UNIVERSIDADE FEDERAL DE SANTA MARIA
CENTRO DE CIENCIAS DA SAUDE
PROGRAMA DE POS-GRADUACAO EM CIENCIAS ODONTOLOGICAS

Raquel Menezes da Rosa

ANALISE DE RESISTENCIA A FRATURA DOS DENTES TRATADOS
ENDODONTICAMENTE RESTAURADOS COM PINOS USINADOS
COMPARADOS A OUTROS RETENTORES INTRARRADICULARES

Santa Maria, RS
2021



Raquel Menezes da Rosa

ANALISE DE RESISTENCIA A FRATURA DOS DENTES TRATADOS
ENDODONTICAMENTE RESTAURADOS COM PINOS USINADOS
COMPARADOS A OUTROS RETENTORES INTRARRADICULARES

Dissertagdo apresentada ao Curso de Mestrado
do Programa de Pds-Graduacao em Ciéncias
Odontologicas, area de concentracdo em
Odontologia, énfase em Protese Dentaria, da
Universidade Federal de Santa Maria (UFSM,
RS), como requisito parcial para a obtengdo do
grau de Mestre em Ciéncias Odontologicas

Orientador: Prof. Dr°. Osvaldo Bazzan Kaizer
Coorientador: Prof. Dr°. Vinicius Felipe Wandscher

Santa Maria, RS
2021



This study was financied in part by the Coordenagdo de Aperfeicoamento de
Pessoal de Nivel Superior - Brasil (CAPES) — Finance Code 001

Rosa, Raquel

ANALISE DE RESISTENCIA A FRATURA DOS DENTES TRATADOS
ENDODONTICAMENTE RESTAURADOS COM PINOS USINADOS
COMPARADOS A OUTROS RETENTORES INTRARRADICULARES /
Raquel Rosa.- 2021.

41 p.; 30 cm

Orientador: Osvaldo Bazzan Kaizer

Coorientador: Vinicius Felipe Wandscher

Dissertagao (mestrado) - Universidade Federal de Santa
Maria, Centro de Ciéncias da Salde, Programa de Pés
Graduagao em Ciéncias Odontolégicas, RS, 2021

1. Retentores intrarradiculares 2. Pinos usinados 3.
Tecnologia CAD/CAM 4. Resisténcia a fratura 5. Pinos pré
fabricados I. Bazzan Kaizer, Osvaldo II. Wandscher,
Vinicius Felipe III. Titulo.

Sistema de geragdo automatica de ficha catalografica da UFSM. Dados fornecidos pelo
autor(a). Sob supervisdo da Diregdo da Divisdo de Processos Técnicos da Biblioteca
Central. Bibliotecaria responsavel Paula Schoenfeldt Patta CRB 10/1728.

Declaro, RAQUEL ROSA, para os devidos fins e sob as penas da lei, que
a pesquisa constante neste trabalho de conclusdao de curso (Dissertagao)
foi por mim elaborada e que as informagdes necessarias objeto de
consulta em literatura e outras fontes estdo devidamente referenciadas.
Declaro, ainda, que este trabalho ou parte dele nao foi apresentado
anteriormente para obtengdo de qualquer outro grau académico, estando
ciente de que a inveracidade da presente declaragdo poderd resultar na
anulacdao da titulagdo pela Universidade, entre outras consequéncias
legais.



Raquel Menezes da Rosa

ANALISE DE RESISTENCIA A FRATURA DOS DENTES TRATADOS
ENDODONTICAMENTE RESTAURADOS COM PINOS USINADOS
COMPARADOS A OUTROS RETENTORES INTRARRADICULARES

Dissertagdo apresentada ao Curso de Mestrado
do Programa de Pds-Graduacdo em Ciéncias
Odontologicas, area de concentragdo em
Odontologia, énfase em Protese Dentaria, da
Universidade Federal de Santa Maria (UFSM,
RS), como requisito parcial para a obten¢ao do
grau de Mestre em Ciéncias Odontologicas

Aprovado em 23 de dezembro de 2021

A Y
;J’}rn\i& B&v‘f)/]"/v\ Y\T\»f_v }) N

Osvaldo Bazzan Kaizer, Dr. (UFSM)
(Orientador / Presidente)

\Y)qvo cvo &Z&QQ

Marciano de Freitas Borges, Dr. (UFN)

L Ellate

Andress¥ Cargnelutti Follak Miotti, Dr®. (UFSM)

Santa Maria, RS
2021



AGRADECIMENTOS

Ao longo desta trajetdria tive a oportunidade desfrutar momentos especiais de grande
alegria e de crescimento, assim como momentos dificeis, onde o medo e a inseguranca se
fizeram presentes, mas também pude encontrar pessoas incriveis as quais me estenderam a mao
e caminharam ao meu lado para que eu pudesse concluir mais uma etapa em minha vida... Ha
voceés expresso minha sincera gratidao...

A Deus, por ter escutado as minhas preces e ter me fortalecido diante de momentos em
que a duvida se fez presente se esse era o caminho certo a percorrer, pois diante de toda a dor e
saudade do meu amado pai, tu foste o meu amparo e a minha fortaleza, obrigada Senhor...

Aos meus pais, Wilson Menezes da Rosa (in memoriam) ¢ Elsa Menezes da Rosa, por
transmitirem os principios mais genuinos do amor, dignidade e respeito, construindo a base da
minha vida pessoal e profissional, principalmente demonstrando a cada dia toda a coragem para
lutar diante das batalhas mais arduas, sem perder a dogura no olhar € o sorriso mais terno.
Obrigada por serem o meu refiigio e apoio frente as minhas escolhas.

Ao meu irmao, e ao meu cunhado, obrigada pela cumplicidade e amizade, por sempre
se fazerem presentes e compartilharem comigo todos os momentos de alegrias e tristezas.

Ao meu noivo, Valdem Junior, que sempre esteve ao meu lado, até¢ quando a odontologia
era apenas um sonho distante, tu me fizeste acreditar que seria possivel € nao mediste esforcos
para que eu pudesse chegar até aqui, saibas que essa conquista também ¢ tua, pois
compartilhaste comigo todos os momentos de alegria e de incertezas, obrigada meu amor, por
ser tdo especial.

Ao meu orientador, Prof. Dr. Osvaldo Bazzan Kaizer, agradeco a oportunidade de
desenvolver esta dissertagdo, por compartilhares comigo todos os ensinamentos teéricos e
praticos nas clinicas da graduacdo juntamente com os alunos e demais colegas, tornando as
nossas aulas enriquecedoras.

