arranged in the first step in the three-dimensional CIELab
colour space.
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Figure 8. Values of b for all groups and steps.

In step 2, after applying the scaffold and barrier material, the specimens of only one
group, that is, group 20, showed no visible colour change (AE = 2.62). Between steps 1
and 2, the highest AE value was reported for the groups in which triple antibiotic paste
was used earlier. Despite the use of different scaffolds and barrier materials, no significant
colour change was observed between the groups with triple antibiotic paste (p > 0.005). In
step 2, the L value for groups with triple antibiotic paste decreased significantly compared
with that in step 1. The AE value did not differ significantly in the triple antibiotic paste
groups in which blood was applied as a scaffold, in comparison to the equivalent groups
with calcium hydroxide and single-visit regenerative endodontic procedure groups. In the
triple antibiotic paste groups in which platelet-rich fibrin was used, when compared to the
matching groups without triple antibiotic paste, statistical significance was noted. When
comparing the AE value in groups in which calcium hydroxide was applied previously and
replaced with a scaffold and barrier material to the corresponding single-visit regenerative
endodontic procedures groups, no significant statistical changes were noticed between
steps 1 and 2. The lowest AE values in step 2 were achieved in the single-visit regenerative
endodontic procedures groups with platelet-rich fibrin (group 20, AE = 2.62; group 18,
AE =3.94; group 19, AE = 4.40). Comparing the single-visit regenerative endodontic
procedures groups between steps 1 and 2, a significant difference was noticed between the
blood and platelet-rich fibrin groups. The BB, BO, and BM groups showed significantly
more discolouration than the corresponding platelet-rich fibrin groups, but it was not
significant compared to the positive control group (group 2).
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Figure 9. Representative images of the experimental groups. (Left), the first tooth after step 0;

(right), the steps increase to step 4.
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Figure 10. Three-dimensional scatter plot in the CIELab colour space (L, a, and b coordinates) of
mean colour distribution of the groups after applying the disinfectant paste.

In steps 3 and 4, after the first and second bleaching procedure, each test group showed
a visible change in the colour of the crown (AE > 3.3) compared to the original shade. The L
value decreased significantly in step 4 when compared to step 0 for the triple antibiotic paste
groups. However, when comparing steps 4 to 0, we found that the L value in the groups
with calcium hydroxide and single-visit regenerative endodontic procedures increased
significantly. When analysing the AE value between steps 3 and 4, no changes in the colour
of teeth were visually noticeable in the calcium hydroxide groups and group 20 (AE < 3.3).
Hierarchical clustering analysis was used to identify the colour groups formed from the
L, a, and b values and to evaluate the colour change after the first bleaching procedure.
Figure 11 shows the cluster dendrogram for L, a, and b values. Hierarchical clustering was
used to group the samples according to the similar values of L, a and b in step 3. Group 1
and groups 3-8 formed one set. The second set included group 1 and groups 9-20. Each set
was then divided into subsets to form the dendrogram in Figure 11.
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Figure 11. Hierarchical clustering dendrogram and heatmap for L, a, and b values after first bleaching
procedure,

4. Discussion

This study assessed the discolouration after regenerative endodontic procedures and
the whitening effect after two-visit and single-visit regenerative endodontic procedures.
The regenerative endodontic procedures were performed in accordance with the latest
American Association of Endodontists guidelines of 2021, and the bleaching agent used in
two sessions of whitening was in line with the General Dental Council’s Position Statement
on Tooth Whitening guidelines for patients younger than 18 years of age. In this study,
bleaching efficacy was analysed not only as tooth changes in brightness and colour, but also
in terms of the possibility of returning to the original shade. Our study’s results were mostly
in agreement with the null hypothesis of tooth discolouration after regenerative endodontic
procedures and inconsistent with the whitening effects, which is not always achievable.

Human [31,32,34,49,50] and bovine [12,16,39,51] teeth are used in in vitro studies to
evaluate tooth discolouration. Bovine incisors were used as the specimens in the present
study. The diameter of the tubules in crown dentin and the number of dentinal tubules
per mm? in bovine teeth are similar to those in human teeth [52]; therefore, they can
be used for studies in which the change in tooth colour is evaluated [53]. Additionally,
the great advantage of using bovine teeth is the possibility of obtaining the appropriate
number of teeth for extensive study. Changes in the colour of the teeth in the study were
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measured using a spectrophotometer. A similar technique has been used in other in vitro
studies [31,32].

In the first step of this study, the colour of the teeth was evaluated 3 wecks after the
application of disinfectant pastes. Specimens with triple antibiotic paste showed more
significant crown discolouration than specimens with calcium hydroxide (p < 0.005). This
finding is in agreement with the results obtained by other researchers that studied the
discolouration potential of triple antibiotic paste [14,16,51]. 1t was noticed that despite
rinsing the paste out of the root canal, the crown remained discoloured [54]; this may have
been due to the fact that, regardless of the irrigation techniques used, 88% of the triple
antibiotic paste remains in the root canal and is present at 350 um in the dentin [55]. The
authors noticed that discolouration appeared even 24 h after introducing the paste, which
suggests that reducing the duration of antibiotic therapy does not prevent tooth crown
discolouration [11,12,56]. The triple antibiotic paste samples had lower L and a values
and higher b values, which made them darker, greener, and more yellow than the calcium
hydroxide samples (Figure 10). Calcium hydroxide caused minor but perceptible changes
in colour (AE = 4.27). In an in vivo study, Chen et al. [13] observed discolouration in 2
out of 20 treated teeth using calcium hydroxide as a disinfectant paste in revascularisation
procedures. Nagata et al. [57] used calcium hydroxide and chlorhexidine gel in 11 incisors,
3 of which were stained. However, in vitro studies using calcium hydroxide have shown
that calcium hydroxide does not cause a colour change [14,16,51,55]. Before the disinfectant
pastes were placed in the root canal, a dentin bonding agent was applied to the dentin
in the pulp chamber to seal the dentinal tubules to create a surface that prevents any
contamination [59] that may arise during the application of disinfectant paste and also
prevents paste penetration into dentinal tubules. Despite the application of a dentin
bonding agent, the tooth crowns became stained. This finding is in line with the results of
studies by Kim et al. [11] and Shokouhinejad et al. [12], who noticed that applying a dentin
bonding agent before placing triple antibiotic paste into the tooth does not completely
eliminate discolouration, but reduces it. It is not fully known why dentin bonding agents
do not prevent discolouration [60].

