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Resumo

SKUPIEN, Jovito Adiel. Uso de materiais diretos e indiretos para amplas
restauragoes: Implicagoes clinicas e laboratoriais. 2014. 106f. Tese (Doutorado
em Odontologia). Programa de Pds Graduagdo em Odontologia. Universidade
Federal de Pelotas, Pelotas, Pelotas, 2014.

Pinos de fibra de vidro e resinas compostas sdo materiais amplamente utilizados em
odontologia restauradora. As diferentes formas de apresentagdo e técnicas de
emprego, bem como diferentes manobras prévias as suas utilizagbes podem
implicar em desfechos clinicos mais ou menos favoraveis, que podem determinar o
sucesso ou falha de um procedimento restaurador. Assim, o objetivo deste estudo foi
avaliar o desempenho de pinos de fibra de vidro e resinas compostas frente a
diversos fatores relacionados ao seu uso em odontologia. Para isso, o estudo foi
dividido em trés partes: estudo in vitro, estudo in vivo e revisao sistematica. O estudo
in vitro objetivou avaliar o efeito do retardamento da cimentagdo de restauragbes
indiretas de resinas compostas em dentina previamente hibridizada. Trés estratégias
de cimentacdo foram testadas com diferentes protocolos. Palitos do conjunto
dente/restauracdo foram obtidos e submetidos ao teste de microtragdo para
avaliacdo da resisténcia de unido e padrao de fratura, onde os valores foram
analisados através de ANOVA e teste post hoc Tukey (a=0,05) e regressao linear.
Cimento convencional e sistema adesivo de 3 passos apresentaram os maiores
valores de resisténcia de unido, seguidos do mesmo cimento e sistema de 2 passos,
sendo os menores valores para o grupo do cimento auto-adesivo. A regressao linear
demonstrou uma melhora significativa nos valores de resisténcia quando o sistema
de 3 passos foi utilizado, entretanto, todos os grupos tiveram resultados adequados,
mesmo em condigdes desfavoraveis. O ensaio controlado randomizado avaliou a
longevidade de restauragbes metalo-cerdmicas e de resinas compostas
confeccionadas em dentes tratados endodonticamente que receberam um pino de
fibra de vidro. Cinquenta e seis dentes com a coroa danificada, porém, com uma
face intacta, foram alocados em dois grupos aleatoriamente, de acordo com o tipo
de restauragdo. A longevidade das restauragdes foi avaliadas através de Kaplan-
Meier e critérios clinicos foram analisados de forma descritiva. Com uma taxa de re-
chamada de 100%, 56 dentes foram reavaliados e nenhum foi perdido. Porém, 8
restauracdes de resina composta falharam e sofreram reparos. Houve uma diferenca
significativa para o tipo de restauragdo em relagdo ao sucesso. Assim, restauragdes
indiretas apresentaram uma melhor performance clinica apés 2 anos de
acompanhamento, embora as falhas apresentadas no grupo que recebeu resinas
diretas tenham sido reparaveis. A revisdo sistematica comparou fatores que podem
influenciar na retengao de pinos de fibra de vidro em dentina intra-radicular baseado
em estudos in vitro que compararam a resisténcia de unido de cimentos resinosos.
Apd6s uma busca realizada nos bancos de dados Pubmed e Scopus até dezembro
de 2013, trinta e quatro estudos foram incluidos na revisdo e diferentes variaveis
foram extraidas. A presenga de tratamento endoddntico diminuiu significativamente
a resisténcia de unido, enquanto que demais variaveis variam sua influéncia de
acordo com o tipo de cimento resinoso. Assim, fatores como método de aplicagao do
cimento e pré-tratamento do pino podem influenciar a retencédo de pinos de fibra de
vidro, porém, cimentos auto-adesivos sdo menos sensiveis a técnica de cimentagao.



Palavras-chave: adesivos dentinarios; cimento resinoso; pino de fibra de vidro;
resinas compostas; ensaio clinico controlado; revisdo sistematica



Abstract

SKUPIEN, Jovito Adiel. Use of direct and indirect materials for extensive
restorations: Clinical and laboratory implications. 2014. 106f. Thesis (PhD in
Dentistry). Programa de Pés Graduagao em Odontologia. Universidade Federal de
Pelotas, Pelotas, Pelotas, 2014.

Glass fiber posts and composite resins are widely used materials in restorative
dentistry. The various forms of presentation and technical approach, as well as
different handling prior to their use, can result in diverse outcomes, which can
determine the success or failure of the restorative procedure. Thus, the aim of this
study was to evaluate the performance of glass fiber posts and composite resins in
front of several factors related to it uses in dentistry. For this, the study was divided
into three parts: An in vitro study, an in vivo study and a systematic review. The in
vitro study aimed to evaluate the effect of cementation delay of indirect composite
resin restorations in previously hybridized dentin. Three strategies of cementation
were tested through different protocols. Beam-shaped specimens from
tooth/restoration were obtained and submitted to microtensile testing to evaluate the
bond strength and types of failures, where the results were analyzed by ANOVA and
Tukey’s post hoc tests and linear regression. Regular cement and adhesive three-
step etch-and-rinse adhesive system showed the highest values of bond strength,
followed by the same cement and two-step etch-and-rinse adhesive system and the
lowest values for self-adhesive cement groups. Linear regression showed an
improvement in the bond strength values when three-step adhesive system was
used, however, all groups had adequate values of bond strength, even in unfavorable
situations. The randomized clinical trial evaluated the longevity of metal-ceramic
crown and composite resin restorations performed in endodontically treated teeth
that received a glass fiber post. Fifty-six severely damaged teeth but with at least one
entire wall were randomly allocated into two groups according to the type of
restoration. The longevity was assessed through Kaplan-meier and clinical evaluation
by descriptive analysis. The recall rate was 100%, fifty-six teeth were re-evaluated
with no absolute failure. However, eight composite resin restorations had failed (all
reparable). A significant difference between type of restoration was found. Indirect
restorations provided higher acceptable clinical performance after two-year of follow-
up, although composite failures were liable to repair. The systematic review
compared factorts that can influence retention of glass fiber posts to intraradicular
based on in vitro studies which compared the bond strength of resin cements.
Searches were carried out in Pubmed and Scopus database up to December 2013.
Thirty-four studies were included in the review and several variables were extracted.
The presence of endodontic treatment significantly decrease the bond strength,
meanwhile other variables can influence according to the type of resin cement. Thus,
factors as type of cement application and pretreatment of post can influence glass
fiber post retention, however, self-adhesive resin cements are less sensitive to luting
procedures.

Key-words: dentin-bonding agents; resin cement; fiber-reinforced post; composite
resins; randomized controlled trial; systematic review
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1. Introducgao e Revisao de Literatura

A grande variedade de materiais odontologicos presentes no mercado
acarreta ao mesmo tempo, uma maior possibilidade de escolha, assim como um
maior numero de incertezas em relagdo a sua qualidade. Pesquisas laboratoriais
que se aproximem ao maximo de uma situacao clinica na qual estes materiais séo
submetidos sdo uma maneira de testar caracteristicas e propriedades destes. Ainda,
pesquisas clinicas visando o acompanhamento ao longo do tempo s&o mais
confiaveis e expressam maior grau de evidéncia cientifica (AMERICAN DENTAL
ASSOCIATION, 2008; PIHLSTROM; BARNETT, 2010).

Técnicas de utilizagdo de alguns materiais podem variar de acordo com
paises, escolas de ensino, tempo de pratica clinica, acesso a informacgao, entre
outros (HOPPER; MORRIS; TICKLE, 2011; STRAUB-MORAREND et al., 2011). A
modificagdo destas variaveis em pesquisas podem resultar em desfechos diferentes
daqueles encontrados com a comparacdo entre materiais, enfatizando os reais
achados clinicos. Mesmo técnicas consolidadas, como a hibridizagdo dos tecidos
duros, podem apresentar diferencas devido ao tipo de sistema adesivo utilizado, por
exemplo (PEUMANS et al.,2005).

Frente as diversas areas da odontologia, a restauradora tem como foco
preservar os tecidos dentais sadios bem como recompor os tecidos perdidos a partir
da utilizacdo de materiais, buscando restabelecer forma, fungcao e estética, e evitar
sobretratamentos e futuras recidivas da doencga carie. Retentores intra-radiculares,
resinas compostas e seus meios de unido aos substratos dentais sdo materiais
amplamente utilizados na busca deste objetivo.

Em dentes amplamente destruidos, pode-se lancar mao da cimentacédo de
pinos de fibra de vidro pré-fabricados, uma vez que estes preservam estrutura
dental, reduzem os riscos de fratura radicular e aumentam a retengdo de materiais
restauradores (CHEUNG, 2005; LANZA et al., 2005; PEGORETTI et al., 2002).
Entretanto, o principal tipo de falha encontrada nessa situagao € a descimentagéo do
conjunto pino/coroa e pino/restauragcdo (MALFERRARI; MONACO; SCOTTI, 2003;
MANNOCCI et al., 2002). Assim, estratégias de cimentagdo que utilizam sistemas
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adesivos e cimentos resinosos vem sendo estudados (MALLMANN et al., 2005;
MAZZONI et al., 2009; RADOVIC et al., 2008), bem como, a utilizagdo de sistemas
que dispensam a utilizagcdo prévia de sistemas adesivos, os chamados cimentos
auto-adesivos (DE MUNCK et al., 2004; SADEK et al, 2006).

Independente da estratégia de cimentagdo, previamente a utilizagdo de
retentores intra-radiculares é necessaria a realizacdo de tratamento endodéntico.
Para isso, substancias quimicas sao utilizadas para auxiliar no preparo mecanico
das raizes, e podem influenciar tanto na adesao radicular como na camara pulpar
(ERDEMIR et al., 2004, SANTOS et al., 2006). Existe ainda a possibilidade da
utilizagdo de substancias quelantes apds a finalizagao do preparo endodéntico, as
quais também podem proporcionar alteragdes na dentina radicular ocasionando
efeitos adversos a adesdo (HAYASHI et al., 2005; MOREIRA et al., 2009).

O cenario de ampla destruicdo coronaria e o emprego de pinos de fibra de
vidro pode proporcionar em alguns casos diferentes estratégias para restabelecer os
principios de forma, funcédo e estética. Dependendo do grau de comprometimento
coronario ou localizagdo do dente, pode-se utilizar a confeccdo de restauragdes
indiretas ou diretas. As vantagens da utilizagdo de restauragcdes diretas sdo seu
custo reduzido, a preservacao da estrutura dental sadia, a rapida execugado e a
maior facilidade de correcdo caso haja necessidade. Mesmo em situagdes
desfavoraveis, restauracbes diretas com resinas compostas tem excelente
durabilidade (VAN DIJKEN, 2010) e estudos de longo prazo comprovam sua eficacia
(GAENGLER; HOYER; MONTAG, 2001; PALLESEN; QVIST, 2003; DA ROSA
RODOLPHO et al., 2006; 2011).

Embora a confecgcdo de restauragdes diretas em resina composta e a
cimentagdo de coroas metaloceramicas paregcam abordagens completamente
diferentes, ndo ha evidéncia para determinadas situacbes em que cada uma deva
ser utilizada. Apesar das restauragdes indiretas apresentarem uma taxa anual de
falhas menor do que as restauragdes diretas, a longevidade depende de muitos
outros fatores (GOLDSTEIN, 2010). Os critérios de avaliacdo destas restauragdes
séo divididos em trés grupos - critérios estéticos, funcionais e biologicos - e apenas
devem ser consideradas falhas aquelas restauragdes que necessitam ser
substituidas (HICKEL et al., 2010).

Para a confeccdo de restauracbes diretas em resina composta e a

cimentagdo de coroas com o emprego de cimentos resinosos convencionais, €
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necessaria a utilizagdo de um material intermediario, capaz de unir o substrato
dental ao material restaurador. Essa é funcdo dos sistemas adesivos (VAN
LANDUYT et al., 2007). Embora a adesdo ao esmalte tenha sido considerada
satisfatéria, a unido ao substrato dentinario € mais complexa, devido as
particularidades que a dentina apresenta (LELOUPL et al., 2001).

A grande quantidade de agua presente na constituigdo da dentina (20%
volume) (NAKABAYASHI; PASHLEY,1998), é um dos fatores que prejudicam a
adesdo. Uma vez que adesivos simplificados tornam-se membranas semi-
permeaveis apos polimerizagdo, permitindo assim a difusdo de agua (TAY et al.,
2002), efeitos deletérios podem ser encontrados em restauragdes nas quais ha um
intervalo de tempo exagerado entre a aplicagdo do sistema adesivo e a colocagao
da resina composta, bem como na cimentagédo de pinos utilizando estratégia com o

uso de sistemas adesivos.

1.1 Justificativa

Poucos estudos prospectivos e controlados avaliam desfechos relacionados a
restauracbes complexas, envolvendo retencdo por pinos ou uso de sistemas
adesivos em situagdes clinicas extremas. Portanto, justifica-se o desenvolvimento de
estudos bem delineados e que possam trazer evidéncia para que condutas clinicas
de alta qualidade e menor custo agregado possam ser oferecidos aos pacientes que
necessitam procedimentos restauradores complexos. Assim, o estudo respondera a
diversos questionamentos acerca de planos de tratamento para dentes amplamente

destruidos bem como o uso dos materiais envolvidos neste processo restaurador.

1.2 Objetivo Geral

Avaliar através de estudos laboratoriais e clinicos o comportamento de pinos
de fibra de vidro e resinas compostas frente a diversos fatores relacionados ao seu
uso em odontologia, visando encontrar um protocolo de conduta clinica baseado em
evidéncias para tratamento de dentes amplamente destruidos, partindo do
tratamento endodéntico a restauragéo definitiva.
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1.2.1 Objetivos Especificos

* Avaliar o efeito do retardamento na colocacdo de resina composta em
superficie de esmalte e dentina hibridizada, in vitro;

* Verificar a influéncia do tipo de sistema adesivo na resisténcia de unido em
esmalte e dentina hibridizada frente ao retardamento da colocacéo de resina
composta;

* Analisar os tipos de fraturas mais comumente encontrados em casos de
retardamento de colocagao de resina composta;

* Avaliar a influéncia de substancias quimicas utilizadas em endodontia na
resisténcia de unido de pinos de fibra de vidro;

* Analisar diferencas de resisténcia de unido de pinos de fibra de vidro em
diferentes regides de dentes unirradiculares;

* Verificar o efeito do armazenamento em agua de pinos de fibra de vidro
cimentados em dentes unirradiculares;

* Avaliar a taxa de sobrevivéncia de pinos de fibra de vidro em diversos
intervalos de tempos;

* Avaliar a taxa de sobrevivéncia de restauragdes diretas e indiretas;

* Comparar as diferengas de sobrevivéncia entre pinos cimentados com 2 tipos
de cimento resinoso;

* Verificar as diferengas de sobrevivéncia para pinos e restauragdes entre

maxila e mandibula e dentes posteriores e anteriores.

1.3 Hipo6teses

As hipdteses a serem testadas séo as de que (i) umidade excessiva e demora
na cimentacao de resinas indiretas levaria a prejuizos na adesao; (ii) restauracoes
diretas e indiretas alcancariam igual sucesso clinico em dentes tratados
endodonticamente utilizando pinos de fibra de vidro como ancoragem coronaria e
(iif) uma série de fatores associados ao tratamento odontolégico de dentes tratados
endodonticamente e que receberao pino de fibra de vidro influenciam na resisténcia

de unido a dentina, nao s6 o cimento utilizado.