Ao meu Co-orientador, Prof. Dr. Vinicius Felipe Wandscher por todo o apoio e
contribui¢cdo no decorrer da minha formagdo académica durante as aulas na graduacdo, bem
como a experiéncia pratica junto as monitorias agregando ao meu crescimento pessoal e
profissional. Muito obrigada pela confianca desde o projeto e a realizagdo do presente trabalho
de dissertagao.

Aos colegas de mestrado, por todo apoio, em especial ao Helder Callegaro Velho, que
esteve presente durante todo o meu processo de aprendizado, sou muito grata por todo o apoio

e grande amizade na constru¢cdo do presente trabalho, pela parceria durante os seminarios e



apresentacdes, sempre disposto a ajudar, a escutar e compartilhar o conhecimento, saibas que
tenho grande admiragdo pela pessoa que €s e ndo tenho davidas que logo colheras os frutos
merecidos do teu trabalho, obrigada por todos os momentos de descontracao com um bom café
no laboratoério, pela tua sensibilidade e carinho.

Estendo a minha gratiddo aos demais colegas: Eduardo Oliveira, por todas as caronas e
os trabalhos em sala de aula, as meninas Anna Luiza Cruz e Rafaela Varallo, pelo nosso vinculo
de amizade, ao colega Lucas Saldanha pela disponibilidade e atengao durante a fase laboratorial
e revisao da presente dissertacdo, bem como a apresentagao do trabalho, muito obrigada.

A Michele May e Carolina Druck, obrigada pelo incentivo desde a graduagao, por todos
os ensinamentos e principalmente por todo o carinho e amizade.

A Thais Bohrer e Patricia Fontana, pelo apoio durante esta trajetoria bem como a doagao
dos materiais, estendo o meu carinho as colegas da Inicia¢do Cientifica pela disponibilidade
junto ao laboratorio na execu¢do do presente trabalho, Ana Luisa Gauger e Andrieli Righi,
muito obrigada.

A Simone Lima e a Jéssica Dalcin, pelo auxilio, disponibilidade e gentileza, na demanda
burocratica e as atividades relacionadas ao laboratorio de biomateriais e a PPGCO, muito
obrigada.

Ao Prof. Dr. Luiz Felipe Valandro, pela gentileza e disponibilidade durante o
agendamento da Instron para a execucao do presente trabalho.

Aos professores da Pos-Graduagdao em Ciéncias Odontologicas (PPGCO) por todas as
aulas e desafios propostos os quais colaboraram para o meu crescimento ministrando as aulas
teoricas e praticas aos alunos da graduagdo ao lado dos professores da Disciplina de Protese
Total.

Em especial ao Prof. Dr. Claudio Figueir6, pela confianca em mim depositada para
desenvolver a atividade voluntéria profissional com os alunos da graduacao, proporcionando
grande crescimento na minha formagdo pessoal, profissional, ¢ incentivo para ingressar no
mestrado com a construgdo do presente trabalho e contribuicdo durante o Exame de
Qualificacao.

Agradego também ao Professor Marciano Borges por todo apoio ao longo da minha
formacdo académica, saibas que tenho grande admira¢do e carinho, obrigada pela
disponibilidade e apreciagdo durante o Exame de Qualificacdo e Defesa.

Aos membros que compdem a banca examinadora, Prof.* Dr* Andressa Follak Miotti e

Prof.* Dr* Sara Fraga, pelo aceite, disponibilidade e apreciacdo do presente trabalho.



A Universidade Federal de Santa Maria, por me proporcionar um ensino publico e de
qualidade durante o mestrado.

A CAPES, por fomentar o presente trabalho durante o meu ingresso na pos-graduagio
como bolsista.

A empresa Angelus pela doacdo de material para o desenvolvimento da presente
pesquisa.

Ao Laboratério Vitasul, pela parceria, muito obrigada.

A Universidade Franciscana, pela minha formaco académica com ensino superior de
qualidade, bem como todos os professores do curso de Odontologia manifesto a minha imensa
gratidao.

A Clarissa Montagner, pelo apoio ¢ amizade na realizagio do presente trabalho,
dividindo comigo a tarefa de cuidados durante a minha recuperacdo da Covid-19 e também com
0 meu pai no momento em que mais precisei me ausentar para a realiza¢ao do presente trabalho
na fase laboratorial, muito obrigada.

A Claudia Trindade pela sessdo de fotos laboratoriais, na fase inicial do presente
trabalho, muito obrigada.

A Rosecleia Machado, por todo o carinho e atengdo, me acalmando nos momentos de
maior fragilidade, se fazendo presente diariamente como um anjo em minha vida, muito
obrigada.

Enfim, agradeco a todas as pessoas que estiveram comigo nesta jornada e de alguma
forma se fizeram presentes, me ouvindo, aconselhando e torcendo por mim durante a execugao
desta pesquisa, mesmo que nao citado, saibas da minha gratiddo, pois sozinhos nada somos e

nada realizamos. Muito Obrigada.



RESUMO

ANALISE DE RESISTENCIA A FRATURA DOS DENTES TRATADOS
ENDODONTICAMENTE RESTAURADOS COM PINOS USINADOS
COMPARADOS A OUTROS RETENTORES INTRARRADICULARES

AUTOR: Raquel Menezes da Rosa
ORIENTADOR: Osvaldo Bazzan Kaizer
COORIENTADOR: Vinicius Felipe Wandscher

