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Resumo

Objetivo: Analisar in vitro a influéncia das técnicas de instrumentac¢do do canal
radicular, dos irrigantes e cimentos endodénticos e do envelhecimento artificial
acelerado na resisténcia de unido do pino de fibra de vidro a dentina
intrarradicular em dentes bovinos. Metodologia: Parte 1. Cento e vinte
incisivos bovinos foram divididos em doze grupos experimentais (n=10)
resultantes da interacdo entre trés fatores em estudo: técnica de
instrumentacdo do canal radicular (PAI — preparo do canal radicular com
instrumentos de aco inoxidavel - K-File; PNiTi — preparo do canal radicular com
instrumentos de Niquel-Titanio - K3); irrigante endodéntico (NaOCI- hipoclorito
de sbédio 1%; CHX- clorexidina 2%; Os- agua ozonificada 1,2%) (em todas as
amostras o EDTA 17% foi utilizado para a remocado de smear layer) e
envelhecimento artificial acelerado dos espécimes (Imediato, teste sem
envelhecimento; Mediato, teste apds 2 meses de envelhecimento em agua a
37°C). Apos o preparo dos canais radiculares ndo foi realizada a obturagao
endodéntica. Pinos de fibra de vidro foram cimentados com cimento resinoso
auto-adesivo (RelyX U100, 3M-ESPE) e as raizes foram seccionadas para
obtencdo de duas fatias de cada tergo. As amostras foram submetidas ao teste
de micropush-out e os dados de resisténcia de unido (MPa) foram analisados
por ANOVA com parcela subdividida e teste de Tukey (a = 0,05). Os padrdes de
falha foram avaliados por meio de microscopia confocal. Parte 2. Sessenta
incisivos bovinos foram divididos em seis grupos experimentais (n=10)
resultantes da interagdo entre dois fatores em estudo: cimento endodontico
(SX- Sealapex; S26- Sealer 26; AH- AH Plus) e envelhecimento artificial
acelerado dos espécimes (Imediato, teste sem envelhecimento; Mediato, teste
apos 2 meses de envelhecimento em agua a 37°C). Foram empregados dois
grupos controles (sem obturacdo do canal radicular) representados pelos
grupos PNiTiNaOCI imediato e PNiTiNaOCI| mediato da parte 1 do presente
estudo. Nos seis grupos experimentais os canais radiculares foram preparados
1imm aquém do 4pice com instrumentos de Niquel-Titanio - K3 associado a
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irrigagdo com NaOCI 1% e EDTA 17%. Em seguida, foram obturados com guta-
percha e o cimento endodéntico especifico de cada grupo, usando a técnica de
condensacao lateral. Pinos de fibra de vidro foram cimentados com cimento
resinoso auto-adesivo (RelyX U100, 3M-ESPE) e as raizes foram seccionadas
para obtencdo de duas fatias de cada ter¢o. As amostras foram submetidas ao
teste de micropush-out e os dados de resisténcia de unido (MPa) foram
analisados por ANOVA com parcela subdividida e teste de Tukey (a = 0,05).
Comparacgdes com os grupos controles foram feitas pelo teste de Dunnet (a =
0,05). Os padrdes de falha foram avaliados por meio de microscopia confocal.
Resultados: Parte 1. Nos espécimes submetidos ao envelhecimento artificial
em agua, PNiTi apresentou maiores valores de resisténcia de unido que PAI no
terco apical irrigado com NaOCL ou CHX. A irrigagdo com NaOCL resultou em
maior resisténcia de unido comparada a Os. O envelhecimento artificial resultou
em aumento significante da resisténcia de unido, exceto para os tercos médio e
apical de PAIO; e apical de PNIiTiOs. A resisténcia de unidao reduziu
significativamente no terco apical. A prevaléncia de falha adesiva cimento-
dentina foi verificada em todos os grupos. Parte 2. Os cimentos endodonticos
ndo mostraram diferengas significantes entre si, entretanto apresentaram
valores de resisténcia de unido significativamente menores que 0s grupos
controles (sem obturacdo), exceto no terco cervical dos grupos testados
imediatamente. O envelhecimento artificial ndo interferiu na resisténcia de unido
a dentina intrarradicular. Houve uma diminuicdo significante na resisténcia de
unido do terco cervical para o apical. A prevaléncia de falha adesiva cimento-
dentina foi verificada em todos os grupos. Conclusodes: Parte 1. O preparo do
canal radicular com instrumentos de NiTi associado a irrigacdo com NaOCI e
uso do EDTA aumentou a resisténcia de unido de pinos de fibra de vidro
cimentados com cimento auto-adesivo a dentina intrarradicular. Parte 2. Os
cimentos endoddnticos interferiram negativamente na unido de pinos de fibra de

vidro cimentados com cimento auto-adesivo a dentina intrarradicular.
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Abstract

Aim: To evaluate in vitro the influence of root canal instrumentation techniques,
endodontic irrigants, endodontic sealers and artificial accelerated aging on
fibreglass post bond strength to bovine intraradicular dentine. Methodology:
Part 1. 120 bovine incisors were divided into 12 experimental groups (n=10)
resulting from the interaction among 3 study factors: root canal instrumentation
techniqgue (RCPSS- root canal preparation with stainless steel instruments - K-
File; RCPNITi- root canal preparation with K3 Nickel-Titanium instruments),
endodontic irrigant (NaOCI- 1% sodium hypochlorite; CHX- 2% chlorhexidine;
Os- 1.2% ozonated water) (in all samples 17% EDTA was used to remove the
smear layer) and specimens artificial accelerated aging (Immediate, test with no
aging; Mediate, test performed after 2 months of water storage at 37°C). After
root canal preparation, endodontic filling was not performed. Fibreglass posts
were cemented with self-adhesive resin cement (RelyX U100, 3M-ESPE) and
roots were cross-sectioned to obtain two slices of each third. Samples were
submitted to micropush-out test and bond strength values (MPa) were analyzed
by ANOVA in a split-plot arrangement and Tukey’s test (a = 0.05). Failure
modes were evaluated under a confocal microscope. Part 2. 60 bovine incisors
were divided into 6 experimental groups (n=10) resulting from the interaction
between 2 study factors: endodontic sealer (Sx- Sealapex; S26- Sealer 26; AH-
AH Plus) and specimens artificial accelerated aging (Immediate, test with no
aging; Mediate, test performed after 2 months of water storage at 37°C). Two
control groups were employed (without root canal filling), represented by groups
RCPNIiTiNaOCI immediate and RCPNiTiNaOCI mediate of part 1 of the present
study. In the six experimental groups, root canals were prepared 1Tmm from the
apex with K3 Nickel-Titanium instruments associated with 1% sodium
hypochlorite irrigation and 17% EDTA. They were then filled with gutta-percha
and the specific sealer of each group, using the lateral compaction technique.
Fibreglass posts were cemented with self-adhesive resin cement (RelyX U100,
3M-ESPE) and roots were cross-sectioned to obtain two slices of each third.
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Samples were submitted to micropush-out test and bond strength values (MPa)
were submitted to ANOVA in a split-plot arrangement and Tukey’s test (a =
0,05). Comparisons with control groups were made using Dunnet test (a = 0.05).
Failure modes were evaluated under a confocal microscope. Results: Part 1. In
specimens submitted to water artificial aging, RCPNIiTi presented higher bond
strength values than RCPSS in apical third irrigated with NaOCIl or CHX.
Irrigation with NaOCI resulted in higher bond strength than Os. Artificial aging
resulted in significant bond strength increase, except for middle and apical thirds
of RCPSSO; and apical of RCPNIiTiOs. Bond strength significantly reduced in
apical third. The prevalence of adhesive cement-dentine failure was verified in
all groups. Part 2. Endodontic sealers showed no significant differences among
them, however they presented significantly lower bond strength values than
control groups (without filling), except in cervical third of groups tested
immediately. Artificial aging did not interfere on bond strength to intraradicular
dentine. There was a significant decrease on bond strength from cervical to
apical third. The prevalence of adhesive cement-dentine failure was verified in
all groups. Conclusions: Part 1. Root canal preparation with NiTi instruments
associated with NaOCI irrigation and EDTA increased the bond strength of
fiberglass posts cemented with self-adhesive resin cement to intraradicular
dentine. Part 2. Endodontic sealers interfered negatively on bonding of
fibreglass posts cemented with self-adhesive resin cement to intraradicular

dentine.
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1. Introducao

A restauracdo de dentes tratados endodonticamente representa um
desafio, uma vez que geralmente apresentam estrutura coronaria insuficiente
para reter o material restaurador (Menezes et al., 2008; Santana et al., 2011).
Assim, tem sido sugerido o uso de pino intrarradicular para melhorar a retencao
do ndcleo de preenchimento (Morgano et al., 2004; Cheung, 2005; Tang et al.,
2010; Santana et al., 2011).

Pinos de fibra de vidro em associacao ao nucleo de preenchimento em
composito sdo amplamente aceitos como alternativa a nucleos metalicos
moldados e fundidos na restauracdo de dentes tratados endodonticamente
(Schwartz & Robbins, 2004; Bitter & Kielbassa, 2007; Naves et al., 2011). Os
pinos de fibra de vidro apresentam elevada resisténcia flexural e médulo de
elasticidade similar ao da dentina, 0 que minimiza a transmissao de tensdes
para as paredes do canal radicular e reduz a possibilidade de fratura (Lassila et
al., 2004; Schwartz & Robbins, 2004; Cecchin et al., 2011). Estes pinos tém
sido cimentados com materiais adesivos (Kececi et al., 2008; Bitter et al., 2009;
Cecchin et al., 2011).

A unido entre pino-cimento e cimento-dentina é necessaria para o
sucesso do procedimento restaurador em dentes tratados endodonticamente
(Soares et al., 2008a). A falta de unido é o modo de falha mais comum em
restauracdes com pino de fibra e compdsito (Ferrari et al., 2007; Cagidiaco et
al., 2008; Albashaireh et al., 2010; Jongsma et al., 2010). Este fato
provavelmente ocorre devido a auséncia de visibilidade, caracteristicas
anatémicas (Mjor et al., 2001; Bitter et al,, 2008; Pelegrine et al., 2010) e
limitada capacidade de dissipar as tensbes geradas pela contracao de
polimerizacdo em um espaco estreito e longo preparado para o pino, exibindo
um fator de configuracdo cavitaria altamente desfavoravel (Tay et al., 2005;
Pelegrine et al., 2010).
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Procedimentos endodonticos realizados antes da cimentacdo dos pinos
podem interferir na unido a dentina intrarradicular (Ari et al., 2003; Erdemir et
al., 2004; Hayashi et al., 2005; Muniz & Mathias, 2005; Bitter et al., 2008;
Pelegrine et al., 2010). Na terapia endoddntica, o processo de sanificacdo de
canais radiculares infectados tem inicio com a agdo mecanica dos instrumentos
e acao quimica dos irrigantes endoddnticos (Estrela et al., 2003, 2004). Estes
fatores podem induzir alteracdes quimicas e estruturais na superficie dentinaria
e comprometer a interacdo com os materiais restauradores (Cecchin et al.,
2010; Shokouhinejad et al., 2010).

No preparo do canal radicular, uma efetiva solugao irrigante é essencial
para o processo de sanificacdo porque ela favorece a limpeza, modelagem e
neutraliza o conteddo necrético, o que favorece o alargamento do canal
radicular para subsequente obturacdo. Diferentes agentes quimicos auxiliares
ao preparo do canal radicular tém sido propostos e a selecdo de um irrigante
ideal depende de sua acao nos micro-organismos e tecidos periapicais. O
hipoclorito de s6dio e a clorexidina sao agentes antimicrobianos frequentemente
usados no tratamento de infec¢cdes endodénticas (Zehnder, 2006; Estrela et al.,
2003, 2004, 2007).

O hipoclorito de sédio (NaOCI) é a solucao irrigante mais utilizada na
endodontia, porque seu mecanismo de ag&o causa alterac¢des biossintéticas no
metabolismo celular e destruicdo de fosfolipidios, formacao de cloraminas que
interferem no metabolismo celular, acdo oxidativa com inativagdo enzimatica
irreversivel na bactéria e degradacao de lipideos e acidos graxos (Estrela et al.,
2002). A clorexidina (CHX) é um potente antisséptico com uma acgao
antimicrobiana de amplo espectro, substantividade (Okino et al., 2004;
Pelegrine et al., 2010) e habilidade de decomposicdo (Barbin et al., 2008),
entretanto, € incapaz de dissolver tecidos pulpares (Okino et al., 2004;
Pelegrine et al., 2010). A agua ozonificada (O3) no tratamento de infeccbes
endoddnticas tem sido estudada (Nagayoshi et al., 2004; Hems et al., 2005;
Estrela et al.,, 2007; Bitter et al., 2008). O ozbénio (O3) € um agente oxidante
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poderoso cujo efeito antimicrobiano resulta da oxidacdo de componentes
celulares microbianos (Estrela et al., 2007).

Todavia, verifica-se auséncia de consenso sobre os possiveis efeitos dos
agentes quimicos utilizados durante o preparo de canais radiculares em relacao
a unido do pino de fibra a dentina intrarradicular (Morris et al., 2001; Ari et al.,
2003; Varela et al., 2003; Erdemir et al., 2004; Muniz & Mathias, 2005; Hayashi
et al., 2005; Bitter et al., 2008; Demirylrek et al., 2009; Pelegrine et al., 2010),
uma vez que estes efeitos dependem do sistema adesivo empregado (Hayashi
et al., 2005; Bitter et al., 2008).

A obturagdo do canal radicular, importante fase do tratamento
endodbntico, apresenta como objetivo o selamento biolégico endodbntico
(Estrela et al., 2007). Para tanto, utiliza-se a associagdo de materiais solidos de
preenchimento (como cones de guta-percha) e cimento endodéntico. Este
material deveria aderir as paredes do canal radicular e fornecer uma
configuragdo em bloco uUnico permitindo o selamento do espagco do canal
(Schwartz, 2006; Teixeira et al., 2009). Este processo de adesao envolve forcas
mecéanicas que permitem o entrelagamento do material com a estrutura
dentinaria e pode resultar em uma capacidade maior de selamento, reduzindo
assim o risco de microinfiltracdo no canal radicular e manutencdo de uma
massa de preenchimento coesiva (Saleh et al., 2002; Teixeira et al., 2009).

Houve uma busca permanente ao longo dos ultimos anos de um cimento
endodoéntico que atendesse as propriedades fisico-quimicas ideais de
selamento, radiopacidade, tempo de endurecimento e escoamento, bem como
a tolerancia tecidual (Duarte et al., 2010; Holland & Souza, 1985). O Sealapex
constitui um cimento endodéntico contendo 6xido de calcio, que apresenta
capacidade de estimular a formacéo de tecido mineralizado (Holland & Souza,
1985). O Sealer 26 representa outro cimento endodbntico que incorpora
hidréxido de calcio, porém associado a resina epdxica (Gomes et al., 2004;
Nunes et al., 2008; Demirytrek et al., 2010). O AH Plus € um cimento a base de
resina epoxica com boas caracteristicas fisico-quimicas (Kopper et al., 2003;

Solano et al., 2005; Grecca et al., 2009; Demirylrek et al, 2010) e uma

Introdugédo 23



adequada adesao (Sousa-Neto et al., 2005; Nunes et al., 2008). A composicao
dos cimentos endodénticos pode interferir na adesdo do pino a dentina
intrarradicular (Hagge et al.,, 2002; Muniz & Mathias, 2005; Baldissara et al.,
2006; Menezes et al.,, 2008; Teixeira et al., 2008; Demirylrek et al., 2010;
Cecchin et al., 2011; Dimitrouli et al., 2011).

Diante do exposto, verifica-se que a compatibilidade entre os diferentes
materiais empregados na terapia endodéntica e na cimentacao de pinos de fibra
constitui aspecto importante a ser considerado para uma restauracao
satisfatéria. Além disso, a qualidade de unido a dentina radicular pode ser
afetada pela densidade e orientagdo dos tubulos dentinarios nos diferentes
niveis das paredes do canal radicular (Ferrari et al., 2000; Goracci et al., 2004)
e pela facilidade de acesso aos ter¢os do canal radicular (Ferrari et al., 2000;
Ferrari et al., 2001; Goracci et al., 2004; Wang et al., 2008; da Cunha et al,,
2010).

Varios métodos mecéanicos tém sido empregados para mensurar in vitro
a resisténcia de unido do pino de fibra de vidro a dentina intrarradicular, como
os testes de microtragdo e micropush-out (Soares et al., 2008b). O método de
micropush-out resulta em menor indice de falhas prematuras dos espécimes,
menor variabilidade na distribuicado dos dados (Goracci et al., 2004; Soares et
al., 2008b) e distribuicao de tensées mais homogénea (Soares et al., 2008b)
comparado ao método de microtracdo, constituindo assim uma metodologia
mais segura (Goracci et al., 2004) e apropriada para a avaliacdo de pinos de
fibra de vidro unidos a dentina intrarradicular (Soares et al., 2008b).

Entretanto, estes meétodos mecanicos fornecem uma
avaliacdo estatica da resisténcia de unido interfacial (Goracci et al., 2004).
Alguns estudos tém incluido procedimentos de envelhecimento artificiais, tais
como a ciclagem térmica, simulagdo mastigatéria e/ou armazenamento em
agua para avaliar a durabilidade da unido (Balbosh et al., 2005; De Munck et al.,
2005; Radovic et al., 2007; Albashaireh et al.,, 2010). O armazenamento em
agua é considerado como um teste in vitro de envelhecimento acelerado para

as interfaces de unido (Radovic et al., 2007).
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Portanto, torna-se oportuno avaliar a influéncia das técnicas de
instrumentacdo do canal radicular, da composi¢cdo quimica dos irrigantes e
cimentos endodénticos e do envelhecimento artificial acelerado dos espécimes
na resisténcia de unido do pino de fibra de vidro a dentina intrarradicular, em

funcéo da profundidade do canal radicular.
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2. Objetivo

O objetivo deste estudo foi avaliar os efeitos da terapia endoddntica
(técnica de instrumentacdo, irrigantes e cimentos endoddnticos) e do
envelhecimento artificial acelerado dos espécimes na resisténcia de unido de
pinos de fibra de vidro cimentados adesivamente (RelyX U100, 3M-ESPE) ao
canal radicular em incisivos bovinos, em fungdo da profundidade do canal
radicular.

O estudo foi desenvolvido em duas partes. Na parte 1, as hipoteses
testadas foram que (1) as técnicas de instrumentacdao do canal radicular, (2) a
composicdo quimica dos irrigantes endoddnticos e (3) o envelhecimento
artificial acelerado dos espécimes influenciam na resisténcia de unido do pino
de fibra de vidro a dentina intrarradicular, dependendo da profundidade do canal
radicular.

Na parte 2, as hipbteses testadas foram que (4) os cimentos
endodénticos e (5) o envelhecimento artificial acelerado dos espécimes
influenciam na resisténcia de unido do pino de fibra de vidro a dentina

intrarradicular, dependendo da profundidade do canal radicular.
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3. Material e métodos

Selecao e preparo dos dentes

A partir de 1000 incisivos inferiores bovinos recém-extraidos, limpos com
curetas periodontais (SS White Duflex, Rio de Janeiro, RJ, Brasil) e submetidos
a profilaxia com pedra pomes (Vigodent, Rio de Janeiro, RJ, Brasil) e agua,
foram selecionados 180 dentes (aprovacdo pelo Comité de Etica da
Universidade Federal de Goias, n. 256/10), sendo 120 dentes para a parte 1 e
60 para a parte 2 do presente estudo. O critério de selecdo usado foi a
similaridade na morfologia anatémica externa e interna de dentes de animais
adultos, no qual o didmetro do canal radicular deveria ser menor que Tmm. Os
dentes foram seccionados perpendicularmente ao longo eixo com disco
diamantado de dupla face (KG Sorensen, Sao Paulo, SP, Brasil), sob
refrigeragdo em agua, permanecendo remanescente radicular de 15 mm a

partir da porcao apical da raiz (Figura 1).

Didmetro do canal
menor que 1mm

Figura 1. Selecao e preparo dos dentes: Critério da similaridade externa (A), Demarcacao de
15 mm a partir da porcéo apical da raiz (B), Seccionamento do dente (C), Remanescente
radicular de 15 mm e critério da similaridade interna (D).
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Parte 1
Grupos experimentais

Cento e vinte raizes foram divididas aleatoriamente em 12 grupos
experimentais (n=10) resultantes da interacdo entre trés fatores em estudo:
técnica de instrumentacdo do canal radicular (PAI- preparo do canal radicular
com instrumentos de ago inoxidavel - K-File; PNiTi- preparo do canal radicular
com instrumentos rotatérios de Niquel-Titnio - sistema K3), irrigante
endoddntico (NaOCI- hipoclorito de sédio 1%; CHX- clorexidina 2%; Os- agua
ozonificada 1,2%) e envelhecimento artificial acelerado dos espécimes
(Imediato, teste sem envelhecimento; Mediato, teste ap6s 2 meses de

envelhecimento em agua a 37°C) (Figura 2).

