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Resumo

Mello, Jerbnimo Silva de. Avaliagcdo do comportamento mecanico de raizes
fragilizadas submetidas a diferentes estratégias restauradoras e
carregamentos oclusais. Orientador: César Dalmolin Bergoli. 2020. 54f. Tese
(Doutorado em Prétese Dentéria) — Programa de P6s-Graduacdo em Odontologia.
Universidade Federal de Pelotas, Pelotas, 2020.

A selecado do pino ou da técnica mais adequada para cada caso € a chave para o
sucesso e a longevidade do tratamento planejado, embora a melhor abordagem para
restaurar dentes com raizes fragilizadas permaneca controversa. Este estudo in vitro
teve como objetivo avaliar a resisténcia a fratura de raizes fragilizadas, restauradas
com trés diferentes estratégias (Nucleo metalico fundido - NMF, pino anatémico -
PA, reanatomizacao do conduto - RC), e dois tipos de carregamento oclusal (Cingulo
- C ou incisal — I), através de envelhecimento mecéanico e posterior submissao a
carga estatica para fratura. Setenta e dois dentes incisivos bovinos foram utilizados
neste experimento. Os espécimes foram divididos aleatoriamente em seis grupos
(n=12), de acordo com a abordagem restauradora e o local da carga. Apos a
confeccdo dos retentores, todos 0s espécimes receberam coroas metalicas. Uma
ciclagem mecanica de 1.200.000 (100N; +37°C; 4hz; 45° de inclinacédo, local cingulo
ou bordo incisal) foi aplicada com posterior submisséo a carga estatica para fratura.
O presente trabalho também classificou 0 modo de falha dos espécimes como
reparavel e ndo reparavel. Para analisar a relacdo entre os pinos e os locais de
carga, foram aplicados diferentes testes estatisticos (teste t-pareado, Wilcoxon, One-
way Anova e Kruskal-Wallis) e para verificar a relacdo entre o local de carga e o tipo
de falha, foram utilizados outros testes (Chi quadrado e teste exato de Fisher). O
pino metéalico promoveu maiores valores de carga para fratura em raizes fragilizadas
e maior quantidade de fraturas desfavoraveis para ambos os tipos de carga. Por
outro lado, os outros dois grupos promoveram maior quantidade de fraturas
reparaveis para ambos os tipos de carga e valores intermediarios de carga para
fratura, valores estes similares entre si. Quando avaliado o local da carga oclusal,
todos o0s pinos apresentaram maiores valores de resisténcia a fratura quando a
carga ocorreu no cingulo em comparacao a carga incisal. Com base nos resultados
pode-se observar que raizes fragilizadas em pacientes com oclusdo na porcao
incisal apresentam maior possibilidade de fratura do que em pacientes com ocluséo
na regido do cingulo. Em relacéo ao tipo de retentor concluimos que apesar do NMF
gerar maiores valores, o PA e o RA sao melhores opc¢des, pois geraram valores
intermediarios de carga pra fratura, e que, mesmo assim, ainda s8o superiores as
cargas fisiolégicas observadas na regido anterior, quando carregamento no cingulo,
e também por causa da maioria de fraturas reparaveis.

Palavras-chave: Carga para fratura. Oclusdo. Raizes fragilizadas. Retentores
intrarradiculares.



Abstract

Mello, Jeronimo Silva de. Evaluation of different post types for filling flared
incisor root canals under different oclusal loading. Advisor: César Dalmolin
Bergoli. 2020. 54 p. Thesis (PhD in Dentistry) - Graduate Program in Dentistry.
Federal University of Pelotas, Pelotas, 2020.

The selection of the most adequate post system or technique for each case is the key
to the success and longevity of the treatment planned, although the best approach to
restoring teeth with weakened roots remains controversial. This in vitro study aims to
evaluate the fracture resistance of weakened roots, restored with three different
restoration strategies (cast post and core, anatomic post, flared root resin composite
reanatomization), under edge to edge or cingule load, through mechanical cyclic
aging and further submission to static load till fracture. Seventy-two incisors bovine
teeth were used in this experiment. The specimens were randomly divided into six
groups (n=12) according to the restorative approach (cast post and core, anatomic
post and flared root resin composite reanatomization) and the load place (cingule
load and edge to edge load). All specimens received metal crowns. A mechanical
cycling of 1.200.000 cycles (100N; +37°C; 4hz; 45° was applied with further
submission to static load till fracture. The present article also classified the failure
mode as repairable and nonrepairable. To analyze the relationship between the posts
and load places different statistical tests were applied (Paired t- test, Wilcoxon, One-
way anova, Kruskal-Wallis) and in order to verify the relationship between load site
and failure another tests were used (Chi-square test, Fisher’s exact test). The cast
post and core promoted higher mean values of fracture load at weakened roots and
higher levels of unfavorable fractures for both type of loads. Nevertheless, the other
groups promoted more repairable fractures for both type of loads and an average
fracture strength with stastical similar values. When evaluated the site of occlusal
load all posts presented a higher mean fracture strength at cingule load compared to
edge to edge load. According to the results, weakened roots at incisors presenting
edge to edge load produce higher risk of fracture in comparison to incisors presenting
cingule load. When comparing the posts, it can be concluded that despite cast post
and core produce higher fracture strength values, the anatomic post and the flared
root composite reanatomizarion groups are better options considering the average
fracture strength values produced that are still higher than the phisiological forces
produced at cingule load and also because of the incidence of more repairable
fractures.

Keywords: Load to fracture. Occlusion. Weakened roots. Intraradicular retainers.
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1. Introducéo

A reconstrucdo de dentes endodonticamente tratados é um desafio, pois
geralmente toda ou a maior parte da coroa dentaria foi perdida. Na maioria desses
casos, é necesséria a utilizagdo de um retentor intrarradicular para reter o material
de reconstrucéo (BALDISSARA, 2003).

Um dos fatores que influenciam o comportamento da estrutura dental € o
moédulo de elasticidade (E) dos retentores utilizados. A partir do momento em que
uma carga é aplicada nessa estrutura dental restaurada, dependendo do retentor, as
tensdes podem se dissipar de maneira benéfica ou ndo. Os pinos reforgcados por
fibra (FRC) distribuem estresse para a dentina radicular de maneira mais favoravel
(FOKKINGA, 2005), no entanto, retentores com alto médulo de elasticidade, como
0s nucleos metalicos fundidos, geram aumento do estresse na estrutura radicular
resultando em maiores chances de fratura (FERRARI; VICHI; GARCIA-GODOY,
2000).

Em cenéarios com condutos excessivamente fragilizados, a situacdo torna-se
ainda mais critica, aumentando a chance de fratura irreversivel da estrutura radicular
(WANDSCHER et al.,, 2014). Apesar de gerar as maiores forcas de carga para
fratura, varios estudos tém confirmado que para raizes fragilizadas o ndcleo metalico
fundido tende a aumentar a chance das fraturas catastréficas (COELHO et al., 2009;
WANDSCHER et al., 2014; DE SOUZA et al.,, 2016). Para melhor aproximar os
resultados desses estudos da realidade clinica, estudos tém sido realizados
envelhecendo espécimes, através de ciclagem mecanica (DIETSCHI et al., 2006;
ROSENTRITT et al., 2000). Neste sentido, embora considerando as limitacdes de
estudos in vitro, a utilizacdo de testes de envelhecimento através de ciclagem
dindmica é considerada uma 6tima alternativa, previamente aos testes de fratura,
para prever o comportamento de diferentes estruturais dentais e materiais
restauradores (WISKOTT; NICHOLLS; BELSER, 1995).

Além dos fatores previamente citados, que podem interferir no comportamento
de raizes fragilizadas restauradas, devemos somar a condicdo oclusal desses
elementos. Num contexto oclusal ideal, os incisivos centrais superiores devem
apresentar contatos oclusais leves ou nulos quando em maxima intercuspidacao
habitual com os antagonistas, e esses se situarem numa regido entre cingulo e
concavidade palatina (SHILLINBURG et al., 2007).
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Por outro lado, em pacientes cuja condicdo oclusal seja topo-a-topo ou
durante os movimentos de apreensao de alimentos, as for¢as oclusais sao aplicadas
diretamente nas superficies incisais, acarretando em uma maior predisposicdo a
fratura de restauracdes em resina e até mesmo do dente (MEZZOMO et al., 2006).

Assim, levando em consideracao os fatores expostos, esse estudo objetivou
avaliar o comportamento biomecénico de raizes fragilizadas, restauradas com trés
tipos de retentores intrarradiculares, submetidas a dois tipos de carregamentos
oclusais. A hipétese testada foi de que nédo observariamos diferenca nos valores de
carga para fratura independente da abordagem restauradora ou carregamento

oclusal.



