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RESUMO

O objetivo deste estudo é avaliar a resisténcia flexural (S) e o modulo flexural (E) de
trés marcas comerciais de pinos de fibra, além de verificar a influéncia da relacéo
distancia entre apoios/diametro do pino sobre os valores das propriedades de uma
marca comercial por meio de testes de flexdo de trés pontos. Os grupos estudados
foram de pinos de fibra de quartzo (Grupo 1), pinos de fibra de carbono (Grupo 2) e
pinos de fibra de vidro (Grupos 3 e 4). Os testes foram realizados em uma maquina de
ensaio universal INSTRON 5565® de acordo com as especificacdes da norma ASTM
D2344/D2344M. Apés os testes, encontraram-se 0s seguintes resultados: S de
884,32+45,38¢c MPa para o Grupo 1; 567,47+36,03» para o Grupo 2, 575,98+44,70,
MPa para o grupo 3 e 719,19+75,82 g MPa para o Grupo 4; e E de 15,48+1,72 5 GPa
para o Grupo 1, 9,44+1,18, GPa para o Grupo 2, 8,83+2,335 GPa para o Grupo 3 e
17,20£2,67s GPa para o Grupo 4. Concluiu-se que os pinos de fibra de quartzo
apresentaram propriedades superiores em relacdo aos pinos de fibra de carbono e de
vidro, submetidos a mesma norma nos ensaios. E que o grupo de pinos de fibra de
vidro, com a relacdo distancia entre apoios/diametro menor, apresentou maior carga
maxima e menores resisténcia flexural e médulo flexural em relacdo ao grupo de pinos

de fibra de vidro com a relacéo distancia entre apoios/diametro maior.

Palavras-chave: materiais dentarios, pinos dentarios, propriedades fisicas, teste de

materiais.
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ABSTRACT

The present study aims to assess the flexural strengths (S) and flexural moduli (E) of 3
commercial fiber post brands. An additional aim is to test the effect of the distance
between supports/post diameter ratio on the properties of a commercial brand with the
3-point bending test. The following groups were studied: quartz fiber posts (Group 1);
carbon fiber posts (Group 2); and fiberglass posts (Groups 3 and 4). The tests were
conducted on an INSTRON 5565® universal testing machine according to the
specifications of the ASTM D2344/D2344M standard. The following results were
obtained from the tests: the S values were 884.32+45.38c MPa, 567.47+36.034,
575.98+44.70, MPa and 719.19+75.825 MPa for Groups 1, 2, 3 and 4, respectively, and
the E values werel5.48+1.725 GPa, 9.44 GPatl.18, GPa, 8.83+2.335 GPa and
17.20+£2.67g GPa for Groups 1, 2, 3 and4, respectively. We conclude that, under the
same test standard, quartz fiber posts have better properties than carbon fiber and
fiberglass posts. Additionally, the fiberglass post group with the lower distance between
supports/post diameter ratio had a greater maximum load, less flexural strength and a

lower flexural modulus than the fiberglass post group with a higher ratio.

Keywords: dental materials; dental posts; physical properties; materials testing.
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1 APRESENTACAO GERAL

A reabilitagdo de dentes com tratamento endododntico ainda representa um desafio na
Odontologia, pois esses dentes apresentam um maior numero de falhas biomecanicas
em comparacao aos dentes vitais com destaque para a fratura radicular, tipo de falha
de pobre prognéstico e que geralmente ocorre ap0s a colocacdo de pinos intra-
radiculares (MAZZOCCATO et al., 2006; LERTCHIRAKAM et al., 2003; MACCARI et
al., 2003; CHRISTENSEN, 1998).

As complicagdes técnicas encontradas na reabilitacdo dos dentes com tratamento
endodbntico sdo alvo de investigacdo ha décadas e elas sdo determinadas,
principalmente, pelas alteragbes das propriedades biomecéanicas do tecido dentinario,
geralmente em funcdo da perda da integridade dental (DIETSCHI et al.,, 2007;
MACCARI et al.,, 2003; SORENSEN e MARTINOFF, 1984). Sendo assim, essas
alteracdes apresentam-se como um verdadeiro desafio para a reabilitacdo funcional
adequada e, por essa razao, os estudos com 0s materiais restauradores tém-se
direcionado para o alcance de avancos nas suas propriedades mecanicas, na tentativa
de mimetizar o 6rgéo dental (SOUZA, 2012; CHRISTENSEN, 1998).

Os dentes com tratamento endodéntico e com cavidades extensas, ou com grande
destruicdo coronaria, sdo casos clinicos que necessitam de um pino intra-radicular e um
nucleo que funcionem como retentores de um trabalho protético subsequente, como
uma coroa total (CHUANG et al., 2010; D' ARCANGELO et al., 2007; LASSILA et al.,
2004). Para a execucdo de tal tratamento, deve-se conhecer a estrutura radicular
interna e externa para poder selecionar o melhor sistema de pinos, maximizando a
retencdo do pino, minimizando a possibilidade de fratura radicular e promovendo

harmonia entre a forma, a fungéo e a resisténcia do dente (KHAN, 1991).