2. Projeto de Pesquisa
2.1 Estudo In vitro - Retardamento na confec¢ao de restauragoes de resina
composta e suas consequéncias: Estudo in vitro
Desenho Experimental

Este estudo in vitro fatorial 2 x 3 x 4 e cego (avaliador), visa encontrar um
tempo limite para insergdo da resina composta em superficies hibridizadas de
esmalte e dentina. As variaveis independentes testadas serdo substrato em dois
niveis (dentina e esmalte), tempo em trés niveis (1, 5 e 30 minutos) e adesivo em
quatro niveis (condicionamento total de 2 passos, condicionamento total de 3
passos, autocondicionante de 1 passos, autocondicionante de 2 passos). Para tal,
coroas bovinas serdo preparadas para receberem restauragdes de resina composta
frente a diferentes tempos de espera apds hibridizacdo dos tecidos dentais duros, e
serado submetidas a teste de resisténcia de unido e analises do tipo de fratura.

Materiais e Métodos

Para este estudo, serdo utilizados 120 dentes bovinos unirradiculares. Sera
realizada uma analise com o auxilio de uma lupa com aumento de 4x, para detecgéao
de possiveis falhas ou fraturas; caso haja presencga de trincas ou fraturas, os dentes
serdo descartados. Os dentes serdo devidamente limpos e armazenados em
solugdo aquosa de Tymol 0,5% para desinfecgdo até o momento da utilizagdo no
estudo.

Preparo dos dentes

Os dentes terdo suas coroas removidas, seguido da seccgéao total das mesmas
no sentido longitudinal, dando origem a 2 hemi-coroas. Cada hemi-coroa sera
alocada em um grande grupo: Esmalte e Dentina. Os espécimes serdo embutidos
em resina acrilica e cilindros de PVC, sendo que em cada grupo de estudo, a
superficie em questao fique exposta. Todas as amostras serdo levadas a politriz
mecanica circular e polidas com lixas carbide 600 sob irrigagado constante durante 30

s, a fim de proporcionar uma superficie lisa e smear layer padronizada.
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Randomizacao dos espécimes

As 240 hemi-coroas serdo divididas aleatoriamente em 24 grupos (n=10)
conforme os fatores: substrato, adesivo e tempo. Para isso, os espécimes de cada
grupo serdo numerados de um a cento e vinte e uma sequéncia aleatéria de mesmo
numero sera realizada no Programa Excel (Microsoft Corp, Redmond, Wash, EUA).

Assim, dar-se-a a composi¢ao dos grupos e subgrupos. Figura 1.

Dentina Esmalte
Sistema Adesive com Sistema Adesive com
Condicionamento Acido Total Condicionamento Aeido Total
| Frasco | Frasco
Sistema Adesive com Sistema Adesive com
Condicionamerto f{(’:’do 7”0&1/ Condicionamerto f\/(’l'do 7”of!2/
2 Frascos 2 Frascos
Sistema Adesive Autocondicionante Sistema Adesive Autocondiciondante
| Frasco | Frasco
Sistema Adesive Autocondicionante Sistema Adesive Autocondicionante
2 Frascos 2 Frascos
| | Minuto ” 5 Minutos II 30 Minutosl I | Minuto ” 5 Minutos ”30 Minutosl

Figura 1 — Delineamento experimental do estudo

Confecgao das restauracoes

As superficies de esmalte e dentina receberdo a aplicacdo dos sistemas
adesivos com o mesmo protocolo e conforme as instrugdes do fabricante (Tabela 1).
Com a superficie hibridizada, sera realizada a confeccdo de duas restauragdes
cilindricas com cerca de 1 mm de didmetro e 1 mm de altura com resina composta
Z250 (3M ESPE — St Paul, MN, EUA), com o auxilio de uma matriz de silicona
previamente confeccionada. Os intervalos de tempo para insercdo da resina
composta serdo: 1 minuto apds polimerizagdo do adesivo; 5 minutos e 30 minutos.
Os incrementos serdo fotopolimerizados (Radii Cal, SDI, Australia) com uma
intensidade de luz de 1000 mW/cm? durante 20 segundos. Todas as restauracdes
serdo analisadas em estereomicroscopio para detectar possiveis falhas ou bolhas na

interface adesiva, bem como no material restaurador.
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Tabela 1 — Protocolo de utilizacdo dos sistemas adesivos.

Sistema Adesivo

e Caracteristica

Composigcao

Protocolo de Aplicacéo

Adper Single Bond

2/ 3M ESPE -
Sistema adesivo
com

condicionamento
acido total

1 Frasco

Bis-GMA,HEMA, diuretano
dimetacrilato, copolimero do
acido polialcendico,
canforoquinona, glicerol

1.3 dimetacrilato, silica, agua e

etanol.

1- Condicionamento &cido (15s), lavagem
(15s) e secagem (10s) deixando dentina
levemente umida.*

2- Aplicagao de uma camada de adesivo (10s
com suave friccao)

3- Leve jato de ar (10s a 20 cm)

4- Aplicacao de uma camada de adesivo (10s
com suave friccao)

5- Leve jato de ar (10s a 20 cm)

6- Polimerizago (10s—1000mW/cm?)

ScotchBond Multi-
Purpose Plus/ 3M
ESPE -

adesivo

Sistema

com
condicionamento
acido total

2 Frascos

Primer — Solugao aquosa de
HEMA, copolimero do acido
polialcendico (Vitrebond)
Adesivo - Bis-GMA, HEMA,

dimetacrilatos e iniciadores.

1- Condicionamento &cido (15s), lavagem
(15s) e secagem (10s) deixando dentina
levemente umida.*

2- Aplicacao de 2 camadas do primer (10s
com suave friccao)

3- Leve jato de ar (10s a 20 cm)

4- Aplicagcao de uma camada de adesivo (10s
com suave friccao)

5- Leve jato de ar (10s a 20 cm)

6- Polimerizago (10s—1000mW/cm?)

Adper Easy One/
3M ESPE -
Sistema  adesivo

autocondicionante

HEMA, Bis-GMA, metacrilatos
ésteres fosforicos, 1,6-
hexanediol dimetacrilato,

metacrilato functional do acido

1- Aplicac&o do adesivo (20s)
2- Forte jato de ar (10s a 10 cm)
3- Polimerizagao (10s—1000mW/cm?)

Kuraray - Sistema
adesivo
autocondicionante

2 Frascos

dimetacrilato hidrofilico,
canforoquinona e agua.
Adesivo: MDP, HEMA, Bis-
GMA, dimetacrilato hidrofébico,
silica coloidal silanizada,
dietanol-p-toluidine e

canforoquinona.

1 Frasco polialcendico (Vitrebond), silica
(7 nm), etanol, agua, iniciadores
baseados na canforoquinona e
estabilizadores.
Clearfil SE Bond/ | Primer: MDP, HEMA, 1- Aplicagéo de duas camadas de primer

com suave fricgao (2s)

2- Leve jato de ar (10s a 20 cm)

3- Aplicacdo de uma camada de adesivo
(15s)

4- Leve jato de ar (10s a 20 cm)

5- Polimerizago (10s—1000mW/cm?)

* Em esmalte 30 segundos
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Teste de resisténcia de uniao

A resisténcia de unido sera mensurada através do teste de microcisalhamento
usando um dispositivo bi-articulado e removivel, onde em uma extremidade ficara
alocado o cilindro de PVC e a outra extremidade apreendida na maquina de ensaio
universal. Sera realizado um lago com um fio de ago de 0,2 mm onde sera adaptado
na extremidade presa a célula de carga. O lago envolvera a restauragdo de resina
composta, ficando o mais proximo possivel da interface adesiva. O teste sera
realizado a velocidade de 0,5 mm/min. e com uma célula de carga de 50N, até a
fratura ocorrer.

A resisténcia de unido sera expressa em MPa, proveniente da divisdo da
forca (N) necessaria para fratura da restauracéo pela area adesiva (mm?). O calculo
sera realizado automaticamente pela maquina, através da mensuragao prévia da

superficie da restauragao.

Avaliagao do tipo de falha
Todos os espécimes ensaiados serdo analisados em estereomicroscopio com

o propésito de verificar o tipo de falha.

Analise estatistica

Os dados obtidos serdo analisados usando um pacote de software estatistico
(versdo 3.5 de SigmaStat, SPSS, Chicago, IL, EUA). Sera realizado analise de
variancia seguido do teste de comparagdo multipla de Tukey post hoc se houver
diferenga estatisticamente significante entre os grupos. O nivel de significancia a ser
considerado sera a=0,05.

2.2 Estudo In vitro - Substancias quimicas utilizadas em endodontia podem
influenciar na descimentacgcao dos pinos de fibra de vidro?
Desenho Experimental

Este estudo in vitro fatorial 2 x 2 x 5 e duplo-cego, busca encontrar uma
substancia quimica para tratamento endoddntico que nao influencie na resisténcia
de unido de pinos de fibra de vidro. As variaveis independentes avaliadas serao
cimento resinoso em dois niveis (auto-adesivo e iondmero de vidro modificado por
resina), tempo em dois niveis (24 horas e 12 meses) e substancia quimica utilizada
em endodontia em cinco niveis (hipoclorito de sodio 5,25%, com e sem o uso de
EDTA 17%, clorexidina 2%, com e sem o uso de EDTA 17% e solugéo salina). Para
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tal, dentes unirradiculares terdo seus canais preparados com o auxilio de diferentes
substancias quimicas, seguido de obturagdo. Os canais radiculares serao
desobturados para posterior cimentagcdo de pinos de fibra de vidro. Os espécimes
serdo armazenados durante 24 horas ou 12 meses, para entdo serem submetidos
ao ensaio de push-out. As falhas serao avaliadas com auxilio de microscépio optico

e microscopia eletrénica de varredura.

Materiais e Métodos

Para a realizacdo deste estudo serdo utilizados 200 dentes unirradiculares
(incisivos superiores, caninos superiores e inferiores e pré-molares inferiores)
higidos obtidos no Banco de Dentes do PET — FO/UFPel. Os dentes serdo lavados,
limpos com curetas periodontais e armazenados em solugdo aquosa de Tymol 0,5%
para desinfeccdo até o momento da utilizagdo no estudo. Os dentes terdo suas
raizes observadas, aquelas que apresentarem um desvio de normalidade como

achatamento, dilaceracgdes, canais ovoides ou em formato de 8, serdo excluidas.

Divisdo dos Dentes

Os dentes serdo alocados randomizadamente em dois grande grupos
(n=100), de acordo com o agente de cimentac&do. Dentro de cada grupo, os dentes
serdo novamente divididos em 5 subgrupos (n=20), de acordo com o agente quimico
endodéntico utilizado. Dentro de cada subgrupo, uma nova subdivisdo sera realizada
(n=10), de acordo com o tempo de armazenamento das amostras. (Figura 2; Tabela
2).

RelyX Unicem RelyX Luting 2
Y. Y g
[[24 Horas | [[24 Horas |
NaOClI 5,25% < NaOCI 5,25% <
NaOCI5.25% | NaOCI5.25% | s
+ +
oTA 17% | [ 12 Meses oTA 17% | 12 Meses
4 Horas
s [
Clorexidina 2% N Clorexidina 2% N
12 Meses 12 Meses
Clorexidina 2% Clorexidina 2%
) < N <
EDTA 17% 12 Meses EDTA 17% 12 Meses
. N ad 24 Horas ~ N ad 24 Horas
Solugio Salina N Solugio Salina \

Figura 2 — Formagao dos grupos e subgrupos
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Tabela 2 — Materiais e substancias quimicas utilizadas em endodontia.

Materiais Fabricante Composicgao
RelyX 3M ESPE - | P6: Pé de vidro, silica, hidroxido de calcio, pigmento,
Unicem EUA pirimidina, composto de perodxido, iniciador

Liquido: Ester fosférico metacrilato, dimetacrilato,

acetato, estabilizador, iniciador

RelyX 3M ESPE - |Pasta A: Vidro de fluoroaluminio silicato, agente
Luting 2 EUA redutor, HEMA, agua, agente opacificante.

Pasta B: Acido policarboxilico metacrilado, BisGMA,
HEMA, agua, persulfato de potassio, carga de

zircOnia silica

NaOCI Farmacia de | Hipoclorito de Sodio 5,25%
5,25% Manipulacao

EDTA 17% | Farmacia de | Acido Etilenodiaminotetracético
Manipulacéo

Clorexidina | Farmacia de | Solugao de clorexidina 2%
2% Manipulacao

Preparo Endodéntico dos Dentes

As coroas dos dentes serdo removidas com uma maquina de corte Isomet
1000 (Buehler Lake Bluff, IL, EUA) na altura da juncdo amelodentinaria. Em seguida,
0s canais radiculares serdo instrumentados com limas endodénticas do tipo K-flex
(Dentsply - Maillefer, Petrépolis, Brasil) da 1% série em seqiiéncia crescente através
da técnica escalonada, associadas as substancias quimicas ja mencionados.

Para a padronizagao do tempo de trabalho para cada lima, bem como a para
quantidade de irrigante utilizado, sera empregado o tempo de 1 minuto para cada
instrumento e irrigagdo com 1ml da solugéo grupo dependente em cada intervalo de
instrumentacédo do canal. As limas endodénticas serao substituidas apos o preparo
biomecanico de 10 dentes.

Com o preparo endodéntico finalizado, os grupos que preconizam a limpeza
da cavidade com EDTA 17% serdo preenchidos com 1ml da solugdo durante 5
minutos seguido de lavagem abundante com agua destilada. Naqueles nos quais o
uso do EDTA nao foi preconizado, apenas a limpeza com agua destilada sera
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realizada. Com o preparo quimico mecanico finalizado, dar-se-a a obturagdo do
canal radicular com cones de guta percha (Dentsply - Maillefer, Petropolis, Brasil) e
cimento endoddntico Endofill (Dentsply - Maillefer, Petropolis, Brasil). Sera
empregada a técnica hibrida de Tigger com a utilizagdo de um cone principal
somado a cones acessorios suficientes para completa obturagado do canal.

Desobturacédo do Canal Radicular

Com a obturacdo dos canais radiculares concluida, os dentes serdo
armazenados durante 24 horas em ambiente com 100% de umidade para a presa
completa do cimento endoddntico, durante este periodo, a entrada dos canais sera
protegida com coltosol (Vigodent — Rio de Janeiro, RJ, Brasil). Apds este periodo,
sera feita uma abordagem aos canais com broca largo n° 3 (Dentsply - Maillefer,
Petrépolis, Brasil) para desobturagao, removendo a quantidade necessaria afim de

deixar 4mm de guta-percha remanescente na por¢do mais apical da raiz.

Embutimento dos Espécimes

Finalizada a etapa endoddéntica, as raizes serdo embutidas em resina acrilica
(Dencrilay, Caieras, SP, Brasil) e cilindros plasticos o mais paralelamente ao eixo y.
Para isso, sera realizado uma associacdo broca/canal radicular, fixado em um
delineador, o qual mantém o conjunto e o cilindro em relagéo paralela ao eixo y. As
raizes ser&o posicionadas nos cilindros (14 mm de altura e 25 mm de diametro) até

3 mm da parte cervical da raiz e sera realizado o preenchimento com resina acrilica.