Preparo do canal radicular com

Preparo do canal radicular com X a U (Glel
instrumentos de Niquel-Titanio

instrumentos de aco inoxidavel

(PNiTi)
n= 60 n= 60
(7 \ (7 A —
Hipoc'orito Clorexidina A'gua Hipoc'orito Clorexidina A'gua
de sddio 1% 2% ozonificada de sddio 1% 2% ozonificada
(NaOCl) (CHX) 1,2% (O,) (NaOCl) (CHX) 1,2% (O,)
n=20 n=20 n=20 n= 20 n=20 n=20
\ \
Teste Teste Teste Teste Teste Teste Teste Teste Teste Teste Teste Teste
Imed. Med. Imed. Med. Imed. Med. Imed. Med. Imed. Med. Imed. Med.
n=10 n=10 n=10 n=10 n=10 n=10 n=10 n=10 n=10 n=10 n=10 n=10

Figura 2. Organograma dos grupos experimentais da parte 1.
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Preparo do canal radicular

Os canais radiculares foram preparados 1 mm aquém do apice por meio
da técnica coroa-apice. Nos grupos PAIl, o preparo do canal radicular foi
realizado utilizando-se brocas Gates Glidden n. 1,2 (Dentsply Maillefer,
Ballaigues, Suica) (Comprimento de Trabalho - CT 10 mm), brocas Largo n. 2
(Dentsply Maillefer) (CT 10 mm) e instrumentos de aco inoxidavel (K-File;
Dentsply Maillefer) até a lima n. 45 K-File (CT 14 mm). Nos grupos PNiTi, os
canais radiculares foram preparados com brocas Gates Glidden n. 1,2 (Dentsply
Maillefer) (CT 10 mm) e instrumentos rotatérios de Niquel-Titanio do sistema K3
(SybronEndo, Optimum, Sao Paulo, SP, Brasil) na seguinte sequéncia: lima 25
taper 10 (CT 10 mm); limas 15-25 taper 2 (CT 14 mm); lima 25 taper 4 (CT
14mm); lima 25 taper 6 (CT 14 mm); limas 30-45 taper 2 (CT 14 mm).

Durante a instrumentacdo, a cada troca de lima, os canais foram
irrigados com 2 mL de uma das solugdes irrigantes testadas no presente
estudo: NaOCI- hipoclorito de sédio 1% (Fitofarma, Goiania, GO, Brasil); CHX-
clorexidina 2% (Fitofarma); Os- agua ozonificada 1,2%. O oz6nio foi produzido
por uma descarga elétrica através de uma corrente de oxigénio (PXZ3507,
Eaglesat Tecnologia em Sistemas Ltda., Sdo José dos Campos, SP, Brasil) e
inserido em 1L de &gua destilada estéril com uma vazdo de oz6nio de 7 g/h
(1,2%) (Estrela et al., 2007). Em todos os grupos, 3 mL de EDTA 17%
(Biodindmica Quimica e Farmacéutica Ltda., Ibipord, PR, Brasil) foram
utilizados por 5 min para a remocao de smear layer. A irrigagéo final foi
realizada com 5 mL da mesma solucao irrigante empregada no preparo do
canal radicular. Apdés o preparo dos canais radiculares nao foi realizada a
obturagéo endodoéntica (Figura 3).
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Figura 3. Preparo do canal radicular para os grupos PAI (A) e PNiTi (B).

Preparo para o pino intrarradicular

O preparo para o pino foi realizado usando brocas Largo n. 3-5 (Dentsply
Maillefer) (CT 10 mm) correspondente ao pino de fibra de vidro paralelo e
serrilhado de 1,5 mm de diametro (Reforpost n. 3; Angelus, Londrina, PR,
Brasil). Os canais radiculares foram irrigados, a cada troca de brocas e apds o
preparo, com 2 mL da mesma solucéo irrigante usada previamente, e foram
secos com cones de papel absorventes. Todas as raizes foram cobertas
externamente com cera utilidade para evitar polimerizacdo lateral pelo

fotoativador (Soares et al., 2012) (Figura 4).

Cera utilidade

Figura 4. Pinos de fibra de vidro (Reforpost n. 3; Angelus) (A), Preparo para o pino
intrarradicular (B), Recobrimento da raiz externamente com cera utilidade (C).
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Cimentacao do pino intrarradicular

Os pinos de fibra foram limpos com alcool 70% e, em seguida, em uma
Unica aplicagdo usando um microbrush, e apés a secagem, o agente silano foi
aplicado por um minuto (Silano; Angelus). O cimento resinoso auto-adesivo
(RelyX U100; 3M-ESPE, St. Paul, MN, EUA) foi manipulado de acordo com as
instrucdes do fabricante, introduzido no canal radicular com limas K-File e
aplicado na superficie do pino. O pino foi inserido no canal com pressao digital.
O excesso de cimento foi removido ap6s 1 min. Apés 5 min, o cimento resinoso
foi fotopolimerizado com 1200 mW cm™ (Radii-Cal; SDI, Bayswater, Australia)
por 40 s na face cervical da raiz, em direcdo ao longo eixo da raiz, e
obliquamente nas superficies vestibular e lingual, totalizando 120 s. A interface
pino-cimento-dentina na face cervical foi selada com resina composta e as

raizes foram armazenadas em agua destilada a 37°C por 24 horas (Figura 5).

Alcool 70% Silano Cimento resinoso auto-adesivo (RelyX U100

Figura 5. Tratamento de superficie do pino de fibra de vidro (A), Cimentacao do pino com o
cimento RelyX U100 (3M-ESPE) (B), Fotoativacao do cimento (C).

Preparo dos espécimes para o ensaio de micropush-out

As raizes foram coladas em placa acrilica com auxilio de adesivo a base
de cianoacrilato (Loctite Super Bonder, Henkel Loctite Corporation, EUA) e
godiva, e entdo seccionadas perpendicularmente ao seu longo eixo com disco
diamantado dupla face (4" Diameter x 0,012" Thickness x 1/2" Arbor, Extec,
Enfield, CT, EUA) em baixa velocidade e sobre refrigeracdo com agua (Isomet
1000, Buehler, Lake Bluff, IL, EUA) para obtencdo de duas fatias, com
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aproximadamente 1mm de espessura, de cada terco radicular (cervical, médio e

apical), totalizando seis fatias por raiz (Figura 6).

T
000000

6 Fatias- 1mm

Figura 6. Seccionamento da raiz com disco diamantado de dupla face montado em micrétomo
de tecido duro.

Envelhecimento artificial acelerado dos espécimes

Nos grupos mediatos, as fatias foram individualmente armazenadas em
eppendorfs com agua destilada e mantidas em estufa a 37°C por dois meses
antes do teste de micropush-out (Figura 7).

Figura 7. Espécimes armazenados individualmente em eppendorfs com agua destilada para
envelhecimento em estufa a 37°C por dois meses.

Ensaio de micropush-out

Para a realizacdao do ensaio de micropush-out foi utilizado dispositivo
desenvolvido especificamente para este teste (Menezes et al., 2008),
constituido por base metélica em aco inoxidavel com 3 cm de diametro,

contendo orificio de 2 mm na regido central e ponta aplicadora de carga com 1
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mm de didmetro e 3 mm de comprimento. Apds o posicionamento do conjunto
na base da maquina de ensaio mecanico (EMIC DL 2000, Sdo José dos
Pinhais, PR, Brasil) contendo célula de carga de 20 Kgf, as fatias foram
posicionadas de forma que a ponta aplicadora de carga coincidisse com o
orificio da base metdlica. Em seguida, foi aplicado carregamento de
compressao no sentido apice/coroa sob velocidade de 0,5 mm/min, até ocorrer
a extrusdo do pino. A resisténcia de uniao foi calculada em MPa dividindo-se a
carga que levou a falha do sistema (N) pela area da interface de unido. A area
da interface de unido foi calculada pela formula: A = 2mrh, sendo A a area da
interface de uniao; mr a constante 3,14; r o raio do segmento do pino (mm) e h a
espessura do segmento do pino (mm) (Goracci et al., 2004; Soares et al.,
2008b; Soares et al., 2012) (Figura 8).

l 0,5mm/min

F(MPa) = F(N)
A

A=2rntrh

n=3,14
r=raio do pino (0,75mm)
h=espessura do espécime

Figura 8. Posicionamento do espécime no dispositivo para o ensaio de micropush-out (A),
Aplicagéo de carregamento de compressao em ensaio de micropush-out e férmula para calculo
da resisténcia de unido (B).

Andlise estatistica
A andlise estatistica foi realizada utilizando o programa estatistico SAS
(Institute Inc., Cary, NC, EUA, Release 9,2). Os dados foram submetidos ao

teste de normalidade Shapiro-Wilk. Os efeitos, na resisténcia de unido, da
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técnica de instrumentacao, do irrigante endodontico e da profundidade do canal
radicular foram analisados usando ANOVA Two-way em esquema de parcela
subdividida, com as parcelas representadas pelos fatores técnica de
instrumentacao, irrigante endodéntico e suas interacées, e a sub-parcela
representada pelos tercos do canal radicular (cervical, médio e apical).
Comparacodes relacionadas ao envelhecimento artificial foram realizadas por
ANOVA One-way com a parcela representada por este fator e a sub-parcela
representada pelo tercos do canal radicular. Comparag¢des multiplas foram
feitas pelo teste de Tukey (a=0,05).

Definicao dos padroes de falha por Microscopia Confocal a laser de

varredura

Para determinar os padrées de falha, todos os espécimes fraturados
(n=720) foram secos com jato de ar e analisados em microscopio de varredura
confocal a laser (Carl Zeiss Laser Scanning Systems, LSM510, META,
Oberkochen, Alemanha). As imagens foram analisadas usando o Zeiss LSM
Image Browser (META, Alemanha). Os padrdes de falha foram classificados em
seis tipos: (I) falha adesiva entre o pino e o cimento resinoso; (ll) falha adesiva
entre o cimento resinoso e a dentina intrarradicular; (lll) falha coesiva no
cimento; (IV) falha coesiva na dentina; (V) falha coesiva no pino (Castellan et
al., 2010) e (VI) falha mista entre pino, cimento resinoso e dentina intrarradicular
(Bitter et al., 2009).
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Parte 2

Grupos experimentais

Sessenta raizes foram divididas aleatoriamente em seis grupos
experimentais (n=10) resultantes da interagdo entre dois fatores em estudo:
cimento endodbntico (SX- Sealapex, cimento a base de 6xido de calcio; Kerr
Corporation, Orange, EUA; S26- Sealer 26; cimento a base de hidroxido de
calcio; Dentsply Maillefer, Petropolis, RJ, Brasil; AH- AH Plus; cimento a base
de resina epdxica; Dentsply DeTrey GmbH, Konstanz, Alemanha) e
envelhecimento artificial acelerado dos espécimes (Imediato, teste sem
envelhecimento; Mediato, teste ap6s 2 meses de envelhecimento em agua a
37°C) (Figura 9).

Sealer 26 (S26)

Sealapex
(SX)
n=20

n= 20

) .
AH Plus (AH)
n=20

Teste . Teste Teste Teste Teste
imediato Testt:‘ ﬂ%d'ato imediato mediato imediato mediato
n=10 = n=10 n=10 n=10 n=10

Figura 9. Organograma dos grupos experimentais da parte 2.

Nesta parte do presente estudo, foram empregados dois grupos
controles (sem obturacédo do canal radicular), sendo um controle imediato e um
controle mediato. Os valores de resisténcia de unido e padrées de falha dos
grupos controle imediato e mediato foram obtidos dos grupos PNiTiNaOCI

imediato e PNiTiNaOCI mediato da parte 1, respectivamente.
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Preparo do canal radicular

Nos grupos experimentais, os canais radiculares foram preparados 1 mm
aquém do apice por meio da técnica coroa-apice com instrumentos rotatérios de
Niquel-Titanio do sistema K3 (SybronEndo, Optimum, Sdo Paulo, SP, Brasil)
associados aos agentes quimicos NaOCI 1% e EDTA 17%. Assim, os canais
radiculares foram preparados com brocas Gates Glidden n. 1,2 (Dentsply
Maillefer, Ballaigues, Suica) (CT 10 mm) e instrumentos rotatérios NiTi na
seguinte sequéncia: lima 25 taper 10 (CT 10 mm); limas 15-25 taper 2 (CT 14
mm); lima 25 taper 4 (CT 14mm); lima 25 taper 6 (CT 14 mm); limas 30-45 taper
2 (CT 14 mm).

Durante a instrumentacdo, a cada troca de lima, os canais foram
irrigados com 2 mL de NaOCI 1% (Fitofarma, Goiania, GO, Brasil). Em todos os
grupos, 3 mL de EDTA 17% (Biodindmica Quimica e Farmacéutica Ltda.,
Ibipora, PR, Brasil) foram utilizados por 5 min para a remogédo de smear layer. A
irrigacao final foi realizada com 5 mL de NaOCI 1% (Fitofarma).

Os canais radiculares foram secos com cones de papel absorventes e
obturados com cones de guta-percha (Dentsply Maillefer) e o cimento
endodontico especifico de cada grupo, utilizando a técnica de condensacao
lateral. Os cimentos endodonticos foram preparados e utilizados de acordo com
as instrucbes dos fabricantes. Apds a obturacdo, as aberturas dos canais
radiculares foram seladas com cimento de ionémero de vidro (Vidrion R;
SSWhite, Rio de Janeiro, RJ, Brasil) e as amostras foram armazenadas em
agua destilada a 37°C por 24 horas (Figura 10).
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Sealapex

Selamento com ionémero de vidro
Técnica de condensagdo lateral (Vidrion R)

Figura 10. Cimentos endodb6nticos empregados no presente estudo: SX-Sealapex (Kerr), S26-
Sealer 26 (Dentsply), AH- AH Plus (Dentsply) (A), Obturacao do canal radicular (B) e Selamento
da abertura do canal radicular com ionémero de vidro (C).

Preparo para o pino intrarradicular

Apés 24 horas, o material obturador foi removido com brocas Gates
Glidden na profundidade de 10 mm mantendo-se 5 mm de selamento apical.

O preparo para o pino foi realizado usando brocas Largo n. 3-5 (Dentsply
Maillefer) (CT 10 mm) correspondente ao pino de fibra de vidro paralelo e
serrilhado de 1,5 mm de diametro (Reforpost n. 3; Angelus, Londrina, PR,
Brasil). Os canais radiculares foram irrigados, a cada troca de brocas e apés o
preparo, com 2 mL de NaOCl 1% e foram secos com cones de papel
absorventes. Todas as raizes foram cobertas externamente com cera utilidade

para evitar polimerizacao lateral pelo fotoativador (Soares et al., 2012).

Cimentacao do pino intrarradicular

Os pinos de fibra foram limpos com alcool 70% e, em seguida, em uma
Unica aplicagdo usando um microbrush, e apés a secagem, o agente silano foi
aplicado por um minuto (Silano; Angelus). O cimento resinoso auto-adesivo
(RelyX U100; 3M-ESPE, St. Paul, MN, EUA) foi manipulado de acordo com as
instru¢cdes do fabricante, introduzido no canal radicular com limas K-File e

aplicado na superficie do pino. O pino foi inserido no canal com pressao digital.
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O excesso de cimento foi removido ap6s 1 min. Apés 5 min, o cimento resinoso
foi fotopolimerizado com 1200 mW cm™ (Radii-Cal; SDI, Bayswater, Australia)
por 40 s na face cervical da raiz, em direcdo ao longo eixo da raiz, e
obliquamente nas superficies vestibular e lingual, totalizando 120 s. A interface
pino-cimento-dentina na face cervical foi selada com resina composta e as

raizes foram armazenadas em agua destilada a 37°C por 24 horas.

Preparo dos espécimes para o ensaio de micropush-out

As raizes foram coladas em placa acrilica com auxilio de adesivo a base
de cianoacrilato (Loctite Super Bonder, Henkel Loctite Corporation, EUA) e
godiva, e entdo seccionadas perpendicularmente ao seu longo eixo com disco
diamantado dupla face (4" Diameter x 0,012" Thickness x 1/2" Arbor, Extec,
Enfield, CT, EUA) em baixa velocidade e sobre refrigeracdo com agua (Isomet
1000, Buehler, Lake Bluff, IL, EUA) para obtencdo de duas fatias, com
aproximadamente 1mm de espessura, de cada terco radicular (cervical, médio e

apical), totalizando seis fatias por raiz.

Envelhecimento artificial acelerado dos espécimes

Nos grupos mediatos, as fatias foram individualmente armazenadas em
eppendorfs com agua destilada e mantidas em estufa a 37°C por dois meses
antes do teste de micropush-out.

Ensaio de micropush-out

Para a realizacdo do ensaio de micropush-out foi utilizado dispositivo
desenvolvido especificamente para este teste (Menezes et al, 2008),
constituido por base metélica em aco inoxidavel com 3 cm de diametro,
contendo orificio de 2 mm na regido central e ponta aplicadora de carga com 1
mm de didmetro e 3 mm de comprimento. Apds o posicionamento do conjunto
na base da maquina de ensaio mecéanico (EMIC DL 2000, S&do José dos

Pinhais, PR, Brasil) contendo célula de carga de 20 Kgf, as fatias foram
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posicionadas de forma que a ponta aplicadora de carga coincidisse com o
orificio da base metdlica. Em seguida, foi aplicado carregamento de
compressao no sentido apice/coroa sob velocidade de 0,5 mm/min, até ocorrer
a extrusdo do pino. A resisténcia de unido foi calculada em MPa dividindo-se a
carga que levou a falha do sistema (N) pela area da interface de unido. A area
da interface de unido foi calculada pela formula: A = 2nrh, sendo A a area da
interface de uniao; mr a constante 3,14; r o raio do segmento do pino (mm) e h a
espessura do segmento do pino (mm) (Goracci et al., 2004; Soares et al.,
2008b; Soares et al., 2012).

Analise estatistica

A andlise estatistica foi realizada utilizando o programa estatistico SAS
(Institute Inc., Cary, NC, EUA, Release 9,2). Os dados foram submetidos ao
teste de normalidade Shapiro-Wilk. Os efeitos, na resisténcia de unido, dos
cimentos endodénticos e do envelhecimento artificial foram analisados usando
ANOVA One-way em esquema de parcela subdividida, com a parcela
representada pelo cimento endodéntico ou pelo envelhecimento, e a sub-
parcela representada pelos tercos do canal radicular (cervical, médio e apical).
Comparacées multiplas foram feitas pelo teste de Tukey (a=0,05).
Comparacbées com os grupos controles imediato e mediato foram feitas pelo
teste de Dunnet (a=0,05).

Definicao dos padroes de falha por Microscopia Confocal a laser de

varredura

Para determinar os padrées de falha, todos os espécimes fraturados
(n=360) foram secos com jato de ar e analisados em microscopio de varredura
confocal a laser (Carl Zeiss Laser Scanning Systems, LSM510, META,
Oberkochen, Alemanha). As imagens foram analisadas usando o Zeiss LSM
Image Browser (META, Alemanha). Os padrdes de falha foram classificados em
seis tipos: (I) falha adesiva entre o pino e o cimento resinoso; (ll) falha adesiva
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entre o cimento resinoso e a dentina intrarradicular; (lll) falha coesiva no
cimento; (IV) falha coesiva na dentina; (V) falha coesiva no pino (Castellan et
al., 2010) e (VI) falha mista entre pino, cimento resinoso e dentina intrarradicular
(Bitter et al., 2009).
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4. Resultados

Parte 1

A andlise de variancia two-way (técnica de instrumentacdo X irrigante
endoddntico) com sub-parcela (terco do canal radicular) dos grupos testados
imediatamente mostrou diferenca significante para o irrigante endodontico
(p=0,0023) e terco do canal radicular (p=<0,0001). Os valores médios de
resisténcia de unido e os desvios padrdes estdo na Tabela 1. O teste de Tukey
indicou que a irrigacdo com NaOCI resultou em resisténcia de unido maior
comparada a Os, exceto no terco apical de PNiTi no qual foi similar. A irrigacao
com CHX resultou em valores de resisténcia de unido intermediarios que foram
estatisticamente semelhantes aos valores obtidos nos grupos irrigados com Og
nos tercos cervical/apical de PAI e cervical/médio de PNiTi, e em todos os
grupos irrigados com NaOCI. Independente da técnica de preparo do canal
radicular e do irrigante endodéntico, o tergo cervical apresentou maiores valores

de resisténcia de unido que o terco apical.
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Tabela 1. Médias de resisténcia de unido em MPa (desvio padrdo) dos grupos testados imediatamente (sem
envelhecimento) e categorias estatisticas definidas pelo teste de Tukey (n = 10).

Técnica de instrumentagao

Irrigante Instrumentos de ago inoxidavel (PAI) Instrumentos de Niquel-Titanio (PNiTi) Total
ota
endodéntico Terco radicular Terco radicular
Cervical Médio Apical Cervical Médio Apical

NaOCI 12,90(2,41)* 10,30(4,03)%@ 7,10(3,78)°® 13,52(2,12)* 11,39(3,26)"%* 9,33(4,80)5°® 10,75(4,03)?
CHX 11,39(3,27)* 9,81(3,89)*% 6,74(3,88)°® 11,46(3,84)*® 9,99(4,91)"% 7,08(5,55)% 9,41(4,52)®
Os 8,65(6,83)"  6,15(5,04)® 3,53(2,92)®® 9,49(3,39)"  7,40(1,55)"® 6,77(1,42)%°® 7,00(4,30)°

Total 8,51(4,86)° 9,60(4,15)"

Letras maiusculas foram utilizadas para comparar os grupos nas linhas horizontais e letras mindsculas para comparar os grupos nas linhas
verticais. Categorias estatisticas com letras iguais, definidas pelo teste Tukey, ndo sao estatisticamente significantes entre si (p <0,05).