2. Projeto de pesquisa

2.1 Introducgéao

A perda de mais da metade da porcdo corondria de um dente, por carie ou
fratura, indica a utilizagcdo de pinos intrarradiculares no intuito de fornecer melhor
retencéo e estabilidade ao futuro procedimento restaurador (COELHO et al., 2009).
Até o século passado a maioria dos pinos intrarradiculares utilizados eram nucleos
metalico fundidos ou pinos metalicos pré-fabricados. No entanto, esses pinos afetam
negativamente a estética das coroas, devido ao surgimento de alos acinzentados na
regido cervical e alteracdes cromaticas oriundas dos processos de transmissdo de
luz (ZALKIND; HOCHMAN, 1998), além de possuirem alto modulo de elasticidade o
gue, por consequéncia, aumenta a probabilidade de fratura catastréfica das raizes
(AFROZ et al., 2013).

Os pinos de fibra de vidro surgiram com o intuito de proporcionar uma melhor
condicdo estética para a restauracdo protética final, devido a sua coloracdo e
associacdo com resinas compostas para confec¢cdo do nucleo de preenchimento
(ZALKIND; HOCHMAN, 1998). Além disso, devido ao seu modulo de elasticidade
similar ao da dentina, eles apresentam uma melhor distribuicdo das for¢as oclusais
(AFROZ et al., 2013; ONA et al., 2013) e uma menor probabilidade de fraturas
radiculares (ROMEED; DUNNE, 2013). Apesar de serem mais atuais que 0s nucleos
metéalicos fundidos, estudos tem reportado que os pinos de fibra apresentam
performance clinica similar a dos nucleos metélicos (SARKIS-ONOFRE et al., 2014),
aumentando sua confiabilidade e assim cada vez mais seu uso.

No entanto, frequentemente no dia-a-dia clinico surgem pacientes com dentes
apresentando raizes fragilizadas para reabilitacdo (espessura de dentina das
paredes da raiz menor que 1,0 milimetro), e um grande desafio aos profissionais tém
sido escolher qual o melhor tipo de retentor para esses casos. A raiz fragilizada, em
virtude de ter uma menor espessura de parede dentindria, apresenta uma
significativa diminuicdo de sua resisténcia a fratura (WANDSCHER et al., 2014).
Nesse cenario, a utilizacdo de pinos anatdmicos tem sido uma alternativa
interessante, uma vez que associa as propriedades mecanicas favoraveis do pino de
fibora (AFROZ, et al., 2013; ONA et al., 2013) a possibilidade de diminuir a espessura

de cimento utilizado para a cimentacdo (BELLI et al., 2014).
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Além das caracteristicas inerentes a condicdo do elemento dentario, a
oclusdo também pode exercer papel importante na longevidade da restauracdo. O
dentista deve esforcar-se para criar uma oclusdo mais préxima do ideal sempre que
possivel. Nesse cendrio, 0s incisivos centrais superiores devem apresentar contatos
oclusais leves ou nulos quando em maxima intercuspidacdo habitual com os
antagonistas, e esses se situarem numa regiao entre cingulo e concavidade palatina
(SHILLINBURG et al., 2007). Por outro lado, do ponto de vista funcional, também
S80 0s responsaveis por guiar os movimentos de protrusdo, bem como pela
apreensédo de alimentos, o que faz com que recebam frequentemente for¢cas nas
suas superficies incisais, acarretando em uma maior predisposicdo a fratura de
restauracbes em resina, e até mesmo do dente propriamente dito (MEZZOMO,
2006).

Existem diversos estudos na literatura avaliando o comportamento mecanico
de raizes fragilizadas submetidas a testes monotbnicos ou de envelhecimento
mecanico (WANDSCHER et al., 2014; SANTINI et al., 2011; NIE et al., 2012). No
entanto, esses testes nao reproduzem os padrdes de falha observados na clinica,
gue normalmente ocorrem por fadiga, ou seja, apos repetidas forcas de pequena
intensidade que levam a fratura catastrofica do material, a partir de defeitos
microscopicos situados no interior do material (WISKOTT; NICHOLLS; BELSER,
1995). Nesse cenario, a utilizacdo de testes de fadiga dinamica consegue prever
uma situacédo clinica, esses testes tém sido considerados o padrdo para avaliar a
influéncia da estratégia restauradora na longevidade do espécime (NIE et al., 2012).

O limite de resisténcia a fadiga pode ser obtido utilizando-se diferentes
métodos, dentre eles, o método de escada (SCHALCH, 2006; DIXON, 1965). Neste
método, o numero de ciclos é previamente fixado e o0s espécimes recebem
inicialmente tensdes com magnitude de 60% a 70% da tensdo maxima suportada
pelo material no ensaio estatico correspondente. Dependendo do comportamento do
material quanto a ocorréncia ou ndo de fratura, a tensdo é aumentada ou diminuida,
empregando-se um incremento fixo nas fases seguintes. Apés a realizacéo do teste,
sdo utilizadas expressfes matematicas para o célculo do limite de resisténcia a
fadiga e do desvio-padrdo (SCHALCH, 2006).

Sendo assim, frente as diferentes variaveis citadas, este estudo objetiva
avaliar o comportamento biomecanico de raizes fragilizadas sob dois tipos de

carregamento oclusal, restauradas com trés tipos de retentores intrarradiculares. A
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hipotese avaliada é de que o tipo de retentor intrarradicular e o tipo de carregamento

oclusal n&o influenciardo nos resultados do teste de fadiga mecéanica.

2.2 Materiais e Métodos

Selecdo e preparo dos espécimes

Inicialmente serdo limpos com lamina de bisturi n° 15 (Lamedid, Barueri, SP,
Brasil), e analisados com auxilio de uma lupa com aumento de 4 vezes (EyeMag
Pro, Carl Zeiss do Brasil Ltda, Sdo Paulo, SP, Brasil) para deteccdo de possiveis
falhas (fratura, fissura ou trinca) que possam comprometer os resultados deste
estudo. Os dentes serdao imersos por 2 horas em digluconato de clorexidina a 0,12%
(Periogard, Colgate, S&o Bernardo do Campo, SP, Brasil) para desinfeccdo e
armazenados em agua destilada (Vi Quimica, Esteio, RS, Brasil) sob-refrigeracéo
(4°Celsius) até sua utilizagao.

Apés a selecdo, as porcdes coronarias dos espécimes serdo removidas,
perpendicularmente ao longo eixo do dente, com ponta diamantada n® 3216 (KG
Sorensen, Cotia, SP, Brasil), em alta rotacdo sob-refrigeracdo com agua,
padronizando em 12 milimetros o comprimento da raiz. Como critério de inclusao, as
dimensdes mésio-distal e vestibulo-lingual da porcdo mais cervical das raizes
também serdo medidas com um paquimetro digital (Starrett 727, Starrett IndUstria e
Comeércio Ltda, Itu, SP, Brasil) e somente os dentes que apresentarem valor entre
6,0 e 7,0 milimetros serao incluidos no estudo, a fim de padronizar as dimensdes de
um incisivo central superior permanente (FERREIRA; SERRA, 1981). Os espécimes
gue apresentarem diametro da luz do canal maior que 2,0 milimetros
(correspondente ao diametro do pino de fibra de vidro White Post DC #3 - FGM

produtos odontologicos, Joinvile, SC, Brasil) serdo descartados e repostos.
Tratamento endodontico
Apés a selecdo, sera realizado preparo quimico-mecéanico do conduto do

espécime pela técnica crown-down (BATISTA; BERGER, 2000) com comprimento

de trabalho distante 1 milimetro do &pice (11 milimetros) sob irrigagcdo com
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hipoclorito de sédio a 2,5%. ApO6s secagem do canal com cones de papel
(Tanari, Manacapuru, AM, Brasil), a obturacdo do canal se dard pela técnica de
condensacao lateral (BERGER, 2000) com cimento obturador (Endofill, Dentsply,
Petropolis, SP, Brasil).

Simulagéo do ligamento periodontal

Para simulacdo do ligamento periodontal, todas as raizes serdo revestidas
com cera 7 (NeWWax, Technew, Rio de Janeiro, RJ, Brasil), liqguefeita em um
recipiente com temperatura padrdo de 70° Celsius (Polidora e plastificadora de
godiva VH Essence Dental, Araraquara, SP, Brasil), na espessura de 0,3 milimetros
em todas as faces. O ligamento sera simulado da porcéo apical da raiz até 2,0
milimetros da por¢éo mais coronaria da mesma (WANDSCHER et al., 2014).

Embutimento

Apos a aplicacéo da cera, as raizes serao posicionadas no interior de cilindros
de plastico de policloreto de vinila (PVC - 25 mm diametro e 15 mm de altura), e sera
inserida resina acrilica autopolimerizavel (VIPI Flash, VIPI, Pirassununga, SP, Brasil)
na fase plastica até 2,0 milimetros da por¢cdo mais coronaria da raiz. Para o
embutimento o conjunto dente/broca sera fixado a um paralelémetro (Bio-Art, Bio-Art
equip odonto, S&o Carlos, SP, Brasil) para garantir o paralelismo do conjunto ao
cilindro de PVC. Apos a polimerizacdo da resina acrilica, o dente e a cera seréo
removidos do espaco criado, e um material elastomérico (Impregum F, 3M-Espe,
Seefeld, Germany) sera inserido no “falso alvéolo” e o dente reposicionado.
Posterior a presa do material, os excessos de Poliéter serdo removidos com lamina
de bisturi no 15 (Lamedid, Barueri, SP, Brasil).