Cimentagédo do Pino de Fibra de Vidro

Concluida a etapa de embutimento, sera realizada a preparagao do conduto
com broca adequada ao diametro do pino utilizado (sendo a broca descartada a
cada 10 preparos), seguido de lavagem do canal com 10 ml de agua destilada. O
excesso de agua presente no interior do canal radicular sera removido com cones de
papel absorvente. Os pinos de fibra de vidro serdo imersos em alcool e secos com
leve jato de ar para receberem a aplicagdo do silano (Prosil, FGM - Joinville, SC,
Brasil), por 1 minuto. Os pinos (White Post DC n° 0,5, FGM — Joinville, SC, Brasil)
serdo cimentados com o cimento resinoso respectivo de cada grupo e de acordo
com as recomendagdes do fabricante e com o auxilio de seringa centrix (DFL Ind. e
Com. S.A., Rio de Janeiro, Brasil). Todos os passos de obturagédo, desobturagao e

cimentacao serao realizados por um unico operador devidamente treinado.
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Armazenamento

O apice e as coroas dos dentes serdo selados através de técnica adesiva
com a utilizagdo de condicionamento com acido fosférico 37% por 15 segundos,
emprego do sistema adesivo Scotchbond Multipurpose (3M ESPE - St Paul, MN,
EUA) seguido da aplicagdo de resina composta Z250 (3M ESPE — St Paul, MN,
EUA). Os dentes entdo serdo mantidos em meio umido por 24 horas ou 12 meses,
de acordo com o respectivo grupo de estudo.

Obtengao dos corpos-de-prova

As raizes serao fixadas com godiva em placas acrilicas e serdo cortadas em
fatias com espessura meédia de 1,5 mm em cortadeira de precisdo (Buehler Isomet,
EUA). Serao obtidas 3 fatias de cada raiz (tergo cervical, médio e apical) sendo as
fatias mais externas descartadas. Em cada fatia serdo realizadas as seguintes
medicdes: espessura da fatia, diametro cervical 1, didmetro cervical 2, diametro
apical 1 e didametro apical 2. Essas medidas serdo realizadas com auxilio de um
paquimetro digital (Mitutoyo Digimatic Caliper, Franca).

Ensaio de Resisténcia de Unido — Push-Out

As fatias radiculares serdo posicionadas em dispositivo metalico e o conjunto
sera posicionado em Maquina de Ensaios Universal (EMIC - Sdo José dos Pinhais,
SP, Brasil). Um dispositivo cilindrico sera posicionado sobre o pino, na face apical do
corte, o qual induzira uma forga, no sentido apice-coroa, empurrando pino e cimento.

Sera utilizada uma célula de carga de 50N e velocidade de 1 mm por minuto.

A forgca necessaria para o descolamento do pino (resisténcia de unido) sera
obtida através da formula: F=R/A, onde R= for¢ca de deslocamento do pino (N), e A=
area adesiva (mm?). Para calcular a area, sera utilizada a férmula A= 1.g.(R1+R2) e
1 = 3.14, g = conicidade da raiz, R1 = raio da abertura radicular da face apical da
raiz, R2 = raio da abertura radicular da face cervical da raiz. Para determinar a
conicidade da raiz (g), utilizar-se-a a formula g=(h® + (R2-R1)?> )"?, onde h=
espessura da fatia. As medidas de R1 e R2 serdo obtidas a partir das fotografias e
mensuradas no programa Image-J (Wayne Rasband; National Institute of Health,

Bethesda, MA). A espessura das fatias (h) sera medida com paquimetro digital.
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Avaliagao do tipo de falha

Todos os corpos-de-prova ensaiados serédo analisados por um unico avaliador
devidamente calibrado e cego em relagdo ao grupo, em um microscéopio Optico com
aumento de 200x, afim de classificar o modo de falha: cimento/dentina,
cimento/pino, coesiva do pino e coesiva da dentina. As falhas serdo consideradas
mistas quando o corpo-de-prova apresentar duas variaveis independentes e coesiva

guando apresentar apenas uma variavel.

Analise em microscopia eletrdnica de varredura

Serdo realizadas analises em MEV de corpos-de-prova com fraturas
representativas para melhor visualizag&o do tipo de falha ja avaliada em microscopia
optica. Para isso, as amostras serdo fixadas através da imersdo em solugéo de
glutaraldeido 2,5 em 0,1 M de cacodilato de sodio tamponado durante 6 horas.
Apos, sera realizada a secagem quimica em graus ascendentes de etanol, 50%, 5
minutos, 75%, 5 minutos, 90%, 5 minutos e 100%, durante 3 horas, para
posteriormente serem submetidas a metalizagdo com liga ouro-paladio em
metalizadora e observadas em microscopio eletrbnico de varredura em

magnificacdes de acordo com a area de interesse.

Anadlise estatistica

Os dados obtidos serdo analisados usando um pacote de software estatistico
(versdo 3.5 de SigmaStat, SPSS, Chicago, IL, EUA). Sera realizado analise de
variancia seguido do teste de comparagcdo multipla de Tukey post hoc. O nivel de
significancia a ser considerado sera a=0,05.

2.3 Estudo In vivo - Influéncia do planejamento restaurador na taxa de
sobrevivéncia de dentes amplamente destruidos: Ensaio Clinico Randomizado
Desenho Experimental

Este estudo sera um ensaio clinico controlado e randomizado, de grupos
paralelos e duplo-cego (paciente e avaliador), desenhado seguindo as
recomendagdes do CONSORT, onde sera avaliada a taxa de sobrevivéncia de pinos
de fibra de vidro cimentados com dois tipos de cimentos e restauragdes diretas e
indiretas confeccionadas frente a este cenario. Para isso, individuos com dentes
tratados endodonticamente e amplamente destruidos, mas que apresentem no

minimo uma face integra serdo selecionados. O tipo de cimento utilizado e a
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confecgdo da restauragdo (direta ou indireta) também ser&o analisadas. Apds um
periodo de 1 a 3 anos, os dentes serdao reavaliados clinicamente e
radiograficamente. As falhas e os critérios de avaliagao clinica serdo considerados.
Todos operadores envolvidos nos procedimentos clinicos passarao por treinamento

prévio que incluira aulas tedricas sobre o tema.

Amostra

Serdo selecionados os pacientes atendidos no Projeto de Extensdo de
reabilitacdo de dentes tratados endodonticamente - ProDente, da Faculdade de
Odontologia da Universidade Federal de Pelotas. Os pacientes, previamente
selecionados pelo servigo de triagem da Faculdade de Odontologia da UFPel,
passarao por analise e todos que se enquadrarem nos critérios de inclusdo e
aceitarem participar do estudo entrardo no processo de randomizagao. Foi realizado
calculo de amostra baseado em estudos previamente publicados (CAGIDIACO et al.,
2008; KING et al., 2003; MANNOCCI et al., 2005; NAUMANN et al., 2007;
SCHMITTER et al., 2007) utilizando-se o programa SigmaStat sendo necessarios no
minimo 30 dentes por grupo, ou seja 30 coroas indiretas e 30 restauragdes diretas.

Os critérios de inclusédo serdo individuos com boa saude geral e bucal, que
possuam dentes anteriores ou posteriores com ampla destruicdo coronaria, porém,
com no minimo uma face integra. Além disso, os pacientes deverdo ter contatos
oclusais posteriores simultaneos bilaterais, atendendo ao critério de oclusao
mutuamente protegida.

Os critérios de exclusado, excluirdo individuos com dentes que apresentem
mobilidade maior que grau 1, pacientes com doenga periodontal ndo tratada ou com
alguma doenga sistémica que interfira na qualidade 6ssea, dentes com presenga de
lesdo periapical e que n&o possa ser eliminada com tratamento endodéntico
adequado, presenca de problemas oclusais nao tratados, utilizacdo de proteses
totais ou parciais removiveis extensas antagonistas ao dente a ser restaurado e
questdes financeiras.

Realizado o exame clinico e anamnese dos pacientes, e verificando a
possibilidade de inser¢do do mesmo no presente estudo, sera realizada a alocacao
nos grupos de intervencdo (Figura 3). E importante salientar que s6 serdo
acompanhados e fardo parte da analise os pacientes que receberem a intervencao e
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ndo forem excluidos da amostra,
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por algum motivo, durante o
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Figura 3 — Grupos de intervengao onde a alocagao dar-se-a de forma randomizada.
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Figura 4 — Fluxograma de acompanhamento da amostra
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Procedimentos clinicos

Sera realizado o preenchimento de uma ficha onde sera anotado desde
anamnese até os dados do dente a ser restaurado, como numero de contatos
proximais, presengca de contato com dentes antagonistas, grau de mobilidade,
profundidade de sondagem, entre outros (Apéndice A).

Os pacientes elegiveis terdo suas necessidades odontologicas realizadas
previamente aos procedimentos experimentais. Apds o restabelecimento de
condigdes clinicas de saude na cavidade bucal, se for o caso, os pacientes estarao
aptos a receberem os procedimentos restauradores.

Assim, sera realizada a randomizagao dos procedimentos experimentais
através de uma tabela de numeros aleatorios gerados por computador, sendo que
para assegurar a ocultagdo da randomizagédo serdo utilizados envelopes opacos
numerados consecutivamente, como sorteio 1 e 2. O sorteio numero 1 refere-se ao
tipo de cimento resinoso que sera utilizado para a cimentagdo do retentor (RelyX
U100 ou RelyX ARC) e o sorteio numero 2 refere-se ao tipo de restauracdo a ser
confeccionada (Direta — Resina Composta ou Indireta — Coroa Metaloceramica).
Todos os procedimentos clinicos seguirdo protocolos pré-estabelecidos e os

materiais a serem utilizados seguem especificados na tabela 3.

Tabela 3 — Materiais utilizados nos procedimentos restauradores.

Material Nome Comercial/Empresa

Cimento Resinoso

Auto Adesivo RelyX U100; 3M, ESPE, St Paul, MN, EUA

Cimento Resinoso

Dual RelyX ARC; 3M, ESPE, St Paul, MN, EUA

Pino de Fibra de Vidro | white Post DC; FGM, Joinville, SC, Brasil

Resina Acrilica Auto

L Duralay Il Lab Pattern Resin; Polidental, Cotia, SP, Brasil
Polimerizavel

Polieter Impregum; 3M, ESPE, St Paul, MN, EUA

Agente de Uniéao

: ProSil; FGM, Joinville, SC, Brasil
Silano

Resina Composta Z250: 3M, ESPE, St Paul, MN, EUA

Adesivo Dentinario ScotchBond Multi Purpose; 3M, ESPE, St Paul, MN, EUA
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Nos casos de necessidade de tratamento restaurador com a utilizagado de
pino de fibra de vidro, os pacientes receberdo o tratamento endodontico atraves de
técnicas de rotina que incluem o uso de dique de borracha, instrumentagdo quimico-
mecéanica com NaOCl 2% e limas endodonticas, obturagdo com guta percha e
cimento endodéntico (Endofill - Dentsply Ind. Com. Ltda, Petrépolis, RJ, Brasil) e
condensacao pela técnica lateral.

Métodos de avaliacao

O momento logo apos a cimentagdo dos pinos e confecgdo dos nucleos de
preenchimento sera considerado o baseline para a cimentagdo do pino. Para as
restauragdes, a cimentagao final da prétese metaloceramica (indireta) e o polimento
final da resina composta (direta) serdo considerados o baseline. As avaliagdes
clinicas subsequentes serao realizadas apds um periodo aproximado de 1 a 3 anos
e consistirdo de diversas avaliagdes clinicas e radiograficas (HICKEL et al., 2010).
Na analise radiografica, a auséncia de complicagdes apds a cimentagdo dos pinos e
da restauracdo final (direta ou indireta) sera anotada. Os desfechos primarios a
serem avaliados serdo a auséncia de perda da unido adesiva dos pinos intra-
radiculares com as paredes do conduto radicular e fratura do pino e a diferencga
entre o tipo de restauracéo utilizada.

Nos casos em que ocorrer a descimentacdo da coroa protética e esta for
passivel de recimentacido sera considerado como reparo da restauragdo, sem
prejuizo ao conjunto pino/cimento/dentina. No entanto, quando comparada a
restauracoes diretas, podera ser considerada como falha. Da mesma forma, fraturas
parciais da restauracdo direta passiveis de correcdo também serdo considerados
reparos e, da mesma forma, falhas comparadas as indiretas. Ou seja, em relagéo ao
desfecho descimentagdo, um reparo na restauragcado néo € tido como falha, mas sim
considerando a comparacgao entre tipos de restauragao coronaria.

Além disso, serdo consideradas como falhas as situagdes em que apods
avaliagdes clinicas e radiograficas dos elementos haja a presenca de alguma
alteragao endodoéntica patoldgica impossivel de ser tratada, fratura radicular, fratura
do nucleo, evidéncia clinica e/ou radiografica de que existe fenda marginal entre a
restauracéo e dente, exodontia, carie secundaria ou defeitos marginais e o relato de
sensibilidade pos-operatoria do paciente. Todos os critérios avaliados serao
preenchidos numa ficha de avaliacdo e serdo realizados por dois operadores

previamente calibrados.
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Analise dos Dados

Sera feita uma estatistica descritiva para a descricao dos critérios avaliados.
Diferencas entre o baseline e a avaliagdo de 1 a 3 anos sera mensurada através do
teste de McNemar (a = 0,05). Ainda, as diferengas entre cada periodo de avaliagéo
serdo analisadas através do teste qui-quadrado (a = 0,05).

Em caso de falha, sera anotado o tempo em meses que esta ocorreu e, se
nao houver, sera registrado o tempo de sobrevivéncia. A taxa de sobrevivéncia em
funcao das variaveis (tipo de cimento e localizagdo do dente — anterior ou posterior /
maxima ou mandibula) sera avaliada através das curvas de sobrevivéncia de

Kaplan-Meier, se houver numero suficiente de falhas para permitir o uso do método.

2.4 Resultados e impactos esperados

Espera-se melhor compreender os fatores envolvidos no uso de pinos de fibra
de vidro e resinas compostas, bem como, elucidar as melhores formas de utilizacéo
dos materiais utilizados, guiando protocolos clinicos e futuras pesquisas no mesmo

campo de conhecimento.

2.5 Cronograma

Os estudos serdo desenvolvidos durante o periodo de agosto de 2011 e
agosto de 2014. O ensaio clinico randomizado tera duragcdo maxima frente a este
periodo, desde que haja tempo habil para avaliagdo e coleta de dados e posterior
analise. Apos, dar-se-a a redagao dos artigos cientificos para finalizagdo de tese de
doutorado prevista para margo de 2015.
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2.6 Consideracdes Eticas

A parte 1 do presente projeto sera submetida ao comité de ética e pesquisa
da Faculdade de Odontologia da UFPel, e somente apdés a aprovacdo sera
desenvolvido o projeto.

As partes 2 e 3 do presente projeto foram submetidos ao comité de ética e
pesquisa da Faculdade de Odontologia da UFPel e aprovados sob os pareceres n°
150/2010 e n° 122/2009 respectivamente (Apéndice B).
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Para a parte 3 do presente projeto, todos os pacientes elegiveis serao
informados dos objetivos do estudo, riscos e beneficios associados aos
procedimentos experimentais € os que aceitarem participar assinardo um termo de
consentimento livre e esclarecido (Apéndice C).



3. Relatoério do trabalho de Campo

Frente ao projeto de pesquisa apresentado previamente, diversas
modificagdes foram realizadas apds sugestdes de professores, idéias de trabalhos
paralelos e até mesmo, a partir de revisores de periddicos e literatura atual.