In the second step of this study, the colour of the teeth was evaluated 4 weeks after the
scaffold {e.g., blood or platelet-rich fibrin) and barrier material (e.g., Biodentine, OrthoMTA
or MTA Repair HP) applications. After this time, only group 20 showed no visible colour
change (AE = 2.62). AE values between steps 1 and 2 in the groups 3-8 were the highest
and did not differ significantly between the groups. This finding is in line with the results
presented by Shokouhinejad et al. [12], who observed that after replacing triple antibiotic
paste with blood and barrier material, the teeth did not differ significantly between the
groups. In all triple antibiotic paste groups, the L value decreased significantly and the
teeth became darker in the second step, when compared to the first step. The lowest AE
value in step 2 was observed in the groups 18-20. Out of these three groups, group 19 has
the highest AE value. This may be due to the presence of bismuth oxide in OrthoMTA.
Bismuth oxide is used as a radiopacifier and is associated with discolouration of dental
tissues [61-63]. Oxidising agents, such as the amino acids present in dentin collagen or
sodium hypochlarite, in contact with bismuth oxide destabilise it, which is associated with
discolouration [64,65]. For the single-visit regenerative endodontic procedures groups,
groups 15-17 showed more discolouration than the corresponding platelet-rich fibrin
groups between step 1 and 2. Additionally, the results for groups 15-17 were not signifi-
cantly different when compared to group 2. Based on these results, it can be concluded that
blood has a greater staining potential than platelet-rich fibrin, regardless of the barrier ma-
terial. Blood discolouration may be caused by the penetration of erythrocyte pigments into
tooth tissues and the accumulation of decomposition products in the dentinal tubules [66].
The factor that increases AE may be the absorption of blood components by the freshly
applied and unset barrier material [51]. Namazikhah et al. [67] noticed porosities in the
microstructure of calcium silicate-based cement, which may take up blood components
and cause discolouration of the material, and thus tooth discolouration [51]. The absence
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of erythrocytes in platelet-rich fibrin may be the cause of the decreased discolouration
potential of platelet derivatives [39]. This result is in agreement with that reported by
Shokouhinejad et al. [39], who found that the groups treated with blood showed more
discolouration than the platelet-rich fibrin groups after 1 month. The difference between
the studies was that Shokouhinejad et al. [39] used a double antibiotic paste that consisted
of ciprofloxacin and metronidazole, but after 4 weeks, there was no visible change in tooth
colour (AE < 3.3). Statistical significance was noted in the triple antibiotic paste groups, in
which platelet-rich fibrin was used as a scaffold, compared with the corresponding calcium
hydroxide and single-visit regenerative endodontic procedures groups. This is due to the
strong staining potential of triple antibiotic paste and the inability to completely rinse out
the triple antibiotic paste, which means that it remains in the dentinal tubules [55] and
could affect the colour changes in the tooth tissues. When comparing the triple antibiotic
paste group, in which blood was applied as a scaffold, with the corresponding calcium
hydroxide and single-visit regenerative endodontic procedures groups, the authors noticed
that AE was higher in the triple antibiotic paste group, but it did not change significantly.
The authors concluded that there may be a possible interfering effect of the triple antibiotic
paste and blood staining potential due to a significant change in AE in the groups with
platelet-rich fibrin when triple antibiotic paste was applied, but the difference was not
significant in groups where blood was used. When comparing the colour change in the
calcium hydroxide groups with the corresponding single-visit regenerative endodontic
procedures groups, there was no statistical differences between steps 1 and 2; thus, it could
be concluded that calcium hydroxide had no effect on further discolouration in step 2.