Os fatores que influenciam na sele¢cdo dos pinos intra-radiculares sdo inumeros:

anatomia dentaria, quantidade de estrutura dentéria coronal, comprimento radicular,
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largura da raiz, configuracédo do canal, desenho do pino, material do pino, retencédo do
nacleo, material da coroa, agente cimentante, capacidade de adesao, compatibilidade
dos materiais, reversibilidade do tratamento e estética (MAZARO et al., 2006). Dentre
0s materiais utilizados cabe ressaltar as ligas metélicas, uma vez que pinos e nucleos
metalicos fundidos foram os primeiros materiais utilizados, a Unica alternativa para reter
uma coroa durante varios anos e ja foram considerados como tratamento padrdo
(SCHWARTZ e ROBBINS, 2004; BROWN e HICKS, 2003; CHRISTENSEN, 1998).

Entretanto, o sucesso dos tratamentos com pinos metalicos vem sendo questionado na
literatura ha mais de uma década e uma observacdo resume e enfatiza tal
guestionamento: diferentes metais e ligas exibem uma gama de propriedades
mecanicas, mas todos tém em comum os valores de modulos de elasticidade maiores
do que os da dentina, o que resulta na desigual distribuicAo e consequente
concentracdo de tensdes na dentina levando a maior possibilidade de fratura da raiz
(STEWARDSON et al., 2010; LASSILA et al., 2004).

A partir da década de 90, varios sistemas de pinos pré-fabricados de fibra tém sido
desenvolvidos procurando sanar as dificuldades clinicas e preencher os requisitos
funcionais e estéticos desejaveis (MAZARO et al., 2006). Uma hipdétese bem aceita na
comunidade cientifica como principal vantagem dos sistemas de pinos de fibra é que
eles sdo menos rigidos que o0s pinos metalicos, possuem propriedades mecanicas
préximas as da dentina e, com isso, podem formar uma unidade homogénea com a raiz
circundante (DEJAK e MLOTKOWSKI, 2011; CHUANG et al., 2010; LASSILA et al.,
2004; PEGORETTI et al., 2002). O reflexo dessa vantagem na pratica clinica é a
reducédo da incidéncia da fratura radicular (STEWARDSON et al., 2010; LASSILA et al.,
2004).

A hipétese descrita como grande vantagem dos pinos de fibra ainda necessita de
evidéncias satisfatérias e, dessa forma, Plotino et al. (2007) avaliaram e compararam 0s
valores das propriedades flexurais de pinos, de 6 diferentes marcas comerciais, com

aqueles obtidos a partir de barras de dentina radicular de pré-molares superiores. ApGs
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os testes de flexdo de 3 pontos, segundo a ISO 178, encontrou-se um valor de 17,5
GPa para o modulo flexural da dentina e de 212,9 MPa para a resisténcia flexural.
Enquanto que Ko et al. (1992) encontraram o valor de 18,6 GPa para o médulo da
dentina e segundo Carter et al. (1993), 0 médulo da dentina é aproximadamente de 13
GPa. No estudo de Plotino et al. (2007), foi constatada uma diferenca estatisticamente
significante entre as amostras de dentina e todos os outros grupos de pinos. Foi
possivel concluir que os pinos de fibra possuem propriedades mecéanicas com valores
superiores as da dentina, porém mais proximos quando comparados aos pinos

metalicos que possuem valores muito elevados.

Os pinos de fibra possuem outras vantagens, como a elevada resisténcia, possibilidade
de transmisséo de luz, qualidade estética superior, auséncia de corroséo, possibilidade
de cimentacdo em sessao Unica e facil reparo (HATTORI et al., 2010; MAZARO et al.,
2006; QUINTAS et al., 2000; NASH, 1998). Os pinos de fibra ndo possuem somente
vantagens, pois a radiopacidade reduzida, por exemplo, ainda é uma desvantagem
consideravel. Com isso, Novais et al. (2009) avaliaram as possiveis modificacdes nas
propriedades mecanicas de pino experimental reforcado por aco inoxidavel, com o
intuito de promover uma radiopacidade adequada para uma boa visualizacdo atraves
do exame radiografico. Além dos pinos experimentais, a amostra foi constituida de
outros 4 grupos comerciais. Todos os pinos foram submetidos ao ensaio de flexdo de 3
pontos, segundo a ISO 10477. Apés andlise dos resultados, conclui-se que o reforgo
com metal ndo provocou modificacbes nas propriedades do pino de fibra de vidro
experimental, os pinos de fibra de carbono apresentaram valores superiores das
propriedades estudadas em comparacdo aos pinos de fibra de vidro e que os baixos
valores de moédulo flexural encontrados podem ser explicados pela influéncia dos

diametros reduzidos dos pinos.