O primeiro estudo in vitro sofreu modificagbes devido a sugestbes de
professores/pesquisadores recebidas posteriormente a apresentagdo do projeto de
pesquisa a banca examinadora. Primeiramente houve a modificacdo para avaliagao
da cimentacdo de pecas indiretas de resina composta ao invés de restauragdes
diretas do mesmo material, uma vez que a hibridizacdo de mais de um elemento
simultaneamente ocorre com maior frequéncia nos casos de cimentagdo em amplas
reabilitagbes. Com isso, o grupo referente ao esmalte bovino também foi removido,
pelo fato de a grande maioria das cimentagbes ocorrerem quase que em sua
totalidade em substrato dentinario. Dessa forma, os materiais utilizados também
sofreram modificagdes. Apesar da manutengao dos sistemas adesivos Adper Single
Bond 2 e Scotch Bond Multipurpose, estes foram empregados em conjunto com um
cimento resinoso regular (RelyX ARC). Houve também o acréscimo de um outro
cimento resinoso (RelyX U100) a critério de comparagao, que dispensa o uso de
aplicacao de sistema adesivo previamente ao seu uso. Ainda, este foi utilizado em
condicbes normais e em situacdes extremas. Outra modificacdo foi em relacdo ao
tipo de teste para mensuracdo da resisténcia de unido, onde o teste de
microcisalhamento foi substituido pelo método de microtragao por ser considerado o
mais adequado para este tipo de avaliagao.

O estudo in vitro numero 2 foi excluido da presente tese. Isso ocorreu devido
ao fato de um trabalho semelhante desenvolvido pelos autores do projeto
apresentado sofreu rejeicdes em diversos periodicos. Em todos, os revisores
enfatizaram o fato de que o tipo de solucdo irrigadora n&o é uma variavel importante
para a cimentacao de pinos de fibra de vidro, e que, atualmente, poucas situacdes
as quais nao aquelas de uso de hipoclorito de sddio, em suas mais diversas
concentragbes, sejam utilizadas. Assim, o desenvolvimento deste estudo foi

cancelado uma vez que os pesquisadores entenderam que a literatura acerca deste
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tema ja indicava que n&o eram mais necessarios trabalhos nesta linha. Por outro
lado, este fato corroborou para que os autores pudessem pesquisar dentro deste
tema outros fatores importantes, como a importdncia de uma padronizagdo de
metodologias de estudos in vitro e a real influéncia de varias variaveis na resisténcia
de uni&o de pinos de fibra de vidro cimentados no canal radicular. Assim, surgiu a
idéia do desenvolvimento de uma revisdo sistematica que envolvessem tais
procedimentos. Inicialmente, uma metanalise comparando resultados de resisténcia
de unido de duas modalidades de cimentos resinosos foi realizada e previamente
publicada pelo nosso grupo (SARKIS-ONOFRE et al., 2014). Frente a varias
conclusdes, uma alta heterogeneidade e um alto risco de viés foi constatado. Assim,
uma avaliagdo apenas da influéncia das variaveis na resisténcia de unido foi
discutida e levada em consideragédo. Deste modo, o artigo numero 2 da presente
tese apresenta os resultados de uma revisdo sistematica que visou avaliar o efeito
de diversas metodologias de cimentagéo de pinos de fibra de vidro na resisténcia de
unido a superficie dentinaria.

Para o desenvolvimento do artigo numero 3, desde meados de 2009 existe o
Projeto de Extensdo de Reabilitagdo de Dentes Tratados Endodonticamente —
ProDente, que acontece as tercas-feiras, durante a noite, na Faculdade de
Odontologia de Pelotas, onde todos os atendimentos clinicos s&do realizados. Neste,
alunos de graduacédo, pds-graduacédo e professores sdo responsaveis por todo o
desenvolvimento clinico e burocratico do projeto. Ao final de cada tratamento, todos
os pacientes recebem um fio dental em formato de cartdo com o contato dos
pesquisadores responsaveis para que estes entrassem em contato sempre que
julgassem necessario. Em todos os passos do projeto, pelo menos um pesquisador
responsavel se fez presente, desde a triagem até a ultima avaliacdo realizada.
Assim, o projeto numero 3 deve ser creditado a uma equipe, onde todos tem suas
funcdes e atribuicbes e sem eles, nada seria possivel. Importante salientar que a
inclusdo do numero de individuos atendidos no projeto para este desfecho foi
bastante lenta. Isto porque na maioria dos casos, os pacientes chegavam com
destruicdo coronaria praticamente completa e, desta forma, levamos mais tempo

qgue o esperado para alcangar o n proposto inicialmente.
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Abstract

The aim of this study were twofold: evaluate the impairment of resin cement
application on the microtensile bond strength of indirect composite resin restorations
according to cementation (delayed or not) and adhesive strategies (for regular resin
cement or humidity parameters for self-adhesive resin cement). Forty-five
enamel/dentin discs (0.5 mm height and 10 mm of diameter) obtained from bovine
teeth were divided into nine groups (n=5). For regular cement, the variation factors
were cementation technique at 3 levels (immediate cementation, 5 or 30 min after
adhesive system application); and type of adhesive system at 2 levels (three- or two-
step). For self-adhesive cement, the dentin moisture was the source of variation at 3
levels (normal, dry or wet cementation). The specimens were submitted to
microtensile bond strength (uTBS) testing using a universal testing machine. Data
were analyzed by ANOVA, Tukey’s test and linear regression. Regular cement and
three-step etch-and-rinse adhesive system showed the highest values of bond
strength (25.21 MPa); however, there was no statistically significant difference for
groups that used 3-step adhesive. The same trend occurred for two-step etch-and-
rinse adhesive system groups and self-adhesive cement groups. Nevertheless, the
linear regression showed that irrespective of the strategy, the use of two-step when
compared to three-step adhesive system decreased the yTBS (p<0.001). The failure
analysis showed predominant adhesive failures for all tested groups. All groups had
comparable values of bond strength to bovine dentin when the same materials were

used, even in unfavorable clinical situations.

Keywords: Composite Resin; Dentin bonding; Dental Cement; Indirect Restoration.

Clinical Relevance: Considering that the best performance is necessary for the
cementation of indirect restorations, three-step etch-and-rinse adhesive used with

regular resin cement remains a reliable approach in adverse clinical situations.
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Introduction

Indirect restorations have been commonly chosen to restore dental tissues
instead of using direct restorative materials mainly because it is easier to create
better anatomical and contour characteristics, besides the improved physical
properties of indirect materials when compared to direct restoratives.” Cementation
of indirect restorations with resin cements depends greatly on the type of adhesive
strategy used to hybridize the substrate,® where regular cements should be applied
only after the application of adhesive systems (three-, two-, or one-step(s)).>* Self-
adhesive cements can also be used although there is no need of previous application
of bonding agents to the substrate.

Bonding to dentin is a complex procedure that requires satisfactory wet
condition of the substrate.® Even with the evolution of adhesive systems and
hybridization techniques in “dry dentin”, it is clear that water plays an important role in
dentin bonding. During restoration build-up, water can result from contamination,
incorrect rinsing and drying procedures or even from dentin itself, since water can
flow and overcome the hybrid layer,® which may jeopardize the dentin-resin interface
and therefore affect the longevity of restorations.”"°

In a routine clinical practice, time is one of the most important tools as a time-
consuming procedure hampers the dentist to treat more patients. If a large
rehabilitation treatment involving several teeth is proposed, all the hybridization
processes, which in theory should be performed individually, can consume quite a
long time. As an alternative to overcome this situation, numerous dentists
simultaneously perform the adhesive application in all teeth involved in the process.
Such procedure with posterior restoration build-up and/or cementation of indirect
restorations could promote an inappropriate adhesion and, consequently, influence
the durability of restoration. Hence, the aim of the present study were twofold:
evaluate the impairment of resin cement application on the microtensile bond
strength of indirect composite resin restorations according to cementation (delayed or
not) and adhesive strategies (for regular resin cement or humidity parameters for
self-adhesive resin cement). The hypotheses evaluated were twofold: (1) the
cementation delay would reduce the bond strength of the restorations, irrespective of
the adhesive strategy used; and (2) the cementation strategy (type of resin cement)
directly influences the bond strength of cemented composite resin restorations.
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Materials and Methods

This was a completely randomized, blinded (uTBS evaluation) in vitro study
with resin cement, type of adhesive system and time to cementation as factors under
study. Forty-five single-rooted bovine mandibular incisors were selected. The teeth
were analyzed for potential failures that could compromise the results as cracks,
fractures or caries. Next, teeth were washed, cleaned, and stored in 0.5% thymol
solution for a maximum of 2 months until use.

Discs of dentin and enamel were obtained from bovine incisors using a water-
cooled trephine diamond drill. Next, enamel was ground off with 180-grit SiC paper,
and dentin discs were polished using a sequence of 400-, 600-, 1200- and 2000-grit
SiC papers under water irrigation with a final polish through a cotton disc with 1.0 ym
diamond paste. The dentin discs presented 3-4 mm height and 5 mm of diameter.

Discs of composite resin with the same dimensions of the dentin discs were
obtained using a polyvinyl siloxane (Express XT, 3M ESPE, St. Paul, MN, USA)
mold, obtained with the impression of the respective enamel/dentin specimen. The
mold was filled with composite resin (Filtek Z-250, 3M ESPE, St. Paul, MN, USA) and
light-polymerized (Olsen, Maringa, PR, Brazil) for two minutes (800mW/cm?) on each
surface. The specimens were removed from the mold, and the discs were again light-
polymerized. Next, the surface that was going to receive the cement was
sandblasted (25 ym aluminum oxide) at a 10 mm distance from the disc, during 20 s
and pressure of 2.8 bar. As a final step, the specimens were cleaned with an
ultrasound in deionized water for 3 min.

The discs of dentin and composite resin were randomly divided into nine
groups (n=5), according to the materials and cementation strategies described in
Table 1. The groups were nominated according to the materials used: R — Regular
Cement; S — Self-adhesive Cement; 3 — Three-step Adhesive System; 2 — Two-Step
Adhesive System; Im — Immediate Cementation; 5min — 5 minutes of Delayed
Cementation; 30min — 30 minutes of Delayed Cementation; No — Normal Dentin; Dr —
Dry Dentin; Mo — Moist Dentin. In all groups, previously to cementation steps, a thin
layer of silane (Angelus, Londrina, PR, Brazil) was applied in the surface of
composite resin disc that would be in contact with the resin cement and was
sandblasted. The cementation was performed on a glass plate with a piece of gauze
irrigated with 5 ml of distillated water, to simulate dentin humidity. The discs (teeth
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and restoration) were positioned with the dentin in contact with the gauze, and a
second glass plate was placed on top of that with a customized weight of 750g,
which was used to standardize the cementation pressure. Each cementation was
performed individually.

After cementation, the specimens were stored in distilled water at 37°C for 24
h and longitudinally sectioned in two directions perpendicular to the adhesive
interface to obtain beam-shaped specimens. The cross-sectional area of the bond
interface of each beam was measured with a digital caliper (Mitutoyo Corporation,
Tokyo, Japan). After storage, the beams were subjected to a microtensile test in a
mechanical testing machine (DL500; EMIC, Sao José dos Pinhais, PR, Brazil) at a
crosshead speed of 0.5 mm/min until failure. Bond strength values were calculated in
MPa. Fractured beam-shaped specimens were evaluated with a stereomicroscope
(Olympus/DeTrey, Konstanz, Germany) at 40x magnification to determine the mode
of failure in adhesive (interface), cohesive (dentin or composite resin) or mixed
(adhesive and cohesive). The data was analyzed using SPSS 19 for Mac (SPSS Inc.,
Chicago IL, USA). ANOVA followed by Tukey post hoc comparison was used to
analyze the fracture resistance results at a significance level of 5%. Linear regression

was also used to investigate the influence of variables on bond strength values.
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Results

The higher uTBS values were found in groups cemented with regular cement
and three-step etch-and-rinse adhesive system while the lower values were for
groups with self-adhesive cement, as described in Table 2. The failures were
predominantly adhesive followed by mixed failures. Premature failures were those
that occurred during handling of specimens and mainly occurred in groups where the
self-adhesive cement was employed. The total number of specimens is also
expressed in Table 2.

A linear regression was carried out eliminating groups and looking for
differences considering the two conditions: time of cementation and adhesive
system/technique. Type of adhesive significantly influenced uTBS values (p<0.0001),
while there was no effect of delayed cementation on uTBS values (p=0.623) (Table
3).
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Discussion

In our study, the delayed cementation was investigated using only regular
cement after the application of two different etch-and-rinse adhesive systems (three-
step or two-step) as there is no need for adhesive in self-adhesive cement and thus,
the hybridization of dentin was not a real problem for the self-adhesive cement in our
scenario. However, the comparison between these two cements was considered for
some reasons. The regular cement could yield better results even with the delayed
cementation and the self-adhesive cement although easier to handle, could result in
lower bond strength values.

As in the end the bond strength is the main outcome responsible for the
survival of the tooth-restoration complex, the cementation delay could result in
clinical problems. The real problem regarding cementation delay is the possible
contamination of the hybridized dentin/adhesive layer with humidity or other
substances present in the oral environment. However, even though our study did not
evaluate contamination tools, it could also be verified that the type of adhesive
system significantly influenced the bond strength values of the cemented
restorations, with the application of a three-step adhesive producing slightly higher
bond strength than the two-step adhesive. This may be explained by the third step of
the former system (three-step), which creates a hydrophobic layer, and
consequently, the prevention of water trespassing through the hybrid layer.?

According to our results, the cementation delay (for 5 or 30 minutes) after
hybridization resulted in similar bond strength when compared to the immediately
tested groups, irrespective of the type of adhesive used. Based on this, the first
hypothesis that cementation delay would reduce the bond strength of the restorations
was completely rejected. Etch-and-rinse adhesive systems have been well
recognized as good adhesion bonding agents, even when they are applied in dentin.?
In addition, when the adhesive substance is applied and light-activated, it is known
that the most superficial zone of the adhesive layer is not polymerized due to oxygen
contact inhibition;"" thus, the adhesive remains reactive and able to chemically
interact with the next material applied (resin cement or composite resin), even if this

latter would be applied with delay. Consequently, the regular resin cement applied
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immediately or with delay of 5 or 30 minutes was equally able to bond with the
hybridized dentins, explaining the results obtained in the present study.

Conversely to the results of the delayed cementation groups, cementation
strategy was confirmed as being a factor that can affect bond strength, corroborating
other studies.’®"® The group where restorations were cemented with regular cement,
in special when the three-step etch-and-rinse adhesive system was applied,
demonstrated better results when compared to self-adhesive resin cement groups,
as previously shown.'®?° Despite the low initial pH of the self-adhesive resin cement
used, it presents low demineralization effect and, consequently, inadequate formation

of the hybrid layer,?"?2

thus explaining the low bond strength values. Based on these
results, the second hypothesis investigated that the cementation strategy (type of
resin cement) directly influences the bond strength of cemented composite resin
restorations can be fully accepted.