In the third and fourth steps of this study, the colour of the teeth was evaluated 1 week
after the application of the bleaching material, which was applied twice. A 15% carbamide
peroxide gel was selected for the study, which releases 5.25% hydrogen peroxide and
urea [68] and is in line with the General Dental Council’s Position Statement on Tooth
Whitening [25], assuming that regenerative techniques are most often conducted in children.
Compared with other bleaching agents, carbamide peroxide is less cytotoxic to human
dental pulp stem cells [69]. In the qualitative analysis, most of the teeth were defined
as lightness level 0 in steps 3 and 4. Additionally, there were samples with lightness
level 5 in step 1 (after disinfectant paste application), and their number increased in the
following steps. Comparing steps 3 and 4 to step 0, in which most of the teeth were
defined as lightness level 1, the authors concluded that after the first and second whitening
procedures, the teeth did not return to their original colour. Most of the samples whitened
too intensely, while some darkened. When analysing individual colour components, such
as L, a, and b (Figures 65}, it was noticed that in the groups with triple antibiotic paste,
the values of L and b decreased, whereas the value of a increased, which may mean that
after the second whitening procedure, the teeth became darker, redder, and less yellow
than the original colour. Based on a comparison of the brightness of the teeth colour before
treatment and after the second whitening procedure, we concluded that in the groups with
calcium hydroxide and single-visit regenerative endodontic procedures groups, the teeth
became brighter, whereas in the triple antibiotic paste groups, the teeth became darker
(Figures 5 and 6). The results for the single-visit regenerative endodontic procedures
groups were in line with those of Khedmat et al.’s study [32], which showed that the
AL value increased after the second bleaching session in specimens in which blood and
OrthoMTA were applied. The difference between the studies was the concentration of the
bleaching agent, as Khedmat et al. [32] used 37% carbamide peroxide. The authors did
not notice any visible (AE < 3.3) or statistically significant (p > 0.005) differences in the
colour change in the tooth crown for any of the groups where calcium hydroxide was used,
including group 20, between the first and second whitening procedure, which may mean
that one whitening session is sufficient with this combination. In the remaining single-visit
regenerative endodontic procedures groups, AE between steps 0 and 3 and steps 0 and 4
increased, suggesting an unfavourable whitening effect by increasing the colour change
from the original colour.
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Several in vitro studies have assessed tooth whitening after regenerative endodontic
procedures, [t is difficult to directly compare these studies with this study because different
materials, specimen types, bleaching agents, and methods were used. Three authors used
hydrogen peroxide [31,34,50], and one of the authors included the addition of sodium
perborate [34]. Shokouhinejad et al. [50] analysed laser-assisted protocols. Only two studies
analysed the effectiveness of carbamide peroxide in whitening discoloured teeth after
regenerative endodontic procedures [30,32]. In an in vitro study using 37% carbamide per-
oxide gel, the authors found that reducing the size of the barrier material and placing glass
ionomer cement as a cervical barrier in single-visit regenerative endodontic procedures may
be helpful in reducing the number of whitening sessions [32]. Antov et al. [30] conducted
an in vivo study in which teeth were whitened after regenerative endodontic procedures
with 10% carbamide peroxide. In two cases, they used the technique of internal /external
whitening using vacuum-formed bleaching trays. In the first case, the patient was satisfied
with the whitening result; in the second case, there was minimal improvement in the shade,
but the patient was no longer concerned about the discolouration. In the third case, the
patient underwent an external bleaching technique, in which an improvement in the shade
was noticed; however, the patient was not fully satisfied with the effect.

The extensive research group of 200 bovine teeth and the analysis of tooth discoloura-
tion after both single- and two-visit regenerative endodontic procedures, in which various
scaffolds were used, including blood or platelet-rich fibrin and barrier materials such as
Biodentine, OrthoMTA or MTA Repair HF, are the strengths of the study. Evaluation of
teeth whitening for such an extensive research group with the use of a bleaching agent that
is permitted for patients younger than 18 years of age is another advantage of this research.

This study has several limitations. In vitro conditions are not entirely compatible with
in vivo conditions. Regenerative endodontic procedures are also performed under specific,
controlled conditions, but they are not identical to those in the oral cavity; however, a
sincere attempt was made to recreate a real-life situation. Additionally, in this study, the
authors used triple antibiotic paste and calcium hydroxide as disinfectant pastes and three
barrier materials in contact with blood and platelet-rich fibrin, which limits the assessment
of discolouration and whitening to several combinations. Bleaching was carried out using
the internal technique with the use of one bleaching material at a specific concentration. It is
recommended that further studies carry out a procedure using other bleaching agents with
an acceptable concentration and with a different whitening technique. Randomised clinical
trials and long-term studies are needed to establish accurate post-regenerative endodontic
procedure tooth-whitening guidelines.

5. Conclusions

Discolouration of dental tissues after regenerative endodontic procedures is almost
inevitable. It is more advisable to use platelet-rich fibrin as a scaffold. It is worth con-
sidering whitening discoloured teeth after single- and two-visit regenerative endodontic
procedures with calcium hydroxide because it is achievable, but it does not guarantee
a return to the original colour. It is not recommended to whiten teeth that have under-
gone treatment with triple antibiotic paste, as the whitening effect will be opposite to the
desired effect. Further studies are required to create precise guidelines to define the ap-
propriate whitening technique, material, and duration of discolouration after regenerative
endodontic procedures.
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8. STRESZCZENIE ROZPRAWY DOKTORSKIEJ W JEZYKU
POLSKIM

Wstep

Endodoncja regeneracyjna to rozwijajaca si¢ dziedzina endodoncji pozwalajaca
na regeneracje uszkodzonej zebiny i struktur korzenia oraz kompleksu miazgowo-
zgbinowego. Procedury endodoncji regeneracyjnej obejmujg: rewaskularyzacje, terapi¢ z
wykorzystaniem metod inzynierii tkankowej, terapi¢ genowag oraz terapi¢
z wykorzystaniem komorek macierzystych. Najczesciej stosowang technikg endodoncji
regeneracyjnej jest rewaskularyzacja miazgi, aktualnie nazywana rewitalizacjg. To
szeroko stosowana technika stuzaca leczeniu zebow niedojrzatych u mtodych pacjentow.

Wielu badaczy odnotowalo wystepowanie przebarwien korony po zabiegach
endodoncji regeneracyjnej, co moze niekorzystnie wptywac na jakos$¢ zycia leczonych
pacjentow. Zalecane jest zmniejszenie ryzyka powstawania przebarwien zebow po
omawianych zabiegach. W przypadku ich wystapienia nalezy rozwazy¢ zastosowanie
prostej, niedrogiej i matoinwazyjnej techniki, jaka jak wybielanie. Moze ono jednak by¢
wyzwaniem dla lekarzy klinicystow, szczegdlnie w przypadku doboru uzytego materiatu
1 jego stgzenia, a takze sposobu wykonania zabiegu.