PAI, preparo do canal radicular com instrumentos de acgo inoxidavel (K-File); PNiTi, preparo do canal radicular com instrumentos de Niquel-Titanio
K8); NaOCl, hipoclorito de sédio 1%; CHX, clorexidina 2%; O3, agua ozonificada 1,2%.
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A andlise de variancia two-way (técnica de instrumentacdo X irrigante
endoddntico) com sub-parcela (terco do canal radicular) dos grupos mediatos,
testados apds envelhecimento acelerado dos espécimes, mostrou diferenca
significante para a técnica de instrumentagao (p=0,0356), irrigante endodbntico
(p=<0,0001), terco do canal radicular (p=<0,0001) e para a interacdo entre
irrigante e terco do canal radicular (p=0,0047). Os valores médios de resisténcia
de unido e os desvios padroes estdo na Tabela 2. No terco apical de espécimes
irrigados com NaOCI ou CHX, PNiTi resultou em maior resisténcia de unido que
PAI. Em relacdo ao irrigante endodontico, o NaOCI resultou em maiores valores
de resisténcia de unidao que Oz em todos os grupos. CHX apresentou valor
estatisticamente menor que NaOCI| apenas no terco cervical de PAIl e
similaridade a NaOCI nos outros grupos. O terco cervical apresentou valores
maiores que o apical, exceto nos grupos PNiTiNaOCI e PNiTiCHX nos quais foi

similar.
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Tabela 2. Médias de resisténcia de uniao em MPa (desvio padrao) dos grupos mediatos, testados apos envelhecimento
artificial em agua, e categorias estatisticas definidas pelo teste de Tukey (n = 10).

Técnica de instrumentagao

Irrigante Instrumentos de ago inoxidavel (PAI) Instrumentos de Niquel-Titanio (PNiTi) Total
ota
Endodéntico Terco radicular Terco radicular
Cervical Médio Apical Cervical Médio Apical

NaOCI 24,08(5,77)" 20,31(7,70)%® 15,46(8,63)°® 25,10(6,44)"@ 2255(6,08)"* 21,64(6,33)"% 21,52(7,31)
CHX 18,85(4,26)"% 16,16(3,99)% 13,28(7,20)°® 21,41(3,44)"* 20,83(6,27)"%* 18,35(7,67)"** 18,15(6,14)%
Os 17,36(4,84)"° 9,94(3,98)%°  6,42(3,35)® 17,44(4,85)"° 10,99(5,34)®° 7,06(3,78)%°® 11,54(6,15)°

Total 15,76(7,52)° 18,37(7,77)"

Letras maiusculas foram utilizadas para comparar os grupos nas linhas horizontais e letras mindsculas para comparar os grupos nas linhas
verticais. Categorias estatisticas com letras iguais, definidas pelo teste Tukey, ndo sao estatisticamente significantes entre si (p <0,05).

PAI, preparo do canal radicular com instrumentos de acgo inoxidavel (K-File); PNiTi, preparo do canal radicular com instrumentos de Niquel-Titanio
K8); NaOCl, hipoclorito de sédio 1%; CHX, clorexidina 2%; O3, agua ozonificada 1,2%.
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A analise de variancia one-way (envelhecimento artificial) com sub-
parcela (terco do canal radicular) no grupo PAINaOCI mostrou significancia para
o envelhecimento artificial (p=<0,001) e terco do canal radicular (p=<0,001). No
grupo PAICHX houve significancia para o envelhecimento artificial (p=<0,001) e
terco radicular (p=<0,001). No grupo PAIO; houve significancia para o
envelhecimento artificial (p=<0,001), ter¢co do canal radicular (p=<0,001) e para
a interacdo entre estes fatores (p=0,032). No grupo PNiTiNaOCl houve
significancia para o envelhecimento artificial (p=<0,001) e terco do canal
radicular (p=0,005). No grupo PNiTiCHX houve significdncia para o
envelhecimento artificial (p=<0,001) e ter¢co do canal radicular (p=0,008). No
grupo PNiTiOs houve significAncia para o envelhecimento artificial (p=0,008),
terco do canal radicular (p=<0,001) e para a interacdo entre estes fatores
(p=<0,001). Os valores médios de resisténcia de unido e os desvios padrdes
dos grupos estdo na Tabela 3. O teste de Tukey demonstrou um aumento
significante na resisténcia de unido apdés o envelhecimento artificial acelerado,
exceto para os tercos médio e apical de PAIO; e apical de PNiTiO3 nos quais

foram similares.
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Tabela 3. Médias de resisténcia de unido em MPa (desvio padrdo), como
resultado do envelhecimento artificial e tergo radicular, e categorias estatisticas
definidas pelo teste de Tukey para cada grupo (n = 10).

Terco radicular

Grupos Teste
Cervical Médio Apical

Imediato 12,90+2,41% 10,30+4,03"° 7,10+3,78"%°
PAINOC Mediato 24,08+5,77% 20,31+7,70% 15,46+8,63%
PAIGHX Imediato 11,39+3,27% 9,81+3,89"% 6,74+3,88%°
Mediato 18,85+4,26™ 16,16+3,99"% 13,28+7,20%
PAIO, Imediato 8,65+6,83"° 6,15+5,04"°2 3,53+2,92"%
Mediato 17,36+4,84" 9,94+3,98% 6,42+3,35"%
_ Imediato 13,52+2,12"° 11,39+3,26" 9,33+4,80%°
PNITINaOC] Mediato 25,10+6,44 22,55+6,08" 21,64+6,33"
_ Imediato 11,46+3,84"° 9,99+4,91"%° 7,08+5,55>
PNITIGHX Mediato 21,41+3,44" 20,83+6,27" 18,35+7,67%
PNITIO, Imediato 9,49+3,39™° 7,40+1,55"% 6,77+1,42%
Mediato 17,44+4,85" 10,99+5,34% 7,06+3,78%

Em cada grupo, letras mailsculas foram utilizadas para comparar os grupos nas linhas
horizontais e letras minlUsculas para comparar os grupos nas linhas verticais. Categorias
estatisticas com letras iguais, definidas pelo teste Tukey, ndo sao estatisticamente significantes
entre si (p <0,05).

PAI, preparo do canal radicular com instrumentos de aco inoxidavel (K-File); PNiTi, preparo do
canal radicular com instrumentos de Niquel-Titanio K8); NaOCI, hipoclorito de sédio 1%; CHX,
clorexidina 2%; O3, 4gua ozonificada 1,2%; Imediato, teste sem envelhecimento; Mediato, teste
apos 2 meses de envelhecimento em agua a 37°C.
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A distribuicédo e representacao dos padrdes de falha estdo apresentadas

na Tabela 4 e Figura 11, respectivamente. A prevaléncia de (Il) falha adesiva

entre o cimento resinoso e a dentina intrarradicular foi verificada em todos os

grupos.

Tabela 4. Padrdes de falha (%) para os grupos experimentais da parte 1.

. AISiiS:V:: P.\desiva: C?esiva: Coes?va: Coesiva: Mista
rupos cimento  Cimentoe  Cimento  Dentina Pino (V) V1)
0 dentina (I)  (IIl) (IV)
5?!32%0' ] 32 (53.3) - 4(6,7) 1(1,7)  23(382)
::n'ogggé 1(1,7)  33(55,0) - 3(5,0) 1(1,7)  22(36,7)
bdalo 3(50)  33(55.0) - - 1(1,7)  23(389)
i':n'\ggii;ioc' 2(3,3) 33 (55,0) - 6 (10,0) 2(33) 17(28,3)
::nl\(lalg:gtgx 2(33)  34(56,7) - 2(33) 2(33) 20(333)
i':n'\ggiigtg 2(33) 47 (783) . 1(1,7) . 10 (16,7)
PAINGOCI 5 38) 27450) - . 11(183) 20 (333)
mﬁf 3(500 31(517) - 1(1,7) 7(11,7)  18(30,0)
PAIG: ~ 3(50) 40(667) - - 2(33)  15(250)
PNTINGOC 1 (17 20333 -  9(150) 15@50) 1550
f;'i:].ﬁg' X - 42 (70,0) - - 10 (16,7) 8 (13,3)
PNITO: 1 (17)  s5(83 1(17) - 3(50)  20(339)

PAl, preparo do canal radicular com instrumentos de ago inoxidavel (K-File); PNiTi, preparo do
canal radicular com instrumentos de Niquel-Titanio K8); NaOCI, hipoclorito de sddio 1%; CHX,
clorexidina 2%; O3, 4gua ozonificada 1,2%; Imediato, teste sem envelhecimento; Mediato, teste
apos 2 meses de envelhecimento em agua a 37°C.
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- g, -
Figura 11. d — dentina; ¢ — cimento resinoso; p — pino de fibra de vidro. Parte 1. Microscopias
dos padrdes de falha apds o teste de micropush-out (aumento 10X): (I) falha adesiva entre o
pino e o cimento resinoso; (ll) falha adesiva entre o cimento resinoso e a dentina; (lll) falha
coesiva no cimento; (IV) falha coesiva na dentina; (V) falha coesiva no pino; (VI) falha mista
entre pino, cimento resinoso e dentina.
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Parte 2

A andlise de variancia one-way (cimento endodéntico) com sub-parcela
(terco do canal radicular) dos grupos testados imediatamente e dos grupos
mediatos (envelhecimento acelerado antes do teste) mostrou diferenca
significante apenas para o terco do canal radicular (p=<0,001). Os valores
médios de resisténcia de unido e os desvios padrées dos grupos imediatos e
mediatos estdo nas Tabelas 5 e 6, respectivamente. O teste de Tukey indicou
uma redugéao significante nos valores de resisténcia de unido do tergo cervical
para o apical, independente do cimento endodbntico.

Comparagbes com o0s grupos controles imediato e mediato estdo
apresentadas nas Tabelas 5 e 6, respectivamente. O teste de Dunnet mostrou
que o uso do cimento endodéntico resultou em valores de resisténcia de unido
menores comparado aos grupos controles (sem obturacdo), com diferenca
estatisticamente significante nos tercos médio (p=0,0294) e apical (p= 0,0207)
dos grupos testados imediatamente (Tabela 5), e nos tercos cervical
(p=<0,0001), médio (p=<0,0001) e apical (p=<0,0001) dos grupos testados apds
o envelhecimento (Tabela 6).

Tabela 5. Médias de resisténcia de unido em MPa (desvio padrdo) dos grupos
testados imediatamente (sem envelhecimento) e categorias estatisticas
definidas pelo teste de Tukey e teste de Dunnet (n = 10).

Terco radicular

Cimento endododntico

Cervical Médio Apical
Controle imediato 13,52+2,12 11,39+3,26 9,33+4,80
Sealapex 10,29+1,96" 7,41+1,95*% 5,36+1,34*%2
Sealer 26 13,83+6,64" 8,16+4,16*52 3,63+4,72*C2
AH Plus 12,91+2,54"2 8,08+ 2,59*82 4,77+2,96*°2

Letras mailsculas foram utilizadas para comparar os grupos nas linhas horizontais e letras
mindsculas para comparar os grupos nas linhas verticais. Categorias estatisticas com letras
iguais, definidas pelo teste Tukey, nao sao estatisticamente significantes entre si (p <0,05).

O (*) indica diferenca significante com o grupo controle pelo teste de Dunnet (p < 0.05).
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Tabela 6. Médias de resisténcia de unido em MPa (desvio padrao) dos grupos
mediatos, testados apds envelhecimento artificial em &agua, e categorias
estatisticas definidas pelo teste de Tukey e teste de Dunnet (n = 10).

Terco radicular

Cimento endodontico Cervical Médio Apical

Controle mediato 25,10+6,44 22,55+6,08 21,64+6,33

Sealapex 10,94+5,12*" 7,50+1,54*A82 5,47+3,96*%
Sealer 26 14,02+1,94*" 8,40+4,97*52 3,47+3,91*C2
AH Plus 13,34+3,43*72 9,12+ 3,83*82 4,87+4,02%¢2

Letras mailsculas foram utilizadas para comparar os grupos nas linhas horizontais e letras
mindsculas para comparar os grupos nas linhas verticais. Categorias estatisticas com letras
iguais, definidas pelo teste Tukey, nao sao estatisticamente significantes entre si (p <0,05).

O (*) indica diferenca significante com o grupo controle pelo teste de Dunnet (p < 0.05).

A andlise de variancia one-way (envelhecimento artificial) com sub-
parcela (ter¢co do canal radicular) para cada cimento endodéntico (SX, S26, AH)
mostrou diferenga significante apenas para o terco do canal radicular
(p=<0,001). Os valores médios de resisténcia de unido e os desvios padrdes
para cada cimento endodontico estdo na Tabela 7. O teste de Tukey revelou
uma reducéao significante nos valores de resisténcia de unido do terco cervical

para o apical, independente do envelhecimento artificial.

Tabela 7. Médias de resisténcia de unido em MPa (desvio padrdo), como
resultado do envelhecimento artificial e tergo radicular, e categorias estatisticas
definidas pelo teste de Tukey para cada cimento endodéntico (n = 10).

Cimento Teste Terco radicular
endodéntico Cervical Médio Apical

Sealapex Imediato 10,29+1,96™ 7,41+1,95"% 5,36+1,34%
Mediato 10,94+5,12" 7,50+1,54%82 5,47+3,96%

Sealer 26 Imediato 13,83+6,64™ 8,16+4,16°° 3,63+4,72%
Mediato 14,02+1,94" 8,40+4,97% 3,47+3,91¢

AH Plus Imediato 12,91+2,54™ 8,08+ 2,59 4,77+2,96°
Mediato 13,34+3,43" 9,12+ 3,83% 4,87+4,02%2

Em cada cimento endodéntico, letras mailusculas foram utilizadas para comparar os grupos nas
linhas horizontais e letras mindsculas para comparar os grupos nas linhas verticais. Categorias
estatisticas com letras iguais, definidas pelo teste Tukey, ndo sao estatisticamente significantes
entre si (p <0,05).
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A distribuicado e representacao dos padrdes de falha estdo apresentadas
na Tabela 8 e Figura 12, respectivamente. A prevaléncia de (Il) falha adesiva
entre o cimento resinoso e a dentina intrarradicular foi verificada em todos os

grupos.

Tabela 8. Padrdes de falha (%) para os grupos experimentais da parte 2.

Adesiva: Adesiva: Coesiva: Coesiva: Coesiva: _
o oesiva. M|Sta
Grupos (%) Pino e Cimentoe  Cimento  Dentina . V) (V)
cimento (I) dentina (I) (Il (V)
SX imediato 18
233  35(83) 3(0) 1(17) 1(17)  (30,0)
— 17
S26imediato 5350 31(517)  6(10,0) : 3(50) (28,3)
AH imediato 20
3(50) 26(433) 9(150) 1(1,7) 1(17) (333)
SX mediato 8
2(33)  42(700) 7(11.7) : 1(17)  (13.3)
. 21
526 mediato : 33(550)  2(3.3) : 467) (350)
. 11
AHmedialo 4417 44733 360  1(17) ! (18,3)

SX, Sealapex; S26, Sealer 26; AH, AH Plus; Imediato, teste sem envelhecimento; Mediato, teste
apos 2 meses de envelhecimento em agua a 37°C).
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V O _
Figura 12. d — dentina; ¢ — cimento resinoso; p — pino de fibra de vidro. Parte 2. Microscopias
dos padrdes de falha apds o teste de micropush-out (aumento 10X): (I) falha adesiva entre o
pino e o cimento resinoso; (ll) falha adesiva entre o cimento resinoso e a dentina; (lll) falha
coesiva no cimento; (IV) falha coesiva na dentina; (V) falha coesiva no pino; (VI) falha mista
entre pino, cimento resinoso e dentina.
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5. Discussao

Parte 1

As técnicas de instrumentacédo do canal radicular, a composicéo quimica
dos irrigantes endodbnticos e o envelhecimento artificial das amostras
influenciaram na resisténcia de unido de pinos de fibra de vidro. Além disto, a
unido a dentina radicular foi afetada pelos diferentes tergcos do canal radicular.
As hipéteses testadas foram aceitas.

O preparo do canal radicular apresenta como finalidade o esvaziamento,
alargamento e sanificacdo endodoéntica (Estrela et al., 2007). Os instrumentos
de aco-inoxidavel tém sido geralmente utilizados para tal finalidade. Os
instrumentos de Niquel-Titanio (NiTi) acionados a motor tém sido sugeridos
com vistas a favorecer o preparo de canais curvos, devido a flexibilidade e
superelasticidade (Thompson, 2000). A qualidade da modelagem, a eficiéncia, o
menor tempo de trabalho e a diminuicdo do stress profissional constituem
outras qualidades inerentes ao preparo com instrumentos de NiTi (Thompson,
2000; Peters et al., 2001a; Peters & Paqué, 2010). O preparo com 0s
instrumentos em aco inoxidavel tem permitido que paredes nédo sejam tocadas
pelos instrumentos (Peters et al., 2001b). Considerando que estes instrumentos
apresentam agao de raspar, e ndo de excisar dentina, como ocorre com 0S
instrumentos de NiTi, sugere-se maior possibilidade de compactagdo de smear
layer dentro dos tubulos dentinarios, caracterizando maior presenca de smear
plug. Este pode ter atuado como barreira a penetragéo e interacdo do cimento
com a dentina intrarradicular, o0 que pode estar relacionado a diminuicdo da
resisténcia de unido verificada em grupos preparados com instrumentos de ago
inoxidavel.

O NaOCl é um composto halogenado utilizado rotineiramente na
endodontia (Zehnder, 2006), que possui efeito antimicrobiano (Bystrén &
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Sundqvist, 1981; Estrela et al., 2002), capacidade de dissolucado tecidual
(Bystron & Sundqvist, 1981; Spand et al., 2009; Estrela et al, 2002) e
compatibilidade biologica aceitavel em solugbes menos concentradas (Estrela
et al., 2002, 2003, 2004). Entretanto, ele ndo atua na porcao inorganica da
dentina, que constitui grande parte da smear layer (Garberolio & Becce, 1994;
Cecchin et al, 2010). O EDTA produz desmineralizacdo da dentina e
proporciona uma excelente limpeza das paredes do canal radicular (Spané et
al., 2009), melhorando a penetragdo de substancias quimicas e promovendo
um contato mais intimo do material obturador com a dentina radicular (Cecchin
et al., 2010). Ele atua sobre os componentes inorganicos da smear layer,
levando a descalcificacao da dentina peri e intertubular (Cecchin et al., 2010).

A associagdo dessas substancias é largamente empregada na terapia
endoddntica porque elas atuam nas por¢cées organica e inorganica da dentina
(Estrela et al., 2007; Zhang et al., 2010; Cecchin et al., 2010), com dissolugao
quase completa da smear layer, desobstruindo os orificios dos tudbulos
dentinarios (Wu et al, 2009). Em contrapartida, a clorexidina e a agua
ozonificada ndo possuem capacidade de dissolver tecidos organicos, e assim,
debris podem permanecer aderidos as paredes do canal radicular obstruindo os
tubulos dentinarios (Menezes et al., 2003; Bitter et al., 2008; Bodrumlu et al.,
2010), o que pode influenciar negativamente na unido a dentina intrarradicular,
como visto no presente estudo.

Bitter et al. (2009) relataram que a hibridizagdo da dentina foi detectada
apenas esporadicamente com o emprego do cimento resinoso auto-adesivo
RelyX Unicem (3M-ESPE). O cimento auto-adesivo usado no presente estudo,
RelyX U100 (UC), e o RelyX Unicem (UN) foram desenvolvidos pelo mesmo
fabricante e sdo comercializados sob 0 mesmo nome em alguns paises (Viotti
et al., 2009). Segundo o fabricante, a Unica diferenca entre estes produtos é o
sistema de dispensar o material. Enquanto o UN requer um ativador, triturador e
aplicador, o UC pode ser misturado manualmente (Viotti et al., 2009). As
propriedades adesivas deste cimento sdo baseadas em monémeros acidos que

desmineralizam e infiltram o substrato dentario, e criam retencao
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micromecanica e uniao quimica a hidroxiapatita (De Munck et al., 2004; Gerth et
al., 2006; Zicari et al., 2008; Bitter et al., 2009; Cecchin et al., 2011).

Bitter et al. (2009) descreveram que a penetracdo deste cimento nos
tubulos dentinarios foi encontrada apenas em alguns espécimes e concluiram
que a smear layer nao € dissolvida consistentemente na interface dentina-
cimento. Estes dados confirmam os resultados de estudos conduzidos
previamente que também descreveram uma interacdo morfolégica apenas
superficial (De Munck et al., 2004; Al-Assaf et al., 2007; Monticelli et al., 2008).
Assim, frente ao baixo efeito desmineralizante do cimento RelyX U100
empregado no presente estudo, a capacidade do NaOC| em remover os
componentes organicos da dentina, principalmente colageno, resultando em
uma superficie rugosa (Hayashi et al., 2005), poderia aumentar a penetracao do
cimento (Ari et al., 2003) na estrutura de dentina parcialmente desmineralizada
(Monticelli et al, 2008) favorecendo a retencdo micromecanica e,
consequentemente, o aumento da resisténcia de uniéo.