A utilizacdo de blocos/discos de compositos a base de fibra de vidro e resina epdxi para
fresagem para a tecnologia assistida por computador - CAD/CAM possibilita a confec¢dao de
retentores intrarradiculares usinados, altamente individualizados as paredes radiculares,
visando suprir requisitos bioldgicos, funcionais e estéticos, otimizando o tempo clinico. No
entanto, ndo ha estudos consolidados comparando este material aos ja existentes no mercado,
justificando a necessidade desta pesquisa. A presente dissertagdo busca avaliar a resisténcia a
fratura e 0o modo de falha do pino intrarradicular usinado pelo sistema CAD/CAM, comparando
a outros retentores intrarradiculares, apds ciclagem mecanica. Para o estudo, foram
selecionados 75 incisivos bovinos higidos, onde a por¢do coronaria foi seccionada em 16mm,
pradronizando assim as raizes. Todos os espécimes foram tratados endodonticamente e
obturados com cimento endoddntico a base de resina epoxica, foram randomizados e
distribuidos em cinco grupos (n=15) conforme o tipo de retentor intrarradicular: NMF - nucleo
metalico fundido; PF — pino de fibra de vidro; PA — pino anatdémico; PFA - pino de fibra de
vidro associado a pinos acessorios € PFU - pino usinado CAD/CAM. Na sequéncia, o espago
para o pino foi preparado em 12mm de profundidade, com sonda reta aquecida e com a broca
indicada para o pino utilizado em cada grupo. A seguir, os canais foram fragilizados com a
ponta diamantada #4137, para simular raizes fragilizadas (com canais alargados e paredes
finas). Os retentores foram cimentados com cimento resinoso autoadesivo, receberam coroas
metalicas e o ligamento periodontal foi simulado com o uso de material elastomérico. Os corpos
de prova foram submetidos a ciclagem mecanica em equipamento de fadiga (Instron Electropuls
E3000, Instron, Norwood, MA - USA) com o seguinte protocolo: 15Hz de frequéncia, 8ON de
carga, 37°C de temperatura e 100.000 ciclos. Os espécimes que sobreviveram a ciclagem
mecanica foram submetidos ao teste de resisténcia a fratura em maquina de ensaios universal
(DL 2000, Emic, Sao José dos Pinhais, Brasil), a velocidade de 0,5mm/min e a 45° de inclinagao
até a falha. Verificada a normalidade dos dados, foram realizadas analise de varidncia de um
fator (Oneway ANOVA) e teste post hoc de Tukey (p=0,05). O grupo com ntcleo metélico
fundido apresentou valores de resisténcia a fratura superiores aos demais grupo (p<0,05), que
ndo apresentaram diferengas significativas entre si (p>0,05). Assim ¢ possivel concluir que
pinos usinados CAD/CAM apresentam valores de resisténcia a fratura semelhante ao pino de
fibra de vidro, pino anatdomico e ao pino de fibra de vidro associado a pinos acessorios, sendo
esses menos resistentes a fratura que nucleos metalicos fundidos. No entanto, todos os grupos
apresentaram falhas desfavoraveis, com fraturas abaixo da linha cemento-esmalte na grande
maioria dos espécimes.

Palavras-chave: Retentores intrarradiculares. Pinos usinados. Tecnologia CAD/CAM.
Resisténcia a fratura. Pinos pré-fabricados.



ABSTRACT

FRACTURE RESISTANCE ANALYSIS OF ENDODONTICALLY TREATED
TEETH RESTORED WITH MACHINED POSTS COMPARED TO OTHER INTRA-
RADICULAR

AUTHOR: Raquel Menezes da Rosa
PROMOTER: Osvaldo Bazzan Kaizer
CO-PROMOTER: Vinicius Felipe Wandscher

The use of composite blocks/discs based on fiberglass and epoxy resin for milling for computer-
assisted technology - CAD/CAM enables the manufacture of machined intraradicular retainers,
highly individualized to the root walls, in order to meet biological, functional and aesthetics,
optimizing clinical time. However, there are no consolidated studies comparing this material to
those already on the market, justifying the need for this research. This dissertation seeks to
evaluate the fracture resistance and failure mode of the intraradicular post machined by the
CAD/CAM system, comparing it to other intraradicular retainers, after mechanical cycling. For
the study, 75 healthy bovine incisors were selected, where the coronary portion was sectioned
in 16mm, thus standardizing the roots. All specimens were endodontically treated and filled
with epoxy resin-based endodontic cement, were randomized and distributed into five groups
(n=15) according to the type of intraradicular retainer: CMP - cast metal post; PF — fiberglass
post; PA — anatomical post; PFA - fiberglass post associated with accessory posts and MP -
machined posts CAD/CAM. Next, the space for the post was prepared at 12mm in depth, with
a heated straight probe and the drill indicated for the post used in each group. Then, the channels
were embrittled with a #4137 diamond tip, to simulate embrittled roots (with widened channels
and thin walls). The retainers were cemented with self-adhesive resin cement, received metallic
crowns and the periodontal ligament was simulated using polyether. The specimens were
subjected to mechanical cycling in fatigue equipment (Instron Electropuls E3000, Instron,
Norwood, MA - USA) with the following protocol: 15Hz frequency, 80N load, 37°C
temperature and 100,000 cycles. The specimens that survived mechanical cycling were
submitted to fracture resistance test in a universal testing machine (DL 2000, Emic, Sao José
dos Pinhais, Brazil), at a speed of 0.5mm/min and a 45° inclination to the failure. After verifying
the normality of the data, one-way analysis of variance (Oneway ANOVA) and Tukey's post
hoc test (p=0.05) were performed. The group with cast metal core showed higher fracture
resistance values than the other groups (p<0.05), which did not present significant differences
between them (p>0.05). Thus, it was observed that machined CAD/CAM posts have fracture
resistance values similar to conventional fiberglass post, anatomical post and to fiberglass post
associated with accessory post, which are less resistant to fracture than cast metal post. As for
failures, all groups had unfavorable failures, with fractures below the cemento-enamel line in
most specimens.

Keywords: Intra-radicular retentors. Machined posts. CAD / CAM technology. Fracture
resistance. Prefabricated
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1 INTRODUCAO

Perdas estruturais extensas da por¢do corondria oriundas de lesdes de carie e traumas,
podem determinar a necessidade de tratamento endoddntico associado a um retentor
intrarradicular (GARCIA et al., 2018; VELHO et al., 2021).

Segundo Marchionatti et al (2017), para a reabilitagdio de dentes tratados
endodonticamente com significativa perda de estrutura mineral, preconiza-se a indicagdo de um
pino intrarradicular, o qual ndo ird fortalecer a estrutura dental, mas ird promover a reteng¢do da
restauracao final e diminuir a transferéncia de tensoes a estrutura dental.

Entretanto, o reestabelecimento biomecanico, funcional e estético de dentes
despolpados com indicagdo de retentores intrarradiculares torna-se complexo, uma vez que a
estrutura dentaria enfraquecida pela perda mineral se apresenta mais suscetivel a fraturas
quando comparadas a dentes vitais (MARCHIONATTTI et al., 2017; RUSCHEL et al., 2018;
FONTANA et al., 2019).

E relativamente comum que dentes tratados endodonticamente possuam a configuragio
de canais radiculares muito alargados e paredes finas devido a excessiva remocdo de dentina
durante o preparo do canal, o que pode inviabilizar técnicas reabilitadoras diretas e elevar o
risco de fratura durante a fun¢ao (EID a et al.,2019; PANG et al., 2019).