W pi$miennictwie brakuje obszernych badan, ktore analizowatyby wybielanie
przebarwionych z¢bow po jedno- i dwuwizytowych zabiegach endodoncji regeneracyjnej
na duzych grupach badawczych. Wszystkie te czynniki zostaly uwzglednione
W niniejszej pracy, przeprowadzonej na duzej grupie badawczej z zastosowaniem
réznych past dezynfekujacych ikrwi/ fibryny bogatoptytkowej oraz materialow
barierowych, w tym najnowszych bioaktywnych cementow, m.in. MTA Repair HP.
Podjeto takze probe oceny zmiany koloru zebow po przeprowadzonych zabiegach

endodoncji regeneracyjnej oraz mozliwosci ich wybielenia.

Cele pracy doktorskiej

1. Przeglad systematyczny piSmiennictwa obejmujacy analiz¢ potencjalu
przebarwiajacego materiatow stosowanych w endodoncji regeneracyjnej na

podstawie opublikowanych badan in vitro.
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2. Przeglad systematyczny pi$miennictwa obejmujacy analize skutecznosci wybielania
przebarwionych zebéw po zabiegach endodoncji regeneracyjnej na podstawie
opublikowanych badan in vitro oraz in vivo.

3. Analiza wptywu jedno- oraz dwuwizytowych zabiegéw endodoncji regeneracyjnej

na kolor leczonych zgbow oraz ocena efektywnosci ich wybielania.

W pracy doktorskiej przedstawiono nastepujace hipotezy badawcze:
1. Zabiegi endodoncji regeneracyjnej powoduja przebarwienia tkanek zgba.
2. Przebarwione po zabiegach endodoncji regeneracyjnej zgby mozna efektywnie

wybielié.

Material i metody

W pierwszej czeSci badania przeglad pismiennictwa zostal przeprowadzony
zgodnie z wytycznymi PRISMA. Dnia 18 lutego 2018 r. przeszukano sze$¢ baz danych:
MEDLINE (PubMed), Google Scholar, the Cochrane Library, Scopus, Lilacs i Web of
Science. Kryteria wlaczenia obejmowaty: badania in vitro, badania, w ktorych materiaty
byly umieszczane w tkankach zgba, oraz publikacje opisujace zabiegi endodoncji
regeneracyjnej. Artykuly niespelniajace kryteriow wiaczenia zostaly wykluczone.
Ostatecznie do analizy zakwalifikowano 11 prac napisanych w jezyku angielskim.

W drugiej czgsci badania przeglad piSmiennictwa réwniez zostat przeprowadzony
zgodnie z wytycznymi PRISMA. Wyszukiwanie publikacji przeprowadzono dnia
30 stycznia 2020 r. Przeszukano cztery bazy danych: MEDLINE (PubMed), Web of
Science, the Cochrane Library i Scopus. Kryteria wiaczenia obejmowaty: badania in vitro
oraz in vivo, w ktorych analizowano wybielanie zgbow po zabiegach endodoncji
regeneracyjnej oraz takie, w ktorych stosowano srodek wybielajacy w tkankach zgbow.
Publikacje niespelniajace kryteriow wiaczenia zostalty wykluczone. Ostatecznie do
analizy zakwalifikowano 15 prac, w tym: 6badan in vitro i 9 badan in vivo.
Zakwalifikowane artykuty zostaty napisane w jezyku angielskim.

W trzeciej czgsci pracy badaniu zostaty poddane jednokorzeniowe zeby bydlece
zuchwy. Do badania wtaczono 200 zebow, w ktérych wykonano dostep endodontyczny,

usuni¢to miazge z komory i kanalu korzeniowego, nastgpnie odcigto czes$¢
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wierzchotkowg korzenia 15 mm od polaczenia szkliwno-cementowego za pomoca wiertta
diamentowego z chtodzeniem wodnym, a 4-milimetrowa czg¢$¢ wierzchotkowa korzenia
uszczelniono cementem szklo-jonomerowym (GI, Kromoglass 2, LASCOD, Wlochy).
Kanaty korzeniowe poszerzono, a nast¢pnie wyptukano 1,5-procentowym podchlorynem
sodu (NaOCI) oraz 17-procentowym kwasem etylenodiaminotetraoctowym (EDTA)
1 osuszono sgczkami papierowymi. Wszystkie zeby losowo podzielono na dwadziescia
grup (n = 10). W badaniu uwzgledniono dwie grupy kontrolne, w ktorych kanaty
korzeniowe wypetniono solg fizjologiczng (NaCl) i krwig. Na wewngtrzne Sciany komory
zgbow zastosowano system wigzacy (Tokuyama Universal Bond, Tokuyama Dental,
Tokio, Japonia) zgodnie z zaleceniami producenta. W dwunastu badanych grupach
wykonano dwuwizytowy zabieg endodoncji regeneracyjnej. W szesciu z dwunastu
opisywanych grup zastosowano past¢ trojantybiotykowa zawierajacg minocykling —
TAP(M), a w kolejnych szes$ciu — paste wodorotlenkowo-wapniowg (Biopulp, Chema-
Elektromet, Rzeszow, Polska). Po 3 tygodniach z kanatu usuni¢to paste dezynfekujaca,
kanat plukano EDTA, NaCl i osuszono saczkami papierowymi. Nast¢pnie do kanatu
zaaplikowano krew lub fibryn¢ bogatoplytkowa 4 mm ponizej polaczenia szkliwno-
cementowego 1 zalozono 3-milimetrowg warstwe materiatu barierowego. Materialy
barierowe, ktore zastosowano w badaniu, to: Biodentine, MTA Repair HP i Ortho MTA.