Fragilizacdo dos espécimes

A fragilizacdo dos espécimes se dard com uma broca diamantada tronco-
cbnicas 4138 (KG Sorensen, Cotia, SP, Brasil) sob alta rotacdo e refrigeracdo com
agua. O desgaste sera feito da porgdo mais coronaria da raiz até 3,0 milimetros de

profundidade, padronizando-se 0,5 milimetros de espessura de dentina
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remanescente na porcao cervical do espécime. A verificacdo do diametro de dentina
remanescente serd controlada constantemente pelo uso de um paquimetro digital
(Starrett 727, Starrett Industria e Comércio Ltda, Itu, SP, Brasil).

Randomizacao dos espécimes e delineamento experimental

Para a randomizacdo, os espécimes serdo numerados de 1 a 120, e seis
sequéncias aleatorias de vinte numeros serdo geradas pelo programa de
computador Random Allocation (desenvolvido por Saghaei M., Department of
Anesthesia, University of Medical Sciences of Isfahan, Isfahan, Iran), de acordo com
o tipo de rententor.

Tabela 1: Delineamento experimental do estudo

Grupos
Retentor Carregamento (n=20)
Incisal Grl
Nucleo metalico fundido
Cingulo Gr2
Incisal Gr3
Pino de fibra de vidro
Cingulo Gr4d
Incisal Gr5
Pino
anatbmino
Cingulo Gr6

Preparo dos condutos radiculares

Todos os condutos serédo desobturados e preparados com a broca do sistema
de pinos de fibra White Post DC #3 (FGM produtos odontologicos, Joinville, SC,
Brasil) até o comprimento de 8,0 milimetros para manutencédo de 3,0 milimetros de
material obturador na regido do apice. A verificacdo da espessura de dentina
remanescente na parede vestibular, lingual, mesial e distal sera controlada
constantemente pelo uso do paquimetro digital (Starrett 727, Starrett Inddstria e

Comeércio Ltda, Itu, SP, Brasil).
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Confecgéo das estratégias restauradoras

Nucleo metalico fundido em liga Niquel/Cromo

Para este grupo, sera realizada modelagem do conduto (PEGORARO, 1998)
com resina acrilica (Dencrilay, Pirassununga, SP, Brasil) para todos os espécimes. O
interior do conduto ser4 modelado utilizando um pino plastico pré- fabricado (Pinjet,
Angelus, Londrina, PR, Brazil) seguido da aplicacdo de incrementos de resina
acrilica com auxilio de um pincel. O nucleo coronério serd padronizado com a
utiizacdo de matrizes plasticas. Para garantir o adequado formato da porcéo
coronaria, o preparo coronario sera refinado com brocas de acabamento 4138FF e
3118 FF (KG Sorensen, Cotia, SP, Brazil), respeitando as inclinacdes adequadas
para a confeccdo de uma proétese fixa unitaria (PEGORARO, 1998) em um incisivo
central superior permanente. Os padrdes em resina serdo enviados ao laboratorio da
Faculdade de Odontologia de Pelotas para a fundicdo com liga a base de niquel-
cromo (Wironia Light, Wilcos, Petropolis, RJ, Brasil) a qual ocorrera conforme as
recomendacdes do fabricante.

Os nucleos metalicos fundidos serdo avaliados quanto a adaptacdo no
espécime com carbono liqguido e como tratamento de superficie o pino sera limpo
com alcool 70° e jateado com particulas de 6xido de aluminio (125 ym, presséao: 2.8
bars, 10mm de distancia por 15 segundos). Para a cimentacdo, sera realizado o
condicionamento da dentina radicular e coronaria com &acido fosférico a 37%
(Condac 37, FGM produtos odontologicos, Joinvile, SC, Brasil) por 15 segundos,
lavagem com agua por 15 segundos e secagem do conduto com leves jatos de ar e
cones de papel #80 (Tanari, Manacapuru, AM, Brasil). Apds, 0 sistema adesivo
Ambar (FGM produtos odontologicos, Joinvile, SC, Brasil) sera aplicado com auxilio
de um aplicador descartavel (Cavibrush longo, FGM produtos odontologicos,
Joinvile, SC, Brasil), seguido da remocéo dos excessos com cones de papel (Tanari,
Manacapuru, AM, Brasil) e fotoativacdo por 40 segundos com fotopolimerizador
(Kavo do Brasil Ind, Joinville, SC, Brasil — 1100 Mw/cm2). A seguir, o cimento
resinoso AllCem (FGM produtos odontologicos, Joinvile, SC, Brasil) ser& inserido no
interior do conduto com auxilio de uma broca |éntulo no 4 (Dentsply Maillefer,
Ballaigues, Suica) em baixa rotacdo. Por fim, os pinos serdo posicionados, o

excesso de cimento removido com sonda exploradora, e realizada a fotoativagcéo na
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porcéo cervical da raiz por 40 segundos em cada face, bem como a espera da cura

total do cimento, que ocorre apds 10 minutos.
Pino de fibra de vidro

Os pinos de fibra (White Post DC#3, FGM, Joinville, Brasil) serao
posicionados no canal e seccionados com ponta diamantada em alta rotagéo
mantendo 3,0 milimetros de porcdo coronéaria. Os canais radiculares serdo secos
com cones de papel (Tanari, Manacapuru, AM, Brasil), o pino limpo com alcool 70° e
o preparo da superficie realizado com agente de unido silano (Prosil, FGM produtos
odontologicos, Joinville, SC, Brazil). A cimentacdo sera conduzida da mesma forma
como no grupo do nucleo metélico fundido.

Apés a cimentacdo dos pinos, a constru¢cdo do nudcleo sera realizada com
resina composta (Oppalis, FGM produtos odontologicos, Joinville, Brasil), utilizando
matrizes plasticas padronizadas com as mesmas medidas que o nucleo metalico
fundido. A resina sera inserida dentro da matriz, a qual sera posicionada sobre o
pino e a superficie do dente. A fotoativacdo sera executada por 20 segundos em
cada face e as matrizes removidas com auxilio de [amina de bisturi no 15 (Lamedid,
Barueri, SP, Brasil). O acabamento da porcdo coronaria do preparo também sera

realizada da mesma maneira que no grupo nucleo metalico fundido.

Pino anatémico

Para esse grupo serdo utilizados pinos de fibra White Post DC #3 (FGM
produtos odontologicos, Joinvile, SC, Brasil). O tratamento de superficie dos pinos
sera idéntico ao realizado no grupo restaurado com pino de fibra de vidro.

Inicialmente, no interior do canal radicular sera aplicada uma pequena
camada de vaselina solida (Lifar, Porto Alegre, RS, Brasil) a fim de evitar a unido da
resina composta as paredes do conduto com auxilio de um aplicador descartavel
(Cavibrush longo, FGM produtos odontologicos, Joinvile, SC, Brasil). A seguir, a
resina composta (Oppalis, FGM produtos odontologicos, Joinvile, SC, Brasil) sera
condensada no interior do conduto, o pino de fibra de vidro, ja cortado com 3
milimetros de porcdo coronaria, posicionado e o conjunto fotoativado por 20
segundos na superficie oclusal. Apos a fotoativagdo, o conjunto sera removido

conduto, fotoativado por mais 40 segundos e reinserido para verificagdo do correto
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assentamento da peca. Para o procedimento de cimentagdo, o conjunto pino/resina
composta sera condicionado com 4cido fosférico a 37% (Condac 37, FGM produtos
odontologicos, Joinvile, SC, Brasil) por 60 segundos, lavado com &gua por 60
segundos e seco com jatos de ar. A seguir, serd aplicado o sistema adesivo,
homogeneizando a pelicula do material com leves jatos de ar e realizada a
fotoativacdo do conjunto por 40 segundos. As técnicas de tratamento da dentina
intrarradicular, inser¢cdo do cimento no conduto e reconstrucdo coronaria seréo

idénticas as realizadas no grupo restaurado com pinos de fibra de vidro.

Confecgéo e cimentacdo das coroas metélicas

Centro e vinte coroas metalicas serdo confeccionadas de acordo com a
anatomia de um incisivo central superior, aproximadamente, com dimensdes
padronizadas de 10 milimetros de altura de coroa e 9 milimetros de dimensé&o
mésio-distal (FERREIRA; SERRA, 1981). Para tal procedimento, sera realizada
moldagem dos corpos de prova com silicona de adi¢cao (Futura, NovaDFL, Rio de
Janeiro, RJ, Brasil), de acordo com as recomendacdes do fabricante, e serdo obtidos
modelos com gesso pedra tipo IV (Durone, Dentsply, Petropolis, SP, Brasil). Sobre
os troquéis sera aplicado uma camada de espacador (Talmax, Curitiba, PR, Brasil),
seguido de isolamento com isolante para troquel (Kota, Cotia, SP, Brasil), e por fim o
enceramento das coroas em cera (Kota, Cotia, SP, Brasil). Ap6s a remocédo das
matrizes, a adaptacdo marginal sera realizada com espatula 3s e/ou através de
possiveis acréscimos de cera. As coroas em cera serdo enviadas para um
laboratério comercial e fundidas de acordo com a recomendacéo do fabricante, com
a mesma liga usada para a obtenc&o dos nucleos metélicos fundidos.