Portanto, ¢ de grande importancia o uso de técnicas restauradoras utilizando retentores
intrarradiculares que configurem uma melhor adaptacdo ao conduto radicular, diminuindo
assim a espessura da linha de cimentagao, proporcionando a necessaria retengdo mecanica dos
materiais de reconstrucio da estrutura coronaria perdida (DEMIRYUREK et al., 2010;
MANICARDI et al., 2011; WANDSCHER et al., 2014).

Os nucleos metalicos fundidos foram a principal escolha como retentores
intrarradiculares em dentes com pouco ou nenhum remanescente coronario durante muitas
décadas (SANTOS et al., 2010; RUSCHEL et al., 2018). Porém, devido principalmente a
aspectos biomecanicos como o alto mddulo de elasticidade do metal em relagdo ao da dentina
e a possibilidade de interferir na estética, especialmente em restauragdes livres de metal, a
utilizacdo dos nucleos metalicos fundidos tem diminuido (WANDSCHER et al., 2014;
MIORANDO et al., 2018).

A partir de meados dos anos 1990, houve grande crescimento na utilizagao de pinos pré-
fabricados de fibra em relagdo aos outros tipos de retentores intrarradiculares (NAUMANN et
al., 2012). Ao contrario dos retentores intrarradiculares metalicos, os pinos de fibra possuem

modulo de elasticidade similar ao da dentina, distribuindo de forma mais homogénea as tensdes
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na estrutura dentdria, além de melhores propriedades estéticas, menor tempo clinico,
dispensando assim a fase laboratorial e reduzindo o risco de fraturas radiculares irreparaveis
(GIACHETTI et al., 2009; GARCIA et al., 2018; EID a et al.,2019).

Entretanto, os pinos de fibra pré-fabricados, assim denominados em escala industrial,
possuem uma configuracdo geométrica conica ou cilindrica, onde a configuragdo conica possui
uma retengdo menor, gerando estresse durante a fungdo mastigatoria, consequentemente
aumentando o risco de fratura (PASQUALIN et.al, 2012). A configuracao cilindrica para ter
retencdo necessita maior remog¢ado de estrutura durante o preparo, ou seja, os padrdes nao sao
personalizados, 0 que os torna contraindicado para elementos dentdrios com condutos
excessivamente alargados, com pouca estrutura remanescente, podendo comprometer o sucesso
clinico (SILVA et al., 2009; PASQUALIN et.al., 2012; EID a et al., 2019).

A técnica de pinos anatdmicos (pinos reembasados) visa alcancar melhor adaptagdo aos
canais amplos e evitando assim falhas decorrentes da quantidade excessiva de cimento
necessaria para preencher o espago deixado entre pinos de didmetro inferior ao de condutos
alargados (OLIVEIRA et al.,, 2018; BORZANGY et al., 2019). Esta técnica consiste
basicamente em reembasar o pino pré-fabricado de fibra, modelando o conduto radicular
usualmente com um material polimérico (CLAVIJO et al., 2006; OWEN; BARBER, 2018).

Assim, obtém-se melhor adaptacdo do pino as paredes do canal e significativa
diminui¢do da linha de cimentagdo, levando a um progndstico mais favoravel dos casos, bem
como economia de tempo, custo-beneficio e longevidade do tratamento (COELHO et al., 2009;
OLIVEIRA et al.2018).

Ainda € possivel utilizar pinos acessorios associados ao pino principal de fibra de vidro,
com esse mesmo objetivo de diminuir a quantidade de cimento no interior do conduto,
minimizando os prejuizos advindos de uma grande contragdo de polimerizacao na utilizagdo de
material polimérico (MARTELLI et al., 2008). Segundo Aggarwal et al. (2012), o método ndo
aumentou a resisténcia a fratura, mas reduziu a ocorréncia de fraturas irreparaveis quando
comparado aos grupos com nucleos metalicos fundidos.

Recentemente, novos produtos e tecnologias tém sido propostos para reconstrugao de
dentes tratados endodonticamente, e dentre estes materiais € possivel obter um de pino usinado
através de tecnologia assistida por computador, descrita na literatura como CAD-CAM
(Computer-Aided-Design/Computer-Aided-Manufacturing) (DAVIDOWITZ; KOTICK, 2011;
GARCIA et al., 2018; BORZANGY et al., 2019).

Segundo Chen et al., (2015) através da anélise de elementos finitos, a estrutura do pino

de fibra de vidro e nucleo de resina composta configuram unidades separadas o que pode levar
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a falha da restauracao através da interface de unido, além do pino nao ser totalmente adaptado
ao espaco intrarradicular.

No entanto, o estudo mostra que um pino de fibra de vidro fabricado pela tecnologia
CAD/CAM possui uma configuracao em estrutura Uinica, unindo a por¢ado intrarradicular e a
porgao coronaria, minimizando a interface entre o pino a resina e o cimento, adaptando o pino
intrarradicular usinado ao conduto alargado e com paredes finas devido a excessiva remog¢ao
de dentina durante o preparo, sendo melhor que um pré-fabricado em escala comercial
principalmente para dentes anteriores gravemente danificados (BERNARDES et al., 2012;
PANG et al., 2019).

O FIBER CAD POSTE & Core (Fiber CAD, Post & Core, Angelus Industria de
Produtos Odontolégicos S/A — Londrina, Parand, Brasil) ¢ um composito de 75-80% fibras de
vidro e 20-25% resina epoxi nos formatos de blocos para uso charside onde a confeccdo ¢
realizada no ambiente clinico do proprio consultério através da aquisicio da
imagem/digitaliza¢do, desenho e producdo, ou em discos para uso lab-side, ou seja, uso
laboratorial pelo sistema CAD/CAM, indicado para a confec¢dao de nucleo anatomico
devidamente adaptado ao conduto, mecanicamente compativel com a estrutura radicular,
estético, além de reduzir a interface de cimentacdo, o tempo clinico e varidveis dependentes do
operador, segundo orientagdes do manual do fabricante (ALGHAZZAWI, 2016).

Diante da necessidade de um maior entendimento sobre o comportamento biomecanico
dos pinos usinados pela tecnologia CAD/CAM quando comparado aos outros sistemas de
retentores intrarradiculares ja existentes, bem como a escassa literatura no que tange
informagdes sobre esta nova op¢ao para reconstru¢ao de dentes tratados endodonticamente,
norteou a realizacdo da presente dissertagdo, que sera apresentada em formato de artigo,
intitulado “Analise de resisténcia a fratura dos dentes tratados endodonticamente
restaurados com pinos usinados comparados a outros retentores intrarradiculares” que
objetivou avaliar a resisténcia a fratura e padrdo de falha dos dentes restaurados com pinos
usinados pelo sistema CAD/CAM quando comparado a outros sistemas de retentores

intrarradiculares apds ciclagem mecanica.
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2 ARTIGO: ANALISE DE RESISTENCIA A FRATURA DOS DENTES TRATADOS
ENDODONTICAMENTE RESTAURADOS COM PINOS USINADOS COMPARADOS A
OUTROS RETENTORES INTRARRADICULARES.