Podsumowujac, po wyptukaniu TAP(M) do kanaldow w trzech grupach
zaaplikowano krew i odpowiedni materiat barierowy: Biodentine, OrthoMTA lub MTA
Repair HP, a w kolejnych trzech grupach zatozono fibryne bogatoptytkowa i Biodentine,
OrthoMTA lub MTA Repair HP. Analogicznie postgpiono w probkach, w ktorych
wyplukano paste wodorotlenkowo-wapniowa: zatozono krew i Biodentine, OrthoMTA
lub MTA Repair HP oraz fibryng¢ bogatoptytkowa i Biodentine, OrthoMTA Iub MTA
Repair HP. W sze$ciu grupach nie zastosowano pasty dezynfekujacej, poniewaz
zaplanowano jednowizytowa endodontyczng procedure regeneracyjng. Krew lub fibryne
bogatoplytkowg oraz material barierowy zaaplikowano podobnie jak w grupach
dwuwizytowych: krew + Biodentine, krew + OrthoMTA, krew + MTA Repair HP,
fibryna bogatoptytkowa + Biodentine, fibryna bogatoptytkowa + OrtoMTA, fibryna
bogatoptytkowa + MTA Repair HP. Po zaaplikowaniu krwi lub fibryny bogatoptytkowe;j
oraz materialu barierowego do kanatu korzeniowego ponizej granicy szkliwno-
cementowej i upewnieniu si¢, ze cement zwigzal, otwor dostepowy zamknigto cementem
szklo-jonomerowym na okres 4 tygodni. Po 4 tygodniach usuni¢to cement szkto-

jonomerowy oraz 2 mm materiatu barierowego 1 zalozono okoto 2 mm cementu szkto-
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jonomerowego. Nastepnie do komory miazgi wprowadzono nadtlenek karbamidu
(Peroxidon, Chema-Elektromet, Rzeszow, Polska), watke, a ubytek zamknigto cementem
szklto-jonomerowym. Srodek wybielajacy zatozono na 1 tydzien. Zabieg wybielania
wykonano dwukrotnie w odstepie 7 dni. W trakcie badan probki przechowywano
w inkubatorze (220 V, 50 Hz, Carbolab Electronic, Warszawa) w 100-procentowej
wilgotnosci 1 37°C. Do pomiaru zmiany koloru z¢bow uzyto spektrofotometru. Pomiary
zostaly wykonane: przed leczeniem, 3 tygodnie po zatozeniu pasty dezynfekujacej,
4 tygodnie po zatozeniu krwi/ fibryny bogatoptytkowej i materialu barierowego, 1 tydzien
po pierwszym wybielaniu oraz 1 tydzien po drugim wybielaniu. Na kazdym etapie

badania wykonano zdj¢cia zebow aparatem EyeSpecial C-II.

Wyniki

W pierwszej czgsci badania wykazano, ze przebarwienie tkanek zgba po zabiegu
endodoncji regeneracyjnej moze pojawic¢ si¢ na kazdym etapie leczenia, zardwno po
zastosowaniu past dezynfekujacych, jak i krwi oraz materialu barierowego. Pasta
trojantybiotykowa, ktéra w swoim sktadzie zawiera minocykling, ma silny potencjat
przebarwiajacy, W przeciwienstwie do wodorotlenku wapnia. W poddanych analizie
badaniach in vitro, wykazano, ze krew przebarwia tkanki zeba. Przebarwienie to
zauwazono w zebach, w ktérych byla stosowana tylko krew, ale takze w tych, w ktérych
na krew aplikowano materiat barierowy. Cementy krzemowo-wapniowe uzywane jako
materiaty barierowe, zawierajace W sktadzie tlenek bizmutu, réwniez przebarwity tkanki
z¢ba. Po zastosowaniu systemu wigzacego na zebing badanych zebow odnotowano
mniejszg dyskoloracje w poréwnaniu z grupami, w ktorych system wigzacy nie zostat
zastosowany, aczkolwiek nie wyeliminowano jej catkowicie.

W drugiej czesci pracy w przeprowadzonych badaniach in vitro wybielano zeby
bydlece oraz ludzkie. Przebarwione zgby, w ktorych stosowana byta TAP(M), wybielity
si¢ bardziej niz te, w ktorych uzyto paste trojantybiotykowa z doksycykling — TAP(D) i
amoksycyling — TAP(A). W badaniu, w ktorym w procedurze regeneracyjnej
wykorzystano paste trojantybiotykowag z cefaklorem — TAP(C), krew i1 materiaty
barierowe, takie jak: Biodentine (Septodont, Lancasted, PA, USA), MM-MTA (Micro
Mega, Besancon Cedex, France) lub ProRoot MTA (Dentsply, Tulsa, OK, USA)
zauwazono, ze z¢by, w ktorych zaaplikowano Biodentine, wybielity si¢ istotnie bardziej

w poréwnaniu z zgbami z innych grup. Sposréd 26 leczonych zebow w badaniach in vivo
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wybielono 17 zebow. W szesciu przypadkach nastapita poprawa koloru zgba, natomiast
w trzech — wybielanie nie bylo wystarczajace. Srodek wybielajacy, technika i czas
wybielania réznily si¢ pomiedzy analizowanymi badaniami. Stosowano wybielanie
wewnetrzne, zewngtrzne oraz polgcznie obu tych technik. Do przeprowadzenia zabiegu
uzyto nadtlenku wodoru, nadtlenku mocznika, nadboranu sodu lub potaczenia nadtlenku
wodoru i nadboranu sodu.