Adicionalmente, Gerth et al. (2006) documentaram uma intensa interagao
quimica do cimento RelyX Unicem com a hidroxiapatita. Em concordéancia,
Bitter et al. (2009) relataram que interacées quimicas entre o cimento resinoso
auto-adesivo e a hidroxiapatita podem ser efetivas no interior do canal radicular,
e indicaram que esta interacdo pode ser mais crucial para a unido a dentina
radicular do que a capacidade do mesmo material em hibridizar a dentina.
Entdo, como o NaOCI atua na dissolugdo da porcdo organica expondo a
inorgénica, isto pode favorecer essas intera¢cdes quimicas entre o cimento e a
hidroxiapatita, o que pode justificar os valores mais elevados de resisténcia de
unido encontrados nos grupos em que esse irrigante foi usado.

O aumento ou a auséncia de efeito adverso do NaOCI na resisténcia de
unido de cimentos resinosos a dentina intrarradicular foram relatados
anteriormente (Varela et al., 2003; Muniz & Mathias, 2005; Hayashi et al., 2005;
Pelegrine et al., 2010), enquanto outros estudos descreveram um efeito adverso
deste irrigante na resisténcia de unido (Morris et al., 2001; Ari et al., 2003;

Erdemir et al., 2004; Demirylrek et al., 2009). O aumento foi explicado pela
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remocdo do colageno da smear layer, 0 que resultou em uma superficie
dentindria rugosa, e a diminuicdo da resisténcia de unido foi explicada pela
mudanca do potencial redox do substrato de unido devido ao NaOCI residual.
No entanto, estes estudos apresentam diferentes metodologias da utilizada no
presente estudo, no que diz respeito a concentracao e tempo de exposicao do
NaOCl, dificultando a comparac¢ao adequada com os resultados obtidos.

Em oposicao aos efeitos positivos do NaOCI no presente estudo, a agua
ozonificada reduziu significativamente a resisténcia de unido ao canal radicular.
O ozbnio (O3) € uma forma altamente reativa de oxigénio que € gerado pela
passagem de oxigénio através de alta tensdo (Estrela et al., 2007). Ele é um
gas azul, contendo trés atomos de oxigénio, e € um poderoso agente
antimicrobiano, irritante, téxico e instavel (Stibinger et al., 2006; Estrela et al.,
2007; Azarpazhooh & Limeback, 2008; Rodrigues et al., 2011). No entanto,
devido a sua elevada instabilidade, o ozbénio rapidamente se transforma em
oxigénio (Stubinger et al., 2006; Estrela et al., 2007; Rodrigues et al., 2011), o
qual pode inibir a polimerizagdo do cimento resinoso e, assim, reduzir a
resisténcia de unido (Bitter et al., 2008). Portanto, uma possivel interacao com
0s componentes iniciadores do cimento resinoso, assim como certa influéncia
das propriedades do material (Bitter et al., 2008), como a incapacidade de
dissolucao tecidual, poderiam explicar a reducao significativa na resisténcia de
unido, encontrada no presente estudo, quando a sanificacdo do canal foi
realizada com agua ozonificada.

Apesar dos pinos de fibra cimentados em canais radiculares ndo estarem
diretamente expostos aos fluidos bucais, o armazenamento em agua é
considerado um teste in vitro de envelhecimento acelerado para as interfaces
de uniao (Radovic et al., 2007). No presente estudo, o envelhecimento artificial
em agua por dois meses aumentou significativamente a retencao do pino. Este
fato pode estar relacionado a habilidade de unido ou polimerizacdo aumentada
durante o armazenamento em 4gua, ao relaxamento das tensbes pela
expansao higroscopica como consequéncia da sorcdo de agua durante o

armazenamento ou expansao higroscdpica dos materiais de cimentacao (Sadek
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et al., 2006; Albashaireh et al., 2010). A expanséo higroscépica do cimento
resinoso, em particular, pode ter contribuido para uma maior adaptacdo do
cimento ao substrato dentinario. Uma importante contribuicao para a resisténcia
de unido no teste de push-out esta prevista para ocorrer como consequéncia do
atrito interfacial deslizante (Sadek et al., 2006) decorrente da aplicacao da forca
compressiva. Assim, as resisténcias interfaciais mais elevadas encontradas
apos dois meses de envelhecimento podem ter sido causadas pelo aumento no
atrito interfacial, em funcdo da maior adaptacdo do cimento a dentina
consequente a expansao higroscépica (Sadek et al.,, 2006; Albashaireh et al.,
2010). E importante ressaltar que o método aplicado é um modelo simplificado
de envelhecimento acelerado, que tem sido comumente realizado para
avaliacao da unido entre resina-dentina (De Munck et al., 2005; Radovic et al.,
2007).

Em relagéo ao efeito dos diferentes niveis do canal radicular no presente
estudo, a resisténcia de unido foi predominantemente superior no tergo cervical
e inferior no terco apical. Isto pode ser devido a uma melhor polimerizagcao do
cimento no tergo cervical pela maior proximidade da fonte de luz em relagdo ao
terco apical; a uma melhor interagdo do cimento com a dentina cervical e ao
acesso mais dificil ao terco apical, associado a possiveis limitacbes no
escoamento do cimento (de Durdo Mauricio et al., 2007; da Cunha et al., 2010),
jA que o cimento empregado no presente estudo possui uma elevada
viscosidade (De Munck et al., 2004). Além disso, a adesdo a dentina radicular
também ¢é influenciada pela concentracao e direcdo dos tubulos dentinarios nos
diferentes niveis das paredes do canal radicular (Ferrari et al., 2000; Ferrari et
al., 2001; Wang et al., 2008; da Cunha et al., 2010).

A analise fractografica fornece informacdes importantes que ajudam a
prever o desempenho do material adesivo. No presente estudo, a microscopia
confocal foi empregada e ela parece ser uma alternativa vidvel para a andlise
do padrédo de falha, uma vez que consome menos tempo e n&o requer qualquer

preparo dos espécimes (Castellan et al., 2010).
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Como visto, o cimento auto-adesivo RelyX U100 possui uma reduzida
capacidade de desmineralizacdo e hibridizacdo dentinaria, apresentando uma
interacdo morfolégica apenas superficial (De Munck et al., 2004; Gerth et al.,
2006; Bitter et al., 2009; Al-Assaf et al., 2007; Monticelli et al., 2008). Esta
observacdo pode explicar a predominancia de (ll) falhas adesivas entre
cimento-dentina em todos os grupos do presente estudo (Tabela 4). Em geral,
resisténcias de unido mais elevadas resultaram em um percentual superior de
falhas coesivas no pino. Nestes casos, a resisténcia de unido a dentina, bem
como ao pino, foi mais elevada em comparacgéo a estabilidade do préprio pino.

Limitagdes do presente estudo incluem o fato de que os espécimes nao
foram submetidos a ciclagem térmica e mecanica, a fim de simular as
condi¢bes intrabucais mais precisamente. Adicionalmente, dentes bovinos
foram usados porque as preocupacoes bioéticas tornam dificil a coleta e
utilizagcdo de dentes humanos para fins de pesquisa (Menezes et al., 2008;
Soares et al., 2012). A coleta de dentes bovinos é mais facil e a idade do dente
pode ser melhor padronizada (Menezes et al., 2008; Soares et al., 2012). Além
disso, diversos estudos tém demonstrado propriedades semelhantes entre os
dentes humanos e bovinos (Nakamichi et al., 1983; Dong et al., 2003). Estudos
adicionais precisam ser conduzidos para analisar os efeitos de diferentes
concentragdes de NaOCI; da associacdo de um agente antioxidante, tal como o
ascorbato de sdédio, com a agua ozonificada; e do aumento do tempo de
envelhecimento articial na resisténcia de unido a dentina intrarradicular.

Considerando os resultados obtidos no presente estudo, sugere-se que
na prética clinica a irrigacao do canal com NaOCI 1% e uso do EDTA 17% seja
o protocolo mais indicado no preparo e sanificacao do canal radicular, quando a
cimentacdo de um pino de fibra de vidro com cimento resinoso auto-adesivo

estiver indicada.
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Parte 2

A retencéo de pinos de fibra de vidro cimentados com cimento resinoso
auto-adesivo a dentina intrarradicular foi influenciada pelo cimento endodéntico
e profundidade do canal radicular, mas nao pelo envelhecimento artificial. As
hip6teses testadas foram parcialmente aceitas.

Quando cimentos endodonticos séo introduzidos no canal radicular e
forcas sdo aplicadas durante a obturacdo, € provavel que os constituintes do
cimento endoddntico penetrem nos tubulos dentindrios (Boone et al., 2001;
Shokouhinejad et al., 2011). A penetracao do cimento endodéntico aumenta a
interface entre o material e as paredes dentinarias, o que pode melhorar a
retencdo mecéanica do material pelo embricamento do cimento endodéntico no
interior dos tdbulos, e potencialmente reduzir a infiltracdo (Mamootil & Messer,
2007; Shokouhinejad et al., 2011). Além disso, a atividade antibacteriana do
cimento endodéntico pode ser eficaz para matar e sepultar as bactérias que
permanecem no interior dos tubulos dentinarios (Heling & Chandler, 1996). A
capacidade do cimento endoddntico em penetrar nos tubulos dentinérios de
forma consistente e eficaz € um dos muitos fatores que influenciam a escolha
do material para a obturacdo do canal radicular (Mamootil & Messer, 2007;
Shokouhinejad et al., 2011).

O uso do EDTA, que é capaz de agir sobre a matriz mineral do dente e
promover a remocao da smear layer formada durante o preparo do canal
radicular, permite uma melhor penetragdo do cimento endodéntico nos tubulos
dentinarios, aumentando a superficie de contato do material de preenchimento
com a dentina (Nunes et al., 2008).

Assim, durante o preparo para o pino, a remogao mecanica do cimento
endoddntico impregnado na dentina intrarradicular € um passo critico na
obtencdo de retencao satisfatéria para o pino quando um cimento resinoso é
usado (Boone et al, 2001). No presente estudo, houve uma diminuicao
significativa na retengdo do pino quando os cimentos endodénticos foram
empregados, em comparagao aos grupos controles (sem obturacdo), o que
pode sugerir que o preparo para o pino pode nao ter removido todo o cimento
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endoddntico impregnado na dentina, ndo garantindo uma superficie "limpa" na
qual o cimento resinoso pudesse aderir (Boone et al., 2001).

Em concordancia com este achado, Dimitrouli et al. (2011) revelaram que
a resisténcia de unidao do pino de fibra no grupo sem obturacdo do canal
radicular (WRF) foi maior em comparacao aos outros grupos (guta-percha/AH
Plus (GP); guta-percha/Guttaflow (GF); obturacdo do canal radicular pré-
existente (PRF). Demirylrek et al. (2010) também mostraram que os cimentos
endoddnticos (AH Plus, Endofill e Sealapex) tém efeitos significativos sobre a
resisténcia de unido de pinos de fibra de vidro. Neste estudo, o grupo controle
(apenas guta-percha, sem cimento endodéntico) apresentou a maior média de
resisténcia de uniao pelo teste de micropush-out. Em contraste, Cecchin et al.
(2011) documentaram que o AH Plus e Sealer 26 nao interferiram na resisténcia
de uniao de pinos de fibra de vidro comparado ao grupo controle (cones guta-
percha e nenhum cimento endodéntico). Menezes et al. (2008) também nao
encontraram diferenca significativa entre o grupo controle (sem obturacéo) e os
grupos obturados com Sealer 26.

A acédo de brocas utilizadas na remogédo do material obturador do canal
radicular, com o intuito de criar espaco para o pino, produz uma nova smear
layer rica em cimento endoddntico e remanescentes de guta-percha
plastificados pelo calor de atrito da broca (Serafino et al., 2004; Demirylrek et
al., 2010). Independente do tipo de cimento endodéntico, esta smear layer pode
atuar como isolante contra qualquer tipo de material adesivo destinado a
promover a unidao a dentina intrarradicular (Dimitrouli et al., 2011). Além disso,
no presente estudo, os canais radiculares foram irrigados apds o preparo para o
pino apenas com NaOCl 1% que age seletivamente sobre a remocédo de
particulas organicas (Bystrén & Sundqvist, 1981; Spané et al., 2009; Estrela et
al., 2002) e nao pode dissolver particulas inorganicas (Garberolio & Becce,
1994, Cecchin et al., 2010). Portanto, ele ndo remove efetivamente a smear
layer formada sobre as paredes do canal radicular apds o preparo para o pino
(Nunes et al., 2008), o que pode reduzir a penetracdo e acdo quimica do
cimento resinoso auto-adesivo (RelyX U100, SM-ESPE).
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A influéncia da profundidade do canal foi observada pela diminuicdo da
resisténcia de unido do terco cervical para apical em todos os grupos. Este fato
pode ser atribuido a dificuldade de visualizagdo e acesso a parte apical do
sistema de canais radiculares (de Durdo Mauricio et al., 2007; Onay et al.,
2010), a dificuldade em eliminar a smear layer ou 0s remanescentes de cimento
endoddntico/guta-percha sobre as paredes dentinarias neste terco (Serafino et
al., 2004), a configuracao de tubulos dentinarios menos densa na porgéo apical
do sistema de canais radiculares (Ferrari et al., 2000; Ferrari et al., 2001; Wang
et al., 2008; da Cunha et al., 2010), ao fator de configuracao cavitéaria (Goracci
et al., 2004; Tay et al., 2005), a uma melhor polimerizacdo do cimento no tergo
cervical pela maior proximidade da fonte de luz em relagéo ao tergco apical e a
restricoes no escoamento do cimento resinoso a parte apical do canal radicular
(de Durédo Mauricio et al., 2007; da Cunha et al., 2010). Todos estes fatores
comprometem a continuidade interfacial (Silva et al, 2011) e,
consequentemente, a resisténcia de uniao.

Em relacdo a analise fractografica, a predominancia de (ll) falhas
adesivas cimento-dentina em todos os grupos do presente estudo (Tabela 8)
pode ser atribuida a dificuldade em eliminar a smear layer ou os remanescentes
de cimento endodéntico/guta-percha sobre as paredes dentinarias (Serafino et
al., 2004; Silva et al., 2011; DemiryUrek et al., 2010) e a reduzida capacidade de
desmineralizagdo e hibridizacdo dentinaria do cimento auto-adesivo RelyX
U100 (De Munck et al., 2004; Al-Assaf et al., 2007; Monticelli et al., 2008; Bitter
et al., 2009).

Limitagdes do presente estudo incluem o fato de que os espécimes nao
foram submetidos a ciclagem térmica e mecanica, a fim de simular as
condicoes intrabucais mais precisamente. Estudos adicionais precisam ser
conduzidos para analisar os efeitos do uso do EDTA, apds o preparo para o
pino, na resisténcia de unido a dentina intrarradicular em cada ter¢co do canal
radicular (cervical, médio e apical).

Considerando os resultados obtidos no presente estudo, observa-se que

na pratica clinica a remocao total da smear layer e dos remanescentes de
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cimento endodéntico/guta-percha das paredes dentinarias do canal radicular,
previamente a cimentagdo de um pino de fibra de vidro, € um fator critico para a

unido satisfatoria do cimento resinoso auto-adesivo a dentina intrarradicular.
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6. Conclusoes

Parte 1

O preparo do canal radicular com instrumentos de NiTi associado a
irrigagdo com NaOCI 1 % e uso do EDTA aumentou a resisténcia de unido de
pinos de fibra de vidro cimentados com cimento auto-adesivo a dentina

intrarradicular.

Parte 2

Os cimentos endodénticos interferiram negativamente na unido de pinos
de fibra de vidro cimentados com cimento resinoso auto-adesivo a dentina

intrarradicular.
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Abstract

Aim To evaluate in vitro the influence of instrumentation techniques, endodontic
irrigants and specimens aging on fibreglass post bond strength to bovine
intraradicular dentine. Methodology 120 teeth were divided into 12 groups
(n=10) resulting from the interaction among 3 study factors: instrumentation
technique (SS- root canal preparation with stainless steel instruments - K-File;
and NiTi- root canal preparation with K3 Nickel-Titanium instruments);
endodontic irrigant (NaOCI- 1% sodium hypochlorite; CHX- 2% chlorhexidine;
and O3- 1.2% ozonated water) and specimens aging (Immediate, test with no
aging; and Mediate, test performed after 2 months of water storage at 37 °C).
After root canal preparation, endodontic filling was not performed. Posts were
cemented with self-adhesive resin cement (RelyX U100) and roots were cross-
sectioned to obtain two slices of each third. Samples were submitted to push-
out test and bond strength values were analysed by ANOVA in a split-plot
arrangement and Tukey’s test (a = 0.05). Failure modes were evaluated under
a confocal microscope. Results In specimens submitted to water artificial aging,
NiTi presented higher bond strength values than SS in apical third irrigated with
NaOCI or CHX. Irrigation with NaOCI resulted in higher bond strength than Os.
Artificial aging resulted in significant bond strength increase, except for middle
and apical thirds of SSO3; and apical of NiTiOs;. Was verified the prevalence of
adhesive cement-dentine failure for all groups. Conclusions Root canal
preparation with NiTi instruments associated with NaOCI irrigation and EDTA
increased the bond strength of fibreglass posts cemented with self-adhesive

resin cement to intraradicular dentine.
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Introduction

The restoration of endodontically treated teeth represent a challenge in
function of they often have insufficient coronal structure to retain the restorative
material (Menezes et al. 2008, Santana et al. 2011). On occasions, they require
the use of a post to provide sufficient retention for the core (Morgano et al.
2004, Cheung 2005, Tang et al. 2010, Santana et al. 2011).

Fibreglass posts in combination with composite core foundation materials
are widely accepted as alternative to cast posts in the restoration of
endodontically treated teeth (Schwartz & Robbins 2004, Bitter & Kielbassa
2007, Naves et al. 2011). Fibreglass posts have a high flexural strength and
elasticity modulus similar to that of dentine, which minimize the transmission of
stresses to root canal walls and decrease the possibility of fractures (Lassila et
al. 2004, Schwartz & Robbins 2004, Cecchin et al. 2011). Furthermore, they
can also be cemented in the root canal using adhesive techniques (Kececi
et al. 2008, Bitter et al. 2009, Cecchin et al. 2011).

An optimal bond between post-cement and cement-dentine is necessary
for the success of the restorative procedure in endodontically treated teeth
(Soares et al. 2008a), however, debonding is the most common mode of failure
of the fibre-reinforced composite post restoration (Ferrari et al. 2007, Cagidiaco
et al. 2008, Albashaireh et al. 2010, Jongsma et al. 2010). This occurs probably
to poor visibility, anatomical features (Mjor et al. 2001, Bitter et al. 2008,
Pelegrine et al. 2010) and limited capacity to dissipate polymerization shrinkage
stresses in long narrow post spaces, exhibiting a highly unfavourable
configuration factor (Tay et al. 2005, Pelegrine et al. 2010), and was found to be
less effective than bonding to coronal dentine (Bitter et al. 2009).

Endodontic procedures performed before the luting of posts also may
interfere on bonding to intraradicular dentine (Ari et al. 2003, Erdemir et al.
2004, Hayashi et al. 2005, Muniz & Mathias 2005, Bitter et al. 2008, Pelegrine
et al. 2010). In endodontic therapy, the process of sanitizing infected root canals
begins with the mechanical action of instruments and chemical action of
endodontic irrigants (Estrela et al. 2003, Estrela et al. 2004), what can induce
chemical and structural changes of dentine surface and affect the interaction

with restorative materials (Cecchin et al. 2010, Shokouhinejad et al. 2010).
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An effective irrigating solution in root canal preparation is essential for the
sanitization process, because it favours cleaning, shaping and neutralizes
necrotic content, which favours root canal enlargement for subsequent filling.
Different auxiliary chemical agents for root canal preparation have been
proposed and the selection of an ideal irrigant depends on its action on
microorganisms and periapical tissues. Sodium hypochlorite and chlorhexidine
are antimicrobial agents frequently used in the treatment of endodontic
infections (Zehnder 2006, Estrela et al. 2003, 2004, 2007).

Sodium hypochlorite (NaOCI) is the most used irrigating solution for
endodontic treatment, because its mechanism of action causes biosynthetic
alterations in cellular metabolism and phospholipid destruction, formation of
chloramines that interfere in cellular metabolism, oxidative action with
irreversible enzymatic inactivation in bacteria, and lipid and fatty acid
degradation (Estrela et al. 2002). Chlorhexidine (CHX) is a potent antiseptic
with a broad-spectrum antimicrobial action, substantivity (Okino et al. 2004,
Pelegrine et al. 2010) and ability of decomposition (Barbin et al. 2008),
however, is unable to dissolve pulp tissue (Okino et al. 2004, Pelegrine et al.
2010). Ozonated water (O3) in endodontic infection treatment has been studied
(Nagayoshi et al. 2004, Hems et al. 2005, Estrela et al. 2007, Bitter et al. 2008).
Ozone (O3) is a powerful oxidizing agent and has been used in the water
industry for many years to kill bacteria. The antimicrobial effect of ozone results
from oxidation of microbial cellular components (Estrela et al. 2007).