As coroas serdo examinadas quanto a adaptacdo e posteriormente jateadas
com Oxido de aluminio (125um, pressao: 2.8 bars, 10mm de distancia por 15
segundos). Para a cimentacdo, o remanescente coronario sera condicionado com
acido fosforico a 37% (Condac 37, FGM produtos odontologicos, Joinvile, SC, Brasil)
durante 20 segundos, seguido de lavagem por 20 segundos e secagem com jatos de
ar. Ap6s, o sistema adesivo Ambar (FGM produtos odontologicos, Joinvile, SC,
Brasil) serd aplicado com um aplicador descartavel (Cavibrush, FGM produtos
odontologicos, Joinvile, SC, Brasil) e fotoativado durante 40 segundos (Kavo do

Brasil, Joinville, SC, Brasil — 1100 Mw/cm2). Por fim, o cimento resinoso Allcem
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(FGM produtos odontologicos, Joinvile, SC, Brasil) seré inserido no interior da coroa
com auxilio das pontas misturadoras/aplicadoras do proprio sistema, e a mesma
levada em posicdo e assentada sobre o nucleo coronario. ApGs a remocao dos
excessos sera realizada a fotoativacdo de cada face pelo tempo de 40 segundos,
bem como a espera de 10 minutos para cura total do cimento.

Teste pelo método de escada

Inicialmente serd conduzido um teste de compressdo em dois dentes em uma
maquina de teste universal (DL 2000, EMIC, Séo Jose dos Pinhais, PR, Brasil) com
0 mesmo pistdo que sera utilizado no teste de resisténcia a fadiga. A forga inicial
para o teste de fadiga sera de 60% da média das cargas para ruptura obtidas no
teste de compressao.

O teste de fadiga sera conduzido em ambiente Umido com &agua em
temperatura ambiente, de acordo com o método de escada, em uma maquina de
teste Instron (Instron Electro Plus E3000, Instron Corporation, Norwood, MA, United
States). O espécime sera posicionado em uma plataforma com inclinagéo de 45° em
relacéo ao pistdo, e uma forca sera aplicada no bordo incisal ou no cingulo. O limite
de fadiga sera determinado em 10.000 ciclos a uma frequéncia de 10 Hz. O aumento
ou diminuicdo na carga ocorrera de acordo com a sobrevivéncia ou falha do
espécime, e se dara como 10% da carga de ruptura obtida no teste de compressao
(incremento fixo). O limite de fadiga (o) e o desvio-padrédo (DP) serdo determinados

respectivamente usando as equacdes abaixo (COLLINS, 1993):

zinj

a=cr_\-o+d( +0.S)

Ini —
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Onde X0 é a menor carga considerada na analise, e d é o incremento fixo.
Para determinacéo do limite de fadiga, a andlise € baseada no numero de eventos
com menor frequéncia (sobrevivéncia ou fratura). O sinal negativo sera usado se o
evento menos frequente for a falha, e o sinal positivo sera usado quando o evento
menos frequente for a sobrevivéncia do espécime. A carga mais baixa considerada
foi designada como =0, i=1 a proxima, e assim sucessivamente, e ni serd 0 numero

de fallhas ou sobrevivéncia dos espécimes a um nivel de tensédo determinado.
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Andlise pelo método de elementos finitos (MEF)

Para essa analise seis modelos bi-dimensionais serdo obtidos a partir de um
software de modelagem (Rhinoceros® 4.0). As dimensdes das estruturas dos dentes
modelados seguirdo as médias existentes na literatura (FERREIRA; SERRA, 1981).

Depois da obtencédo das linhas dos modelos, essas serdo exportadas no
formato .iges CC143 e manipuladas no software de pré-processamento MSCPatran
2005r2. Inicialmente sera verificada a relacdo entre as superficies das estruturas dos
modelos. Quando observado algum problema, serdo feitas modificacées nas linhas
das superficies utilizando as préprias ferramentas do software MSCPatran 2005r2,
até que se observe adequada relacao.

Apoés a verificacdo da relacdo entre as estruturas sera gerada a malha dos
modelos a partir de elementos quadrilateros no estado plano de deformacgéo (plane
strain quad-4”) e sera realizado o teste de convergéncia da malha. Apos a geracéao
das malhas serdo aplicadas as condicbes de contorno nos modelos. Os nés
externos da resina acrilica serédo fixados em todos os graus de liberdade. Uma forca
de 100N sera aplicada na regido incisal ou do cingulo dos modelos, sob uma
inclinacéo de 45° e distribuida entre 3 nds, com o valor aplicado no n6 central sendo
o0 dobro do valor aplicado nos nos das extremidades. Os materiais seréo
considerados isotropicos, homogéneos, lineares, e suas propriedades serao
conferidas de acordo com dados da literatura e as interfaces seréo consideradas
perfeitamente unidas.

A andlise pelo software de pré-processamento sera realizada e se obterd um
arquivo .dat que sera manipulado no software de pos-processamento MSCMentat
2005r2. Nesse software as condicfes de contorno serdo novamente verificadas e o
processamento serd realizado.

No poOs-processamento sera avaliada a distribuicdo e a direcdo da tensao
maxima principal (01) e a distribuicdo das tensdes de Von Misses em todas as

estruturas do modelo.

Andlise Estatistica

Os valores do limite de fadiga serdo comparados utilizando o teste estatistico

Two way-Anova (a=0.05).
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Anélise da falha

Fraturas ou falhas reparaveis serdo consideradas: decimentag&o ou fratura da
coroa, fratura ou decimentagéo do retentor, ou fratura da raiz a nivel cervical acima
do nivel do ligamento periodontal. Enquanto as irreparaveis: fratura abaixo do terco
cervical da raiz, fratura radicular vertical ou obliqua, ou fratura horizontal no terco

médio ou apical da raiz.

2.3 Orgamento

A previsdo or¢camentaria deste trabalho encontra-se abaixo esbogada.

Material Quantidade Valor

Unitario
Resina acrilica vermelha (p6), Dencrilay, 259 3 unidades 25,00 cada
Ponta diamantada n°. 4138 KG Sorensen 20 unidades 9,50 cada
Ponta diamantada n°. 4138 FF KG Sorensen 20 unidades 9,50 cada
Ponta diamantada n°. 3118 KG Sorensen 20 unidades 9,50 cada
Ponta diamantada n°. 3118 FF KG Sorensen 20 unidades 9,50 cada
Ponta diamantada n°. 3216 KG Sorensen 20 unidades 9,50 cada

Silicone de ad|gao Kit (pasta densa, leve e 2 unidades 800,00

pontas aplicadoras) Marca Futura

Oxido de aluminio Defama 125 micra, 2 Kg 2 unidades 100,00
Gesso especial tipo IV Durone 3 Kg 35,00 cada
Cone de papel absorvente # 80, Tanari (caixa) 5 caixas 25,00 cada
Cone obturador principal # 40, Tanari (caixa) 2 caixas 19,90 cada
Cone obturador acessério, Tanari (caixa) 3 caixas 22,00 cada
. , - 45,00 po +

Revestimento - p6 (1Kg) e liquido (250 ml), Heat Shok| 4 frascos de cada 20,00 lig cada

Spruesde ceran®2;n°3;en° 4 3 caixas de 13,00 cada

Cada

Anti bolha Polidental (250 ml) 2 frascos 50,00
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O periodo previsto para a execucdo deste projeto sera de aproximadamente

30 meses, com inicio das atividades em Marco de 2016. As atividades serdo

distribuidas conforme o cronograma a seguir.

Atividades

Periodo

Revisao da literatura

Marco a Maio/2016

Elaboracéo do projeto

Junho a Agosto/2016

Selecéo e Preparo dos espécimes

Setembro/ de 2016 a Margo de 2017

Qualificacao do projeto de tese

Dezembro/2016

Teste piloto

Abril/Maio 2017

Confecc¢édo corpos de prova e Realizacdo dos

Testes

Junho de 2017 a julho de 2018

Obtencéo e Andlise dos resultados

Agosto de 2018

Redacéo do artigo e da tese

Setembro/novembro de 2018

Defesa da tese

Dezembro de 2018
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3. Relatoério do trabalho de campo