W trzeciej cze$ci badania we wszystkich grupach, w ktorych wykorzystano paste
dezynfekujaca, zaobserwowano zmiang koloru leczonych zgbow. Wigksze przebarwienie
wystgpito po zastosowaniu TAP(M). Prawie wszystkie zeby po zabiegach endodoncji
regeneracyjnej ulegly przebarwieniu, z wyjatkiem tych, w ktérych w jednowizytowym
zabiegu zaaplikowano fibryne bogatoptytkowa i cement MTA Repair HP. Po pierwszym
1 drugim wybieleniu kazda z badanych grup wykazata zmiang¢ koloru z¢gba w pordwnaniu
z jego pierwotnym kolorem, co bylo zauwazalne okiem nieuzbrojonym. Po drugim
wybielaniu zeby, w ktérych w dwuwizytowym zabiegu endodoncji regeneracyjnej
zastosowano wodorotlenek wapnia, oraz te, w ktorych przeprowadzono jednowizytowy
zabieg endodoncji regeneracyjnej, staly sie jasniejsze, natomiast zeby po zabiegu
dwuwizytowym przy uzyciu TAP(M) staly si¢ ciemniejsze w poréwnaniu z kolorem

sprzed leczenia.

WhioskKi

1. Analiza badan wykazala, ze wigkszo$¢ materialow stosowanych w zabiegach
endodoncji regeneracyjnej ma potencjal do przebarwiania tkanek zgba. W celu
zmniejszenia ryzyka przebarwien zgbow, przed aplikacja srodka dezynfekujacego
czy materialu barierowego zalecane jest uszczelnienie ze¢biny systemem wigzacym
1 uzycie pasty trojantybiotykowej ponizej granicy szkliwno-cementowej.
Przeprowadzono niewielka liczbe badan in vitro z zakresu tego zagadnienia, dlatego
dalsze badania sg uzasadnione.

2. Analiza badan wykazata takze, ze wybielenie przebarwionych zgbdw po zabiegach
endodoncji regeneracyjnej jest osiggalne. W badaniach dominowata metoda
wewnetrzna, ale ze wzgledu na niedostateczng liczbe publikacji dotyczacych
alternatywnych metod wybielania ich pordwnanie bylo utrudnione. Uzycie réznych
metod i1 srodkow wybielajacych oraz czasu wybielania powoduje, Ze nie jest mozliwe

wyciagniecie jednoznacznych wnioskow. Konieczne sg dalsze badania w celu
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stworzenia precyzyjnych wytycznych okreslajacych odpowiednig technike, materiat
1 czas trwania wybielania przebarwionych zgbow po zabiegach endodoncji
regeneracyjne;j.

3. Przebarwienie tkanek zgboéw po zabiegach endodoncji regeneracyjnej jest niemal
nieuniknione. W przeprowadzonym badaniu zmiana koloru tkanek zeboéw dotyczyta
wszystkich grup z wyjatkiem tej, w ktorej zastosowano fibryne bogatoptytkowa oraz
cement MTA Repair HP. Jesli to mozliwe, sugerowane s3 jednowizytowe zabiegi
endodoncji regeneracyjnej. W trakcie zabiegow dwuwizytowych zaleca si¢
stosowanie pasty wodorotlenkowo-wapniowej jako pasty dezynfekujacej ze wzgledu
na nizszy potencjal przebarwiajacy tkanki zeba. W konteks$cie wystepowania
przebarwien wskazane jest zastosowanie fibryny bogatoplytkowej oraz
nieimplikujacego przebarwien materiatu barierowego, np. cementu MTA Repair HP.
Warto rozwazy¢ wybielanie przebarwionych zgbow, w ktérych przeprowadzono
jednowizytowy zabieg endodoncji regeneracyjnej, oraz z¢bow po zabiegu
dwuwizytowym wykonanym z uzyciem wodorotlenku wapnia, poniewaz jest ono
mozliwe, ale nie gwarantuje powrotu do pierwotnego koloru. Nie zaleca si¢
wybielania  zebow  poddanych  dwuwizytowemu zabiegowi endodoncji
regeneracyjnej z zastosowaniem TAP(M) nadtlenkiem karbamidu, gdyz efekt moze
by¢ odwrotny do zamierzonego. W celu ustalenia wytycznych dotyczacych
procedury wybielania zebow po zabiegach endodoncji regeneracyjnej wskazane jest

przeprowadzenie dalszych badan.

Hipotezy badawcze

1. Wyniki badania byly w wigkszosci zgodne z pierwszg hipoteza dotyczaca
przebarwien z¢gbow po zabiegach endodoncji regeneracyjnej. Pierwsza hipoteza
zerowa zostala zaakceptowana.

2. Wyniki badania byly niezgodne z zalozeniami drugiej hipotezy dotyczacej
wybielania zebow po zabiegach endodoncji regeneracyjnej, poniewaz efekt

wybielania nie zawsze byt osiggalny. Druga hipoteza zerowa zostata odrzucona.
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9. STRESZCZENIE ROZPRAWY DOKTORSKIEJ W JEZYKU
ANGIELSKIM

Introduction

Regenerative endodontic treatment is a dynamically developing field in

endodontics that allows regeneration of damaged dentine and root structures, as well as
the pulp-dentin complex.
Regenerative endodontic techniques include revascularization, tissue engineering, stem
cell-based and gene therapy. The most common technique used is root canal
revascularization, also called revitalization, which is used for the treatment of immature
permanent teeth.

Many authors have noticed crown discoloration after regenerative endodontic
procedures, which may negatively affect the quality of life of treated patients — therefore,
it is recommended to reduce this risk as much as possible. If tooth discoloration occurs
the use of a simple, cost-effective, minimally invasive technique, such as whitening,
should be considered. Teeth whitening after regenerative endodontic procedures can be a
challenge for clinicans, especially with regard to the selection of the material used and its
concentration, as well as the method of performing the procedure.