A recent systematic review and meta-analysis stated that the use of self-
adhesive resin cements enhanced bond strength of glass-fiber posts luted into root
canals when compared to the use of regular cements,? differing from our findings.
Thus, it is possible to affirm that depending of the application purpose of resin
cements, different results may occur. In our study, cementation with the self-adhesive
cement was performed varying the moisture condition of the dentin substrate, as
water may play an important role in the bonding ability of self-adhesive materials.
Yet, there were no differences in the bond strength performance of restorations
cemented in over-dried or over-wet dentin when compared to those cemented in
adequately moist dentin. In addition, as this cement was also used in an “inaccurate”
technique and presented comparable values, it can achieve reliable bonding even in

1.* also showed that moisture condition did

unfavorable circumstances. Moosavi el a
not affect uTBS of self-adhesive resin cement. Likewise, other variables as handling
and aging’™ and pulpal pressure?®> were not able to affect the resistance,
demonstrating that even presenting lower bond strength, cementation with this
material can offer advantages that also could affect the outcome, as less sensitive to
variations.

To reinforce the influence of adhesive, a linear regression was performed to
evaluate time and adhesive system in the same analysis. In spite of the lower R
square, it was demonstrated that the three-step adhesive system could increase in

average the uTBS in 6.85 MPa compared with the two-step adhesive system.
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Moreover, the values were similar to other studies that used uTBS to evaluate
adhesive systems, whereas the best performance was achieved by three-step
adhesive system.?>? The uTBS is a reliable method for measuring bond strength in
situations as created in this study. Besides the achievement of several beam-shaped
specimens through a single tooth, more adhesive failures appear, which reflects in a
real measurement of resistance.?**°

The failures found in the present study were mostly in the adhesive interface
for all groups. Yet, only 3 cohesive failures in resin and 5 in dentin occurred
distributed in 5 different groups, demonstrating the consistency of the methodology
employed. RelyX ARC used with Scotchbond Multi-Purpose presented more mixed
failures, which seems to be related with the highest uTBS value found. The number
of premature failures, i.e. before microtensile testing, also ranged according to the
uTBS, with RelyX U100 used in dry dentin presenting 19 pre-testing failures. An
important issue is the variation of total number of specimens. It occurs due to small
differences in width dimension that occurred during the sectioning process
(positioning of the saw) or due to errors in beam-shaped handling.

Despite the limitations of this in vitro study, as the small number of specimens,
the non use of pulpal pressure simulation and only three different luting approaches,
the uTBS values obtained directly correlated to the importance of correctly following
the clinical procedures for resin cement employment. Furthermore, once small
differences among materials are found in normal situations, adverse situations must

be tested, trying to create a usual clinical situation.
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Conclusion

Based in the present results it can be concluded that: (1) Delayed cementation
did not influence pTBS of indirect composite resin restorations after dentin
hybridization. (2) Regular resin cement with three-step etch-and-rinse adhesive
system showed the best performance. (3) All groups had comparable values of uTBS
even in unfavorable situations, as moisture dentin condition for self-adhesive resin

cement, which is less sensitive to variations.
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' Table 1 — Materials used and groups distribution

Group Materials Strategy Steps*

R3-Im | Regular Resin Cement RelyX ARC Immediate 1,2,3,4,5,6,
(3M ESPE) + Three-Step etch-and- cementation after 7,8and 9
rinse adhesive system Scotchbond hybridization
Multi-Purpose (3M ESPE)

R3- RelyX ARC + Scotchbond Multi- Cementation 5 min 1,2,3,4,5,6,

5min | Purpose after hybridization 7,8and 9

R3- RelyX ARC + Scotchbond Multi- Cementation 30 min 1,2,3,4,5,6,

30min | Purpose after hybridization 7,8and 9

R2-Im | RelyX ARC + Two-Step etch-and-rinse | Immediate 1,2,3,5,6,7,
adhesive system Adper Single Bond cementation after 8 and 9
(3M ESPE) hybridization

R2- RelyX ARC + Adper Single Bond Cementation 5 min 1,2,3,5,6,7,

5min after hybridization 8 and 9

R2- RelyX ARC + Adper Single Bond Cementation 30 min 1,2,3,5,6,7,

30min after hybridization 8 and 9

S-No | Self-adhesive Resin Cement RelyX Cementation in normal | 2,3,8 and 9
U100 (3M ESPE) dentin®

S-Dr RelyX U100 Cementation in dry 2,3,8and 9

dentin®
S-Mo | RelyX U100 Cementation in 2,3,8and 9
moisture dentin®

Step 1: Phosphoric acid application for 15s; Step 2: Rinsing with air-water spray for

30s; Step 3: Gently air dry for 10s; Step 4: Primer application under friction for 5s;

Step 5: Adhesive application; Step 6: Repeat step 3; Step 7: Light-polymerization for

40s; Step 8: Cement manipulation and cementation of the discs; Step 9: Light-

polymerization for 60s in four sides of the complex plus 60s each surface after remove

the weight used to cementation.

@ . Dentin drying with absorbent papers (1cm?).

* . Dentin drying with absorbent papers (1cm?) followed by strong air dry for 60s;

% . Dentin drying with absorbent papers (1cm?) followed by irrigation of 2ml of

distillated water.
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Table 2: Mean values of uTBS (SD) for all groups and the frequencies of failures.

Group | uTBSin | Adhesive | Cohesive | Cohesive | Mixed | Premature Total of
MPa Failure in Resin in Dentin Failure Specimens
20.29
R3-Im (£12.75)® 22 1 2 8 9 42
+12.
R3- 20.44
5min (9.09)"® 24 0 1 ! ° %8
R3- 2521 21 1 1 20 3 46
30min | (+8.68)"
17.68
R2-Im (£12.82)° 24 0 0 10 8 42
+12.
R2- 14.62
Smin (£8.00)%° 19 0 0 7 13 39
R2- 13.75
30min | (£6.51)%° 28 1 0 4 M 4
9.69
S-No (£5.27)% 30 0 0 0 13 43
5.
7.82
S-Dr (£6.08)°° 29 0 1 1 9 40
+6.
6.07
S-Mo (£3.74)° 22 0 0 0 19 41
+3.

Different upper case letters represent statistically significant results (Tukey test; p<0.05)

Step Adhesive System;

Dentin; Mo — Moist Dentin.

R — Regular Cement; S — Self-adhesive Cement; 3 — Three-step Adhesive System; 2 — Two-
Im — Immediate Cementation; 5min — 5 minutes of Delayed

Cementation; 30min — 30 minutes of Delayed Cementation; No — Normal Dentin; Dr — Dry




Table 3. Linear regression model, with the two independent variables

(R-square = 0.106)

Variable

(Constant)
Adhesive

Time

Effect 9?_‘:/)"‘;"’,"':“3"“9 "&t:;?' Significance
28.73

685  [-9.69 ... 4.01] <0.001
0418  [-1.26 ... 209] 0.623
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Abstract

This randomized clinical trial compared the survival of composite resin restorations
and metal-ceramic crowns of endodontically treated teeth that received a glass fiber
post. Fifty-six endodontically treated teeth severely damaged but with at least one
entire wall were randomly allocated into two groups according to the type of coronal
restoration: metal-ceramic crown or composite resin. A glass fiber post was
previously cemented in all teeth with regular or self-adhesive resin cement.
Descriptive analysis through FDI clinical criteria was performed and the longevity of
restorations and teeth were analyzed using Kaplan-Meier statistics and log-rank
tests. The recall rate was 100% for a time up to 47 months. Eight composite
restorations had failed (all reparable). No tooth failure was recorded. Log-rank test
demonstrated significant difference for type of restoration (p=0.003). No absolute
failure was found in endodontically treated teeth restored with metal-ceramic crown
or composite resin; however, indirect restorations provided higher acceptable clinical

performance and lower need for reintervention.

Keywords: Composite resin; Crowns; Endodontically treated teeth; Fiber-reinforced
post; Randomized clinical trial; Dental Restoration; Follow-up Studies
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Introduction

Endodontically treated teeth (ETT) restorative clinical success may be
determined by the use or not of posts (Bitter et al., 2009; Ferrari et al., 2012),
different types of restorations (Mannocci et al., 2002; Mannocci et al., 2005) or
design (Bitter et al., 2009; Ferrari et al., 2012; Hansen and Asmussen, 1990), or even
by different strategies of use for similar materials (Ahrari et al., 2010; Fokkinga et al.,
2007; van Dijken et al., 2001). Understanding the limitations and advantages of
materials and techniques may act as a guideline to clinicians to restore ETT
considering structural and esthetic aspects.

Based on the concept that pre-fabricated glass fiber posts can preserve dental
structure, reduce risk of root fracture and increase retention of restorative materials
(Lanza et al., 2005; Pegoretti et al., 2002), the next feature to be considered is the
restorative material, which could be the main responsible for the tooth survival and
therefore the success of the restoration. Numerous studies already showed good
results for direct composite resin restorations (Da Rosa Rodolpho et al., 2011;
Opdam et al., 2012; van Dijken, 2010) and advantages of direct restorations are
lower cost, maintenance of sound dental tissue, shorter chair time and possibility of
easy and immediate repair, if necessary.

In this context, although direct composite restoration vs. indirect metal-ceramic
crown seems to be at first an entirely different approach, there is not enough
evidence or protocol to guide the clinician on the choice of restoration in ETT where
there is one remaining coronal wall. As well as composite resin, metal-ceramic crows
also present good outcome (Fokkinga et al., 2007; Mannocci et al., 2002; Skupien et
al., 2013). However, the restoration itself does not establish the longevity with a
range of features associated to the clinical outcome (Demarco et al., 2012; Skupien
et al., 2013). As the choice usually depends on the amount of remaining tooth, the
comparison of direct restorations or crowns used to restore ETT is unclear
(Fedorowicz et al., 2012).

Thus, the aim of this study was to evaluate the survival of composite resin
restoration and metal-ceramic crown used to restore endodontically treated teeth that
received a glass fiber post cemented with regular or self-adhesive resin cement. The
hypothesis tested was based on the equivalence of treatments.
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Materials and Methods
Experimental Design

The present study is registered at ClinicalTrials.gov (NCT01461239) and was
a parallel group randomized controlled clinical trial. The study was approved by the
Local Research and Ethics Committee (Protocol 122/2009), and described according
to the CONSORT recommendations and based on the equivalence of treatments.
Patients with endodontically treated teeth with at least one remaining coronal wall
(with enamel and dentin) were selected. Teeth were restored with a glass fiber post
cemented with regular or self-adhesive cement and a direct or indirect restoration,
according to the randomization process. Patients were recalled up to 47 months for
clinical and radiographic examination. Survival curves were created and the type of

failure was also evaluated.

Sample Size Calculation

Sample size calculation was based on previously published papers with
similar design (Cagidiaco et al., 2008; King et al., 2003; Mannocci et al., 2002;
Naumann et al., 2007; Schmitter et al., 2007). If there is truly no difference between
the standard (crown) and experimental treatment (direct composite resin) 30 teeth
per group were required to be 90% sure that the limits of a two-sided 90% confidence
interval will exclude a difference between the standard and experimental group of
more than 18%, based on the equivalence of treatments, and taking into account a
possible 20% patient loss.

Inclusion Criteria

Patients with good oral and general health that presented endodontically
treated teeth with at least one entire wall were selected. In addition, patients should
have bilateral occlusal posterior contacts. If for financial reasons or if the tooth
presented mobility, periodontally compromised, periapical lesion that could not be
eliminated with endodontic treatment, untreated occlusal problems, or if the patient
presented any systemic disease that interfered on bone quality, complete denture
wear or extensive removable partial dentures opposing the tooth, the tooth was
excluded. All participants signed written informed consent before being accepted into
the study.
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Randomization Procedures

A randomization sequence was generated with a computerized random
number generator. A person without involvement in the study wrote the randomized
treatment in a white paper and inserted into brown envelopes. The randomization
occurred in two steps: first for the type of cement (regular or self-adhesive), and
second for the type of restoration (metal-ceramic crown or composite resin).
Previously to each treatment, an envelope was chosen and the corresponding
treatment, performed.

Clinical Procedures

Between July 2009 and June 2013, 69 patients with need of endodontic
treatment in severely damaged tooth were screened by the Department of Operative
Dentistry, Federal University of Pelotas, Brazil. Twenty-two patients were excluded
as they did not meet the inclusion criteria or declined to participate. All procedures
were performed under rubber dam isolation and all materials were used according to
the manufacturers’ instructions. Undergraduate and graduate students with previous
lectures and training on the subject performed all procedures.

A crown-down technique was performed (2.5% sodium hypochlorite as
irrigant) using files in ascending sizes. The root canals were filled with gutta-percha
points (Coltene/Whaledent, Langenau, Germany) and Cement (Endo-fill,
Dentsply/Maillefer, Petropolis, Brazil) by lateral and vertical condensation. The gutta-
percha was removed with a heated spreader and a #2 Gates-Glidden drill, leaving 4
mm of apical seal. The post space was prepared using a calibrated bur
corresponding to the glass fiber post number (White Post DC #1, FGM, Joinville, SC,
Brazil). The posts were cleaned with alcohol and pretreated with silane (ProSil,
FGM). Next, the posts were luted according to the cement. For regular resin cement
(RelyX ARC, 3M ESPE, St Paul, USA), the post space was acid-etched using 37%
phosphoric acid (Condac, FGM) and an adhesive system was applied (Adper Single
Bond or ScotchBond Multi Purpose - 3M ESPE) followed by insertion of the resin
cement using Centrix syringe (DFL Industria e Comércio S.A., Rio de Janeiro, Brazil).
Digital pressure was applied for 5 min, excess was removed and light-cured for 40
s/surface. The same procedures were performed for self-adhesive resin cement
(RelyX U100, 3M ESPE), except for the adhesive procedures. After post
cementation, radiographic exams were taken to check the success of the procedure.
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Direct restorations were made using a microhybrid resin composite
(ScotchBond Multi Purpose + Filtek 2250, 3M ESPE) by incremental technique. Each
increment was light-cured for 40s. All restorations were finished with fine and ultra-
fine diamond finishing-burs (KG Sorensen, Barueri, SP, Brazil) under water spray
and 24 h to one-week after, polished with Sof-Lex disks (3M ESPE) and 0.1 pym
particle size diamond paste.

For indirect restorations, the core was made according to the protocol
described for composite resin. Next, diamond burs were used for a metal-ceramic
crown preparation. All margins were at gingival level and with the presence of
chamfer. There was a space of at least 1.5 mm in all surfaces for the indirect
restoration with 2 mm for the occlusal surface. Impressions were made (Impregum F,
3M ESPE) and the same laboratory performed all crowns using cobalt-chromium
alloy. Immediately after impression, a temporary acrylic resin crown was set for each
tooth and provisionally cemented using calcium hydroxide (Dycal, Dentsply,
Petropolis, RJ, Brazil). All crowns were cemented with RelyX U100.

Evaluation Parameters

Crown cementation and complete restorative treatment were considered
baseline. Patients were recalled after 6, 12, 24, 36 and up to 47 months for clinical
and radiographic examination. Two calibrated independent examiners carried out the
evaluation following the FDI criteria (Hickel et al., 2010). In addition, the type of
failure was also recorded. If the patient returned to the exam with a tooth without the
post and/or the restoration, or even without the tooth, the time of failure was based
on patient’s self-report of when it occurred.

Statistical Analysis

Statistical analyses were performed using SPSS 22 for MAC (SPSS Inc,
Chicago, IL). Descriptive analyses were used to describe the patients included in the
study and the reasons for failure. The longevity of restorations and teeth was
analyzed using Kaplan-Meier statistics and log-rank tests for differences between

groups (p < 0.05).
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Results

From the 69 patients screened, forty-seven patients (and fifty-six teeth) met
the inclusion criteria and received a glass-fiber post followed by a direct or indirect
restoration. No patients were lost during the follow-up period (100% recall rate,
Figure 1). The characteristics of teeth that received the intervention are in Table 1.