Nonetheless, there is no consensus in the literature about the possible
effects of the chemical agents commonly used during the biomechanical
preparation of root canals regarding bonding to intraradicular dentine (Morris et
al. 2001, Ari et al. 2003, Varela et al. 2003, Erdemir et al. 2004, Muniz &
Mathias 2005, Hayashi et al. 2005, Bitter et al. 2008, Demiryurek et al. 2009,
Pelegrine et al. 2010), since these depend on the dentine bonding system used
(Hayashi et al. 2005, Bitter et al. 2008). Thus, the compatibility among different
materials used in endodontic therapy with the luting of fibre-reinforced posts to
root canal is an important aspect to be considered for a successful restoration.
Moreover, the quality of bonding to root dentine may be affected by the density
and orientation of dentine tubules at different levels of the root canal walls

(Ferrari et al. 2000, Goracci et al. 2004) and the ease of access to the root
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canal thirds (Ferrari et al. 2000, Ferrari et al. 2001, Goracci et al. 2004, Wang et
al. 2008, da Cunha et al. 2010).

The aim of the present study was to evaluate the effects of endodontic
therapy (instrumentation technique and endodontic irrigant), artificial
accelerated aging of specimens and depth of root canal on bond strength of
adhesively cemented (RelyX U100; 3M-ESPE, St. Paul, MN, USA) fibreglass
posts in root canal of bovine incisor teeth. The hypothesis tested was that (i) the
instrumentation techniques of root canal, (ii) the chemical composition of the
endodontic irrigants and (iii) the artificial accelerated aging of specimens
influence on fibreglass post bond strength to intraradicular dentine, depending

on the depth of the root canal.

Materials and methods

From among 700 freshly extracted bovine incisor teeth, 120 were
selected (approved by the Federal University of Goias Ethics Committee, #
256/10). The selection criterion used was the similarity of the external and
internal anatomical morphology and a root canal diameter smaller than 1mm.
Roots 15 mm in length were produced after removing the coronal portion. Roots
were randomly divided into 12 groups (n=10) resulting from the interaction
among three study factors: instrumentation technique of root canal (SS- root
canal preparation with stainless steel instruments - K-File; NiTi- root canal
preparation with K3 Nickel-Titanium instruments), endodontic irrigant (NaOCI -
1% sodium hypochlorite; CHX- 2% chlorhexidine; Oz- 1.2% ozonated water)
and specimens aging (Immediate, test with no aging; Mediate, test performed
after artificial accelerated aging - 2 months of water storage at 37 °C).

Root canals were prepared 1 mm from the apex by the crown-down
technique. In groups SS, root canal preparation was carried out using size # 1,2
Gates Glidden burs (Dentsply Maillefer, Ballaigues, Switzerland) (Working
Length - WL 10mm), size # 2 Largo burs (Dentsply Maillefer) (WL 10mm) and
stainless steel instruments (K-File; Dentsply Maillefer) up to # 45 K-File (WL
14mm). In groups NiTi, roots canals were prepared with size # 1,2 Gates
Glidden burs (Dentsply Maillefer) (WL 10mm) and K3 Nickel-Titanium

instruments (SybronEndo, Optimum, Sao Paulo, SP, Brazil) in the following
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sequence: # 25 .10 taper (WL 10mm); # 15-25 .02 taper (WL 14mm); # 25 .04
taper (WL 14mm); # 25 .06 taper (WL 14mm); # 30-45 .02 taper (WL 14mm).

During instrumentation, at each change of file, root canals were irrigated
with 2 mL of one of the irrigant solutions tested in the present study: NaOCI- 1%
sodium hypochlorite (Fitofarma, Goiania, GO, Brazil); CHX- 2% chlorhexidine
(Fitofarma); Os- 1.2% ozonated water. Ozone was produced by electric
discharge through oxygen current (PXZ3507, Eaglesat Tecnologia em Sistemas
Ltda., Sdo José dos Campos, SP, Brazil) and bubbled into 1 L sterile distilled
water at 7g/h ozone flow rate (1.2%) (Estrela et al. 2007). In all groups, 3 mL of
17% EDTA (Biodindmica Quimica e Farmacéutica Ltda., Ibipora, PR, Brazil)
was used for 5 min to remove the smear layer. The final irrigation was
performed with 5 mL of the same solution used in root canal preparation. After
root canal preparation, endodontic filling was not performed.

Post space was prepared using size # 3-5 Largo burs (Dentsply
Maillefer) (WL 10mm) corresponding to the fibreglass parallel-sided and
serrated post 1.5-mm-diameter (Reforpost # 3; Angelus, Londrina, PR, Brazil).
Root canals were irrigated, at each change of burs and after the preparation,
with 2 mL of the same irrigant solution used previously and dried with absorbent
paper points. All roots were covered externally with utility wax to avoid lateral
polymerization (Soares et al. 2012).

Fibreglass posts were cleaned with 70% alcohol, then in a single
application using a microbrush, and after drying, a silane agent was applied for
1 min (Silano; Angelus). The self-adhesive resin cement (RelyX U100; 3M-
ESPE, St. Paul, MN, USA) was manipulated in accordance with the
manufacturer’s instructions, introduced into the canal with K-File and placed on
the post. The post was seated to full depth by finger pressure. Excess cement
was removed after 1 min. After 5 min, the resin cement was light-cured with
1200 mW cm? (Radii-Cal; SDI, Bayswater, Australia) for 40 s each on the
cervical face of the root, in the direction of the long axis of the root, and
obliquely to the buccal and lingual surfaces, totalling 120 s. The interface post-
cement-dentine on the cervical face was then sealed with composite resin and
the roots were stored in distilled water at 37°C for 24h. After 24 h, each root
was serial sectioned perpendicular to its long axis with a double face diamond
disc (4" Diameter x 0.012" Thickness x 1/2" Arbor, Extec, Enfield, CT, USA) at
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low speed under water cooling (Isomet 1000, Buehler, Lake Bluff, IL, USA) to
obtain two slices, approximately 1 mm thick, of each root third (cervical, middle
and apical), totalling six slices per root.

In immediate groups, slices were submitted immediately (with no aging)
to push-out test, while in mediate groups, slices were stored in distilled water at
37°C for 2 months (artificial accelerated aging) prior to testing. The push-out
test was performed in a testing machine (EMIC DL 2000, Sdo José dos Pinhais,
PR, Brazil) by applying a compressive load at 0.5 mm min™' in the apical-coronal
direction until post segment extrusion. The bond strength was calculated in MPa
by dividing the load at failure (in N) by the area of the bonded interface. The
area of the bonded interface was calculated as follows: A = 21rrh, where A is the
area of the bonded interface, 1 = 3.14, r is the radius of post segment (mm) and
h is the thickness of the post segment (mm) (Goracci et al. 2004, Soares et al.
2008b, Soares et al. 2012).

Statistical analysis was performed using SAS statistical program
(Institute Inc., Cary, NC, USA). Data were submitted to the Shapiro-Wilk test of
normality. The effects, on bond strength, of instrumentation technique,
endodontic irrigant and depth of root canal were analysed using two-way
analysis of variance in a split-plot arrangement, with the plot represented by the
factors instrumentation technique, endodontic irrigant and their interaction, and
the sub-plot represented by the root canal thirds (cervical, middle and apical).
Comparisons with respect the artificial aging was performed by one-way
analysis of variance with the plot represented by this factor and the sub-plot
represented by the root canal thirds. Multiple comparisons were made using
Tukey'’s test (a = 0.05).

To determine the failure modes, all fractured specimens were air dried
and analysed under a confocal laser scanning microscope (Carl Zeiss Laser
Scanning Systems, LSM510, META, Oberkochen, Germany). Images were
analysed using Zeiss LSM Image Browser (META, Germany). The failure
modes were classified into six types: (l) adhesive between the post and resin
cement; (ll) adhesive between resin cement and intraradicular dentine; (lll)
cohesive in cement; (IV) cohesive in dentine; (V) cohesive in post (Castellan et
al. 2010) and (VI) mixed, among post, resin cement and intraradicular dentine
(Bitter et al. 2009).
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Results

Two-way analysis of variance (instrumentation technique X endodontic
irrigant) with sub-plot (root canal third) of immediate groups showed significant
difference for endodontic irrigant (P=.0023) and root canal third (P=<.0001).
The mean push-out bond strengths and standard deviations are in Table 1.
Tukey’s test indicated that irrigation with NaOCI resulted in higher bond strength
than with Os, except in the apical third of NiTi that was similar. The irrigation
with CHX resulted on intermediate values that were statistically similar to values
obtained in groups irrigated with Oz in thirds cervical/apical of SS and
cervical/middle of NiTi, and in all groups irrigated with NaOCI. Regardless of
root canal preparation and endodontic irrigant, cervical third had higher bond
strength values than apical third.

Two-way analysis of variance (instrumentation technique X endodontic
irrigant) with sub-plot (root canal third) of mediate groups, artificial accelerated
aging prior to testing, showed significant difference for instrumentation
technique (P=.0356), endodontic irrigant (P=<.0001), root canal third
(P=<.0001) and the interaction between irrigant and root canal third (P=.0047).
The mean push-out bond strengths and standard deviations are in Table 2. In
apical third of specimens irrigated with NaOCI or CHX, NiTi resulted on higher
bond strength than SS. Regarding the endodontic irrigant, NaOCI resulted on
higher bond strength values than Ogs in all groups. CHX presented statistically
lower value than NaOCI only in cervical third of SS and similarity to NaOCI in
the other groups. Cervical third presented higher values than apical third,
except in groups NiTiNaOCI and NiTiCHX that were similar.

One-way analysis of variance (artificial aging) with sub-plot (root canal
third) in group SSNaOCI showed significance for artificial aging (P<.001) and
root canal third (P<.001). In group SSCHX there was significance for artificial
aging (P<.001) and root canal third (P<.001). In group SSOs; there was
significance for artificial aging (P=.006), root canal third (P<.001) and interaction
between the factors (P=.032). In group NiTiNaOCI there was significance for
artificial aging (P<.001) and root canal third (P=.005). In group NiTiCHX there
was significance for artificial aging (P<.001) and root canal third (P=.008). In

group NiTiOs there was significance for artificial aging (P=.008), root canal third
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(P<.001) and interaction between the factors (P<.001). The mean push-out
bond strengths and standard deviations of all groups are in Table 3. Tukey’s
test demonstrated a significant bond strength increase after artificial accelerated
aging, except for middle and apical thirds of SSO3; and apical of NiTiOg that was
similar.

Failure modes of tested specimens and its distribution are presented in
Figure 1 and Table 4, respectively. The prevalence of (ll) adhesive cement-

dentine failure was verified in all groups.

Discussion

The instrumentation techniques of root canal, the chemical composition
of endodontic irrigants and the artificial accelerated aging of samples influenced
on fibreglass post bond strength. Moreover, bond to root dentine was affected
by the different thirds of root canal. The tested hypothesis was accepted.

Various mechanical methods have been used to measure in vitro the
bond strength of fibreglass post to intraradicular dentine, as microtensile bond
strength and push-out tests (Soares et al. 2008b). The push-out method was
shown to have fewer premature specimen failures, a lower data distribution
variability (Goracci et al. 2004, Soares et al. 2008b) and a more homogenous
stress distribution (Soares et al. 2008b) compared to microtensile method
during the bond strength evaluation of fibreglass posts to intraradicular dentin.
The push-out laboratory test would seem to be safer than the microtensile test
(Goracci et al. 2004) and a more appropriate methodology for the evaluation of
fibreglass posts bonded to intraradicular dentine (Soares et al. 2008b).

Root canal preparation aims the emptying, enlargement and endodontic
sanitizing (Estrela et al. 2007). The stainless-steel instruments have generally
been used for this purpose. The motor driven nickel-titanium instruments have
been suggested in order to facilitate the preparation of curved canals, due to the
flexibility and super-elasticity (Thompson 2000). The quality of modelling,
efficiency, less time of work and decrease of stress professional are other
qualities inherent in the preparation with NiTi instruments (Thompson 2000,
Peters et al. 2001a, Peters & Paqué 2010). The preparation with stainless steel
instruments has allowed that walls have not been touched by the instruments

(Peters et al. 2001b). Since these instruments act as crapers, and not by
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excision of dentine, as occur with NiTi instruments, it can be suggested a
greater possibility of compaction of smear layer into dentinal tubules, featuring
greater presence of smear plug. This may have acted as a barrier to penetration
and interaction of cement with intraradicular dentine, which may be related to
the decrease on bond strength observed in groups prepared with stainless steel
instruments in the present study.

NaOCl is a halogenated compound routinely used in endodontics
(Zehnder 2006), which has antimicrobial effect (Bystron & Sundqvist 1981,
Estrela et al. 2002), tissue dissolution capacity (Bystrén & Sundqvist 1981,
Spano et al. 2009, Estrela et al. 2002) and acceptable biologic compatibility in
less concentrated solutions (Estrela et al. 2002, Estrela et al. 2002,2003,2004).
However, it does not act on the inorganic portion of dentine, which constitutes
great part of the smear layer (Garberolio & Becce 1994, Cecchin et al. 2010).
EDTA produces dentine demineralization and provides an excellent cleaning of
the root canal walls (Spand et al. 2009), improving the penetration of chemical
substances and promoting a more intimate contact of the filling material
with the root dentine (Cecchin et al. 2010). It acts on the inorganic components
of the smear layer, leading to decalcification of the peri- and intertubular dentine
(Cecchin et al. 2010).

The association of both substances is largely used in endodontic therapy
because they act in organic and inorganic portion of dentine (Estrela et al. 2007,
Zhang et al. 2010, Cecchin et al. 2010), with almost complete dissolution of the
smear layer and exposition of the dentinal tubules (Wu et al. 2009).
Chlorhexidine and ozonated water, however, do not have the ability to dissolve
organic tissues, and debris can remain adhered to root canal walls obstructing
the dentinal tubules (Menezes et al. 2003, Bitter et al. 2008, Bodrumlu et al.
2010), which can negatively influence the bond to root dentine, as seen in the
present study.

Bitter et al. (2009) related that hybridization of dentine was only detected
sporadically for the self-adhesive cement RelyX Unicem (3M-ESPE). The self-
adhesive cement RelyX U100 (UC) used in the present study and the RelyX
Unicem (UN) were developed by the same manufacturer and are marketed
under the same name in some countries (Viotti et al. 2009). According to the

manufacturer, the only difference between these products is the delivery
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system. While UN requires an activator, triturator and applicator, UC can be
hand mixed (Viotti et al. 2009). The adhesive properties of this cement is
claimed to be based upon acidic monomers that demineralize and infiltrate the
tooth substrate, and create micromechanical retention and chemical adhesion
to hydroxyapatite (De Munck et al. 2004, Gerth et al. 2006, Zicari et al. 2008,
Bitter et al. 2009, Cecchin et al. 2011).

Bitter et al. (2009) reported that the penetration of this cement into the
dentinal tubules was found in only a few specimens and concluded that the
smear layer did not dissolve consistently at the dentine-cement interface. This
finding corroborates with the results of investigations conducted previously that
also described a superficial morphological interaction (De Munck et al. 2004, Al-
Assaf et al. 2007, Monticelli et al. 2008). Since the RelyX U100 has low
desmineralization capacity, the ability of NaOCI| to remove the organic
components of dentine may result in a rough surface (Hayashi et al. 2005).
Probably, this fact may increase the penetration of the cement (Ari et al. 2003)
into the partially demineralized dentine structure (Monticelli et al. 2008)
favouring the micromechanical retention and increasing the bond strength.

Moreover, an intense chemical interaction of RelyX Unicem with
hydroxyapatite has been documented (Gerth et al. 2006). Chemical interactions
between the self-adhesive resin cement and hydroxyapatite may be effective
inside the root canal, and indicate that this interaction might be more crucial for
root dentine bonding than the ability of the same material to hybridize dentine
(Bitter et al. 2009). As NaOCI acts on organic portion dissolution exposing the
inorganic, this action may favour the chemical interactions between
hydroxyapatite and cement, justifying the highest bond strength values found
when this irrigant was used.

The effect of NaOCI on the bond strength of resin cements to
intraradicular dentine is controversious, several studies has demonstrated
benefit when this irrigant is used (Varela et al. 2003, Muniz & Mathias 2005,
Hayashi et al. 2005, Pelegrine et al. 2010), whereas other studies described an
adverse effect of this irrigant on bonding (Morris et al. 2001, Ari et al. 2003,
Erdemir et al. 2004, Demirylrek et al. 2009). The increase has been explained
by the removal of the collagen of the smear layer, which resulted in the rough

surface of the dentine. On the other hand, the decrease of bond strength has
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been explained by the change of the redox potential of bonding substrate due to
the residual NaOCI. However, these studies present different methodologies
from that used on the present study, as regarding concentration and exposure
time of NaOCI, hindering appropriate comparison with the obtained results.

Ozonated water reduced significantly the bond strength to root canal.
Ozone (O3) is a highly reactive form of oxygen that is generated by passing
oxygen through high-voltage (Estrela et al. 2007). It is a blue gas, containing
three oxygen atoms, and it is a power antimicrobial agent, irritant, toxic and
unstable (Stlbinger et al. 2006, Estrela et al. 2007, Azarpazhooh & Limeback
2008, Rodrigues et al. 2011). However, because of its high instability, ozone
rapidly turns into oxygen (Stlbinger et al. 2006, Estrela et al. 2007, Rodrigues
et al. 2011), which may inhibit the polymerization of the resin cement and thus
reduce bond strength (Bitter et al. 2008). Therefore, a possible interaction with
initiator components of resin cements as well as a certain influence of the
material properties (Bitter et al. 2008), such as the inability to dissolve organic
tissue, may explain the significant reduction in bond strength.

Although fiber posts luted in root canals are not directly exposed to oral
fluids, water storage is considered as in vitro accelerated aging test for bonded
interfaces (Radovic et al. 2007). In the present study, water artificial aging for
two months significantly increased post retention. Increases in interfacial
strength may be related to enhanced bonding ability or setting during water
storage, stress relaxation by hygroscopic expansion as a consequence of water
sorption during storage or hygroscopic expansion of luting materials (Sadek et
al. 2006, Albashaireh et al. 2010). The hygroscopic expansion of the resin
cement, in particular, could have contributed to a greater adaptation of the
cement to dentine substrate. A major contribution to retentive strength in push-
out test is expected to occur as a consequence of the interfacial sliding friction
(Sadek et al. 2006) resulting from application of a compressive force. Thus, the
higher 2-months interfacial strengths achieved may have been caused by the
increase in interfacial friction, due to the greater adaptation of the cement to
dentine consequent to hygroscopic expansion (Sadek et al. 2006, Albashaireh
et al. 2010). It is important to emphasize that the applied method is a simplified
model of accelerated aging which has been commonly performed for
challenging resin-dentine adhesion (De Munck et al. 2005, Radovic et al. 2007).
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In relation to the effect of the different levels of root canal in the present
study, bond strength was predominantly higher in cervical third and lower in
apical third. This may be due to a better interaction of the cement with cervical
dentine and to the more difficult access to the apical third, associated with
possible limitations of cement flow (de Durdo Mauricio et al. 2007, da Cunha et
al. 2010), as the cement used in the present study has a high viscosity (De
Munck et al. 2004). In addition, bond to root dentine is also influenced by the
concentration and direction of dentine tubules at different levels of the root
canal walls (Ferrari et al. 2000, Ferrari et al. 2001, Wang et al. 2008, da Cunha
et al. 2010), being the cervical third with higher density and diameter of dentinal
tubules (Ferrari et al. 2000).

Fractographic analysis provides important information that helps to
predict the adhesive material performance. In the present study, confocal
microscopy was used and appears to be a noteworthy alternative for failure
modes analysis, since it is less time consuming and does not require any
preparation of the specimens (Castellan et al. 2010). The RelyX U100 has a
superficial morphological interaction (De Munck et al. 2004, Gerth et al. 2006,
Bitter et al. 2009, Al-Assaf et al. 2007, Monticelli et al. 2008). This observation
may explain the predominance of adhesive cement-dentine failures in all groups
of the present study (Table 4).

Limitations from the present study include the fact that the specimens
were not submitted to thermal and mechanical cycling, in order to simulate intra-
oral situations more precisely. Further, bovine teeth were used because
bioethical concerns make it difficult to collect and utilize human teeth for
research purposes (Menezes et al. 2008, Soares et al. 2012). Bovine teeth
collecting is easier and tooth age can be standardized (Menezes et al. 2008,
Soares et al. 2012). Further, several studies have demonstrated similar
properties between human and bovine teeth (Nakamichi et al. 1983, Dong et al.
2003). Further studies need to be conducted to analyse the effects of different
concentrations of NaOCI; the association of a reversal agent such as ascorbic
or sodium ascorbate with ozonated water in order to reverse the oxidized
dentin; and the increase of the artificial aging time on bond strength to

intraradicular dentine.
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Conclusions
Root canal preparation with NiTi instruments associated with NaOCI
irrigation and EDTA increased the bond strength of fibreglass posts cemented

with self-adhesive resin cement to intraradicular dentine.
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Table 1 Bond strength means in MPa (standard deviation) of groups tested immediately (no aging) and statistical categories
defined by Tukey’s test (n = 10).