There is a lack of extensive in vitro studies on large research materials that
analysed the whitening of discoloured teeth after single- and two-visit regenerative
endodontic procedures. All these factors were considered in the present study, which was
performed using extensive research material and was designed to evaluate bleaching after
the use of various disinfectant pastes and subsequent scaffolds (blood and platelet-rich
fibrin) and barrier materials, including the latest calcium silicate-based cements, e.g. MTA
Repair HP. In the study, an attempt was made to evaluate the change in the color of teeth

after regenerative endodontics and the possibility of their whitening.

Objectives of the dissertation

1. A systematic review of the literature including an analysis of the discoloration
potential of materials used in regenerative endodontic procedures based on published

in vitro studies.
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2. Systematic review of the literature including the analysis of the effectiveness of
whitening discolored teeth after regenerative endodontic procedures based on
published in vitro and in vivo studies.

3. Analysis of single- and two-visit regenerative endodontic procedures on the color of

the treated teeth and the effectiveness of their whitening.

Research hypothesis:

1. The null hypothesis assumes that tooth tissue discoloration occurs after regenerative
endodontic treatment.
2. The null hypothesis assumes that tooth whitening after regenerative endodontic

treatment would be achievable.

Material and methods

In the first part of the study, the literature review was conducted in accordance
with the PRISMA guidelines Publications were searched without a year limit in:
MEDLINE (PubMed), Google Scholar, the Cochrane Library, Scopus, Lilacs, and Web
of Science databases. The final search was performed on February 18, 2018. Inclusion
criteria comprised the following types of articles: in vitro studies, studies that used
preparations placed into the tooth tissues, and those that described revitalization
procedures. Publications that did not meet the inclusion criteria were excluded.
Ultimately, 11 papers written in English were qualified for the analysis.

In the second part of the study, the literature review was also performed in
accordance with the PRISMA guidelines. Four databases — MEDLINE (PubMed),
Scopus, the Cochrane Library, and Web of Science — were searched electronically.
Publications were searched without a year limit. The last search was conducted on 30
January 2020. Publications were extracted based on the inclusion criteria: in vitro and in
vivo studies that evaluated bleaching of tooth discoloration after regenerative endodontic
procedures and publications in which bleaching material was placed in the tooth tissues.
Publications that did not meet the inclusion criteria were excluded. Finally, 15
publications were qualified for the analysis, including: 6 in vitro and 9 in vivo studies.

Qualified articles were written in English.
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In the third part of the study, single-rooted bovine teeth of the lower jaw were
examined. Two-hundred bovine teeth were included in the study and prepared for further
research. Endodontic access was prepared and the pulp was removed from the pulp
chambers and root canal. The apical part of the root was removed 15 mm from the
cementoenamel junction with a diamond bur in a high-speed hand piece under water
cooling, and 4 mm of the apical part was sealed with glass ionomer cement (GI,
Kromoglass 2, LASCOD, Sesto Fiorentino, Italy). The root canals were shaped using 1#—
6# Gates-Glidden drills. The canals were irrigated with 1.5% sodium hypochlorite
(NaOCl) followed by 17% ethylenediaminetetraacetic acid (EDTA) and dried with
absorbent paper points. The teeth were randomly divided into twenty groups (n = 10).
Two of them were control groups in which the root canals were filled with 0.9% saline
(NaCl) or blood. The internal walls of the pulp chambers of the remaining specimens
were sealed with dentin bonding agent (Tokuyama Universal Bond, Tokuyama Dental,
Tokyo, Japan) according to the manufacturer’s instructions. Twelve studied groups were
designed to be consistent with two-visit regenerative endodontic procedures. Six groups
were treated with triple antibiotic paste with minocycline — TAP(M), and other six groups
were treated with calcium hydroxide. After 3 weeks, disinfectant paste was rinsed out
from canal with EDTA, NaCl and dried with absorbent paper points. Next, blood or
platelet-rich fibrin was applied to the canal 4 mm below the cementoenamel junction, and
3 mm of barrier material was placed on the scaffold. The barrier materials used were
Biodentine, OrthoMTA, or MTA Repair HP. Finally, after rinsing TAP(M) from the canal,
three groups were treated with blood and the following barrier material: Biodentine,
OrthoMTA, or MTA Repair HP, and the next three groups were treated with platelet-rich
fibrin and the following barrier material: Biodentine, OrthoMTA, or MTA Repair HP. The
same procedure was performed for the samples with calcium hydroxide. After
disinfection, calcium hydroxide was replaced with blood and the following barrier
material: Biodentine, OrthoMTA, or MTA Repair HP in the three groups, and in the next
three groups teeth were tretated with platelet-rich fibrin and the following barrier
material: Biodentine, OrthoMTA, or MTA Repair HP. In six groups, disinfectant pastes
was not used, which is consistent with the single-visit regenerative endodontic
procedures. Scaffold and intracanal barrier materials were applied to the root canal,
similar to previous groups: blood + Biodentine, blood + OrthoMTA, blood + MTA Repair
HP, platelet-rich fibrin + Biodentine, platelet-rich fibrin + OrthoMTA, and platelet-rich
fibrin + MTA Repair HP. After application of the scaffolds (blood or platelet rich fibrin)
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and barrier materials and after the setting of the cement was confirmed, the access cavity
was filled with glass ionomer cement for 4 weeks. After 4 weeks, glass ionomer cement
and 2 mm of the barrier material were removed and cervical sealing with glass ionomer
cement was performed. Then, carbamide peroxide (Peroxidon, Chema-Elektromet,
Rzeszéw, Poland) was placed into the pulp chamber and covered with a small cotton
pellet, and the access cavity was closed with glass ionomer cement. The bleaching agent
was applied for 1 week. The whitening procedure was performed twice at a 7-day interval.
During the study, the samples were stored in an incubator (220 V, 50 Hz; Carbolab
Electronic, Warsaw, Poland) at 100% humidity and 37°C.