The FDI clinical criteria was performed and expressed in percentages (Tables
2a, b and c). Some patients could not be evaluated for all the FDI criteria in the
follow-ups because they only had time for the radiographical exam, with 22 crowns
(from the 25 cemented) and 24 restorations (from the 31 placed restorations)
reevaluated.

No absolute failure (extraction) or post failure (fracture or debonding) was
recorded, irrespective of the type of restoration. For restoration success, no failure
was found for the metal-ceramic group. However, 8 direct restorations failed (7
restoration fractures and 2 secondary caries — one tooth presented the two types of
failure). Kaplan-Meier survival graphs were created and log-rank test demonstrated
no statistically significant difference for type of tooth (anterior, premolar and molar,
p=0.52) and jaw (upper or lower, p=0.67). Conversely, statistically significant
difference was found for the type of restoration (p=0.003) (Figure 2). Moreover, the
log rank tested showed no statistically significant difference between regular and self-
adhesive resin cements (p=0.75), showing that cement did not influence the success
of the restorations.
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Discussion

In this study, identical posts were used to equalize this effect after cementing
a crown or placing a direct restoration. After up to 47 months of clinical service,
metal-ceramic crowns and direct composite restorations performed equally in
endodontically treated teeth that received a glass fiber post and had at least one
remaining coronal wall. These results are important considering that a systematic
review (Fedorowicz et al., 2012) showed that there is no evidence to support the best
restorative material to restore endodontically treated teeth. In addition, these findings
demonstrate the reliability of endodontic treatment (Ng et al., 2011; Setzer and Kim,
2014) as well as glass fiber post cementation, as no debonding/fracture was found,
corroborating previous studies where no failures for this type of post were
demonstrated (Bitter et al., 2009; Grandini et al., 2005; Naumann et al., 2007).

Nevertheless, an important issue of the present study must be emphasized:
the presence of at least one remaining coronal wall. The maintenance of at least one
coronal wall can provide a trustworthy area for composite resin bonding and an
adequate ferrule in cases of indirect restorations, strengthening the tooth-restoration
complex, improving the resistance of endodontically treated teeth (Mangold and
Kern, 2011; Valdivia et al., 2012; Zicari et al., 2013) and enhance the survival
probability (Bitter et al., 2009; Cagidiaco et al., 2007; Ferrari et al., 2012; Signore et
al., 2011). Although the survival of teeth was 100%, the same trend did not occur
considering the success of restorations. Metal-ceramic crowns presented significantly
higher success than composite resin restorations. A remarkable outcome, however,
was when considering two-years of follow-up. A composite tends to fail in the first
years whereas crown coverage has a tendency to postpone the failure. Yet, when it
occurs, a direct influence on survival of tooth is expected due to higher number of
catastrophic failures compared to composites (Skupien et al., 2013). It is important to
highlight however, that the previous statement was based on a retrospective study,
with a different design (retrospective) and with a higher number of teeth included and
because of that, it may be said that this is a hypothesis yet to be tested.

Mannocci et al. (2002) concluded that after 3 years, metal-ceramic crowns did
not enhance the clinical performance of endodontically treated teeth compared with
direct composite. In that study, all failures (4 composites and 3 crowns) were
replaced, with the maintenance of the tooth in clinical service. It may be inappropriate
to compare the management of failures of the referred study with the present study
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since only the description of the type of failure is not enough for this judgment. Still,
we chose for a repair against replacement due to the fact that all failures were
reparable and repairs can considerably enhance the longevity especially in cases of
secondary caries (Opdam et al., 2012). Secondary caries was not our major reason
of failure, but the only other reason for failure was restoration fracture, previously
described as the most common type of failure (Demarco et al., 2012).

The evaluation of esthetic, functional and biological parameters demonstrated
a disagreement between the two types of restorations, mainly for score 1 (clinically
excellent/very good). In all properties, crowns showed better performance.
Reestablishment of the best score in some parameters for direct restoration was
possible, however, as in esthetic (through polishing) or through a repair when
necessary. Also, assuming future crown failures, debondig, crown/post fracture,
secondary caries and ceramic chipping may be reparable, although chipping
sometimes may be considered as a complete failure (Burke et al., 2013). For
biological properties, one patient reported postoperative pain. As the tooth was non-
vital, it is likely that the use of rubber dam caused a discomfort to the patient reported
as pain.

Due to small number of events (failures), a cox-regression model was not
possible. Instead, several survival curves followed by log-rank tests were carried out
to verify the influence of variables. Although no difference in survival were found,
survival curves followed the conventional curves found in other studies, showing
even the reparable events as failures. Type and position of the tooth in the arc did
not have influence on the success of restoration. This is in contrast with Da Rosa
Rodolpho et al. (2011), which found 3 times more risk of failure for restorations
placed in lower molars compared with upper premolars. Still, only direct restorations
were evaluated in a retrospective study. Conversely, Skupien et al. (2013) showed
that premolars and anterior teeth were more successful compared with restorations
in molar, but emphasized that the influence of type of tooth on longevity is not well
established in the literature. However, the sample size calculation was performed
considering the type of restoration as primary outcome. Additional comparisons were
performed but a higher number of teeth may be necessary to find differences among
variables. Other factors as age, gender, number of remaining coronal walls and
contact with antagonist still has to be considered.
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In conclusion, no absolute failure was found in endodontically treated teeth
restored with metal-ceramic crown or composite resin; however, indirect restorations
provided higher acceptable clinical performance and lower need for re-intervention

considering the observed time.

Acknowledgement

The authors thank CAPES for financial support (Project CAPES/NUFFIC 026/11 and

scholarship).



62

References

Ahrari F, Nojoomian M, Moosavi H (2010). Clinical evaluation of bonded amalgam
restorations in endodontically treated premolar teeth: a one-year evaluation. J
Contemp Dent Pract 11:9-16.

Bitter K, Noetzel J, Stamm O, Vaudt J, Meyer-Lueckel H, Neumann K, Kielbassa
AM (2009). Randomized clinical trial comparing the effects of post placement on
failure rate of postendodontic restorations: preliminary results of a mean period of
32 months. J Endod 35:1477-1482.

Burke FJ, Crisp RJ, Cowan AJ, Lamb J, Thompson O, Tulloch N (2013). Five-
year clinical evaluation of zirconia-based bridges in patients in UK general dental
practices. J Dent 41:992-999.

Cagidiaco MC, Garcia-Godoy F, Vichi A, Grandini S, Goracci C, Ferrari M (2008).
Placement of fiber prefabricated or custom made posts affects the 3-year survival
of endodontically treated premolars. Am J Dent 21:179-184.

Cagidiaco MC, Radovic |, Simonetti M, Tay F, Ferrari M (2007). Clinical
performance of fiber post restorations in endodontically treated teeth: 2-year
results. Int J Prosthodont 20:293-298.

Da Rosa Rodolpho PA, Donassollo TA, Cenci MS, Loguércio AD, Moraes RR,
Bronkhorst EM, et al. (2011). 22-year clinical evaluation of the performance of two
posterior composites with different filler characteristics. Dent Mater 27:955-963.

Demarco FF, Corréa MB, Cenci MS, Moraes RR, Opdam NJ (2012). Longevity of
posterior composite restorations: not only a matter of materials. Dent Mater
28:87-101.

Fedorowicz Z, Carter B, de Souza RF, Chaves CA, Nasser M, Sequeira-Byron P
(2012). Single crowns versus conventional fillings for the restoration of root filled
teeth. Cochrane Database Syst Rev 5:CD009109.



63

Ferrari M, Vichi A, Fadda GM, Cagidiaco MC, Tay FR, Breschi L, Polimeni A,
Goracci C (2012). A randomized controlled trial of endodontically treated and
restored premolars. J Dent Res 91:72S-78S.

Fokkinga WA, Kreulen CM, Bronkhorst EM, Creugers NH (2007). Up to 17-year
controlled clinical study on post-and-cores and covering crowns. J Dent 35:778-
786.

Grandini S, Goracci C, Tay FR, Grandini R, Ferrari M (2005). Clinical evaluation
of the use of fiber posts and direct resin restorations for endodontically treated
teeth. Int J Prosthodont 18:399-404.

Hansen EK, Asmussen E (1990). In vivo fractures of endodontically treated
posterior teeth restored with enamel-bonded resin. Endod Dent Traumatol 6:218-
225.

Hickel R, Peschke A, Tyas M, Mjor |, Bayne S, Peters M, et al. (2010). FDI World
Dental Federation - clinical criteria for the evaluation of direct and indirect
restorations. Update and clinical examples. J Adhes Dent 12:259-272.

King PA, Setchell DJ, Rees JS (2003). Clinical evaluation of a carbon fibre
reinforced carbon endodontic post. J Oral Rehabil 30:785-789.

Lanza A, Aversa R, Rengo S, Apicella D, Apicella A (2005). 3D FEA of cemented
steel, glass and carbon posts in a maxillary incisor. Dent Mater 21:709-715.

Mangold JT, Kern M (2011). Influence of glass-fiber posts on the fracture
resistance and failure pattern of endodontically treated premolars with varying
substance loss: an in vitro study. J Prosthet Dent 105:387-393.

Mannocci F, Bertelli E, Sherriff M, Watson TF, Ford TR (2002). Three-year clinical
comparison of survival of endodontically treated teeth restored with either full cast
coverage or with direct composite restoration. J Prosthet Dent 88:297-301.



64

Mannocci F, Qualtrough AJ, Worthington HV, Watson TF, Pitt Ford TR (2005).
Randomized clinical comparison of endodontically treated teeth restored with
amalgam or with fiber posts and resin composite: five-year results. Oper Dent
30:9-15.

Naumann M, Sterzenbac G, Alexandra F, Dietrich T (2007). Randomized
controlled clinical pilot trial of titanium vs. glass fiber prefabricated posts:
preliminary results after up to 3 years. Int J Prosthodont 20:499-503.

Ng YL, Mann V, Gulabivala K (2011). A prospective study of the factors affecting
outcomes of non-surgical root canal treatment: part 2: tooth survival. Int Endod J
44:610-625.

Opdam NJ, Bronkhorst EM, Loomans BA, Huysmans MC (2012). Longevity of
repaired restorations: a practice based study. J Dent 40:829-835.

Pegoretti A, Fambri L, Zappini G, Bianchetti M (2002). Finite element analysis of a

glass fibre reinforced composite endodontic post. Biomaterials 23:2667-2682.

Schmitter M, Rammelsberg P, Gabbert O, Ohlmann B (2007). Influence of clinical
baseline findings on the survival of 2 post systems: a randomized clinical trial. Int
J Prosthodont 20:173-178.

Setzer FC, Kim S (2014). Comparison of long-term survival of implants and
endodontically treated teeth. J Dent Res 93:19-26.

Signore A, Kaitsas V, Ravera G, Angiero F, Benedicenti S (2011). Clinical
evaluation of an oval-shaped prefabricated glass fiber post in endodontically
treated premolars presenting an oval root canal cross-section: a retrospective
cohort study. Int J Prosthodont 24: 255-263.

Skupien JA, Opdam NJ, Winnen R, Bronkhorst E, Kreulen C, Pereira-Cenci T, et
al. (2013). A Practice-Based Study on the Survival of Restored Endodontically
Treated Teeth. J Endod 39:1335-1340.



65

Valdivia AD, Raposo LH, Simamoto-Junior PC, Novais VR, Soares CJ (2012).
The effect of fiber post presence and restorative technique on the biomechanical
behavior of endodontically treated maxillary incisors: an in vitro study. J Prosthet
Dent 108:147-157.

van Dijken JW (2010). Durability of resin composite restorations in high C-factor
cavities: a 12-year follow-up. J Dent 38:469-474.

van Dijken JW, Hasselrot L, Ormin A, Olofsson AL (2001). Restorations with
extensive dentin/enamel-bonded ceramic coverage. A 5-year follow-up. Eur J
Oral Sci 109:222-229.

Zicari F, Van Meerbeek B, Scotti R, Naert | (2013). Effect of ferrule and post
placement on fracture resistance of endodontically treated teeth after fatigue
loading. J Dent 41:207-215.



66

Table 1: Descript

ive analysis o

patients and teeth involved in the tri

Comp95|te Metal-Ceramic All Data
Resin Crown
Follow-Up Months 22.96 (+10.58) 26.56 (x11.27) 2418 (x11)

Patient’s Age Years 39.94 (x12.21) 45.64 (+9.89) 42.48 (+11.5)
Female 24 21 45
Gender (Teeth) Male 7 4 11
. Upper 19 18 37
Arch Location Lower 12 7 19
Anterior 5 10 15
Type of Tooth Premolar 10 7 17
Molar 16 8 24
1 12 16 28
Remaining 2 11 6 17
Walls 3 2 9
4 1 1 2
Cement RelyX ARC 13 12 25
RelyX U100 18 13 31




Table 2a: FDI clinical criteria percentages for esthetic properties

A. Esthetic 1. 2a. 2b. 3. 4.
P.ro erties Surface luster | Staining - surface | Staining - margin Color match Esthetic
P and translucency anatomical form
Resin | Crown Resin Crown Resin Crown Resin Crown Resin Crown
1
Clinically 70.8 100 62.5 100 58.3 95.5 54.2 100 66.7 100
excellent/very good
.. 2 25 0 33.3 0 37.5 4.5 33.3 0 25 0
Clinically good
3
Clinically 0 0 0 0 0 0 8.3 0 4.2 0
sufficient/satisfactory
4
Clinically 0 0 0 0 0 0 0 0 0 0
unsatisfactory
.. S 4.2 0 4.2 0 4.2 0 4.2 0 4.2 0
Clinically poor
Overasllgf:hetlc Acceptable esthetically — Resin: 95,8% Crown: 100% Not acceptable — Resin: 4,2% Crown: 0%




Table 2b: FDI clinical criteria percentages for functional properties

5. 6. 7a. 7b. 8a. 8b. 9. 10.
Fracture of Marginal Occlusal Occlusal Approximal | Approximal | Radiographic Patient’s
CHATL- L EII material and | adaptation contour and | contour and anatomical anatomical examination view
Properties retention wear - wear - form - form -
qualitatively | quantitatively contact contour
point

Resin | Crown | Resin | Crown | Resin | Crown | Resin | Crown | Resin | Crown | Resin | Crown | Resin | Crown | Resin | Crown

1

Clinically ~ | 783 | 100 | 73.9| 100 | 75 | 100 | 79.2 | 100 | 833 | 100 | 83.3 | 100 | 952 | 100 | 83.3 | 100
excellent/

very good
2

Clinically 4.3 0 17.4 0 16.7 0 16.7 0 8.3 0 8.3 0 0 0 4.2 0
good

3

Clinically
sufficient/ 4.3 0 0 0 4.2 0 0 0 4.2 0 4.2 0 0 0 8.3 0
satisfactory

4

Clinically 0 0 4.3 0 0 0 0 0 0 0 0 0 0 0 0 0
unsatisfactory

5
Clinically poor 13 0 4.3 0 4.2 0 4.2 0 4.2 0 4.2 0 4.8 0 4.2 0
Overall
functional Acceptable function — Resin: 87% Crown: 100% Not acceptable — Resin: 13% Crown: 0%

score




Table 2c: FDI clinical criteria percentages for biological properties

1. 12. 13. 14. 15. 16.
. . Postoperative Recurrence of | Tooth integrity Periodontal Adjacent Oral and
C. Biological . .
. (hyper-) caries, erosion, (enamel response mucosa general health
Properties .
sensitivity and abfraction cracks, tooth
tooth vitality fractures)
Resin | Crown | Resin | Crown | Resin | Crown | Resin | Crown | Resin | Crown | Resin | Crown
1
Clinically 957 | 100 | 909 | 100 | 870 | 100 | 708 | 909 | 708 | 909 | 826 | 90.9
excellent/
very good
2 0 0 0 0 0 0 167 | 0 | 208 | 91 | 174 | 91
Clinically good
3
Clinically
. 0 0 0 0 0 0 8.3 9.1 4.2 0 0 0
sufficient/
satisfactory
4
Clinically 0 0 4.5 0 4.3 0 0 0 0 0 0 0
unsatisfactory
.9 4.3 0 4.5 0 8.7 0 4.2 0 4.2 0 0 0
Clinically poor

Overall
biological score

Acceptable biologically — Resin: 87% Crown: 100%

Not acceptable — Resin: 13% Crown: 0%




| Enrollment I

| Assessed for eligibility - 69 Patients (90 teeth)

—>

Excluded - 22 Patients (34 Teeth)
* Not meeting inclusion criteria - 0
surfaces remaining

Randomized - 47 Patients (56 Teeth)

Y

\

Allocation

\ 4

Regular Cement (n=25)

teeth
12 - Metal Ceramic Crown
13 - Composite Resin Restoration

* Received allocated intervention 25

!