Instrumentation technique

Endodontic SS NiTi Total
irrigant Root canal third Root canal third

Cervical Middle Apical Cervical Middle Apical
NaOCI 12.9 (2.4)* 10.3 (4.0)* 7.10 (3.8)« 13.5 (2.1)" 11.4 (3.3)"" 9.3 (4.8)°@ 10.8 (4.0)?
CHX 11.4 (3.3)*® 9.8 (3.9)" 6.7 (3.9)°® 11.5 (3.8)"® 10.0 (4.9)"8 7.1 (5.6)5% 9.4 (4.5)%
O, 8.7 (6.8)* 6.2 (5.0)* 3.5 (2.9)® 9.5 (3.4)™ 7.4 (1.6)"° 6.8 (1.4)5% 7.0 (4.3)°
Total 8.5 (4.9)° 9.6 (4.2)"

Capital letters were used to compare groups in the horizontal lines and lower-case letters were used to compare groups in the vertical lines. Tukey categories
with same letters are not statistically significant from each other (P < 0.05).

SS, root canal preparation with stainless steel instruments - K-File; NiTi, root canal preparation with K3 Nickel-Titanium instruments; NaOCI, 1% sodium
hypochlorite; CHX, 2% chlorhexidine; O3- 1.2% ozonated water.
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Table 2 Bond strength means in MPa (standard deviation) of groups tested after water artificial accelerated aging and statistical
categories defined by Tukey’s test (n = 10).

Instrumentation technique

Endodontic SS NiTi Total
Irrigant Root canal third Root canal third

Cervical Middle Apical Cervical Middle Apical
NaOCI 241 (5.8 20.3 (7.7)* 15.5 (8.6)2 25.1 (6.4)™ 226 (6.1)" 21.6 (6.3)" 21.5(7.3)
CHX 18.9 (4.3)"%° 16.2 (4.0)% 13.3 (7.2) 21.4 (3.4 20.8 (6.3)*% 18.4 (7.7)"? 18.2(6.1)*
Os 17.4 (4.9)% 9.9 (4.0 6.4 (3.4)%° 17.4 (4.9)% 11.0 (5.3)%° 7.1 (3. 8)5% 11.5(6.2)°
Total 15.8 (7.5)° 18.4 (7.8)"

Capital letters were used to compare groups in the horizontal lines and lower-case letters were used to compare groups in the vertical lines.

Tukey categories with same letters are not statistically significant from each other (P < 0.05).

SS, root canal preparation with stainless steel instruments - K-File; NiTi, root canal preparation with K3 Nickel-Titanium instruments; NaOCI, 1% sodium
hypochlorite; CHX, 2% chlorhexidine; O3- 1.2% ozonated water.
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Table 3 Bond strength means in MPa (standard deviation), as a result of
artificial accelerated aging and root canal third, and statistical categories
defined by Tukey’s test for each group (n = 10).

Root canal third

Groups Test Cervical Middle Apical

Immediate  12.9 (2.4)"®  10.3 (4.0"®® 7.1 (3.8)*°
SSNaoCl Mediate 241 (5.8)"*  20.3 (7.7)% 15.5 (8.6)“®
SSCHX Immediate 11.4 (3.3 9.8 (3.9)"® 6.7 (3.9)%°
Mediate 18.8 (4.3  16.2(4.0"%®  13.3 (7.2)"

S50 Immediate 8.7 (6.8)™ 6.2 (5.0)"F 3.5 (2.9)%
8 Mediate 17.4 (4.9 9.9 (4.0)%? 6.4 (3.4)%2

. Immediate  13.5 (2.1)"° 11.4 (3.3 9.3 (4.8)"°
NITINaOCl Mediate  25.1 (6.4 22,6 (6.1)"  21.6(6.3)"
NITICHX Immediate  11.5 (3.8)"° 10.0 (4.9 7.1 (5.6)*°
Mediate 21.4 (3.4  20.8 (6.3)™ 18.4 (7.7)"

NITIO Immediate 9.5 (3.4)™ 7.4 (1.6)"° 6.8 (1.4)"2
8 Mediate 17.4 (49"  11.0 (5.3)% 7.1 (3.8)“?

In each group, capital letters were used to compare values in the horizontal lines and lower-
case letters were used to compare values in the vertical lines. Tukey categories with same
letters are not statistically significant from each other (P < 0.05).
SS, root canal preparation with stainless steel instruments - K-File; NiTi, root canal preparation
with K3 Nickel-Titanium instruments; NaOCI, 1% sodium hypochlorite; CHX, 2% chlorhexidine;
Os- 1.2% ozonated water.
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Table 4 Failure modes (%) for experimental groups.

Adhesive: Adhesive: Cohesive:  Cohesive:  Cohesive:
Groups . _ Mixed (V1)
post and cement () cement and dentine (Il) Cement (lll) Dentine (IV) Post (V)
SSNaOClI
Immediate 32(53.3) - 4(6.7) 1(1.7)  23(38.3)
SSCHX
immediate ' (") 33 (55.0) : 3(5.0) 1(17)  22(36.7)
SSO;
Immediate > (®-0) 33 (55.0) - - 1(1.7)  23(38.3)
NiTiNaOCI
Immediate 2 33 33 (55.0) - 6 (10.0) 2 (3.3) 17 (28.3)
NiTiCHX
Immediate 2(33) 34 (56.7) - 2 (3.3) 2 (3.3) 20 (33.3)
NiTiO4 ] _
Immediate 2 39 47 (78.3) 1(1.7) 10 (16.7)
SSNaOClI
Mediate 2 (33) 27 (45.0) - - 11 (18.3) 20 (33.3)
SSCHX
Modiate 3(5.0) 31 (51.7) : 1(1.7) 7(11.7)  18(30.0)
SS0;
Mediate S 00 40 (66.7) - - 2 (3.3) 15 (25.0)
NiTiNaOCI
Mediate 1(1.7) 20 (33.3) : 9 (15.0) 15 (25.0) 15 (25.0)
NiTiCHX
Mediate - 42 (70.0) - - 10 (16.7) 8(13.3)
03 1(1.7) 35 (58.3) 1(1.7) - 3(5.0) 20 (33.3)
Mediate : . : . .

SS, root canal preparation with stainless steel instruments - K-File; NiTi, root canal preparation with K3 Nickel-Titanium instruments; NaOCI, 1% sodium
hypochlorite; CHX, 2% chlorhexidine; Os- 1.2% ozonated water; Immediate, test with no aging; Mediate, test performed after 2 months of water storage at
37°C.
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a a5 <5
Figure 1. d — dentine; ¢ — resin cement; p — fibreglass post. Microscopic images of failure modes
after micropush-out test (magnification 10X): (I) adhesive between the post and resin cement;
(Il) adhesive between resin cement and intraradicular dentine; (lll) cohesive in cement; (IV)
cohesive in dentine; (V) cohesive in post; (VI) mixed among post, resin cement and
intraradicular dentine.
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Abstract

Aim To evaluate in vitro the influence of endodontic sealers and specimens
aging on fibreglass post bond strength to bovine intraradicular dentine.
Methodology 80 teeth were divided into 8 groups (n=10), 2 controls and 6
experimental groups resulting from the interaction between 2 study factors:
endodontic sealer (SX- Sealapex; S26- Sealer 26; AH- AH Plus) and specimens
aging (Immediate, test with no aging; Mediate, test performed after 2 months of
water storage at 37°C). Root canals were prepared with K3 Nickel-Titanium-
instruments associated with 1% NaOCI and 17% EDTA. In control groups
(immediate and mediate), after root canal preparation, endodontic filling was not
performed. In experimental groups, root canals were filled with gutta-percha and
the specific sealer for each group. In all groups, posts were cemented with self-
adhesive resin cement (RelyX U100). Roots were cross-sectioned to obtain two
slices of each third. Samples were submitted to push-out test and data were
analysed by ANOVA in a split-plot arrangement and Tukey’s test (a = 0.05).
Comparisons with controls were made using Dunnet test (a = 0.05). Failure
modes were evaluated under a confocal microscope.

Results No significant difference was detected among endodontic sealers,
however they presented significantly lower bond strength values than controls,
except in cervical third of groups tested immediately. Artificial aging did not
interfere on bond strength to intraradicular dentine. The prevalence of adhesive
cement-dentine failure was verified in all groups.

Conclusions Endodontic sealers interfered negatively on bonding of fibreglass

posts cemented with self-adhesive resin cement to intraradicular dentine.
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Introduction

Root canal filling is an important step in the last phase of endodontic
treatment, which is completed with coronal restoration. The correct sealing aims
to prevent reinfection of the root canal and promote the process of biological
sealing (Estrela et al. 2007). This procedure is achieved with the association of a
solid filling material, such as gutta-percha, and endodontic sealer. One of the
key roles of the endodontic sealer is to aggregate the root filling material and
maintain it as compact mass with no gaps, which adheres to the canal walls and
provides a single block configuration that seals hermetically the canal space
(Schwartz 2006, Teixeira et al. 2009). This adhesion process involves
mechanical forces that yield the intertwining of the material with dentine
structures and may result in a greater sealing ability, thus reducing the risk of
root canal microleakage and maintaining a cohesive filling mass (Saleh et al.
2002, Teixeira et al. 2009).

There has been an ongoing search for an endodontic sealer that meets
the ideal physicochemical properties of sealing, radiopacity, setting time and
flow as well as tissue tolerance over the last few years (Duarte et al. 2010,
Holland & Souza 1985). Sealapex is an endodontic sealer containing calcium
oxide which has the capacity to stimulate the formation of mineralized tissue
(Holland & Souza 1985). Sealer 26 is an endodontic sealer that incorporates
calcium hydroxide into a epoxy resin-based sealer (Gomes et al. 2004, Nunes et
al. 2008, DemiryUrek et al. 2010). AH Plus is an epoxy resin-based sealer with
good physicochemical properties (Kopper et al. 2003, Solano et al. 2005,
Grecca et al. 2009, Demirylrek et al. 2010) and good adhesion (Sousa-Neto et
al. 2005, Nunes et al. 2008).

The compatibility among different materials used in endodontic therapy
with luting material to cement fibre posts is an important aspect to be considered
for a successful restoration of root treated teeth. Depending on its composition,
the endodontic sealer might interfere with the bonding of a post to root dentine
(Hagge et al. 2002, Muniz & Mathias 2005, Baldissara et al. 2006, Menezes et
al. 2008, Teixeira et al. 2008, Demirylrek et al. 2010, Cecchin et al. 2011,

Publicagbes 106



Dimitrouli et al. 2011). Moreover, the quality of bonding to root dentine may be
affected by the density and orientation of dentine tubules at different levels of
the root canal walls (Ferrari et al. 2000, Goracci et al. 2004) and the real access
to the root canal thirds (Ferrari et al. 2000, Ferrari et al. 2001, Goracci et al.
2004, Wang et al. 2008, da Cunha et al. 2010).

The aim of this study was to evaluate the effects of the endodontic sealer
and artificial accelerated aging of specimens on bond strength of adhesively
cemented fibreglass posts in root canal of bovine teeth, depending on the depth
of the root canal. The hypothesis tested was that (i) the chemical composition of
endodontic sealers and (ii) the artificial accelerated aging of specimens
influence on fibreglass post bond strength to root dentine, depending on the

depth of the root canal.

Materials and methods

From among 300 freshly extracted bovine incisor teeth, 80 were selected
(approved by the Federal University of Goids Ethics Committee, # 256/10). The
selection criterion used was the similarity of the external and internal anatomical
morphology and a root canal diameter smaller than 1mm. Roots 15 mm in length
were produced after removing the coronal portion. Roots were randomly divided
into eight groups (n=10), two controls and six experimental groups resulting from
the interaction between two study factors: endodontic sealer (SX- Sealapex,
Kerr Corporation, Orange, EUA; S26- Sealer 26, Dentsply Maillefer, Petrépolis,
RJ, Brazil; AH- AH Plus, Dentsply DeTrey GmbH, Konstanz, Germany) and
specimens aging (Immediate, test with no aging; Mediate, test performed after
artificial accelerated aging - 2 months of water storage at 37°C). Root canals
were prepared 1 mm from the apex by the crown-down technique with size # 1,2
Gates Glidden burs (Dentsply Maillefer) (WL 10mm) and K3 Nickel-Titanium
instruments (SybronEndo, Optimum, Sao Paulo, SP, Brazil) in the following
sequence: # 25 .10 taper (WL 10mm); # 15-25 .02 taper (WL 14mm); # 25 .04
taper (WL 14mm); # 25 .06 taper (WL 14mm); # 30-45 .02 taper (WL 14mm).

During instrumentation, at each change of file, root canals were irrigated with 2
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mL of 1% sodium hypochlorite (NaOCI) (Fitofarma, Goiania, GO, Brazil). In all
groups, 3 mL of 17% EDTA (Biodindmica Quimica e Farmacéutica Ltda.,
Ibipord, PR, Brazil) was used for 5 min to remove the smear layer. The final
irrigation was performed with 5 mL of 1% NaOCI (Fitofarma).

In control groups (immediate and mediate control group), after root canal
preparation, endodontic filling was not performed. In the six experimental
groups, roots canals were dried with absorbent paper points and filled with
gutta-percha (Dentsply Maillefer) and the specific endodontic sealer prepared
and used according to manufacturers’ instructions, using the lateral compaction
technique. After root filling, root canal openings were filled with glass ionomer
cement (Vidrion R; SSWhite, Rio de Janeiro, RJ, Brazil) and samples were
stored in distilled water at 37°C for 24 h. After 24 h, the filling material was
removed with Gates Glidden burs to a depth of 10 mm with 5 mm of apical seal
maintained.

In all groups post space was prepared using size # 3-5 Largo burs
(Dentsply Maillefer) (WL 10mm) corresponding to the fibreglass parallel-sided
and serrated post 1.5-mm-diameter (Reforpost # 3; Angelus, Londrina, PR,
Brazil). Root canals were irrigated, at each change of burs and after the
preparation, with 2 mL of 1% NaOCI and dried with absorbent paper points. All
roots were covered externally with utility wax to avoid lateral polymerization
(Soares et al. 2012).

Fibreglass posts were cleaned with 70% alcohol, then in a single
application using a microbrush, and after drying, a silane agent was applied for 1
min (Silano; Angelus). The self-adhesive resin cement (RelyX U100; SM-ESPE,
St. Paul, MN, USA) was manipulated in accordance with the manufacturer’s
instructions, introduced into the canal with K-File and placed on the post. The
post was seated to full depth by finger pressure. Excess cement was removed
after 1 min. After 5 min, the resin cement was light-cured with 1200 mW cm™
(Radii-Cal; SDI, Bayswater, Australia) for 40 s each on the cervical face of the
root, in the direction of the long axis of the root, and obliquely to the buccal and

lingual surfaces, totalling 120 s. The interface post-cement-dentine on the
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cervical face was then sealed with composite resin and the roots were stored in
distiled water at 37°C for 24h. After 24 h, each root was serial sectioned
perpendicular to its long axis with a double face diamond disc (4" Diameter x
0.012" Thickness x 1/2" Arbor, Extec, Enfield, CT, USA) at low speed under
water cooling (Isomet 1000, Buehler, Lake Bluff, IL, USA) to obtain two slices,
approximately 1 mm thick, of each root third (cervical, middle and apical),
totalling six slices per root.

In immediate groups, slices were submitted immediately (with no aging)
to push-out test, while in mediate groups, slices were stored in distilled water at
37°C for 2 months (artificial accelerated aging) prior to testing. The push-out test
was performed in a testing machine (EMIC DL 2000, Sao José dos Pinhais, PR,
Brazil) by applying a compressive load at 0.5 mm min™ in the apical-coronal
direction until post segment extrusion. The bond strength was calculated in MPa
by dividing the load at failure (in N) by the area of the bonded interface. The
area of the bonded interface was calculated as follows: A = 2mrh, where A is the
area of the bonded interface, T = 3.14, r is the radius of post segment (mm) and
h is the thickness of the post segment (mm) (Goracci et al. 2004, Soares et al.
2008, Soares et al. 2012).

Statistical analysis was performed using SAS statistical program (Institute
Inc., Cary, NC, USA, Release 9.2). Data was submitted to the Shapiro-Wilk test
of normality. The effects, on bond strength, of endodontic sealers and artificial
accelerated aging of specimens were analysed using One-way analysis of
variance in a split-plot arrangement, with the plot represented by the endodontic
sealer or the aging, and the sub-plot represented by the root canal thirds
(cervical, middle and apical). Multiple comparisons were made using Tukey’s
test (a = 0.05). Comparisons with control groups (immediate control and mediate
control) were made using Dunnet test (a = 0.05).

To determine the failure modes, all fractured specimens were air dried
and analysed under a confocal laser scanning microscope (Carl Zeiss Laser
Scanning Systems, LSM510, META, Oberkochen, Germany). Images were

analyzed using Zeiss LSM Image Browser (META, Germany). The failure modes
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were classified into six types: (I) adhesive between the post and resin cement;
(1) adhesive between resin cement and intraradicular dentine; (Ill) cohesive in
cement; (IV) cohesive in dentine; (V) cohesive in post (Castellan et al. 2010) and
(Vl) mixed, among post, resin cement and intraradicular dentine (Bitter et al.
2009).

Results

One-way analysis of variance (endodontic sealer) with sub-plot (root
canal third) of immediate groups and mediate groups (aging prior to testing)
showed significant difference only for root canal third (P < .001). The mean
push-out bond strengths and standard deviations are shown in Tables 1,2.
Significant reduction on bond strength values from the cervical to apical third,
regardless of the endodontic sealer was found.

Comparisons with immediate and mediate control groups are presented
in Tables 1 and 2, respectively. Dunnet test showed that the use of an
endodontic sealer resulted on lower bond strength values than control groups
(without filling), with statistically significant difference in middle (P = .0294) and
apical thirds (P = .0207) of groups tested immediately (Table 1), and in cervical
(P = <.0001), middle (P = <.0001) and apical (P = <.0001) thirds of groups
tested after aging (Table 2).

One-way analysis of variance (artificial accelerated aging) with sub-plot
(root canal region) for each endodontic sealer (SX, S26, AH) showed
significance only for root canal third (P = <.001). The mean micropush-out bond
strengths and standard deviations for each endodontic sealer are in Table 3.
Tukey’s test revealed a significant reduction on bond strength values from
cervical to apical third, regardless of the artificial aging.

Failure modes of tested specimens and its distribution are presented in
Figure 1 and Table 4, respectively. The prevalence of (ll) adhesive cement-

dentine failure was verified in all groups.
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Discussion

The retention of fibreglass post luted with self-adhesive resin cement to
root dentine was influenced by the endodontic sealer and the depth of root
canal, but not by the artificial accelerated aging. The tested hypothesis was
partially accepted.

Various mechanical methods have been used to measure the bond
strength of a fibreglass post to intraradicular dentine, as microtensile bond
strength and push-out tests (Soares et al. 2008), however the push-out
laboratory test would seem to be safer than the microtensile test (Goracci et al.
2004) and a more appropriate methodology for the evaluation of fibreglass posts
bonded to intraradicular dentine (Soares et al. 2008).

When endodontic sealers are introduced in root canal and obturation
forces are applied, it is likely that endodontic sealer constituents penetrate into
the dentinal tubules (Boone et al. 2001, Shokouhinejad et al. 2011). Endodontic
sealer penetration increases the interface between material and dentinal walls,
what may improve the mechanical retention of the material by interlocking of the
endodontic sealer plug inside the tubules and potentially reduces leakage
(Mamootil & Messer 2007, Shokouhinejad et al. 2011). Furthermore, the
endodontic sealer’s antibacterial activity can be effective for killing and
entombing bacteria that remain inside the dentinal tubules (Heling & Chandler
1996). The ability of the endodontic sealer to penetrate dentinal tubules
consistently and effectively is one of many factors influencing the choice of
material for root canal filling (Mamootil & Messer 2007, Shokouhinejad et al.
2011).

The use of EDTA, that is able to act on tooth mineral matrix and promote
removal of the smear layer formed during root canal preparation, allows a better
penetration of endodontic sealers into the dentinal tubules, increasing the
contact surface of the filling material with dentine (Nunes et al. 2008). The
mechanical removal of the endodontic sealer, impregnated in the root dentine,
during post-space preparation is a critical step in achieving optimum post

retention when resin cement is used (Boone et al. 2001). In the present study
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there was a significant decrease on post retention for all endodontic sealers
compared to control groups, in which no endodontic sealer was used, what can
suggest that post-space preparation may not have removed all endodontic
sealer-impregnated in dentine; not ensuring a “freshened” surface in which resin
cement could bond (Boone et al. 2001).

In agreement with this finding, previous study revealed that fibre post
bond strength in the group without root canal filling was higher compared to the
other groups that use gutta-percha/AH Plus, gutta-percha/Guttaflow and pre-
existing root canal filling (Dimitrouli et al. 2011). Other study showed that
endodontic sealers (AH Plus, Endofill and Sealapex) have significant negative
effects on fibreglass post bond strength (Demirylrek et al. 2010). In contrast,
other study reported that AH Plus and Sealer 26 did not interfere on the
adhesive bond of fibreglass posts compared to control group that used only
gutta-percha points (Cecchin et al. 2011). Menezes et al. (2008) also did not find
significant difference between control group (unfilled) and groups filled with
Sealer 26.

The action of drills used to remove the root filling material to create
post space produces a new smear layer rich in endodontic sealer and gutta-
percha remnants plasticized by the friction heat of the drill (Serafino et al. 2004,
Demirylrek et al. 2010). Independently from the type of endodontic sealer, this
smear layer can act as insulation against any kind of adhesive material intended
to bond to intraradicular dentine (Dimitrouli et al. 2011). Moreover, in the present
study, root canals were irrigated after post preparation only with 1% NaOCI that
acts selectively on the removal of organic particles (Bystron & Sundqvist 1981,
Spané et al. 2009, Estrela et al. 2002) and cannot dissolve inorganic particles
(Garberolio & Becce 1994, Cecchin et al. 2010). Therefore, it does not
effectively remove the smear layer formed on root canal walls after post
mechanical preparation (Nunes et al. 2008), what may reduce the penetration
and chemical action of the self-adhesive resin cement (RelyX U100, 3M-ESPE).