As alteracbes sugeridas pela comissdo examinadora de qualificacdo foram
devidamente acatadas em diferentes graus. Abaixo listamos as dificuldades e
impossibilidades que fizeram com que diferentes condutas fossem tomadas para a
realizacédo desse trabalho:

o Dificuldade na padronizacdo dos espécimes bovinos utilizados,
principalmente em relagéo ao diametro mésio-distal e vestibulo-palatino;

o Trocou-se o grupo pino de fibra de vidro pelo grupo reanatomizacao da
raiz com resina composta, tendo em vista que ja ha comprovacao cientifica que o
pino de fibra de vidro com elevada espessura de cimento apresenta uma menor
forca de unido. E além do mais, no grupo de reanatomizacdo da raiz com resina
composta ndo ha ainda uma metodologia definida em relagdo ao passo a passo da
estratégia restauradora, além do que € uma técnica bem mais recente e optamos por
utilizar a resina bulkfill nesse caso em virtude da quantidade de resina a ser unida a
raiz, pela técnica incremental usada, poder ser maior;

o Em relacdo a metodologia, inicialmente foi planejado realizar teste de

fadiga nos espécimes. Ap6s conseguirmos verba para confeccdo das bases em 45°
e as recebermos para o teste de fadiga na maquina Instrom (Instron Electro Plus
E3000, Instron Corporation, Norwood, MA, United States) no laboratorio da
Faculdade de Engenharia de Materiais — Universidade Federal de Pelotas,
comecamos 0s testes estaticos na EMIC (DL 2000, EMIC, Sdo Jose dos Pinhais,
PR, Brasil), conforme metodologia descrita na qualificacdo. Previamente ao preparo
dos espécimes para realizacdo do teste dinamico houve uma descarga elétrica
guando a maquina Instron estava sendo utilizada para outro teste, e por ndo estar
conectada a um nobreak houve instantanea parada de funcionamento da mesma.
ApdOs meses aguardando a vinda do técnico para avaliacdo da maquina Instron,
tivemos a visita do mesmo e nos foi informado que o conserto teria um custo muito
alto, o que inviabilizou a utilizacdo dessa maquina para a tese causando alteracéo
no planejamento e roteiro. Pensou-se na possibilidade de fazer a técnica de
envelhecimento dos espécimes na maquina Biocycle (Biocycle V2 equipment,
Biopdi, Sdo Carlos, SP, Brasil), localizada na Faculdade de Odontologia —
Universidade Federal de Pelotas, e apds submeté-los a teste estatico na EMIC. A

dificuldade encontrada nesse momento foi que a maquina de envelhecimento faz a
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ciclagem perpendicular a base e nesta pesquisa 0s espécimes sdo submetidos a
ciclagem sob 45° de inclinagdo. Foram realizados testes, consultando livros de
calculo, para confeccdo de um novo cilindro alterando sua forma e técnica de
embutimento para ciclagem na maquina Biocycle. Quando na proximidade da
concretizacdo desse fato o professor César Bergoli conseguiu que 0s espécimes
fossem testados no laboratério da universidade Sao Francisco — Campus Braganca
Paulista;

o Houve a necessidade de embutir novamente os espécimes que foram
submetidos a carga na porcao incisal por solicitacdo dos colegas responsaveis pela
execucgao da ciclagem na Universidade S&o Francisco;

o A troca da metodologia de teste de fadiga para teste estatico permitiu a
diminuicdo da quantidade de espécimes para cada grupo;

o Optou-se por ndo confeccionar a analise de elementos finitos devido a

dificuldades em realizar a metodologia.
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ABSTRACT

Statement of the problem: The selection of the most adequate post system or technique
for each case is the key to the success and longevity of the treatment planned, although the
best approach to restoring teeth with weakened roots remains controversial.

Objective: This in vitro study aims to evaluate the fracture resistance of weakened
roots, restored with three different restoration strategies (cast post and core, anatomic post,
flared root resin composite reanatomization), under edge to edge or cingule load, through
mechanical cyclic aging and further submission to static load till fracture.

Matherial and Methods: Seventy-two incisors bovine teeth were used in this
experiment. The specimens were randomly divided into six groups (n=12) according to the
restorative approach (cast post and core, anatomic post and flared root resin composite
reanatomization) and the load place (cingule load and edge to edge load). All specimens
received metal crowns. A mechanical cycling of 1.200.000 cycles (100N; £37°C; 4hz; 45°)
was applied with further submission to static load till fracture. The present article also
classified the failure mode as repairable and nonrepairable. To analyze the relationship
between the posts and load places different statistical tests were applied (Paired t- test,
Wilcoxon, One-way anova, Kruskal-Wallis) and in order to verify the relationship between
load site and failure mode another tests were used (Chi-square test, Fisher’s exact test).

Results: The cast post and core promoted higher mean values of fracture load at
weakened roots and higher levels of nonrepairable fractures for both type of loads.
Nevertheless, the other groups promoted more repairable fractures for both type of loads and
an average fracture strength with stastical similar values. When evaluated the site of occlusal
load all posts presented a higher mean fracture strength at cingule load compared to edge to
edge load.

Conclusions: According to the results, weakened roots at incisors presenting edge to
edge load produce higher risk of fracture in comparison to incisors presenting cingule load.
When comparing the posts, it can be concluded that despite cast post and core produce higher
fracture strength values, the anatomic post and the flared root composite reanatomizarion
techniques are better options considering the average fracture strength values produced that
are still higher than the phisiological forces produced at cingule load and also because of the

incidence of more repairable fractures.
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CLINICAL IMPLICATIONS

According to this in vitro research, the influence of occlusion as one more factor in the
whole analysis prior to choose the best clinical choice in reconstruction protocol when facing
flared root must be considered. It can be concluded that despite cast metal post produce
higher fracture strength values, the anatomic post and the flared root composite
reanatomizarion groups are better options considering the average fracture strength values
produced that are still higher than the phisiological forces produced at cingule load and also
because of the incidence of more repairable fractures.

INTRODUCTION

Restoration of endodontically treated teeth with extensive coronal damage is a
common clinical problem. Depending on the remaining tooth structure, different treatment
planning can be purposed. There are studies relating that loss of tooth structure greater than
50% would determine the use of root posts to retain a core and to distribute stress. Although
many professionals have believed equivocally, in the past, that posts could strengthen

endodontically treated teeth, root posts are used only as a requirement to retain a core when

coronal structure is missed 1.

The material from which the post is constructed plays a crucial role in the
biomechanical performance of root canal treated teeth. Since last century, cast post and core
and prefabricated metal posts were largely used, but recently there has been an increasing
trend toward the use of fiber post systems. The demand for esthetics has led to the

development of metal-free post systems. Fiber post system provides more esthetic result than
cast post and core? and have a modulus of elasticity similar to dentin® thus reducing the stress

concentrations at the dowel/dentin interface® and preventing irreparable root fractures, more
associated with cast post and core 4-10.
Material property of the post has been shown to affect the stress distribution. It is most

favorable in terms of stress distribution when two substances of equivalente or almost near

modulus of elasticity, like dentin and fiber post 3. Fiber posts acts like shock-absorber
dissipating stress on the finished restoration with small fraction forces to dentin walls.

However, when stress is applied to a post system, a rigid post (with high modulus of
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elasticity, like cast metal post) will no longer follow the elastic deformation but will create

localized stress peak inside the root, eventually leading to root fracture®.
More recently Bouldias P, et al. have proposed the modification and reline of the
dowel itself according to the canal shape, with the help of composite resin. Named by

tll

anatomic post*+, this device has been successfuly used in cases of flared roots because of the

thinner resin cement layer that increases resin/dentin bond strength by reducing

polimerization shrinkage and the presence of bubbles 312, Furthermore, the main mechanism
of retention of the posts is not only adhesion, but frictional retention since friction occurs by

contact and posts that promote a closer contact with dentine tend to have higher retention

forces 3.

The flared canal, arising as a result of carious extension, trauma to an immature tooth,

pulpal pathosis, iatrogenic or endodontic misadventure, or even idiopathic causes, can present

a difficult restorative problem to the practicing dentist 13 The concern about maintaining a
weakened teeth in the dental arch, to preserve function and aesthetics, has led to the
development of alternative techniques, since the quantity of coronal and root dentin that

remains after root canal treatment and post space preparation plays an important role in the

longevity of the tooth and restoration 9.10.14-20 " pentin exhibits considerable plastic
deformation that enables resistance of different angles and degrees of load applied during
normal occlusal function. Tooth fracture occurs when the applied loads exceed the tensile
strength or proportional limit of dentin as capability of dentin for plastic deformation is
decreased 19,

Another choice of post-retained rehabilitation at this type of clinical situation is to
reinforce the flared root canal with composite resin. After this occur the drilling and luting of
a fiber post likewise a nonweakened root situation. This is one of the latest options recently

tested at this scenario, and despite that promizing results can be expected from this type of

intra-radicular treatment 214.16.17.19.20 The selection of the most adequate post system or
technique for each case is the key to the success and longevity of the treatment planned,
although the best approach to restoring teeth with weakened roots remains controversial.
Beyond the characteristics of the remaining dental structure, occlusal forces may play
an important role at survival rate of every tooth and restorative dental treatment. Dentist
should create the ideal occlusion whenever its possible. In this scenario, the maxillary central
incisors, teeths that are also responsible for guiding jaw protrusion movement as well as

seizuring food, should present mild or null occlusal contacts considering maximal intercuspal
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position, and these are located at palatal face between cingulate and palatal concavity 23
However, this often is not the clinical situation observed.

The purpose of the study was to evaluate the fracture resistance of weakened roots,
restored with three different post types, under edge to edge or edge to cingule load, through
mechanical loading and further static load test in a universal machine test till fracture. The
fracture mode was analyzed as well in repairable and nonrepairable. The null hypothesis for
the present study was that the site of occlusal load and the restoration technique (cast post and
core, anatomic post and flared root composite reanatomization) have no influence on the

fracture resistance of the weakened roots tested.