Self-Adhesive Cement (n=31)

* Received allocated intervention 31
teeth

13 - Metal Ceramic Crown

18 - Composite Resin Restoration

Follow-up | |

25 Follow-up Teeth - No loss of patients

31 Follow-up Teeth - No loss of patients

!

Analysed (n=25)

Analysis

|

Analysed (n=31)

Total=47 Patients
and 56 Teeth

Figure 1: Flowchart of the trial phases
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Abstract

Aims: to identify factors that can affect the retention of glass fiber posts (GFPs) to
intraradicular dentin based on in vitro studies that compared the bond strength (BS)
of GFPs cemented with resin cements.

Materials and Methods: Searches were carried out in Pubmed and Scopus until
December 2013. Bond strength values and variables as type of tooth, presence of
endodontic treatment, pretreatment of the post, type of bonding agent (if present),
type of cement and mode of cement application were extracted from the 34 included
studies. A linear regression model was used to evaluate the influence of these
parameters on BS.

Results: The presence of endodontic treatment decreased the BS values in 22.7%
considering the pooled data (p=0.013). For regular cement, cleaning the post
increased BS when compared to silane application without cleaning (p=0.032).
Applying the cement around the post and into root canal decreased the resistance
compared to only around the post (p=0.02) or only into root canal (p=0.041), on the
other hand, no difference was found for self-adhesive resin cement for the same
comparisons (p=0.858 and p=0.067).

Conclusion: Endodontic treatment, method of cement application and pretreatment
of the post can influence the retention of glass fiber posts to intraradicular dentin.

However, self-adhesive resin cements were less sensitive to luting procedures.

Key Words: Self-adhesive; Regular cement; resin cement; post; systematic review
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Introduction

In vitro studies are usually used to improve/test materials and methods before
clinical application. Although considered with low clinical relevance, it is clear that the
results obtained in vitro can guide protocols for several approaches, especially
considering the absence of evidence from well-deigned clinical trials in dentistry.'
Cementation of glass-fiber posts (GFPs) into the root canal can be considered one of
those examples, as numerous attempts to improve the adhesion have been
exhaustively tested in vitro,”” with few clinical evaluations reported.®

Recently, a systematic review has shown that the type of luting cement
influences the bond strength of GFPs into root canals,” but a concern regarding the
high heterogeneity of the studies included was emphasized. In part this was due to
the various factors that could influence the bonding mechanism, such as cement
application mode, use of post pretreatment and storage conditions. The importance
of some factors to determine bond strength to GFPs has been addressed;'®"?
however, it is important to evaluate as many variables as possible to clarify whether
there is truly an interaction among them on the retention of posts into root canals. A
clear influence of post/sample-related factors could additionally aid researchers in
standardizing pre-clinical and clinical studies.

Thus, the aim of this study was to evaluate the influence of variables related to
post cementation by systematically reviewing the in vitro literature on the retention of
GFPs luted into root canals. The hypothesis tested was that factors other than the
type of resin cement used for luting the posts would also have a role on the retention
of GFPs.
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Materials and Methods

This systematic review was carried out according to the Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses (PRISMA) statement.” Medline
and Scopus databases were searched to identify in vitro studies that evaluated and
compared retention (bond strength values in MPa) of GFPs cemented into root
canals of human or bovine teeth using both regular resin cement and self-adhesive
resin cement. The search strategy included the following: (glass fiber post) AND
(resin cement) AND (bond strength); (glass fiber post) AND (push out); (self* resin
cement) AND (glass fiber post) AND (bond strength); (glass-fiber OR glass fiber),
and (post) AND (bond* OR adhes*). The same strategy was used changing the term
post for dowel.

The last search was in December 2013 and no publication year or language
limit was set. The references of included papers were hand searched for additional
studies. In vivo or in situ studies, posts that were not GFPs, cementation using
artificial devices, and studies that did not compare bond strength between regular
and self-adhesive resin cement were excluded. Two independent reviewers
screened the titles, and indication of possible inclusion was followed by abstract
evaluation. The abstracts were assessed and papers considered eligible were
identified. In case of doubt, the paper was also included for full text evaluation. In
case of disagreement, a third reviewer decided if the article should be included
(Figure 1).

Two authors independently extracted all data. In case of bond strength values
reported separately for different root thirds (push-out test, for instance), the bond
strengths of all root thirds were averaged. In studies where bond strength test was
performed including other types of cement or post, only the data of interest were
extracted.® The variables that presented similarity irrespective of the study were also
extracted and classified according to the type of tooth (human or bovine); endodontic
treatment (yes or no); pretreatment of post (cleaning/pretreatment, silane application
or cleaning/pretreatment and silane application); type of bonding agent (if present)
and cement application mode (around the post, into the root canal or both).
Categories were created with indicator variables (reference group) for each category.
In addition, in case of missing data in the paper, a category “unknown” was created
to make the regression model statistics possible.
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Statistical analyses were performed using SPSS 22 for Mac (SPSS Inc.,
Chicago IL, USA). Analysis of Variance (ANOVA) with Tukey’s post hoc comparison
was used to analyze the bond strength values at a significance level of 5%. To
analyze the influence of the studied variables on bond strength, a model of linear
regression was created. The first plot to check whether regression was feasible was
doubtful, thus logarithm transformation of bond strength values was performed. Next,
for the significant variables, an exponential effect was applied followed by
transformation as percentage effect. Thus, two regression analyses were carried out:
one for all data and another for the two types of cement separately, to verify the
influence of the same factors for each category. Descriptive statistics was used to
describe the variables according to the included studies.
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Results

From the 34 studies included,'**’ 35 distinct data were extracted because
one article presented two different datasets.®> The bond strength values are
expressed in Table 1. No statistically significant difference was found between
cements (p=0.379) or bonding agents (p=0.068), although self-adhesive cement
presented higher bond strength values when compared to regular resin cement and
self-etch adhesive system presented higher retention compared with etch-and-rinse
adhesive.

Table 2 shows the regression model considering all data. Presence of
endodontic treatment decreased the bond strength in 22.7% (p=0.013). Regarding
pretreatment of post, cleaning procedures and silane application were not
statistically significant when compared to both carried out together (p=0.198 and
p=0.06 respectively). However, when the cement was only applied into the root canal
or when the application mode was not described, there was a statistically higher
retention compared with the application mode where the cement was applied both
into the root canal and around the post (34.7%, p=0.003 and 71.7% p<0.001,
respectively).

The regression model divided according to the type of resin cement is shown
in Table 3. For self-adhesive resin cement, only the unknown method of cement
application presented statistically significant differences (p=0.001), increasing the
resistance in 106% compared with application around the post and into the root
canal. Considering the regular resin cement, bond strength was influenced by the
following: (i) cleaning the post prior to its cementation increased bond strength
values in 43.4% compared with silane application without cleaning (p=0.032); (ii)
applying the cement around the post and into root canal decreased retention values
compared to application only around the post (p=0.02) or only into root canal
(p=0.041) and when the method of cement application was unknown (0.004). In
contrast to the results found in the regression model run with all data, endodontic
treatment did not influence post cementation if the model was considered taking only
resin cements into account (p=0.137 and p=0.81).
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Discussion

This systematic review is the first to evaluate possible factors related to
materials selection and clinical luting procedures that could influence the retention of
GFPs into intraradicular dentin. Although conducted based on in vitro studies due to
the fact that there is not enough clinical evidence to conduct a systematic review of
clinical trials, the parameters taken into account in this study can be considered to
directly influence the performance of GFPs. Several cementation strategies have
been used to improve the retention of GFPs. Therefore, the influence of those
variables may give support for the clinician on evidence-based decision-making.
Although bond strength values were considered in the present study, the main
objective was not to compare bond strength but to evaluate if the studied factors
could play a role in the retention of GFPs. Moreover, the statistical approach to
evaluate the influence of materials’ type on bond strength was already performed
and showed a better performance for self-adhesive resin cements.’ Although the
articles included in that review showed high heterogeneity of data,® more variables
were considered in the regression model so that the results could be as trustworthy
as possible. Tooth classification, type of endodontic filler, and type of post were
considered in the model, but due to few studies reporting these variables, the
comparisons were unfair, decreasing the reliability of the regression.

Our results showed that endodontic treatment could affect the bond strength
of GFPs. It has been shown that type of canal sealer like calcium hydroxide cements
can present high difficulty to be removed of the root canal walls and residues could
interfere in the bonding process. Likewise, the presence of eugenol in some cements
could also interfere with the polymerization of dentin adhesive and resin
cements.*®*® Hence, it is clear that endodontic treatment should always be
performed prior to bond strength testing. On the other hand, the type of tooth used in
studies (human or bovine) did not influence the results, reinforcing the idea that for
design in vitro studies, type of tooth it is not an important issue.

Our findings also showed that cement application mode into the root canal
only increased bond strength values compared with the technique where the cement
is also applied to the post. The use of lentulo drills or syringe could reduce the
number of voids and bubbles that could affect the correct cementation of GFPs
causing its debonding. However, the use of lentulo drills is a difficult technique since
its use can heat the resin cement and speed up the polymerization with a direct
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influence on the cementation by reducing the cement working time.***" As observed
in our study, a possible explanation for this result is that a longer time is necessary to
apply the cement inside the root canal and around the post, influencing the
polymerization, mainly in dual-cure resin cements. Also, as cement application
around the post is done directly in the post or with a stainless steel spatula, this may
not be a reliable procedure to prevent void incorporation. Interesting is the fact that
unknown procedures provide statistically higher bond strength when compared to the
reference. Despite no information regarding the method of cement application was
found in several studies and due to the good results achieved, we hypothesized that
manufacturers’ instructions were followed without distinct cement application
strategies.

When considering the analysis divided for both types of cements, bond
strength values of regular resin cement were more influenced by the variables,
showing that the use of self-adhesive resin cement is a less technique-sensitive.
According with Gomes et al., which demonstrated that the performance of self-
adhesive resin cement was not influence by operator experience.’? As to the
‘unknown” method of cement application, the reasons were previously discussed.
Nevertheless, for regular cements, the choice of cementing the post without applying
cement around it performed better than when additionally applying cement to the
post. Cleaning the post before cementation (ethanol, air abrasion or phosphoric acid)
provided a better performance compared with silane application with no cleaning.

The applicability of variables was grouped according to their similarity, which
could be considered a limitation of this study. For instance, post cleaning included
studies that used alcohol, phosphoric acid and air abrasion in GFPs before
cementation. Although air abrasion and alcohol are approaches that can provide
significant differences when applied on the surface of the post, if one more category
was created, the model would be weak and probably not trustable. Post cleaning and
silane application were those studies where the methods presented above plus
immersion in 24% H>O, were used followed by silane application. Studies that did
not provide any information about the treatment in the post previous to silane
application were categorized separetedly. Consequently, the results for pretreatment
of post must be interpreted with caution and could be considered for future research.

Two additional variables were considered important and discarded from the
analysis because limited data was available: pretreatment of dentin and
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aging/storage procedures. First, the role of chlorhexidine in bonding to dentin was
already demonstrated.®® Pretreated dentin previous to post cementation, however,

1525 and additional studies with

was slightly discussed among papers of this review
this variable are advised. The same trend occurred for phosphoric acid application
previous to the use of self-adhesive resin cement.**' Besides the benefits of
selective enamel etching,***° the application of phosphoric acid previous to the use
of a self-etching adhesive or self-adhesive resin cement in dentin may perform
differently. Actually, the bonding mechanism of self-adhesive resin cements can be
jeopardized, and an investigation regarding the real effect of this procedure in
bonding GFPs to dentin are recommended. For aging/storage, the wide variability in
protocols would result in too many comparisons. In addition, several studies did not
perform any kind of protocol. However, aging should be considered in vitro studies
once it is the only mechanism to simulate clinical service.®® There is a lack of
standardization of experimental conditions and comparison of in vitro studies, which
directly correlates with the heterogeneity of data.*” Also, there is several in vitro
studies that did not compare bond strength between resin cements. Due to that, our
results should be interpreted carefully, and future in vitro studies must be developed
to create more specific protocols. Results from this study, although based on in vitro
outcomes may point towards some directions for clinical studies. For instance if the
use of pretreatment is likely to affect bond strength in almost all in vitro studies,
pretreatment should be considered as a clinical step not to be omitted. In addition,
cement application must to be also kept in mind as an important factor, and follow
the manufacturers’ instructions is strongly suggested in all situations. Moreover, pre-
clinical and in vitro studies should preferably be carried out using endodontically
treated teeth as substratum, because this factor seems to affect the outcome of the

study.
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Conclusion
Endodontic treatment, method of cement application and pretreatment of the
post can influence on the retention of glass fiber posts to intraradicular dentin,

however, self-adhesive resin cements were less sensitive to luting procedures.
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Table 1 - Bond strength values (MPa) from included papers

Cement

Bonding
Agent

95% Confidence
Interval for Mean

Mean = SD Minimum  Maximum
Lower Upper
Bound Bound
Self-
Adhesive 11.3+5.8 10 12.6 1.9 30.5
Regular 10.5 5.7 9.4 11.6 1.3 324
Total 109 5.7 10.0 11.7 1.3 324
Self-Etch 11957 10.2 13.7 3.5 291
Etch-and- 99,56 85 113 1.3 32.4
Rinse
Total 10.7 +5.7 9.6 11.8 1.3 324
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Table 2: Regression model considering all data (r-square=0.23)

90

95% Confidence

Variable Effect |nterva| value
Lower Upper
Type of Tooth -6.8% -25.1% 15.8% 0.522
Endodontic Treatment -22.7% -36.8% -5.5% 0.013
Cleapl?::\ss* 12.7% | -6.1% | 35.3% | 0.198
Pretreatment Silane o o o
of the Post Application* -21.2% | -38.5% 1% 0.06
UT"r';';fI‘T’]";’] ':,? 11.9% | -32.3% | 14.7% | 0.346
Arg‘;’;‘t"*fhe 241% | 27% | 58.2% | 0.082
Cement Into Root
Application Canal** 34.7% 10.5% 64.2% | 0.003
Method
Unknown** 71.7% 35.6% 117.3% | <0.001
Cement -10.8% -24.3% 51% 0.171
Adhesive 19.7% -1.4% 45.4% 0.069

*Reference for pretreatment of post— Post cleanness and silane application.