Este artigo sera submetido ao peridodico Operative Dentistry, ISSN: 0361-7734, Fator de impacto =

2.893; Qualis Al. As normas para publicacao estdo descritas no Anexo A.
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Short title: Machined pins and fracture resistance of endodontically treated teeth

Clinical Revelance: The use of a machined intraradicular retainer presents better adaptation to
the wide root canal and a smaller cementation interface as it is a structure that joins the post to

the coronary portion, minimizing failures resulting from cementation.

ABSTRACT

Purpose: Evaluate the fracture resistance and failure mode of intraradicular posts machined by
the CAD/CAM system when compared to other intraradicular retainer systems after mechanical
cycling.

Methods: 75 bovine incisors were selected, where the coronary portion was sectioned in 16mm,
thus standardizing the roots. All specimens were endodontically treated and filled with epoxy
resin-based endodontic cement and, were randomized and distributed into five groups (n=15)
according to the type of intraradicular retainer: CMP — cast metal post; PF — fiberglass post; PA
— anatomical post; PFA — fiberglass post associated with accessory posts; MP — machined post
CAD/CAM. Next, the space for the post was prepared at 12mm in depth, with a heated straight
probe and the drill indicated for the post used in each group. Then, the channels were embrittled
with a #4137 diamond tip, to simulate embrittled roots (with widened channels and thin walls).
The retainers were cemented with self-adhesive resin cement, received metallic crowns and the
periodontal ligament was simulated using polyether. The specimens were subjected to
mechanical cycling in fatigue equipment (Instron Electropuls E3000, Instron, Norwood, MA -
USA) with the following protocol: 15Hz frequency, 80N load, 37°C temperature and 100,000
cycles. The specimens that survived mechanical cycling were submitted to fracture resistance
test in a universal testing machine (DL 2000, Emic, Sao José dos Pinhais, Brazil), at a speed of
0.5mm/min and a 45° inclination to the failure.

Results: After verifying the normality of the data, one-way analysis of variance (Oneway
ANOVA) and Tukey's post hoc test (p=0.05) were performed. The group with cast metal core
showed higher fracture resistance values than the other groups (p<0.05), which did not present
significant differences between them (p>0.05).

Conclusions: Thus, it was observed that machined CAD/CAM post have fracture resistance
values similar to conventional fiberglass post, anatomical post and to fiberglass post associated
with accessory post, which are less resistant to fracture than cast metal. As for failures, all
groups had unfavorable failures, with fractures below the cemento-enamel line in most
specimens.

Keywords: Intra-radicular retentors. Machined posts. CAD / CAM technology. Fracture
resistance. Prefabricated posts.
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INTRODUCTION

The endodontic treatment provided dentistry with the preservation of the tooth element
and its rehabilitation'>. However, it remains a complex task in large canals due to the significant
loss of coronary structure and the preparation of the root canal for the restoration using an
intraradicular retainer>*>.

Due to the significant amount of mineral structure lost as a result of extensive cavitary
preparations for prosthetic purposes, failures in restorations, extensive carious lesions and/or
trauma to dental tissues, it is common for canals to present wider configurations increasing the
risk of fracture during function when compared to vital teeth®”?.

The rehabilitation of pulpless teeth aims to restore the biomechanical, functional, and
aesthetic restoration, with restorative techniques that have better adaptation to the root canal,
providing the necessary mechanical retention of the reconstruction materials and reducing the
transfer of stresses to the tooth structure weakened by mineral loss®!%!1:12,

Traditionally, cast metal were the choice for long decades for the rehabilitation of teeth
with excessive loss of coronary structure'>!4. However, in addition to interfering with esthetics,
especially in metal free restorations, the use of cast metal has decreased due to the high modulus
of elasticity, which can result in catastrophic failures, making the maintenance of the dental
element difficult®>>,

In this sense, in the search to preserve the tooth structure from catastrophic failures and
materials with biomechanical properties, similar to dentin and aesthetic, there was a growth in
the use of fiberglass posts!*!®. Among the advantages of restoring with prefabricated fiberglass
posts, in addition to better aesthetic properties, shorter clinical time, it does not require the
laboratory phase and the lower risk of irreparable root fractures, distributing stresses evenly to
the tooth structure”!'”.

However, depending on the configuration of the root canal, as very wide canals, the
patterns are not personalized, which makes them contraindicated by increasing the thick
cementation interface, generating a challenge in adhesion, which may compromise clinical
success'®17.

In this case, in excessively widened root canal with little remaining structure, it basically
consists of relining the prefabricated fiber post, modeling the root canal with a polymeric
material, that is, anatomical posts relined with composite resin, in order to fill the space between

the smaller diameter post to root canal avoiding failures due to the amount of cement®%!,
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It is still possible to associate accessory posts to the main fiberglass post, in order to
reduce the amount of cement inside the root canal, minimizing the damage caused by a large
polymerization contraction 2>23.

Given the complexity of restoring excessively large root canal, the choice of
intraradicular retainer becomes a challenging factor, since prefabricated fiber posts are not
customized, limiting their use due to polymerization shrinkage factors, cementation failures and
contributing to the reduction of fracture resistance>*?>.

Recently, advances through Computer-Aided Design/Computer-Aided Manufacturing
(CAD-CAM) technology include the fabrication of intraradicular retainers, with materials of
high aesthetic performance and allied to biomechanical properties for restorations of
excessively enlarged root canal®®?’,

Through CAD/CAM technology, aided by virtual planning, an alternative emerges,
which aims to overcome the limitations of the prefabricated fiberglass post in wide root canal,
customizing the intraradicular retainer in a single structure, joining the intraradicular portion
and the coronary portion, thus minimizing the interface between the post, resin and cement,
better distributing forces to the remaining tooth due to mechanical properties similar to the tooth
structure?®52%,

In view of the scarce literature on the subject, the present study aimed to evaluate the
fracture resistance and failure pattern of posts machined by the CAD/CAM system when
compared to other intraradicular retainer systems after mechanical cycling. The null hypothesis

considered was that there would be no difference in the values of fracture resistance and failure

mode between the groups.