To measure the colour of the specimens, author used spectrophotometer (VITA
Easyshade Compact 5.0, VITA Zahnfabrik, Bad Sickingen, Germany). Measurements
were taken before treatment, 3 weeks after disinfectant paste application, 4 weeks after
application of blood/platelet-rich fibrin and barrier material, 1 week after first whitening
and 1 week after second whitening. Photographs of samples were taken at each stage of

the study with a EyeSpecial C-1I camera (Shofu, Inc., Kyoto, Japan).

Results

The first part of the study showed that discoloration of tooth tissues after
regenerative endodontic treatment may occur at any stage of treatment, both after the use
of disinfectant pastes, as well as blood and barrier materials. The TAP(M), has a strong
staining potential, unlike to calcium hydroxide. In in vitro studies, blood has been shown
to stain tooth tissue. This discoloration was observed both in teeth where only blood was
used and in those where a barrier material was applied to the blood clot. Barrier materials
containing bismuth oxide could discolored tooth tissues. After applying the dentin
bonding agent to the dentin of the examined teeth, the discoloration was lower compared
to the groups in which the bonding system was not applied, although it was not completely
eliminated.

The second part of the study showed that in in vitro studies both, bovine teeth and
human teeth, were bleached. In studies in which antibiotic pastes were used, a tooth
stained with TAP(M) bleached more than a tooth stained with triple antibiotic paste with
doxycycline — TAP(D) or triple antibiotic paste with amoxicillin — TAP(A). In studies in
which triple antibiotic paste with cefaclor — TAP(C), blood and barrier material such as

Biodentine (Septodont, Lancasted, PA, USA), MM-MTA, (Micro Mega, Besancon
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Cedex, France), and ProRoot MTA (Dentsply, Tulsa, OK, USA) were used and bleaching
was performed, the group treated with Biodentine bleached significantly more than in
other groups. Of 26 treated teeth in the in vivo studies, 17 teeth were bleached
successfully. In six cases, there was improvement of the shade. In three cases, bleaching
was not sufficient. Bleaching agent, technique and time of bleaching were different
between studies. Internal, external and a combination of both of these techniques were
performed. Discolored teeth were bleached with different bleaching agents: sodium
perborate, hydrogen peroxide, carbamide peroxide or combination of sodium perborate
and hydrogen peroxide.

The third part of the study showed that in all groups in which the disinfectant paste
was used, a change in the color of the treated teeth was observed. More discoloration
occurred in the teeth treated with the TAP(M). Tooth discolouration was noticed after
two- and single-visit regenerative endodontic procedures, except for the platelet-rich
fibrin + MTA Repair HP group. After the first and second whitening procedures, all of the
tested two- and single-visit regenerative endodontic procedures groups showed a change
in the colour of the crown, which was noticeable to the naked eye. After the second
whitening, the teeth in which calcium hydroxide was used in the two-visit regenerative
endodontic procedure and in the teeth in which the one-visit regenerative endodontic
procedure was performed became lighter, while the teeth in which the TAP(M) was used
in the two-visit regenerative endodontic procedure became darker compared to the

original color before treatment.

Conclusions

1. Research analysis has shown that most of the materials used in regenerative
endodontic treatment have the potential to discolor tooth tissues. In order to reduce
tooth discoloration, before applying a disinfectant paste or barrier material, it is
recommended to seal the dentin with a dentin bonding agent and applied a TAP(M)
below the cemento-enamel junction. A small number of in vitro studies have been
conducted on this topic, therefore, further research is warranted.

2. The analysis of the research showed that whitening of discolored teeth after
regenerative endodontic treatment is achievable. The internal method was the

dominant one, but due to alternative method usage shortfall, it is hard to make a
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comprehensive comparison. Similar to difference in bleaching agent usage observed
in analyzed studies, there is a wide difference in bleaching duration. Therefore, it is
not possible to make a suitable conclusion. For the creation of precise guidelines that
would define the appropriate bleaching technique, material, and duration in
discolored teeth after regenerative endodontic procedures, further studies are
required.

3. Discoloration of tooth tissues after regenerative endodontics is almost inevitable.
Tooth discoloration was noticed after single- and two-visit regenerative endodontic
procedures, except for the platelet-rich fibrin + MTA Repair HP group. If possible,
one-visit regenerative endodontic procedure is suggested; however, if two-visit
regenerative endodontics are performed, the use of calcium hydroxide paste as a
disinfectant paste is recommended due to the lower discoloration potential of the
tooth tissue. Analyzing in the context of discoloration, the use of platelet-rich fibrin
and barrier material that does not imply discoloration, e.g. MTA Repair HP cement
is recommended. It is worth considering whitening discolored teeth after single- and
two-visit regenerative endodontic procedures with calcium hydroxide because it is
achievable, but it does not guarantee a return to the original colour. It is not
recommended to whiten teeth that have undergone treatment with TAP(M), as the
whitening effect will be opposite to the desired effect. Further studies are required to
create precise guidelines to define the appropriate whitening technique after

regenerative endodontic procedures.

Research hypothesis

1. The study’s results were mostly in agreement with the first null hypothesis of tooth
discoloration after regenerative endodontic procedures. The first null hypothesis was
accepted.

2. The study’s results were inconsistent with the null hypothesis and the whitening

effect is not always achievable. The second null hypothesis was rejected.
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