Apesar das inumeras vantagens relatadas para os pinos de fibra, ainda ndo ha um
consenso sobre qual € o melhor material para reabilitacdo de dentes com tratamento
endodéntico (DIESTSCHI et al. (2008). Um dos motivos da persisténcia dessa davida é

gue a literatura, entretanto, ainda ndo apresenta niveis satisfatorios de evidéncias
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(COPPO, 2010). Além disso, muitas avaliacdes sobre as propriedades mecanicas dos
materiais restauradores podem ser questionaveis, pois alguns parametros mecanicos
podem ser obtidos através de uma metodologia inadequada (STEWARDSON et al.,
2010; SOARES et al., 2010).

Outra observacao pertinente que corrobora com a duvida é que existe um grande
namero de pinos endondénticos no mercado e que pinos de fibra um mesmo material
possuem propriedades diferentes de acordo com seus fabricantes (STEWARDSON et
al., 2010). Além disso, muitos resultados de estudos com pinos de fibra ndo séo
confiaveis devido as grandes diferencas no tipo de matriz de resina e no tipo das fibras
dos pinos utilizados nas publicacdes existentes, isto porque as propriedades mecanicas
dos pinos séao dependentes de inUmeros fatores, como sua arquitetura, a geometria das
fibras, os componentes da matriz resinosa, a proporc¢ao fibra/matriz e a aderéncia entre
as fibras e a matriz (KIM et al., 2011).

Em funcdo dessa observacao, Kim et al. (2011) avaliaram a influéncia da proporcao
fibra/matriz sobre as propriedades flexurais dos pinos através de testes de flexdo de 3
pontos, sem descricdo da norma utilizada, em pinos experimentais e comerciais. Apos a
analise dos resultados, concluiram que o aumento da proporc¢éao fibra/matriz resulta em

valores superiores da resisténcia flexural e médulo flexural para os pinos de fibra.

Cheleux e Sharrock (2009) também avaliaram a correlacdo entre as propriedades
flexurais e a densidade de fibras dos pinos. Cinco diferentes marcas comerciais foram
submetidas ao teste de flexdo de 3 pontos, segundo a ISO 14125. Os parametros
fisicos incluindo o volume de fibras, o indice de dispersdo e o numero de coordenacao
das fibras foram analisados por imagem a partir das micrografias e correlacionadas com
as propriedades mecanicas. Apos analise estatistica dos resultados, conclui-se que ha
fraca correlacdo entre a densidade de fibras e as propriedades mecanicas, como a
resisténcia flexural e o modulo flexural e, dentre todos os grupos, os pinos Aestheti-plus
demonstraram a melhor integridade estrutural sob as tensbes aplicadas nos ensaios

mecanicos.
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Mazzoccato et al. (2006) também encontraram resultados condizentes com a boa
integridade dos pinos de fibra quartzo Aestheti-plus observada por Cheleux e Sharrock
(2009). O estudo de Mazzoccato et al. (2006) se prop0s a determinar os valores de
resisténcia flexural e médulo flexural de 7 marcas comerciais de pinos através da flexao
de 3 pontos, segundo a ISO 178. Conforme as condi¢cbes experimentais da pesquisa,
conclui-se que ndo houve diferenca estatistica significante em relagdo ao mdédulo
flexural entre os grupos testados, porém a resisténcia flexural os pinos Aestheti-plus

apresentou um valor superior consideravel.

Além da proporcao fibra/matriz, outro fator relacionado as propriedades mecéanicas dos
pinos foi estudado por Hattori et al. (2010): a direcdo das fibras. O estudo avaliou a
correlacdo entre a direcdo das fibras dos pinos, uni ou bidirecionais, com suas
propriedades através de flexdo de 3 pontos, segundo a ISO 10477. Para os testes,
utilizaram-se 2 marcas comerciais de pinos de fibra de vidro com fibras unidirecionais e
1 marca bidirecional. ApO0s os resultados encontrados, conclui-se que nao houve

influéncia da direcéo das fibras sobre as propriedades flexurais.

Chieruzzi et al. (2012) também avaliaram a correlacdo entre as propriedades flexurais
dos pinos e a morfologia intrinseca dos pinos (dire¢do, quantidade, diametro e adesao
da matriz as fibras) através de testes de flexdo de 3 pontos e de compresséo
associados a analise microscopica. Apos analise dos resultados, conclui-se que as
propriedades de compressdo possuem valores inferiores as propriedades flexurais, a
guantidade e a adesdo da matriz as fibras, quando reduzidas, podem ser responsaveis
pela diminuicdo das propriedades mecéanicas e que pin0OS com Menor Proporcao

comprimento/diametro possuem os valores reduzidos das propriedades flexurais.