MATERIALS AND METHODS
Selection and preparation of specimens

Seventy-two incisors bovine teeth were used in this experiment. All teeths were
cleaned with a scalpel blade n°. 15 (Lamedid, Barueri, SP, Brazil). After this the teeth were
analyzed with magnifying glasses (4x magnification, EyeMag Pro S, Carl Zeiss, Gottingen,
Germany) in order to detect any possible fracture, fissure or crack that could had
compromised the results of this in vitro study. Then the teeths were stored for 2 hours in
0.12% chlorhexidine digluconate solution (Periogard, Colgate, Sao Bernardo do Campo, SP,
Brazil) for disinfection and subsequently stored in distilled water (Vi Quimica, Esteio, RS,
Brazil) under refrigeration (4°C).

Crowns were removed to obtain 12 mm of root length. Thereafter, the coronal
diameter of the root was measured with a digital caliper (Starrett 727, Starrett Industria e
Comercio Ltda, Itu, Brazil) and only teeths that had values between 6,0 to 7,0 mm width were
included. The root canals could not present a diameter larger than 2,0 mm.

All roots were endodontically treated (11mm of work length), and after 24 hours the
root canals were prepared to a depth of 8,0 mm using a specific drill of a fiber post system
(White Post DC #3 - FGM produtos odontoldgicos, Joinvile, SC, Brazil).

To simulate the periodontal ligament, all roots from the apex to 2,0 mm apical from

the coronal surface were coated with a 0.3-mm-thick layer of wax (NeWWax, Technew, Rio

de Janeiro, RJ, Brazil) that was liquefied in a container at a standardized temperature of 70°C.
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A digital caliper (Starrett 727, Starrett Industria e Comércio Ltda, Itu, SP, Brazil) was used to
measure this procedure.

Subsequently, each root was embedded into a plastic cylinder (height: 15mm,
diameter: 25mm) using the drill of the post system connected to a surveyor (Bio-Art, Bio-Art
equip odonto, S&o Carlos, SP, Brazil), where the long axis was parallel to the cylinder and
perpendicular to the ground. After a chemically activated acrilic resin (VIPI Flash, VIPI,
Pirassununga, SP, Brazil) was prepared and inserted inside the cylinder up to 2,0 mm from the
coronal surface.

After total polymerization of the acrilic resin, the roots were removed from the *’fake
socket’” and both were cleaned to remove the wax. Then an elastomeric material (Impregum
F, 3MEspe, Seefeld, Germany) was prepared and inserted into the ’fake socket’’and the roots
were again repositioned into the same position using the same surveyor.

Now the root canals were flared using a diamond bur #4138 (KG Sorensen, Cotia, SP,
Brazil), under water irrigation, according to a schematic representation (Figure 1), and
constantly checked using a digital caliper (Starrett 727, Starrett Inddstria e Comércio Ltda,
Itu, SP, Brazil).
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Figure 1: Schematic representation of specimens after preparation.

At this time specimens were divided into six groups (n=12) according to the
restorative approach and the load place (Table 1). Randomization was accomplished by
numbering the specimens from 1 to 72, and six random sequences of 12 numbers were
generated by the computer program Random Allocator (developed by M. Saghaei,

Department of Anesthesia, Isfahan University of Medical Sciences, Isfahan, Iran).
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Root Restorative strategies
Cast Post and Core (CPC group)

Patterns of the intracanal post space and core were made with prefabricated plastic pin
(Pinjet, Angelus, Londrina, PR, Brazil) and acrylic resin (Dencrilay, Pirassununga, SP,
Brazil). The cores had their dimensions standardized by using plastic matrices. To ensure an
adequate shape of the coronary portion finishing burs were used (#4138FF and #3118 FF -
KG Sorensen, Cotia, SP, Brazil) to respect a proper inclination for a fixed unit prosthesis in a
permanent upper central incisor.

After this, the casting procedure, as recommended by the manufacturer (Wironia
Light, Wilcos, Petropolis, RJ, Brazil), proceeded.

The posts were blasted with aluminum oxide particles (125 pum, pressure: 2.8 bars, 10
mm distance for 15 seconds). The cementation protocol was: root dentin conditioning with
37% phosphoric acid (Condac 37, FGM produtos odontologicos, Joinvile, SC, Brazil) for 15
seconds; water wash for 15 seconds; light air drying of the root and the excess water removed
with #80 paper point (Tanari, Manacapuru, AM, Brazil); light cured self-etch adhesive agent
(Ambar Universal, FGM produtos odontologicos, Joinville, SC, Brazil) application with a
disposable device (Cavibrush longo, FGM produtos odontologicos, Joinvile, SC, Brazil),
followed by removing any adhesive excess with paper points #80 (Tanari, Manacapuru, AM,
Brazil) and further light curing for 40 seconds (Kavo do Brasil Ind, Joinville, SC, Brazil —
1100 Mw/cm2); insertion of the dual cured cement (AllCem, FGM produtos odontologicos,
Joinvile, SC, Brazil) into the root canal with mixing applicator tips followed by insertion of
the post, removing cement excess with an exploratory probe and photo activation for 40
seconds at each face of the post. After 10 minutes (time for total cure of the cement), the

specimens were stored again.
Anatomic Post (AP group)

The following procedures were performed: fiber posts (White Post DC#3, FGM,
Joinville, Brazil) were positioned into the root canal and sectioned using a diamond bur #4138
(KG Sorensen, Cotia, SP, Brazil), under water irrigation, maintaining a tip with 3,0 mm of

coronary portion; light air drying of the root canals and the excess water removed with #80

paper point (Tanari, Manacapuru, AM, Brazil); the fiber posts were cleaned with alcohol 70°
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and further surface silanization (Prosil, FGM produtos odontologicos, Joinville, SC, Brazil)
occured, according to manufacturer’s instructions; at root walls was applied a water-soluble
lubricant gel (K-Med gel, Cimed ind. Medicamentos Itda, Sdo Paulo, SP, Brazil) to avoid
composite resin bonding to the root with a disposable device (Cavibrush longo, FGM
produtos odontologicos, Joinvile, SC, Brazil); then the composite resin (Oppalis, FGM
produtos odontologicos, Joinvile, SC, Brazil) was introduced into the root canal, the post
positioned and the resin light cured for 20 seconds; the post/composite resin structure was
removed from the teeth, and light cured for more 40 seconds, and reinserted again to verify
the correct adaptation.

The protocol for surface treatment of the assembly was: post/composite resin structure
conditioning with 37% phosphoric acid (Condac 37, FGM produtos odontologicos, Joinvile,
SC, Brazil) for 60 seconds; water wash for 60 seconds; air drying; silanization (Prosil, FGM
produtos odontologicos, Joinville, SC, Brazil), according to manufacturer’s instructions, with
further application of a light cured self-etch adhesive agent (Ambar Universal, FGM produtos
odontologicos, Joinville, SC, Brazil) with a disposable device (Cavibrush regular, FGM
produtos odontologicos, Joinvile, SC, Brazil), and subsequently light curing for 40 seconds
(Kavo do Brasil Ind, Joinville, SC, Brazil — 1100 Mw/cm2).

After intracanal root dentin treatment and post/composite cementation, like CPC
group, the core construction was performed with composite resin (Opallis, FGM Dental
Products, Joinville, Brazil) using standardized plastic matrices like Grl e Gr2. The resin was
inserted into the matrix, which was positioned over the post and light cured for 20 seconds on
each face. After this and after removing the matrix, finishing burs were used, like CPC group,

to ensure an adequate shape of the coronary portion.

Flared root composite reanatomization (RC group)

The following procedures were performed: fiber posts (White Post DC#3, FGM,
Joinville, Brazil) were positioned into the root canal and sectioned using a diamond bur #4138
(KG Sorensen, Cotia, SP, Brazil), under water irrigation, maintaining a tip with 3,0 mm of
coronary portion; root dentin weakened site conditioned with 37% phosphoric acid (Condac
37, FGM produtos odontologicos, Joinvile, SC, Brazil) for 15 seconds; water wash for 15
seconds; light air drying of the root canals and the excess water removed with #80 paper point
(Tanari, Manacapuru, AM, Brazil); light cured self-etch adhesive (Ambar Universal, FGM,

Joinville, Brazil) applied at the weakened part of the root with a disposable device (Cavibrush
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regular, FGM produtos odontolégicos, Joinville, SC, Brazil) and light curing for 20 seconds;
after that a water-soluble lubricant gel (K-Med gel, Cimed ind. Medicamentos Itda, So Paulo,
SP, Brazil) was applied at post surface with a disposable device (Cavibrush regular, FGM
produtos odontologicos, Joinvile, SC, Brazil), then the post surface was placed into the root
canal; a bulk fill composite resin (Opus bulk fill APS, FGM produtos odontologicos, Joiville,
SC, Brazil) was introduced at the weakening part of the root and light curing occured for 40
seconds; then the post was removed and the root canal water washed for 30 seconds; the fiber

posts were cleaned with alcohol 70° with subsequently surface silanization (Prosil, FGM
produtos odontologicos, Joinville, SC, Brazil), according to manufacturer’s instructions; at
this time the root canal was again drilled by the specific drill of the system (White Post DC
#3, FGM produtos odontologicos, Joinville, SC, Brazil).