**Reference for Cement application — Around the post and into canal.




| Table 3: Regression model for self-adhesive and regular resin cement. R-square=0.309 and 0.237 respectively.

Self-Adhesive Resin Cement

Regular Resin Cement

95% Confidence

95% Confidence

Variable Effect Interval V;;e Effect Interval V;;e
Lower Upper Lower Upper
Type of Tooth -185% | -41.8% | 14.1% | 0229 | 86% | -19.1% | 458% | 0.578
Endodontic Treatment -209% | -42.1% 8% 0.137 21.4% | -40.1% 3.1% 0.81
Post Cleanness
and Silane 30.3% | -13.8% 97% 0.205 | 12.9% | -189% | 57.1% | 0.47
Application*
Pretreatment of
the Post Post Cleanness * | 38.3% | -11.7% | 116.8% | 0.154 | 43.4% 3.2% 99.2% | 0.032
UT"r';';;’;"";‘r’] ’:,? 265% | -27.7% | 121.4% | 0.404 | 102% | -251% | 62% 0.62
Arg‘;’;‘t"*fhe 37% | -30.6% | 54.8% | 0.858 | 47.9% | 6.6% | 105.1% | 0.02
Cement
Ar;\;lollt%ataon Into Canal** 34% 2% 83.2% | 0.067 | 32.6% 1.2% 73.8% | 0.041
etno
Unknown** 106% | 35.7% | 212.8% | 0.001 | 56.9% | 16.4% | 11.5% | 0.004
Adhesive 3% -51.7% | 119.8% | 0.938 | 209% | -1.7% | 48.8% | 0.72

*Reference for pretreatment of post— Silane application.
**Reference for Cement application — Around the post and into canal.
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7. Conclusoes Gerais

Diversos fatores estédo relacionados ao sucesso clinico de materiais diretos e
indireto utilizados em odontologia. Embora as limitagbes de cada estudo tenham
sido enfatizadas, todos os materiais e técnicas avaliados apresentaram um oétimo
desempenho, e simplificar procedimentos e diminuir fatores que possam influenciar
no uso dos materiais odontologicos é fortemente recomendado. Desta forma, os
resultados desta tese permitem concluir que: |) a cimentagdo ndo imediata de
restauracdes indiretas de resina composta ndo tem influéncia na resisténcia de
unido em dentina. Porém, a aplicagado de adesivo de 3 passos previamente ao uso
de cimentos resinosos convencionais tem um melhor desempenho frente a outras
estratégias de cimentacéo; Il) Clinicamente, restauragdes indiretas apresentam uma
menor necessidade de re-intervencao do que restauragdes diretas, embora ambas
possam ser consideradas como adequada na restauracdo de dentes tratados
endodonticamente; Ill) Fatores como presenca de tratamento endoddntico, método
de aplicacdo intracanal do cimento e pré-tratamento do pino de fibra de vidro podem
influenciar de maneira negativa na retencdo de pinos de fibra de vidro a dentina

intra-radicular.
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APENDICE A

Ficha do Paciente
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Dérte . ¢

permie it At S emne Faculdade de Odontologia - UFPel X[
Projeto de Extensao ) o 4

1. Paciente:

2. Data Nascimento:___ / / 3. Sexo:

4.

Endereco:

5. Telefones: Residencial: Celular:

Trabalho: Parente préximo:

Aluno atendente :

Questionario de saude
Sofre de alguma doenca: () Sim () Ndo - Qual(is)

Esta em tratamento médico atualmente? (') Sim () Nao.

Gravidez: Sim () Nao () Usa anticoncepcional? () Sim () Nao
Faz reposigdo hormonal? (') Sim () Nao
Fumante?: Sim () Nao ()

Esta fazendo uso de alguma Medicagéo? () Sim () Nao
Qual(is)?
Nome do Médico Assistente/telefone:

Teve alergia? () Sim () Nao -Qual(is)
Ja foi operado? () Sim () Nao -Qual(is)

Teve problemas com a cicatrizagdo? Sim () Nao ()

Teve problemas com a anestesia? Sim () Nao ()
Teve problemas de Hemorragia? Sim () N&o ()

Sofre de alguma das seguintes doengas ?
Febre Reumatica: Sim (') Nao ( ); Problemas Cardiacos: Sim (') N&o ()
Problemas Renais: Sim (') N&o ( ); Problemas Gastricos: Sim () Nao ()
Problemas Respiratérios: Sim () Nao ( ); Diabetes: Sim (') N&o ()
Problemas Alérgicos: Sim () Nao ( ) Hipertensao Arterial: Sim () Nao ( );

Problemas Articulares ou Reumatismo: Sim () Nao ();



Habitos:
Antecedentes Familiares:
HIGIENE BUCAL (utiliza):

() fio/fita dental ( ) interdental ( ) escova macia / média / dura

() unitufo / bitufo ( ) palito ( ) creme dental:

- CARACTERISTICAS DOS DENTES A SEREM TRATADOS NO PROJETO
ProDENTE

Dentes tratados (nimero)

N faces restantes

N contatos proximais

Contato com antagonista
(sim ou nao)

Suporte periodontal
(anotar a insergdo 6ssea em mm / desvios

normalidade)

Perda de Insergao MV MV
6 sitios v v
(mm) DV DV
ML ML
L L
DL DL
Profund. MV MV
de sondagem \" \"
6 sitios DV DV
(mm) ML ML
L L
DL DL

Presenca de mobilidade
(Oou1)

Comprimento do remanescente radicular (mm)

Sangramento a sondagem (sim ou néo)

Uso de pino
(sim ou nao)

Tipo de pino
(Fibra, NMF)

Tipo de Cimento
(RelyX U100)

Comprimento cimentado (mm)

Comprimento coronario do pino (mm)

Diametro do pino
(0.5; 1.)




Tipo de restauragao final
(metalo-ceramica)

Tipo de Cimento para coroa
(RelyX U100)

- TRATAMENTO ENDODONTICO
Realizado no ProDente? () sim (

) néo

OBS: Se o tratamento for realizado no ProDente, preencher ficha especifica.

Desenhe o remanescente dentdrio:

Desenhe 0 remanescente dentdrio:

Procedimentos (DATAR; descrever DETALHADAMENTE os procedimentos)
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Data Procedimento

Material (is) utilizado (s)

Visto

Prof.
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APENDICE B

Pareceres do Comité de Etica

Parecer - Parte 2

MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DE PELOTAS
FACULDADE DE ODONTOLOGIA
COMITE DE ETICA EM PESQUISA

PELOTAS, 03 de maio de 2010.

PARECER N° 150/2010

O projeto de pesquisa intitulado EFEITO DE IRRIGANTES ENDODONTICOS

NA DESCIMENTACAO DE PINOS DE FIBRA DE VIDRO esta constituido de forma
eceitos éticos estabelecidos por este Comité e

adequada, cumprindo, na suas plenitudes pre .
pela legislagdo vigente, recebendo, portanto, PARECER FAVORAVEL 2 sua execugdo.

/

7
VLA

Prof °.-Marcos Antonio Torriani

Coordenador do CEP/FO/UFPel

Parecer - Parte 3

4 $ECER,
O o

MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DE PELOTAS
FACULDADE DE ODONTOLOGIA
COMITE DE ETICA EM PESQUISA

PELOTAS, 05 de novembro de 2009.

PARECER N° 122/2009

O projeto de pesquisaintitulado COMPARACAO DO SUCESSO DE DUAS
ESTRATEGIAS DE CIMENTACAO DE PINOS REFORS:ADOS POR FIBRA DE
VIDRO: ENSAIO CLINICO RANDOMIZADO MULTICENTRICO esté constituido

de forma adequada, cumprindo, na suas plenitudes preceitos éticos estabelecidos por este
Comité e pela legislagdo vigente. recebendo. portanto, PARECER FAVORAVEL a sua

execucao.

<

’Lnu L\b,‘\!("l W

“Prof . Marcos Antonio Torriani
Coordenador do CEP/FO/UFPel
Prof. Mawcos A, Torriani
Coorgenadot
Comité de é«u o Posduibh
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APENDICE C

Termo de Consentimento Livre E Esclarecido

PRO UNIVERSIDADE FEDERAL DE PELOTAS
emte FACULDADE DE ODONTOLOGIA

Reabilitagdo de Dentes Tratados Endodonticamente

Termo de Consentimento Livre e Esclarecido

Por meio deste termo o(a) senhor(a) esta sendo convidado a participar do
projeto de pesquisa intitulado “Comparagdo do sucesso de duas estratégias de
cimentagdo de pinos reforgados por fibra de vidro: ensaio clinico randomizado
multicéntrico”. Este trabalho tem por objetivo comparar duas técnicas de cimentagéo
de pinos dentro do canal e avaliar ao longo do tempo, se uma € melhor que a outra.

Justificativa do projeto: Para que o cirurgido-dentista possa fazer préteses
de qualidade, muitas vezes € necessario cimentar um pino no canal do dente para
gque o pino possa sustentar a protese. Para que esse pino fique no canal por
bastante tempo, utilizam-se cimentos para colar esse pino. Como esse procedimento
€ muito comum na Odontologia é importante obtermos informagdes sobre qual
técnica de colagem é melhor, e com esse estudo pretendemos ter essa resposta.

Informagoes do projeto: Apds seis meses, um ano, trés anos e cinco anos
da realizagdo da cimentagdo (colagem) do pino, vocé sera chamado para
acompanhamento de suas condi¢cdes de saude bucal.

Procedimentos: Para a cimentacido do pino no conduto radicular (canal),
vocé sera submetido aos seguintes procedimentos: (1) isolamento absoluto: consiste
na colocacdo de uma borracha ao redor do dente, para evitar que entre saliva na
regiao; (2) preparo do canal: com um broca especifica sera removida a obturagéao
existente dentro do canal radicular, para que o pino possa ser cimentado (colado);
(3) cimentacao: sera levado para dentro do canal o cimento (colagem) e em seguida
colocado o pino; (4) polimerizagéo: o pino e o cimento ser&o iluminados por uma luz
especifica durante 40 s, para o endurecimento do cimento.

Os custos para a colagem do pino sao de nossa responsabilidade; os custos
da prétese, de sua responsabilidade, conforme tabela vigente do Laboratério de
Prétese.

Riscos do paciente: para a cimentagao do pino no canal, vocé estara sujeito
aos seguintes riscos: (1) perfuragdo da raiz do dente, o que pode ser contornado ou
pode levar a perda do dente (extragdo); (2) algum tipo de reagdo alérgica aos
utilizados.

Beneficios: (1) Vocé recebera acompanhamento odontolégico de qualidade
antes e durante a pesquisa; (2) a cimentagao destes pinos para segurar a protese &
uma técnica que gera vantagens para o sucesso da protese ao longo do tempo.
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Ao aceitar participar do estudo o senhor (a) autoriza a execugdo dos
procedimentos por parte dos alunos do programa, autoriza o uso dos dados sobre
suas caracteristicas e condi¢des orais e 0 uso de imagens (Rx e fotografias), quando
necessarias. Os pesquisadores se comprometem em manter sigilo e anonimato
sobre os seus dados, ficando esses dados confidenciais apenas acessiveis para os
pesquisadores e para vocé. O material com seus dados e imagens ficara sob os
cuidados da Profa. Tatiana Pereira Cenci, armazenados no 2° andar do prédio da
Faculdade. Apds dez anos da primeira consulta o material contendo seus dados e
imagens sera incinerado.

Lembramos que o senhor (a) tem total autonomia em decidir participar ou nao
da pesquisa, podendo, inclusive, desistir do estudo em qualquer momento.

Por esse termo, eu

RG n° aceito participar do projeto descrito nesse
termo e autorizo a realizacdo dos procedimentos descritos acima e a utilizagcao de
dados e imagens referentes a minha pessoa pelos pesquisadores envolvidos no
estudo.

Pelotas, / /

Assinatura do paciente

Nome do professor Assinatura do professor

Qualquer duvida, o(a) senhor(a) pode entrar em contato com a pesquisadora
responsavel: Tatiana Pereira Cenci (8111-4509); ou entrar em contato com o comité
de ética em pesquisa da Universidade Federal de Pelotas: http://www.foufpel.com.br
ou 3222-6690.
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Anexo A - Consort referente ao artigo 2. Este anexo sera enviado juntamente ao artigo a revista

CONSORT 2010 checklist of information to include when reporting a randomised trial*

Item Reported on
Section/Topic No Checklist item page No
Title and abstract
1a Identification as a randomised trial in the title 52
1b  Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for 53
abstracts)
Introduction
Background and 2a Scientific background and explanation of rationale 54
objectives 2b Specific objectives or hypotheses 54
Methods
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio 55
3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons 55
Participants 4a Eligibility criteria for participants 55
4b  Settings and locations where the data were collected 55
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 55,56 and 57
actually administered
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they were 58
assessed
6b  Any changes to trial outcomes after the trial commenced, with reasons NA
Sample size 7a How sample size was determined 55
7b When applicable, explanation of any interim analyses and stopping guidelines NA
Randomisation:
Sequence 8a Method used to generate the random allocation sequence 55
generation 8b Type of randomisation; details of any restriction (such as blocking and block size) 55 and 56
Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 55 and 56
concealment describing any steps taken to conceal the sequence until interventions were assigned
mechanism
Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 55 and 56
interventions
Blinding 11a  If done, who was blinded after assignment to interventions (for example, participants, care providers, those 55 and 56




Statistical methods

Results
Participant flow (a
diagram is strongly
recommended)
Recruitment

Baseline data
Numbers analysed

Outcomes and
estimation

Ancillary analyses

Harms

Discussion
Limitations
Generalisability
Interpretation

Other information
Registration
Protocol

Funding

11b
12a
12b

13a

13b

14a

14b
15
16

17a

17b
18

19

20
21
22

23
24

25

assessing outcomes) and how

If relevant, description of the similarity of interventions

Statistical methods used to compare groups for primary and secondary outcomes
Methods for additional analyses, such as subgroup analyses and adjusted analyses

For each group, the numbers of participants who were randomly assigned, received intended treatment, and were
analysed for the primary outcome

For each group, losses and exclusions after randomisation, together with reasons

Dates defining the periods of recruitment and follow-up

Why the trial ended or was stopped

A table showing baseline demographic and clinical characteristics for each group

For each group, number of participants (denominator) included in each analysis and whether the analysis was by
original assigned groups

For each primary and secondary outcome, results for each group, and the estimated effect size and its precision
(such as 95% confidence interval)

For binary outcomes, presentation of both absolute and relative effect sizes is recommended

Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-
specified from exploratory

All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)

Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Generalisability (external validity, applicability) of the trial findings
Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence

Registration number and name of trial registry
Where the full trial protocol can be accessed, if available

Sources of funding and other support (such as supply of drugs), role of funders

106

NA

57

57

66

70

66

70

66

70

58

NA

NA

58 and 66

NA

NA

59 and 60

55

www.clinicaltri

als.gov
61

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the

items. If relevant, we also recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological
treatments, herbal interventions, and pragmatic trials. Additional extensions are forthcoming: for those and for up to date references relevant to this checklist,

see www.consort-statement.org