The influence of canal depth was observed as the bond strength

decreased from the cervical to apical third in all groups. The explanation for this
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result can be attributed to various factors such as the difficulty of visualization
and access to the apical part of the root canal system (de Durdo Mauricio et al.
2007, Onay et al. 2010), the difficulty to eliminate the smear layer or remaining
endodontic sealer/gutta-percha covering dentine walls in this third (Serafino et
al. 2004), the less dense dentinal tubule configuration in the apical portion of the
root canal system (Ferrari et al. 2000, Ferrari et al. 2001, Wang et al. 2008, da
Cunha et al. 2010), the cavity configuration factor (Goracci et al. 2004, Tay et al.
2005) and restrictions in the flow of the resin cement to this part of the root canal
(de Durdo Mauricio et al. 2007, da Cunha et al. 2010). All these factors
compromise the interfacial continuity (Silva et al. 2011) and, consequently, the
bond strength.

The predominance of adhesive cement-dentine failures in all groups
observed in the present study (Table 4) may be attributed to the difficulty to
eliminate the smear layer or remaining endodontic sealer/gutta-percha
covering dentine walls (Serafino et al. 2004, Silva et al. 2011, Demirylrek et al.
2010) and to the reduced ability of dentine demineralization and hybridization of
the self-adhesive cement RelyX U100 (De Munck et al. 2004, Al-Assaf et al.
2007, Monticelli et al. 2008, Bitter et al. 2009).

Limitations of the present study include the fact that the specimens were
not submitted to thermal and mechanical cycling, in order to simulate intra-oral
situations more precisely. Further studies need to be conducted to analyse the
effects of the use of EDTA, after post space preparation, on the bond strength to
intraradicular dentin at each third of the root canal.

Conclusions

Endodontic sealers, Sealapex, Sealer 26 and AH Plus, interfered
negatively on bonding of fibreglass posts luted with self-adhesive resin cement
to intraradicular dentine irrespective of root depth.
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Table 1 Bond strength means in MPa (standard deviation) of groups tested
immediately (no aging) and statistical categories defined by Tukey’s test and
Dunnet test (n = 10).

. Root canal third
Endodontic sealer

Cervical Middle Apical
Immediate control  13.5 (2.1) 11.4 (3.3) 9.3 (4.8)
Sealapex 10.3 (2.0)"2 7.4 (2.0)*%2 5.4 (1.3)*52
Sealer 26 13.8 (6.6)* 8.2 (4.2)*"2 3.6 (4.7)*“®
AH Plus 12.9 (2.5)"2 8.1 (2.6)* 4.8 (3.0)“?

Capital letters were used to compare groups in the horizontal lines and lower-case letters were
used to compare groups in the vertical lines. Tukey categories with same letters are not
statistically significant from each other (P < 0.05).

The (*) indicate significant difference compared with control group by Dunnet test (P < 0.05).

Table 2 Bond strength means in MPa (standard deviation) of groups tested after
water artificial accelerated aging and statistical categories defined by Tukey’s
test and Dunnet test (n = 10).

. Root canal third
Endodontic sealer

Cervical Middle Apical
Mediate control 25.1 (6.4) 22.6 (6.1) 21.6 (6.3)
Sealapex 10.9 (5.1)*" 7.5 (1.5)*"2 5.5 (4.0)*52
Sealer 26 14.0 (1.9)*% 8.4 (5.0)*%2 3.5 (3.9)*
AH Plus 13.3 (3.4)*% 9.2 (3.8)*%2 4.9 (4.0)*

Capital letters were used to compare groups in the horizontal lines and lower-case letters were
used to compare groups in the vertical lines. Tukey categories with same letters are not
statistically significant from each other (P < 0.05).

The (*) indicate significant difference with control group by Dunnet test (P < 0.05).
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Table 3 Bond strength means in MPa (standard deviation) as a result of artificial
accelerated aging and root canal third, and statistical categories defined by
Tukey'’s test for each endodontic sealer (n = 10).

Endodontic Test moment Root canal third
sealer Cervical Middle Apical
Sealapex Immediate 10.3 (2.0)" 7.4 (2.0)"% 5.4 (1.3)%
PEX" Mediate 10.9 (5.1)  7.5(1.5) 5.5 (4.0)5
Immediate 13.8 (6.6)™ 8.2 (4.2)% 3.6 (4.7)2
Sealer26 \ \odiate 142 (19" 8.4 (5.0)% 3.5 (3.9)C
AH Plus Immediate 12.9 (2.5 8.08 (2.6)°° 4.8 (3.0)%
Mediate 13.3 (3.4)" 9.12 (3.8)% 4.9 (4.0)

In each sealer, capital letters were used to compare values in the horizontal lines and lower-
case letters were used to compare values in the vertical lines. Tukey categories with same
letters are not statistically significant from each other (P < 0.05).

Table 4 Failure modes (%) for experimental groups.

. Adhesive:
Adhesive: . . .
cement Cohesive: Cohesive: Cohesive: .
post and : Mixed
Groups cement and Cement Dentine Post Vi)
dentine (1) (V) (V)
{)
)
SX 2 (3.3) 35(58.3) 3(5.0) 1(1.7) 1(1.7) 18 (30.0)
immediate ' ' ' ' ' )
526 3 (5.0) 31(51.7) 6(10.0) - 3 (5.0) 17 (28.3)
immediate ' ' ' ' )
AH
immediate 3 (5.0) 26 (43.3) 9(15.0) 1(1.7) 1(1.7) 20 (33.3)
SX
mediate 2 (3.3) 42 (70.0) 7 (11.7) - 1(1.7) 8 (13.3)
S26
mediate - 33(55.0) 2(3.3) - 4 (6.7) 21 (35.0)
AH
mediate 1(1.7) 44 (73.3) 3(5.0) 1(1.7) - 11 (18.3)

SX, Sealapex; S26, Sealer 26; AH, AH Plus; Immediate, test with no aging; Mediate, test
performed after 2 months of water storage at 37°C.
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V AT T "5 S e _
Figure 1. d — dentine; ¢ — resin cement; p — fibreglass post. Microscopic images of failure modes
after micropush-out test (magnification 10X): (I) adhesive between the post and resin cement;
(II) adhesive between resin cement and intraradicular dentine; (lll) cohesive in cement; (IV)
cohesive in dentine; (V) cohesive in post; (VI) mixed among post, resin cement and
intraradicular dentine.
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http://clinicaltrials.ifpma.org/clinicaltrials/, http://isrctn.org/. The clinical trial registration number and name of
the trial register will then be published with the paper.

2.4 DNA Sequences and Crystallographic Structure Determinations
Papers reporting protein or DNA sequences and crystallographic structure determinations will not be
accepted without a Genbank or Brookhaven accession number, respectively. Other supporting data sets
must be made available on the publication date from the authors directly.

2.5 Conflict of Interest and Source of Funding

International Endodontic Journal requires that all sources of institutional, private and corporate financial
support for the work within the manuscript must be fully acknowledged, and any potential conflicts of
interest noted. Grant or contribution numbers may be acknowledged, and principal grant holders should be
listed. Please include the information under Acknowledgements.

2.6 Appeal of Decision
The decision on a paper is final and cannot be appealed.

2.7 Permissions

If all or parts of previously published illustrations are used, permission must be obtained from the copyright
holder concerned. It is the author's responsibility to obtain these in writing and provide copies to the
Publishers.

2.8 Copyright Assignment

Authors submitting a paper do so on the understanding that the work and its essential substance have not
been published before and is not being considered for publication elsewhere. The submission of the
manuscript by the authors means that the authors automatically agree to assign exclusive copyright to
Wiley-Wiley-Blackwell if and when the manuscript is accepted for publication. The work shall not be
published elsewhere in any language without the written consent of the publisher. The articles published in
this journal are protected by copyright, which covers translation rights and the exclusive right to reproduce
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and distribute all of the articles printed in the journal. No material published in the journal may be stored on
microfilm or videocassettes or in electronic database and the like or reproduced photographically without
the prior written permission of the publisher.

A completed Copyright Transfer Agreement Form (CTA), found at interscience.wiley.com/journal/iej must
be received by the Editorial Office before any manuscript can be published.

Correspondence to the journal is accepted on the understanding that the contributing author licences the
publisher to publish the letter as part of the journal or separately from it, in the exercise of any subsidiary
rights relating to the journal and its contents.

For  questions concerning  copyright, please visit Wiley-Blackwell's  Copyright FAQ

2.9 OnlineOpen

OnlineOpen is available to authors of primary research articles who wish to make their article available to
non-subscribers on publication, or whose funding agency requires grantees to archive the final version of
their article. With OnlineOpen, the author, the author's funding agency, or the author's institution pays a fee
to ensure that the article is made available to non-subscribers upon publication via Wiley Online Library, as
well as deposited in the funding agency's preferred archive. For the full list of terms and conditions, see
http://wileyonlinelibrary.com/onlineopen#OnlineOpen Terms

Any authors wishing to send their paper OnlineOpen will be required to complete the payment form
available from our website at:
https://authorservices.wiley.com/bauthor/onlineopen _order.asp

Prior to acceptance there is no requirement to inform an Editorial Office that you intend to publish your
paper OnlineOpen if you do not wish to. All OnlineOpen articles are treated in the same way as any other
article. They go through the journal's standard peer-review process and will be accepted or rejected based
on their own merit.

3. MANUSCRIPT SUBMISSION PROCEDURE

Manuscripts  should be  submitted electronically via the online  submission site
http://mc.manuscriptcentral.com/iej. The use of an online submission and peer review site enables
immediate distribution of manuscripts and consequentially speeds up the review process. It also allows
authors to track the status of their own manuscripts. Complete instructions for submitting a paper is
available o3nline and below. Further assistance can be obtained from iejeditor@cardiff.ac.uk.

3.1. Getting Started

 Launch your web browser (supported browsers include Internet Explorer 5.5 or higher, Safari 1.2.4, or
Firefox 1.0.4 or higher) and go to the journal's online Submission Site: http://mc.manuscriptcentral.com/iej

* Log-in, or if you are a new user, click on 'register here'.

« If you are registering as a new user.

- After clicking on 'register here', enter your name and e-mail information and click 'Next'. Your e-mail
information is very important.

- Enter your institution and address information as appropriate, and then click 'Next.
- Enter a user ID and password of your choice (we recommend using your e-mail address as your user D),
and then select your areas of expertise. Click 'Finish'.
« If you are registered, but have forgotten your log in details, please enter your e-mail address under
'Password Help'. The system will send you an automatic user ID and a new temporary password.
* Log-in and select 'Author Centre '

3.2. Submitting Your Manuscript

« After you have logged into your 'Author Centre', submit your manuscript by clicking on the submission link
under 'Author Resources'.

 Enter data and answer questions as appropriate. You may copy and paste directly from your manuscript
and you may upload your pre-prepared covering letter.

« Click the 'Next' button on each screen to save your work and advance to the next screen.

* You are required to upload your files.

- Click on the 'Browse' button and locate the file on your computer.
- Select the designation of each file in the drop down next to the Browse button.
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- When you have selected all files you wish to upload, click the 'Upload Files' button.
* Review your submission (in HTML and PDF format) before completing your submission by sending it to
the Journal. Click the 'Submit' button when you are finished reviewing.

3.3. Manuscript Files Accepted

Manuscripts should be uploaded as Word (.doc) or Rich Text Format (.rft) files (not write-protected) plus
separate figure files. GIF, JPEG, PICT or Bitmap files are acceptable for submission, but only high-
resolution TIF or EPS files are suitable for printing. The files will be automatically converted to HTML and
PDF on upload and will be used for the review process. The text file must contain the abstract, main text,
references, tables, and figure legends, but no embedded figures or Title page. The Title page should be
uploaded as a separate file. In the main text, please reference figures as for instance 'Figure 1', 'Figure 2'
etc to match the tag name you choose for the individual figure files uploaded. Manuscripts should be
formatted as described in the Author Guidelines below. Please note that any manuscripts uploaded as
Word 2007 (.docx) will be automatically rejected. Please save any .docx file as .doc before uploading.

3.4. Blinded Review

Manuscript that do not conform to the general aims and scope of the journal will be returned immediately
without review. All other manuscripts will be reviewed by experts in the field (generally two referees).
International Endodontic Journal aims to forward referees” comments and to inform the corresponding
author of the result of the review process. Manuscripts will be considered for fast-track publication under
special circumstances after consultation with the Editor.
International Endodontic Journal uses double blinded review. The names of the reviewers will thus not be
disclosed to the author submitting a paper and the name(s) of the author(s) will not be disclosed to the
reviewers.

To allow double blinded review, please submit (upload) your main manuscript and title page as separate
files.

Please upload:

* Your manuscript without title page under the file designation 'main document'
* Figure files under the file designation ‘figures'

* The title page and Acknowledgements where applicable, should be uploaded under the file designation
'title page'

All documents uploaded under the file designation 'title page' will not be viewable in the html and pdf format
you are asked to review in the end of the submission process. The files viewable in the html and pdf format
are the files available to the reviewer in the review process.

3.5. Suspension of Submission Mid-way in the Submission Process

You may suspend a submission at any phase before clicking the 'Submit' button and save it to submit later.
The manuscript can then be located under 'Unsubmitted Manuscripts' and you can click on 'Continue
Submission' to continue your submission when you choose to.

3.6. E-mail Confirmation of Submission

After submission you will receive an e-mail to confirm receipt of your manuscript. If you do not receive the
confirmation e-mail after 24 hours, please check your e-mail address carefully in the system. If the e-mail
address is correct please contact your IT department. The error may be caused by some sort of spam
filtering on your e-mail server. Also, the e-mails should be received if the IT department adds our e-mail
server (uranus.scholarone.com) to their whitelist.

3.7. Manuscript Status
You can access ScholarOne Manuscripts any time to check your 'Author Centre' for the status of your
manuscript. The Journal will inform you by e-mail once a decision has been made.

3.8. Submission of Revised Manuscripts

To submit a revised manuscript, locate your manuscript under 'Manuscripts with Decisions' and click on
'Submit a Revision'. Please remember to delete any old files uploaded when you upload your revised
manuscript.

4. MANUSCRIPT TYPES ACCEPTED
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Original Scientific Articles: must describe significant and original experimental observations and provide
sufficient detail so that the observations can be critically evaluated and, if necessary, repeated. Original
Scientific Articles must conform to the highest international standards in the field.

Review Articles: are accepted for their broad general interest; all are refereed by experts in the field who
are asked to comment on issues such as timeliness, general interest and balanced treatment of
controversies, as well as on scientific accuracy. Reviews should generally include a clearly defined search
strategy and take a broad view of the field rather than merely summarizing the authors” own previous work.
Extensive or unbalanced citation of the authors” own publications is discouraged.

Mini Review Articles: are accepted to address current evidence on well-defined clinical, research or
methodological topics. All are refereed by experts in the field who are asked to comment on timeliness,
general interest, balanced treatment of controversies, and scientific rigor. A clear research question, search
strategy and balanced synthesis of the evidence is expected. Manuscripts are limited in terms of word-
length and number of figures.

Clinical Articles: are suited to describe significant improvements in clinical practice such as the report of a
novel technique, a breakthrough in technology or practical approaches to recognised clinical challenges.
They should conform to the highest scientific and clinical practice standards.

Case Reports: illustrating unusual and clinically relevant observations are acceptable but they must be of
sufficiently high quality to be considered worthy of publication in the Journal. On rare occasions, completed
cases displaying non-obvious solutions to significant clinical challenges will be considered. lllustrative
material must be of the highest quality and healing outcomes, if appropriate, should be demonstrated.

Supporting Information: International Endodontic Journal encourages submission of adjuncts to printed
papers via the supporting information website (see submission of supporting information below). It is
encouraged that authors wishing to describe novel procedures or illustrate cases more fully with figures
and/or video may wish to utilise this facility.

Letters to the Editor: are also acceptable.

Meeting Reports: are also acceptable.

5. MANUSCRIPT FORMAT AND STRUCTURE

5.1. Format
Language: The language of publication is English. It is preferred that manuscript is professionally edited. A
list of independent suppliers of editing services can be found at

http://authorservices.wiley.com/bauthor/english language.asp. All services are paid for and arranged by the
author, and use of one of these services does not guarantee acceptance or preference for publication.
Presentation: Authors should pay special attention to the presentation of their research findings or clinical
reports so that they may be communicated clearly. Technical jargon should be avoided as much as
possible and clearly explained where its use is unavoidable. Abbreviations should also be kept to a
minimum, particularly those that are not standard. The background and hypotheses underlying the study,
as well as its main conclusions, should be clearly explained. Titles and abstracts especially should be
written in language that will be readily intelligible to any scientist.

Abbreviations: International Endodontic Journal adheres to the conventions outlined in Units, Symbols
and Abbreviations: A Guide for Medical and Scientific Editors and Authors. When non-standard terms
appearing 3 or more times in the manuscript are to be abbreviated, they should be written out completely in
the text when first used with the abbreviation in parenthesis.

5.2. Structure

All manuscripts submitted to International Endodontic Journal should include Title Page, Abstract, Main
Text, References and Acknowledgements, Tables, Figures and Figure Legends as appropriate

Title Page: The title page should bear: (i) Title, which should be concise as well as descriptive; (ii) Initial(s)
and last (family) name of each author; (iii) Name and address of department, hospital or institution to which
work should be attributed; (iv) Running title (no more than 30 letters and spaces); (v) No more than six
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keywords (in alphabetical order); (vi) Name, full postal address, telephone, fax number and e-mail address
of author responsible for correspondence.

Abstract for Original Scientific Articles should be no more than 250 words giving details of what was
done using the following structure:

» Aim: Give a clear statement of the main aim of the study and the main hypothesis tested, if any.

» Methodology: Describe the methods adopted including, as appropriate, the design of the study, the
setting, entry requirements for subjects, use of materials, outcome measures and statistical tests.

* Results: Give the main results of the study, including the outcome of any statistical analysis.

« Conclusions: State the primary conclusions of the study and their implications. Suggest areas for further
research, if appropriate.

Abstract for Review Articles should be non-structured of no more than 250 words giving details of what
was done including the literature search strategy.

Abstract for Mini Review Articles should be non-structured of no more than 250 words, including a clear
research question, details of the literature search strategy and clear conclusions.

Abstract for Case Reports should be no more than 250 words using the following structure:

» Aim: Give a clear statement of the main aim of the report and the clinical problem which is addressed.

» Summary: Describe the methods adopted including, as appropriate, the design of the study, the setting,
entry requirements for subjects, use of materials, outcome measures and analysis if any.

» Key learning points: Provide up to 5 short, bullet-pointed statements to highlight the key messages of
the report. All points must be fully justified by material presented in the report.

Abstract for Clinical Articles should be no more than 250 words using the following structure:

« Aim: Give a clear statement of the main aim of the report and the clinical problem which is addressed.
- Methodology: Describe the methods adopted.

« Results: Give the main results of the study.

« Conclusions: State the primary conclusions of the study.

Main Text of Original Scientific Article should include Introduction, Materials and Methods, Results,
Discussion and Conclusion

Introduction: should be focused, outlining the historical or logical origins of the study and gaps in
knowledge. Exhaustive literature reviews are not appropriate. It should close with the explicit statement of
the specific aims of the investigation, or hypothesis to be tested.

Material and Methods: must contain sufficient detail such that, in combination with the references cited, all
clinical trials and experiments reported can be fully reproduced.

(i) Clinical Trials should be reported using the CONSORT guidelines available at www.consort-
statement.org. A CONSORT checklist should also be included in the submission material.

(iij) Experimental Subjects: experimentation involving human subjects will only be published if such
research has been conducted in full accordance with ethical principles, including the World Medical
Association Declaration of Helsinki (version 2008) and the additional requirements, if any, of the country
where the research has been carried out. Manuscripts must be accompanied by a statement that the
experiments were undertaken with the understanding and written consent of each subject and according to
the above mentioned principles. A statement regarding the fact that the study has been independently
reviewed and approved by an ethical board should also be included. Editors reserve the right to reject
papers if there are doubts as to whether appropriate procedures have been used.

When experimental animals are used the methods section must clearly indicate that adequate measures
were taken to minimize pain or discomfort. Experiments should be carried out in accordance with the
Guidelines laid down by the National Institute of Health (NIH) in the USA regarding the care and use of
animals for experimental procedures or with the European Communities Council Directive of 24 November
1986 (86/609/EEC) and in accordance with local laws and regulations.
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All studies using human or animal subjects should include an explicit statement in the Material and
Methods section identifying the review and ethics committee approval for each study, if applicable. Editors
reserve the right to reject papers if there is doubt as to whether appropriate procedures have been used.

(iii) Suppliers: Suppliers of materials should be named and their location (Company, town/city, state,
country) included.

Results: should present the observations with minimal reference to earlier literature or to possible
interpretations. Data should not be duplicated in Tables and Figures.