The intracanal root dentin treatment, cementation and core-built procedures proceeded

like wise AP group.
Preparation and Cementation of the Metal Crowns

Seventy-two metal crowns were fabricated according to the anatomy of an upper
central incisor, height: 10 mm and mesiodistal diameter: 9mm. Each specimen was molded
with addition silicone impression material (Futura, NovaDFL, Rio de Janeiro, RJ, Brazil),
according to manufacturer’s instructions, and a master die was obtained with special dye
gypsum type IV (Durone, Dentsply, Petropolis, SP, Brazil). On all gypsum models was
applied a die spacer (Talmax, Curitiba, PR, Brazil) on the prosthetic preparation, with further
isolation (Die isolator, Kota, Cotia, SP, Brazil), and subsequently crown wax using
standardized upper central incisor templates. After removed the matrix, a better marginal
adaptation for each crown was made with a 3S hollenback spatula (Fava, Sdo Paulo, SP,
Brazil) with further wax addition, if necessary. Then, the casting procedure (Wironia Light,
Wilcos, Petropolis, RJ, Brazil) of all crowns, as recommended by the manufacturer, occured.
The crowns were internally blasted with aluminum oxide particles (125 pm, pressure: 2.8
bars, 10 mm distance, and 15 seconds). The cementation procedure of the crowns was
performed with the following steps: prosthetic space conditioning using 37% phosphoric acid
(Condac 37, FGM produtos odontologicos, Joinvile, SC, Brazil) for 20 seconds; water wash
for 20 seconds; air drying; light cured self-etch adhesive (Ambar Universal, FGM, Joinville,
SC, Brazil) with a disposable device (Cavibrush regular, FGM produtos odontologicos,

Joinvile, SC, Brazil) and subsequently light curing for 40 seconds (Kavo do Brasil Ind,
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Joinville, SC, Brazil — 1100 Mw/cm2); then the application of the dual cured cement
(AllCem, FGM produtos odontologicos, Joinvile, SC, Brazil) into the crown with mixing
applicator tips and subsequently insertion at prosthetic space; after removing cement excess
with an exploratory probe, light curing for 40 seconds at each face of the crown occured, as
well as waiting for 10 minutes to total cure of the cement before store the specimens again.
After the crown cementation specimens were alocated to the groups, in accordance to the type
of restorative strategy and location of applied load (Table 1).

Aging and Fracture load test

All specimens were submitted to 1.200.000 mechanical cycles (Erios ER- 37000,
ERIOS, Sao Paulo, SP, Brazil) following the protocol: 45° to the long axis of the tooth, 100 N
of load, £37° C and 4 Hz of frequency. The load were applied using a stainless steel piston
that applied a load at the cingule (Figure 2) or at incisal edge (Figure 3). Specimens were
analyzed after the cycle and before static test to avoid that any crack or little fracture at the

root could influence the results of this study.

Figure 2: Specimens immersed in water at +37°C under cingule load



37

Figure 3: Specimens immersed in water at +37°C under edge to edge load

After aging specimens were submitted to load to fracture test in a universal testing
machine (EMIC DL100, S&o Jose dos Pinhas, PR, Brazil), at 45° with a cross head speed of 1
mm/min. To each group the load was applied in the same region of aging, in a point of 1 mm?,
using a satinless steel piston. The value of fracture resistance (N) of each specimen was

defined as the highest value observed durgin test.
Failure Mode

The evaluation of the failure was performed with magnifying glasses (4x
magnification, EyeMag Pro S, Carl Zeiss, Gottingen, Germany). Each specimen was
classified as repairable (decimentation, post fracture or any root fracture at cervical third

above periodontal ligament) or nonrepairable failure (fracture below periodontal ligament).
Statistical analysis

The findings were recorded and subjected to suitable statistical analysis using
Statistical Package for the Social Sciences (SPSS) software version 15.0.

First of all, Shapiro-wilks normality test were used considering p>0,05. To compare
only load site in each post group (fracture strength load), when data was considered normal
the paired t-test was used, and when data deviate from a normal distribution the non-
parametric test of Wilcoxon was used. To compare all type of posts according to the load site
of the specimen (fracture strength load), when data was considered normal the One-way

Anova test was used, and when data had not a normal distribution the Kruskal-Wallis test was
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used.

In order to verify the relationship between the load site and failure mode a bivariate
analysis was used through chi-square test for association. When chi-square test was not
appropriate because of data distribution, the Fisher’s exact test at 2 x 2 table was used.

RESULTS

When compared the site of load in each post group, cingule load generated statistically
higher values in comparison to edge to edge load, independent of the restoration strategy
(Table 2). Cast post and core group had statistical higher mean values of fracture strength
when compared to the two other groups, at both load sites (Table 3). When comparing only
failure mode (repairable or nonrepairable) in each post group there is no significant difference
(p>0,05) between cingule and edge to edge (Table 4). On the other hand, there was statistical
differences comparing the mode of failure of the three restorative strategies (Table 5), with
AP and RC group showing more reparable fractures (Figure 4) while CPC group showed

more nonreparable fractures (Figure 5).

Figure 4: Figure showing repairable fractures: (A) dislodgment of crown; (B) resin post core fracture.
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Figure 5: Figure showing nonrepairable fracture: (A) root fracture below periodontal ligament in a specimen of CPC group
under cingule load; (B) root fracture below periodontal ligament in a specimen of CPC group under edge to edge load

DISCUSSION

Considering the results obtained for the present study the null hypothesis that
considered that the site of occlusal load and the restoration technique (cast post and core,
anatomic post and flared root composite reanatomization) would had no influence on the
fracture resistance of the weakened roots tested was rejected. The cast post and core group
promoted higher mean values of fracture load at weakened roots and higher levels of

unfavorable fractures for both type of loads. This is in accordance with researchs that

investigate the cingule load 4.6-10 There is no data to compare edge to edge load at weakened
roots since this research is the first one to investigate (in vitro study) this scenario.
Nevertheless the other groups promoted more repairable fractures for both type of loads and

an average fracture strength when tested at cingule load, also in accordance with other studies

5-10,19.20.22 \\/hen evaluating the site of occlusal load all posts presented a higher mean
fracture strength at cingule load compared to edge to edge load.

Different methodologies concerning the method of reconstruction protocol at flared

root composite reanatomization group®1416:17.19.20 exist This in vitro study was the first one
to use bulk fill composite resin of high-viscosity to fill weakened roots. Bulk fill composite
resins are classified into high-viscosity and low-viscosity (flowable) materials. High-viscosity
bulk fill composites include greater amounts of filler particles compared to low-viscosity bulk
fill composites. As a result, the flowable composite resins exhibit better adaptation on the
cavity walls but present greater polymerization shrinkage and lower mechanical properties.

Although bulk fill composites are generally more translucent, the practitioner has to follow
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the manufacturer's recommendations on curing technique and maximum incremental
thickness 23. Reis AF, et al. concluded that bulk fill composite resins are properly cured in 4

mm of cavity depth, measured by depth of cure and /or degree of conversion 2430, using a
bulk fill resin composite of high-viscosity in this in vitro study might be the best solution for
this group since our flaring protocol was no further than 3 mm. Although difficulties in
providing an adequate curing at deepest regions of the canal wall affecting material properties
and its bonding to adhesive layer (lower bond strength) was reported in other study 7 This
also might be related to the weakening protocol that was deeper and by the use of a
conventional composite resin with low-viscosity.

The latest options recently tested at this scenario, RC group, has demonstrated
promising results when compared to AP group restoring flared roots. This group showed

intermediate performance to fracture resistance and these values were not statistically

different from anatomical post 1719, like the results obtained in the present research. Even
though demonstrated lower bond strength, when tested through push-out test, comparing to

anatomic post 17

. It might be too early to make any statement, however according to the
results obtained in this in vitro study and the others a suitable option of intraradicular
treatment is available to use.

Considering the roots reconstructed with AP group it’s probable that the accurate
adaptation and retention to the flared canal walls provided by the relining of the fiber posts
with composite resin (thus reducing the cement thickness around the post) is an important
factor in obtaining acceptable mechanical performance. In other research, under different

levels of compromised root, also showed no statistical difference between the flared roots,

mostly because of the adesive bonding and the modulus of elasticity similar to dentin 25
When analyzed through finite element analysis showed homogeneous stress distribution to the
dentine external surface compared to cast metal posts that demonstrated elevated stress levels

in the root canal regardless the presence of ferrule, also been suggested to avoid the use in

weakened roots 2L This is also in accordance with this research when considering the
percentage of repairable fractures at AP group.

Both techniques, anatomic post and flared root composite reanatomization specimens,
are not easy to perform and require more clinical time-consuming when compared to the use
of conventional fiber post cementation.