METHODS AND MATERIALS
Selection of specimens

75 bovine incisor teeth were selected and analyzed for detection of possible fractures,
cracks and fissures, with the aid of a magnifying glass (4x magnifying EyeMag® Pro, Carl
Zeiss do Brasil Ltda, Sao Paulo, Brazil). Afterwards, they had the coronary portions sectioned
to standardize the roots in 16mm the root apex, were randomized and randomly distributed
using the website: random.org (Trinity College, Dublin, Ireland) into five groups (n=15),
varying the type of intraradicular post used, as shown in Table 1. In order to reduce the variation
in size between the root canals, they were measured with the aid of a digital caliper (Starrett

727, Starrett, Itu, Sdo Paulo, Brazil), in the mesio-distal and vestibulo-lingual distances and the
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measurements were tables, checked the normality of the data, one-way analysis of variance was
performed (Oneway ANOVA), it was shown that there was no statistically significant

difference (a <0.5) in the size of the teeth between the groups.

Endodontic treatment

The teeth were endodontically treated using the conventional step technique using
second serie endodontic files (Dentsply Maillefer, Ballaigues, Switzerland) and Gates-Glidden
drills (Dentsply Maillefer, Ballaigues, Switzerland) number 3, 4 and 5. The specimens were
filled 1 mm below the root apex with endodontic cement based on AH Plus epoxy resin
(Dentsply Maillefer, Petropolis, Rio de Janeiro, Brazil) and gutta-percha cone (Tanari,
Manacapuru, Amazonas, Brazil). The cold lateral condensation technique was used with R8
accessory cones (Tanari, Manacapuru, Amazonas, Brazil). For the compaction of the material,
a digital scale was used in order to standardize the obturation force, not exceeding 2000g
(BOHRER et al., 2018)31. After endodontic treatment, the specimens were stored for 24 hours
at 37°C.

Periodontal ligament confection

The periodontal ligament was simulated using the protocol according to SOARES et al.
(2005)*°, where the roots were coated with wax 7 (Lysanda, Sdo Paulo, Sdo Paulo, Brazil),
liquefied in a container with a standard temperature of 70°C at a thickness of 0.3mm measured
with the aid of a digital calipers (Starrett 727, Itu, Sdo Paulo, Brazil). Then, the roots were
embedded in polyvinyl chloride rings with a height of 20mm and diameter of 25mm with
chemically activated acrylic resin (VIPI Flash, VIPI, Pirassununga, Sao Paulo, Brazil) keeping
2mm of the root remnant out of the resin until the total polymerization.

After polymerization of the acrylic resin, the teeth were removed and the wax 7
removed, simulating the periodontal ligament space, which was filled with elastomeric material
(Impregum F-3M-ESPE, Seefeld, Germany), manipulated according to the manufacturer's
instructions, inserted into the Artificial alveolus and teeth were repositioned and excesses
removed.

Preparation for post

The space for the post was prepared by partially opening the roots to 12mm in depth for

all groups. For this, a heated instrument was used, keeping 4mm of gutta-percha in the apical
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third, followed by Largo drills of size 1, 2, 3 and 4 respectively (Dentsply Maillefer, Petropolis,
Rio de Janeiro, Brazil).

The weakening of the root canals (wide and thin-walled canals) was simulated with the
number 4137 truncated-conical diamond drill (KG Sorensen, Cotia, Sdo Paulo, Brazil), with a
2.6mm coronary diameter, adapted to a high-speed pen. and abundant irrigation (Extra Torque

605C; Kavo do Brasil Ind. Com. Ltda, Joinville, Santa Catarina, Brazil).

Production and cementation of posts and crowns
Group CMP

To obtain the patterns of the cast metal post and core, the root canal was insulated with
a water-soluble gel (KY gel, Johnson & Johnson, Sdo José dos Campos, Sdo Paulo, Brazil)
using a thin cylindrical microapplicator (Cavibrush — FGM Produtos Odontologico, Joinville,
Santa Catarina, Brazil). Afterwards, the root canal was modeled using the fine brush technique
(Marta's brush, Dencril, Pirassununga, Sao Paulo, Brazil) with increments of polymer (powder)
and monomer (liquid) of chemically activated red acrylic resin (Reliance Dental Mfg. Co.
Chicago, USA). After the technique, prefabricated plastic post (Pinjet, Angelus, Londrina,
Parana, Brazil) were inserted into the root canal in order to help modeling along its entire length.

For the coronal portion of the core, a standardized acetate matrix measuring Smm in
height and 4mm in width was made, which were used in all groups.

These acetate matrices were filled with chemically activated red acrylic resin and
positioned on the tooth element. After polymerization, adjustments and removal of excess were
carried out with conical tungsten cutters (America Burrs, Palhoca, Santa Catarina, Brazil).

Resin patterns were handed over to a commercial laboratory for the casting (Ni-Cr,
Wironia Light, Bego, Germany).

Next, the cast posts and cores were evaluated for adaptation and, prior to cementation,
received surface treatment by air-abrasion with aluminum oxide particles (110 um, pressure 2.8

bars, 10 mm distance and 15 seconds) (Blue, Sao José do Rio Preto, Brazil).

Groups PA, PF e PFA

The prefabricated fiberglass posts followed the surface preparation protocol established
by the manufacturer, using alcohol at 70° and treatment with a silane bonding agent (Angelus,
Londrina, Parand, Brazil) applying a layer awaiting solvent evaporation for 5 minutes and

repeating the application. For group PA to obtain the anatomical posts, composite resin color
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A1l Z250 (3M-ESPE, Seefeld, Germany) was photo-activated.Initially, a layer of insulating K-
Y water-soluble gel was applied to the root canal in order to prevent the bonding of the
composite resin to the walls using a disposable microapplicator. The composite was inserted in
a single increment and the fiberglass post was positioned centrally in the root canal, the excesses
being removed, the entire set was photoactivated (Radiical, SDI, Victoria, Australia) for 10
seconds through its occlusal surface. After photoactivation, the set was removed from the
conduit and photoactivated for another 40 seconds (10 seconds on each face - buccal, mesial,
distal and lingual).

For group PF and PFA, the fiberglass posts (main post) and the accessory fiberglass

posts were cemented simultaneously.

Group PM CAD/CAM

The post machined by the CAD/CAM system followed the patterns of posts obtained
with red acrylic resin chemically activated by the same technique described in the CMP group
and then sent to a commercial laboratory for machining.