Discussion: may usefully start with a brief summary of the major findings, but repetition of parts of the
abstract or of the results section should be avoided. The Discussion section should progress with a review
of the methodology before discussing the results in light of previous work in the field. The Discussion
should end with a brief conclusion and a comment on the potential clinical relevance of the findings.
Statements and interpretation of the data should be appropriately supported by original references.

Conclusion: should contain a summary of the findings.

Main Text of Review Articles should be divided into Introduction, Review and Conclusions. The
Introduction section should be focused to place the subject matter in context and to justify the need for the
review. The Review section should be divided into logical sub-sections in order to improve readability and
enhance understanding. Search strategies must be described and the use of state-of-the-art evidence-
based systematic approaches is expected. The use of tabulated and illustrative material is encouraged.
The Conclusion section should reach clear conclusions and/or recommendations on the basis of the
evidence presented.

Main Text of Mini Review Articles should be divided into Introduction, Review and Conclusions. The
Introduction section should briefly introduce the subject matter and justify the need and timeliness of the
literature review. The Review section should be divided into logical sub-sections to enhance readability and
understanding and may be supported by up to 5 tables and figures. Search strategies must be described
and the use of state-of-the-art evidence-based systematic approaches is expected. The Conclusions
section should present clear statements/recommendations and suggestions for further work. The
manuscript, including references and figure legends should not normally exceed 4000 words.

Main Text of Clinical Reports and Clinical Articles should be divided into Introduction, Report,
Discussion and Conclusion,. They should be well illustrated with clinical images, radiographs, diagrams
and, where appropriate, supporting tables and graphs. However, all illustrations must be of the highest
quality

Acknowledgements: International Endodontic Journal requires that all sources of institutional, private and
corporate financial support for the work within the manuscript must be fully acknowledged, and any
potential conflicts of interest noted. Grant or contribution numbers may be acknowledged, and principal
grant holders should be listed. Acknowledgments should be brief and should not include thanks to
anonymous referees and editors. See also above under Ethical Guidelines.

5.3. References
It is the policy of the Journal to encourage reference to the original papers rather than to literature reviews.
Authors should therefore keep citations of reviews to the absolute minimum.

We recommend the use of a tool such as EndNote or Reference Manager for reference management and
formatting. EndNote reference styles can be searched for here: www.endnote.com/support/enstyles.asp.
Reference Manager reference styles can be searched for here: www.refman.com/support/rmstyles.asp

In the text: single or double authors should be acknowledged together with the year of publication, e.qg.
(Pitt Ford & Roberts 1990). If more than two authors the first author followed by et al. is sufficient, e.g.
(Tobias et al. 1991).
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Reference list: All references should be brought together at the end of the paper in alphabetical order and
should be in the following form.

i) Names and initials of up to six authors. When there are seven or more, list the first three and add et al.
ii)Year of publication in parentheses

iii) Full title of paper followed by a full stop (.)

iv) Title of journal in full (in italics)

v) Volume number (bold) followed by a comma (,)

vi) First and last pages

P

Examples of correct forms of reference follow:

Standard journal article

Bergenholtz G, Nagaoka S, Jontell M (1991) Class Il antigen-expressing cells in experimentally induced
pulpitis. International Endodontic Journal 24, 8-14.

Corporate author

British Endodontic Society (1983) Guidelines for root canal treatment. International Endodontic Journal 16,
192-5.

Journal supplement

Frumin AM, Nussbaum J, Esposito M (1979) Functional asplenia: demonstration of splenic activity by bone
marrow scan (Abstract). Blood 54 (Suppl. 1), 26a.

Books and other monographs

Personal author(s)

Gutmann J, Harrison JW (1991) Surgical Endodontics, 1st edn Boston, MA, USA: Blackwell Scientific
Publications.

Chapter in a book

Wesselink P (1990) Conventional root-canal therapy llI: root filling. In: Harty FJ, ed. Endodontics in Clinical
Practice, 3rd edn; pp. 186-223. London, UK: Butterworth.

Published proceedings paper

DuPont B (1974) Bone marrow transplantation in severe combined immunodeficiency with an unrelated
MLC compatible donor. In: White HJ, Smith R, eds. Proceedings of the Third Annual Meeting of the
International Society for Experimental Rematology; pp. 44-46. Houston, TX, USA: International Society for
Experimental Hematology.

Agency publication

Ranofsky AL (1978) Surgical Operations in Short-Stay Hospitals: United States-1975. DHEW publication
no. (PHS) 78-1785 (Vital and Health Statistics; Series 13; no. 34.) Hyattsville, MD, USA: National Centre for
Health Statistics.8

Dissertation or thesis

Saunders EM (1988) In vitro and in vivo investigations into root-canal obturation using thermally softened
gutta-percha techniques (PhD Thesis). Dundee, UK: University of Dundee.

URLs

Full reference details must be given along with the URL, i.e. authorship, year, title of document/report and
URL. If this information is not available, the reference should be removed and only the web address cited in
the text.
Smith A (1999) Select committee report into social care in the community [WWW document]. URL
http://www.dhss.gov.uk/reports/report015285.html

[accessed on 7 November 2003]

5.4. Tables, Figures and Figure Legends

Tables: Tables should be double-spaced with no vertical rulings, with a single bold ruling beneath the
column titles. Units of measurements must be included in the column title.

Figures: All figures should be planned to fit within either 1 column width (8.0 cm), 1.5 column widths (13.0
cm) or 2 column widths (17.0 cm), and must be suitable for photocopy reproduction from the printed version
of the manuscript. Lettering on figures should be in a clear, sans serif typeface (e.g. Helvetica); if possible,
the same typeface should be used for all figures in a paper. After reduction for publication, upper-case text
and numbers should be at least 1.5-2.0 mm high (10 point Helvetica). After reduction, symbols should be at
least 2.0-3.0 mm high (10 point). All half-tone photographs should be submitted at final reproduction size. In
general, multi-part figures should be arranged as they would appear in the final version. Reduction to the
scale that will be used on the page is not necessary, but any special requirements (such as the separation
distance of stereo pairs) should be clearly specified.

Anexos 133



Unnecessary figures and parts (panels) of figures should be avoided: data presented in small tables or
histograms, for instance, can generally be stated briefly in the text instead. Figures should not contain more
than one panel unless the parts are logically connected; each panel of a multipart figure should be sized so
that the whole figure can be reduced by the same amount and reproduced on the printed page at the
smallest size at which essential details are visible.

Figures should be on a white background, and should avoid excessive boxing, unnecessary colour,
shading and/or decorative effects (e.g. 3-dimensional skyscraper histograms) and highly pixelated
computer drawings. The vertical axis of histograms should not be truncated to exaggerate small
differences. The line spacing should be wide enough to remain clear on reduction to the minimum
acceptable printed size.

Figures divided into parts should be labelled with a lower-case, boldface, roman letter, a, b, and so on, in
the same typesize as used elsewhere in the figure. Lettering in figures should be in lower-case type, with
the first letter capitalized. Units should have a single space between the number and the unit, and follow SI
nomenclature or the nomenclature common to a particular field. Thousands should be separated by a thin
space (1 000). Unusual units or abbreviations should be spelled out in full or defined in the legend. Scale
bars should be used rather than magnification factors, with the length of the bar defined in the legend rather
than on the bar itself. In general, visual cues (on the figures themselves) are preferred to verbal
explanations in the legend (e.g. broken line, open red triangles etc.)

Figure legends: Figure legends should begin with a brief title for the whole figure and continue with a short
description of each panel and the symbols used; they should not contain any details of methods.

Permissions: If all or part of previously published illustrations are to be used, permission must be obtained
from the copyright holder concerned. This is the responsibilty of the authors before submission.

Preparation of Electronic Figures for Publication: Although low quality images are adequate for review
purposes, print publication requires high quality images to prevent the final product being blurred or fuzzy.
Submit EPS (lineart) or TIFF (halftone/photographs) files only. MS PowerPoint and Word Graphics are
unsuitable for printed pictures. Do not use pixel-oriented programmes. Scans (TIFF only) should have a
resolution of 300 dpi (halftone) or 600 to 1200 dpi (line drawings) in relation to the reproduction size (see
below). EPS files should be saved with fonts embedded (and with a TIFF preview if possible). For scanned
images, the scanning resolution (at final image size) should be as follows to ensure good reproduction:
lineart: >600 dpi; half-tones (including gel photographs): >300 dpi; figures containing both halftone and line
images: >600 dpi.

Further  information can be obtained at Wiley-Blackwell's guidelines for  figures:
http:/authorservices.wiley.com/bauthor/illustration.asp.

Check your electronic artwork before submitting it: http://authorservices.wiley.com/bauthor/eachecklist.asp.

5.5. Supporting Information

Publication in electronic formats has created opportunities for adding details or whole sections in the
electronic version only. Authors need to work closely with the editors in developing or using such new
publication formats.

Supporting information, such as data sets or additional figures or tables, that will not be published in the
print edition of the journal, but which will be viewable via the online edition, can be submitted. It should be
clearly stated at the time of submission that the supporting information is intended to be made available
through the online edition. If the size or format of the supporting information is such that it cannot be
accommodated on the journal's website, the author agrees to make the supporting information available
free of charge on a permanent Web site, to which links will be set up from the journal's website. The author
must advise Wiley-Blackwell if the URL of the website where the supporting information is located changes.
The content of the supporting information must not be altered after the paper has been accepted for
publication.

The availability of supporting information should be indicated in the main manuscript by a paragraph, to
appear after the References, headed 'Supporting Information' and providing titles of figures, tables, etc. In
order to protect reviewer anonymity, material posted on the authors Web site cannot be reviewed. The
supporting information is an integral part of the article and will be reviewed accordingly.

Preparation of Supporting Information: Although provision of content through the web in any format is
straightforward, supporting information is best provided either in web-ready form or in a form that can be
conveniently converted into one of the standard web publishing formats:
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. Simple word-processing files (.doc or .rtf) for text.
» PDF for more complex, layout-dependent text or page-based material. Acrobat files can be distilled from
Postscript by the Publisher, if necessary.
« GIF or JPEG for still graphics. Graphics supplied as EPS or TIFF are also acceptable.
« MPEG or AVI for moving graphics.

Subsequent requests for changes are generally unacceptable, as for printed papers. A charge may be
levied for this service.

Video Imaging: For the on-line version of the Journal the submission of illustrative video is encouraged.
Authors proposing the use such media should consult with the Editor during manuscript preparation.

6. AFTER ACCEPTANCE
Upon acceptance of a paper for publication, the manuscript will be forwarded to the Production Editor who
is responsible for the production of the journal.

6.1. Figures

Hard copies of all figures and tables are required when the manuscript is ready for publication. These will
be requested by the Editor when required. Each Figure copy should be marked on the reverse with the
figure number and the corresponding author’s name.

6.2 Proof Corrections

The corresponding author will receive an email alert containing a link to a web site. A working email
address must therefore be provided for the corresponding author. The proof can be downloaded as a PDF
(portable document format) file from this site. Acrobat Reader will be required in order to read this file. This
software can be downloaded (free of charge) from the following Web site:
www.adobe.com/products/acrobat/readstep2.html. This will enable the file to be opened, read on screen,
and printed out in order for any corrections to be added. Further instructions will be sent with the proof.
Hard copy proofs will be posted if no e-mail address is available; in your absence, please arrange for a
colleague to access your e-mail to retrieve the proofs. Proofs must be returned to the Production Editor
within three days of receipt. As changes to proofs are costly, we ask that you only correct typesetting
errors. Excessive changes made by the author in the proofs, excluding typesetting errors, will be charged
separately. Other than in exceptional circumstances, all illustrations are retained by the publisher. Please
note that the author is responsible for all statements made in his work, including changes made by the copy
editor.

6.3 Early Online Publication Prior to Print

International Endodontic Journal is covered by Wiley-Blackwell's Early View service. Early View articles are
complete full-text articles published online in advance of their publication in a printed issue. Early View
articles are complete and final. They have been fully reviewed, revised and edited for publication, and the
authors' final corrections have been incorporated. Because they are in final form, no changes can be made
after online publication. The nature of Early View articles means that they do not yet have volume, issue or
page numbers, so Early View articles cannot be cited in the traditional way. They are therefore given a
Digital Object Identifier (DOI), which allows the article to be cited and tracked before it is allocated to an
issue. After print publication, the DOI remains valid and can continue to be used to cite and access the
article.

6.4 Online Production Tracking

Online production tracking is available for your article through Blackwell's Author Services. Author Services
enables authors to track their article - once it has been accepted - through the production process to
publication online and in print. Authors can check the status of their articles online and choose to receive
automated e-mails at key stages of production. The author will receive an e-mail with a unique link that
enables them to register and have their article automatically added to the system. Please ensure that a
complete  e-mail address is provided  when submitting  the  manuscript. Visit
http://authorservices.wiley.com/bauthor/ for more details on online production tracking and for a wealth of
resources including FAQs and tips on article preparation, submission and more.

6.5 Author Material Archive Policy

Please note that unless specifically requested, Wiley-Blackwell will dispose of all hardcopy or electronic
material submitted two months after publication. If you require the return of any material submitted, please
inform the editorial office or production editor as soon as possible.
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6.6 Offprints

Free access to the final PDF offprint of your article will be available via Author Services only. Please
therefore sign up for Author Services if you would like to access your article PDF offprint and enjoy the
many other benefits the service offers.

Additional paper offprints may be ordered online. Please click on the following link, fill in the necessary
details and ensure that you type information in all of the required fields: Offprint Cosprinters. If you have
queries about offprints please email offprint@cosprinters.com

The corresponding author will be sent complimentary copies of the issue in which the paper is published
(one copy per author).

6.7 Author Services
For more substantial information on the services provided for authors, please see Wiley-Blackwell Author
Services

6.8 Note to NIH Grantees: Pursuant to NIH mandate, Wiley-Blackwell will post the accepted version of
contributions authored by NIH grant-holders to PubMed Central upon acceptance. This accepted version
will be made publicly available 12 months after publication. For further information, see
www.wiley.com/go/nihmandate

7 Guidelines for reporting of DNA microarray data

The International Endodontic Journal gives authors notice that, with effect from 1st January 2011,
submission to the International Endodontic Journal requires the reporting of microarray data to conform to
the MIAME guidelines. After this date, submissions will be assessed according to MIAME standards. The
complete current guidelines are available at http://www.mged.org/Workgroups/MIAME/miame 2.0.html.
Also, manuscripts will be published only after the complete data has been submitted into the public
repositories, such as GEO (http://www.ncbi.nlm.nih.gov/geo/) or ArrayExpress
(http://www.ebi.ac.uk/microarray/submissions overview.html), in MIAME compliant format, with the data
accession number (the identification number of the data set in the database) quoted in the manuscript. Both
databases are committed to keeping the data private until the associated manuscript is published, if
requested.

Prospective authors are also encouraged to search for previously published microarray data with relevance
to their own data, and to report whether such data exists. Furthermore, they are encouraged to use the
previously published data for qualitative and/or quantitative comparison with their own data, whenever
suitable. To fully acknowledge the original work, an appropriate reference should be given not only to the
database in question, but also to the original article in which the data was first published. This open
approach will increase the availability and use of these large-scale data sets and improve the reporting and
interpretation of the findings, and in increasing the comprehensive understanding of the physiology and
pathology of endodontically related tissues and diseases, result eventually in better patient care.
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Goiania, 27/ 09/10

PARECER CONSUBSTANCIADO REFERENTE AO PROJETO DE PESQUISA,
PROTOCOLADO NESTE COMITE SOB O N.: 256/10

{ - Identificagdo
- Titulo do projeto: Influéncia da terapia endodontica na resisténcia adesiva de pinos de fibra
a dentina radicular
- Pesquisador Responsével. Carlos Estrela
- Pesquisadores participantes: Fernanda Ribeiro Santana; Lawrence Gonzaga Lopes;
- Instituigdo onde sera realizado o estudo: Faculdade de Odontologia - UFG
- Data de apresentagdo ao CEP/UFG: 02/09/10
— Area Tematica: Grupo IlI, Ciéncia da Saude - Odontologia

Comentarios do relator frente & Resclugdo CNS 196/96 e complementares em
particular sobre:

Il - Estrutura do Protocolo

CD; Ficha de protocolo do projeto de pesquisa com assinatura do responsavel pela pesquisa e
do responsavel pela instituigao; Declaragdo de disponibilidade e viabilidade de infra-estrutura e
equipamento, Termo de responsabilidade assinado por todos os componentes da pesquisa;
TCLE da doagdo dos dentes bovinos do frigorifico JBS- Friboi; Certiddo de ATA do Conselho
Diretor da FO-UFG de aprovagao da pesquisa. Projeto de Pesquisa.

Wi - Projeto de pesquisa

OBJETIVO GERAL: Analisar diferentes parametros da terapia endodéntica que podem exercer
influéncia na resisténcia adesiva de retentores intra-radiculares de fibra a dentina radicuiar. Em
Especifico: - Avaliar a influéncia dos materiais e técnicas utilizados na terapia endodontica na
resisténcia adesiva de pinos de fibra a dentina intra-radicular, em fungao dos diferentes tercos
do canal radicular, por meio de ensaio mecanico de micropush-out e analise em MEVY,
variando:1) - Técnica de preparo do canal radicular. Preparo com instrumentos de ago
inoxidavel e com niquel-titanio. 2)- Sanificacdo do canal radicular com Hipoclorito de sodic
2,5%; Clorexidina 2%; Gas ozbnio; EDTA 17%.; 3) Obturagdo do canal radicular utilizando
Cimento contendo oxido de calcio (Sealapex). contendo éxido de zinco e eugenol (EndoFill) e
a base de resina epdxica (AH Plus)

Andlise das questdes éticas: Nesta pesquisa ndo sera realizada nenhuma intervengéo no
animal. Serdo utilizados apenas dentes bovinos que serdo extraidos de mandibulas
provenientes de animais que ja foram abatidos em frigorifico. Assim, o abate destes
animais se da por razdes que nao as envolvidas nesta pesquisa e, para a extragaoc dos dentes,
os pesquisadores terdo contato apenas com as mandibulas provenientes dos animais ja
abatidos no frigorifico. Utilizar-se-a 220 dentes incisivos inferiores bovinos O projeto sera
desenvolvido de forma sequencial e as raizes distribuidas aleatoriamente nos grupos.
- Quanto a Descrigdo do alojamento/alimentagdo e hidratagio/temperatura/umidade, néo se
aplica, pois nao sera realizada nenhuma intervengao no animal, uma vez que 0s dentes
bovinos a serem utilizados serdo provenientes de mandibulas de animais ja abatidos em
frigarifico, cuja carne é destinada ao consumo humano.

- Os dentes bovinos serao armazenados em solugdo aquosa tampenada de timol a
0.2% apos a extragdo. Os dentes serao limpos e a parte corondria sera removida sob
refrigeragdo em aqua. a fim de permanecer remanescente radicular de 15mm a partir da porgac
apical de cada raiz
- Consideragoes sobre o sofrimento imposto aos animais: N&o se aplica
Prédio da Reitonia - Térreo - Campus [l - CEP-74001-970 - Goiania-GO - Fones: 0 XX62 3521-1076 - Fax:3521-1163
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- Descrigao do metodo de eutanasia e destino dos animais apés a experimentagéo: Nao se
aplica a esta pesquisa, uma vez que para a extragdo dos dentes bovinos os pesquisadores
terao contato apenas com as mandibulas provenientes de animais ja abatidos no frigorifico.
Assim, o proprio frigorifico possui os seus protocolos de abate e destino de residuos.

- Riscos aos pesquisadores/alunos (fisicos, biologicos, psicologicos, sociais): Para a obtengio
dos dentes existirdo riscos fisicos e bioldgicos, uma vez que terdo contato com material
bioldgico e utilizardo instrumentos pérfuro-cortantes. Assim, para a extra¢do, atenderdo aos
principios de biosseguranga por meio da utilizagdo de barreiras ou equipamentos de protegdo
individual (luvas, avental impermeavel, gorro, mascara e oculos de protegao), com o objetivo de
prevenir a exposi¢do ao sangue, e tomardo os devidos cuidados para prevenir acidentes com
os instrumentos pérfuro-cortantes. Os instrumentos necessarios serdo previamente
esterilizados. Ressalta-se que os pesquisadores envolvidos sfo cirurgides-dentistas, sendo
assim capacitados para a realizagdo das extragbes dentarias nas mandibulas reservadas peio
frigorifico. As extragdes serdo realizadas em ambiente reservado no proprio frigorifico com
supervisao do velerinario, e, apés a coleta dos dentes bovinos, as mandibulas permanecerao
no frigorifico

- Andlise do Termo de consentimento dos responsaveis por animais: Segue assinado por
Osvaldo Caetano de Abreu, Fiscal Federal Agropecuario, Médico Veterinario CRMV-GO 0328 a
autorizagao para extragao dos dentes bovinos junto ao frigorifico acima mencionado

- Cronograma: Adequado

- Analise da metodologia e sua adequacdo aos objetivos da pesquisa: A metodologia encontra-
se adequada e relatam que estes dentes serdo utilizados exclusivamente neste experimento

- Verificagdo das condigdes para realizagio da pesquisa. Condi¢des adequadas e os curriculos
dos pesquisadores sd@o compativeis com a pesquisa proposta.

V- Parecer do CEP

Protbcolo "APROVADQ"™
!

T i

Vi - Data da reunido: 27/09/2010

Assinatura do(a) relator(a):
-
Assu‘éatura do(a) Coordenador(a)l CERP/UFG:
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