Considering the mechanism of root fracture, this event might be induced due to the

wedging effect of a loose post within a root canal as a result of adhesion failure between root
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canal dentin and resin cements '°. The stress accumulated in the post is transferred by the
dentin to the outer surface of the tooth. In case of a thin dentinal wall, the load required to

initiate tooth fracture is minimized 1°. The fracture part of post-and-core with low elastic
modulus is closer to the root neck which is favorable for re-restoration, while the post-and-

core with high elastic modulus can transfer the occlusion stress directly and the broken parts

mostly occur in the middle and the tip of the roots 25.

Because of the much higher elastic modulus of cast post and core, when the root
bending deformation occurs under occlusal stress, the post cannot deform synchronously and
wedge stress appears at the tip of the post, and the force zone changes from surface contact to
point contact. The huge elastic modulus difference between the metal post and dentin will
make the root reach the peak value of stress instantaneously when the post is subjected to an

excessive impact load, resulting in irreparable root fracture 21 This is in accordance with this
study because there were more nonrepairable fractures at CPC group.
The resulting flared root canals have thin dentin walls, leaving them too weak to

withstand normal masticatory forces and hence susceptible to fractures %10:14-20 High stress
areas are concentrated at the buccal side and in the cervical region of the root. This

observation can be critical in the weakened teeth due to dentinal loss in the coronal third and
to choose the more suitable intracanal retainer 28. Roots with an adequate amount of

remaining dental structure can be restored using any evaluated intracanal post system 10,

Although the maximal physiological forces acting on the upper central incisor teeth in

the oral cavity is 146,17 N (mean values at men group) 29 these forces are lower than the
most groups tested (mean values) in the present study, with exception of G4 and G6, that
present simmilarity in fracture strength values. This suggests that the physiological forces can
influence mainly in groups that have edge to edge load perfomed with fiber post
reconstruction. It also indicates that further attention the clinician should have about this at the
time of choosing a strategie of post reconstruction.

When a force is exerted on a rigid object pivoted about an axis, the object tends to
rotate about that axis. Its magnitude is defined by the expression (F.d), where F is the force

applied and d is the distance measured from the axis of rotation to where the linear force is

applied 30, Considering this in vitro study, lower levels of forces will be necessary to rotate an
object (or produce a fracture), the higher is the distance from the axis. This in accordance with

this study since the specimens that had an edge to edge load presented lower fracture strength
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than the specimes loaded at cingule.
The use of bovine teeth to in vitro researchs has been widely used and is considered an
alternative to the use of human teeth because of the similarity between the mineralized and

demineralized dentine matrix of human and bovine teeth 18,

It is known that in the oral environment, dental reconstructions usually fail due to
damage caused by cumulative effects such as fatigue, which differs from what occurs in
monotonic tests that apply a unique static load until a specimen fails. For that reason, aging by
means of mechanical cycling is a method of evaluating the behavior of different restorative

systems by approximately simulating actual clinical conditions ' This procedure promotes
statistical difference in fracture stregth values likewise the abscence of periodontal ligament,

other aging protocol 5and presence of ferrule 31 (@ minimum of 1 to 2 mm of remaining tooth
structure coronal at the finishing line) that can produce higher values of fracture strength.
While indicate the best alternative to use nowadays when a clinical situation of a
weakened root is not avalaible, mechanical tests simulating intraoral conditions are important
tools for evaluating restorative materials and techniques. Different values can be expected in
fracture strength mostly because there are methodological diferences at in vitro analysis
researchs [type of tooth, tooth characteristics (length and width), flaring padronization,
presence or abscence of mechanical cycling, aging protocols, presence or abscence of crown,

crown material, presence or abscence of ferrule, presence or abscence of periodontal

ligament]. Variability in results is directly related to study design and methodologies used °.
Static tests are still important for assessing the maximum load required for rupture of a
specimen. Most articles use the fracture resistance test to assess and compare the behavior of
different posts facing this challenging and sensitive scenario that is the flared root. The
present study was an in vitro investigation that could not fully replicate the oral conditions
which was considered a limitation of this study. However, care should be taken when
extrapolating the results of laboratory studies to the clinical situation. Clinical extrapolation of
the results must be done prudently, since not all conditions of the oral environment can be
simulated. Clinically, the forces generated by masticatory activities occur in several directions
instead of a single direction, as performed in the in vitro compressive fracture strengthtests.
Future studies focusing on in vivo results among large number of sample group should
be taken up to better evaluate the best type of post in this specific clinical situation.
Unfortunatelly a difficult scenario can be expected to compare different reconstruction

protocols in vivo mainly because of the sample padronization making all process more slow,
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laborious and possibly with higher costs.

CONCLUSION

According to this in vitro research, the influence of occlusion can be considered as one
more factor in the whole analysis prior to choose the best clinical choice in reconstruction
protocol when facing a flared root. Weakened roots at incisors presenting edge to edge load
produce higher risk of fracture in comparison to incisors presenting cingule load. When
comparing the posts, it can be concluded that despite cast post and core had higher fracture
strength values, the anatomic post and the flared root composite reanatomization techniques
are better options considering the average fracture strength values produced that are still
higher than the phisiological forces produced at cingule load and also because of the

incidence of more repairable fractures.
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TABLES

Table 1 - Experimental design of the in vitro study
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Post Load Group (n=12)
Cast Post and core Cingule Grl
Edge to edge Gr2
Anatomic post Cingule Gr3
Edge to dge Gr4
Flared root composite Cingule Gr5
Reanatomization Edge to edge Gr6

Table 2 - Load to fracture Values (Newtons) comparing the influence of the site of load for

each restorative strategy

Mean (standard

Post Load deviation) P (a<0.05)
Cingule 534,70 (143,6) N
Cast post and core Edge to edge 273,39 (66,6) 0,002
. Cingule 237,34 (81,1)
Anatomic post

Edge to edge 152,55 (40,28) 0,017**

F'arr::n;‘t’g:ncig;“t?oo:'te Cingule 241,84 (64,4)
Edge to edge 141,88 (30,02) 0,001**

* Wilcoxon Signed Ranks Test **: Paired t-test

Table 3 - Mean of Load to fracture Values and Standard Deviation (SD) comparing the
influence of the restorative strategy for each site of load

Load Post
P
Cast post and core Anatomic post Flared root
composite
reanatomization
Cingule 534 70(143,6) 237,34(81,1) ° 241,84(64.4) <0,0011
eEc(ijg: 0 273,39(66,6)° 152,55(40,28) 141,88(30,02)° <0,001%

1 2

: Kruskall-wallis test; <: One-way Anova test



Table 4 - Failure mode in each post group

Post

Load

Group (n=12) P

Cast post and core

Cingule

Grl
Repairable =5 (41,6%)
Nonrepairable= 7 (58,4%)

Edge to edge

Gr2 1
. 0,414
Repairable = 7 (58,4%)

Nonrepairable = 5 (41,6%)

Anatomic post

Cingule

Gr3
Repairable = 11 (91,6%)
Nonrepairable = 1 (8,33%)

Edge to edge

Gr4 2
. 0,500
Repairable = 12 (100%)

Nonrepairable = 0 (0%)

Flared root composite
Reanatomization

Cingule

Gr5
Repairable = 12 (100%)
Nonrepairable = 0 (0%)

Edge to edge

Gré 2
0,500
Repairable = 11 (91,6%)

Nonrepairable = 1 (8,33%)

1

Table 5 - Failure mode comparing the post groups and its relationship considering cingule and

edge to edge load

: Chi-square test; 2: Fisher’s exact test

Failure mode Post P
Cast post and core Anatomic post
Nonrepairable 12(50,0%) 1(4,2%)
1
Repairable 12(50,0%) 23(95,8%) <0,001
Cast post and core Flared root
composite
reanatomization
Nonrepairable 12(50,0%) 1(4,2%)
1
Repairable 12(50,0%) 23(95,8%) <0,001
Anatomic post Flared root
composite
Reanatomization
Nonrepairable 1(4,2%) 1(4,2%)
2
Repairable 23(95,8%) 23(95,8%) 0,755

1: Chi-square test; 2: Fisher’s exact test
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LEGENDS

Figure 1: Schematic representation of specimens after preparation

Figure 2: Specimens immersed in water at +37°C under cingule load

Figure 3: Specimens immersed in water at +37°C under edge to edge load

Figure 4: Figure showing repairable fractures: (A) dislodgment of crown; (B) resin post core

fracture

Figure 5: Figure showing nonrepairable fracture: (A) root fracture below periodontal ligament
in a specimen of CPC group under cingule load; (B) root fracture below periodontal ligament

in a specimen of CPC group under edge to edge load



5. Consideragdes Finais

Tendo em vista os resultados apresentados no presente trabalho, pode-se
concluir que as estratégias restauradoras de raizes fragilizadas com pino de fibra e
através da técnica de reanatomizacdo geraram valores médios maiores aos
observados em boca além de padrdes de falha reparaveis. Além disso, observamos
gue dentes com padréo oclusal topo-a-topo apresentam chance de fraturar com
menor valor de carga, o que faz com que devamos ter maior atencdo dos mesmos

apos realizacdo do procedimento restaurador.
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