In the Laboratory, the red acrylic resin pattern received a non-aqueous spray layer of the
Metal.Chekmart brand (Metal-Chek do Brasil Ind. ¢ Comércio LTDA, Braganca Paulista, Sao
Paulo, Brazil) which is specifically intended for the scanning phase, as per the manufacturer's
note.

The scanning was performed on device (Model E1 3Shape Exocad software,
Copenhagen, Denmark) thus making a digital model. The digital model was worked virtually
in specific 3Shape Exocad software according to the necessary standards (cervical, mesio-distal
and vestibular-lingual dimensions).

After calibrating the system and inserting the fiberglass disc (Fiber CAD, Post & Core
LAB, Angelus Produtos Odontoldgico, Joinville, Santa Catarina, Brazil) in the machining
machine (Motion 1 Amnngirrbach, Koblach - Austria), it performed the execution of the milling
itself in 20 minutes to make one piece. The machined post received the same surface treatment
protocol described for groups PF, PA and PFA.

All groups were cemented with self-adhesive resin cement RelyX U200 (3M — ESPE,
Seefeld, Germany) manipulated according to the manufacturer's guidelines, the cement was
applied to the walls of the root canal with Lentulo number 40 (Injecta, Diadema, Sao Paulo,
Brazil). The posts were positioned in the root canal and excess cement was removed and light-

activated for 40 seconds (on each side of the tooth for 10 seconds).
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After the cementation of the posts, cores of the PA, PF and PFA groups were made: the
coronary portion were prepared using 37% phosphoric acid (Angelus, Londrina, Parana,
Brazil), and the adhesive Ambar (FGM) was applied according to the manufacturer's guidelines.

For the core standardization, an acetic matrix (identical to that used for the CMP group)
was used. The matrix was filled with increments of composite resin and adapted over the
coronary portion of the post. Afterward, the matrices were sectioned, and the composite resin
was photo-activated (1200 mW/cm?, Radiical, SDI, Victoria, Australia) on each side of the
tooth for 10 seconds.

For all groups, metallic full-crowns (Ni-Cr alloy, Wirona light, Bego, Goldschlagerei,
Germany) were prepared with standard shape and dimensions, according to the anatomy of a
superior canine. After that, the crowns were evaluated and air-abraded with aluminum oxide
(110 pm, pressure: 2.8 bars, 10 mm distance and 15 seconds).

The total metal crowns were cemented with RelyX U200 (3M — ESPE, Seefeld,
Germany) manipulated according to the manufacturer's guidelines, excess cement was

removed. The samples were stored for 24 hours before testing.

Mechanical cycling

The specimens were subjected to mechanical cycling in fatigue equipment (Instron
Electropuls E3000, Instron, Norwood, MA - USA) with the following protocol: 15Hz
frequency, 80N load, immersion in water at + 37°C temperature and 100,000 cycles, with the
load 45° in relation to the horizontal plane, with the spherical piston of 6mm in diameter
positioned in the lingual portion of the metallic total crown.

After cycling, the specimens were evaluated for the presence of damage with the aid of
a magnifying glass and transillumination, then they were submitted to the fracture resistance

test.

Fracture load test

To perform the fracture load test, a universal test machine (DL 2000, Emic, Sao José
dos Pinhais, Brazil) was used. The specimens were subjected to the fracture load test, positioned
on a fixed metal device, and aligned at a 45° angle with respect to the long axis of the tooth.

The spherical piston (diameter 0.6 mm) attached to the load cell (1000 kN) was applied
to the lingual load (2 mm from the lingual incisal edge) at a speed of 0.5 mm/min until failure

occurred.
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Failure analysis

The roots were stained superficially with hydrographic pens (Blue overhead marker,
Faber-Castell, Sdo Carlos, Brazil). The excess ink was then removed with cotton and 70%
alcohol, and the specimens were visualized with a stereomicroscope at 10x magnification
(Stereomicroscope Discovery V20; Carl Zeiss, Germany). The failures were classified as
favorable and unfavorable. The fractures were considered favorable when they were located
above the limit of the inlaid acrylic resin (3 mm), which simulated the bone tissue. Fractures

located below this limit (3 mm) were considered unfavorable (Figure 2).

Data analysis

The fracture resistance data for each group were analyzed using the SPSS 19.0 statistical
software. Data were analyzed for normality and a one-way analysis of variance (ANOVA) and
post hoc Tukey (a = 0,05) were performed.

Failures were categorized and analyzed qualitatively.

RESULTS

No restoration failures were found after mechanical cycling for 100,000 cycles, as well
as crown displacement, decementation and/or root surface fractures.

Regarding fracture resistance values, the highest values were found for the CMP group,
the other groups had statistically similar values (Table 2). As for the failure mode, most were
unfavorable failures (n = 97.33%) and in relation to the fracture region, most occurred in the

palatal, mesial and distal regions (Table 3; Figure 1).

DISCUSSION

The null hypothesis that there would be no difference in the values of fracture resistance
and failure mode between the groups was partially rejected, since the CMP group had
significantly higher fracture resistance values compared to the other groups, and on the other
hand both the groups most failures were unfavorable (Table 2; Figure 1).

Several studies have shown that cast metal cores were the main choice as intraradicular
retainers in teeth with little or no coronary remnant for many decades®>. However, due to the
large number of irreparable fractures, new materials have been proposed in order to preserve

the root structure and combine characteristics similar to dentin® 3%,
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Studies established in the literature aim explain the higher values of fracture resistance
presented to the CMP group. In one side, it has a high modulus of elasticity in relation to dentin,
which associated with loss of remaining mineral structure, either by cavitated injury, trauma or
even during preparation, contribute to the reduction of the element's resistance, making its
maintenance difficult and consequently resulting in irreparable root fracture®>*>. In the other,
side fiber reinforced epoxy resin has a similar , through a material with modulus of elasticity
similar to dentin associated with cement with the same properties®*> #! According to the
literature due to the dentin-like modulus of elasticity, transfer the occlusal loads more uniformly
to the tooth structure combined with cement with the same properties as to the modulus of
elasticity®® 2% 27,

Another aspect brought up by the literature is the search for aesthetics combined with
materials that enable the maintenance and longevity of the tooth structure, which does not occur
with metallic alloys used as intraradicular retainers, which can directly interfere with the
patient's gingival profile, directly affecting the aesthetics in addition to suffering corrosion,
especially in metal free restorations, the use of cast metal cores has decreased”*>.

One important aspect that leads the choice of a technique is its practicality of use, in this
regard, fiber reinforced epoxy resin has lower cost and optimization of laboratory, different
from the cast metal post technique, requiring several clinical and laboratory steps'* ¢,

The anatomical post technique aims to improve the adaptation to wide and/or irregular
canals and, the adaptation of the intraradicular retainer to the canal walls can change due to the
contraction of polymeric materials used in anatomical retainers, generating stress due to load
during function, being a factor of great vulnerability at the post, cement and dentin interface,
which can raise levels of failure*® 2. When using a fiber post associated to accessory posts,
according to Aggarwal et al. (2012), the technique did not increase fracture resistance but
reduced the occurrence of unfavorable fractures when compared to groups with cast metal
cores, which is a contradictory finding when compared to the present study, which all groups
presented the same predominance of failure types (Table 3).

The posts machined by CAD/CAM technology, aim at making personalized, aesthetic,
lower cost retainers in a single structure, joining the root portion to the coronary portion,
minimizing the cementation interface, distributing the stress generated in function throughout
the entire structure*®*!. A study carried out by Pang et al 2018, which evaluated the fracture
resistance properties of maxillary incisors with widened channels using posts machined by the

CAD/CAM system, showed positive results in protecting the dental element, reducing the

occurrence of unfavorables fractures, also being contradictory to the present findings (Table 3).
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The metal used in the CMP technique is less sensitive to adhesion with the cement used
in this study once it has no chemical bonding to the metal, only counting on the mechanical
retentions®*?7-36,

The epoxy resin has the advantage of interacting with silane, a bifunctional molecule
that confers chemical bonding, which is a additional to the traditional mechanical micro
retention used in conventional cements, according to Matinlinna et al (2018), improves bonding
with resin and fiber matrix.

In a recent vitro study, EID et al., 2019 evaluated bond strength to root dentin by
comparing prefabricated fiber posts and concluded that bond strength was significantly higher
in the group using anatomic post milling using CAD/CAM, which proved better retention in
the root canal.

In the present study, the cement application was made using lentulo, which, according
to Skupien et al (2015), should not negatively affect the cement insertion into dental canals,
then self-adhesive resin cements were found to be less technique-sensitive to luting procedures
as compared with regular resin cements.

Taking this in consideration, CAD/CAM Computer-Aided Design/Computer-Aided
Manufacturing, is a promising material that able to the clinician personalize even more the
treatment for its patients with less clinical time and more predictability. Therefore, further
research must be carried out in order to validate the results of the present study, requiring further
investigations related to the mechanical properties of the machining of intraradicular retainers
through CAD/CAM technology in the fracture resistance of endodontically treated teeth. More
studies evaluating FEA scenarios are needed to elucidate different tension distribution between
the elements of a post and core restoration and among the tested techniques observed in the

present study.

CONCLUSION

The posts machined by the CAD/CAM system have a fracture resistance similar to
other fiberglass post systems tested, which are inferior to CMP. All groups tested had a

predominance of non-repairable failures.
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Tabela 1- Study design
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Group Description

Material

CMP Cast metal post

Chromium nickel alloy (Ni-Cr, Wironia
Light, Bego, Germany).

PF Post fiberglass

Reforpost number 2 (Angelus, Londrina,
Parand, Brazil).

PA Post anatomical

Reforpost number 2 (Angelus, Londrina,
Parana, Brazil) + light curing composite
resin color A1 Z250 (3M-ESPE, Seefeld,
Germany).

PFA Fiberglass post associated with acessory
post

Reforpost number 2 (Angelus, Londrina,
Parana, Brazil) + fiberglass post
acessory post Reforpin  Universal
(Reforpin, Angelus, Londrina, Parana,
Brazil).

PM Machined post CAD/CAM

(Fiber CAD, Post & Core LAB, Angelus
Produtos Odontolégico, Joinville, Santa
Catarina, Brazil).

Table 2 - Mean (+ standard deviation) of the results of fracture load (N) and Tukey's test.
Mean (= standard deviation)

Cast metal post 622.02 + 186.96 A
Fiberglass post 435.80+78.42 B
Anatomical post 361.81 +£143.50 B
Acessory post 374.35 £ 89.08 B
Machined post 390.02 +£102.07 B

CAD/CAM

Similar upper-case letters indicate absence of difference between groups (p<0.05).
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Table 03 - Qualitative evaluation of failures fracture loading

PM
CMP PF PA PFA CAD/CAM TOTAL
Pattern Favorable  0(0%) 0(0%) 1(6,67%) 1(6,67%) 0(0%) 2(2,67%)

of
Failure  Unfavorable  15(100%) 15(100%) 14(93%) 14(93%) 15(100%) 73(97,33%)

@)
< Crown
E Displacement 14 9 12 4 13 52
g (lingual)
5 Mesial crack 14 11 12 11 15 63
é Buccal crack 3 1 4 1 2 11
o .
e Failure  pjgia] crack 11 11 12 10 10 54
LE Place
0 Lingual crack 1 2 1 - 2 6
g Fracture in the i i ) i ) )
ﬁ post
2 C
rown, core, 5 i ) | ) 10
post pull out
FIGURES

Figure 01- Representative images of failures after fracture loading

CMP PF PA PFA PM
CAD/CAM

FAILURES AFTER FRACTURE LOAD

CMP: Specimen of the group with cast post and core. PF: Specimen of the group with post
fiberglass. PA: Specimen of the group with post anatomical. PFA: Specimen of the group with
Fiberglass post associated with acessory post. PM CAD/CAM: Specimen of the group with
Machined post CAD/CAM.
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Figure 02 - Representative images of failures after fracture loading.

PM
CMP PF PA PFA CAD/CAM

FAILURES EVALUATED UNDER STEREOMICROSCOPE

CMP: Specimen of the group with cast post and core. PF: Specimen of the group with post
fiberglass. PA: Specimen of the group with post anatomical. PFA: Specimen of the group with
Fiberglass post associated with acessory post. PM CAD/CAM: Specimen of the group with
Machined post CAD/CAM.
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3 CONCLUSAO

Assim, observou-se que os retentores usinados pelo sistema CAD/CAM apresentaram
valores de resisténcia a fratura semelhante aos pinos convencionais de fibra de vidro, pinos
anatomicos e pinos de fibra de vidro associados a pinos acessorios, que sao inferiores aos
nucleos metalicos fundidos.

Quanto as falhas, todos os grupos testados apresentaram predominancia de falhas

desfavoraveis, com fraturas abaixo da linha cemento-esmalte na maioria dos espécimes.
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