A busca pela otimizacdo da cimentacdo também ¢é outra preocupacdo no
desenvolvimento dos pinos. Motivados por esta possivel melhoria, D’Arcangelo et al.
(2007) avaliaram a influéncia de diferentes tratamentos de superficie nos pinos, como a

silanizacdo, condicionamento com acido fluoridrico e jateamento com 6xido de
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aluminio, sobre suas propriedades mecénicas. Ao final da realizacdo dos ensaios em 3
grupos de pinos, foi possivel observar que nao houve diferencas significativas na
resisténcia flexural e no modulo flexural entre os pinos com tratamento de superficie e
0s pinos dos grupos controles. O jateamento mostrou-se o tratamento mais eficiente
para exposicado de uma superficie aspera no pino e conclui-se que os tratamentos de
superficie ndo alteram as propriedades flexurais dos pinos e podem promover a

otimizag&o da cimentagdo dos mesmos.

A avaliacdo da influéncia das condicGes do meio bucal sobre o pino também devem ser
objeto de estudo para um maior conhecimento das reais propriedades dos pinos apos a
cimentacao no dente. Stewardson et al. (2010) avaliaram a influéncia da termociclagem
e do armazenamento condicionado a 37,8 °C, simulando a temperatura corporal
humana, sobre diferentes pinos. Os pinos foram submetidos aos testes de flexdo de 3
pontos, segundo a ISO 3597-2. ApOs os testes, observou-se que a termociclagem e o
armazenamento promovem uma pequena diminuicdo na média do médulo flexural e da
resisténcia flexural para todos os grupos de pinos testados, entretanto € duvidoso

afirmar que existira efeito deletério sobre o desempenho clinico dos pinos.

Outra influéncia das condi¢cdes do meio bucal a ser analisada sdo as reais dimensoes,
comprimento e diametro, do pino quando fixado no conduto radicular e as propriedades
mecanicas pertinentes a estas dimensdes. Grande et al. (2009) avaliaram se a
diminuicdo da propor¢cdo comprimento/diametro do pino, através da reducdo na
distancia entre apoios na realizacdo dos testes, resulta na alteracdo das propriedades
mecanicas dos pinos. Além disso, avaliou-se também a influéncia da modificacédo
personalizada da anatomia dos pinos sobre suas propriedades. Na comparacao entre
todos os grupos, apenas o grupo de pinos testados com uma distancia entre apoios
reduzida foi estatisticamente diferente de todos os outros grupos, pois apresentou
valores de resisténcia flexural e de moédulo flexural baixos. Pode concluir-se que as
propriedades mecéanicas de um pino com anatomia modificada ndo foram afetados pelo
processo de modificacdo personalizada e que a propor¢cdo reduzida entre o

comprimento e o diametro altera as propriedades mecanicas de um pino.
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Stewardson et al. (2010) também avaliaram a influéncia da relacdo distancia entre
apoios/diametro sobre as propriedades flexurais dos pinos. O estudo avaliou diferentes
grupos de pinos submetidos a 3 diferentes distancias entre apoios (16 mm, 32 mm e 64
mm) no ensaio de flexdo de trés pontos, segundo a ISO 3597-2. Os resultados
mostraram valores inferiores, estatisticamente significantes, do médulo flexural para
todos os pinos de fibra submetidos a distancia de 16 mm e, com isso, foi possivel
observar que resultados confiaveis para as propriedades flexurais dos pinos somente
serdo alcancados nos testes se 0s corpos de prova possuirem uma proporcao
comprimento/diametro adequada a norma utilizada nos ensaios.

Soares et al. (2010) observaram que a distancia entre apoios € um dos principais
fatores que ndo séo respeitados, de acordo com a norma referenciada, pelos autores.
Com isso, o teste de flexdo de 3 pontos tem sido utilizado de forma duvidosa para
avaliacdo de espécimes pequenos, como 0s pinos odontolégicos e, dessa forma, os
resultados sao afetados significativamente. A partir dessa observacdo, Soares et al.
(2010) avaliaram 5 diferentes pinos submetidos a norma ASTM D2344/D2344M (Anexo
B) preconizada para corpos de prova de dimensdes reduzidas. Conclui-se que o0s pinos
de fibra possuem boa resisténcia flexural e que a norma utilizada propiciou resultados

confiaveis.

Sendo assim, diante dos inumeros fatores que contribuem para a falta de consenso
sobre as propriedades flexurais dos sistemas de pinos, se torna evidente que mais
estudos, com informacdes fidedignas, sdo necessarios para o alcance de niveis
satisfatérios de evidenciais. Diante do posto, o objetivo deste estudo € avaliar a
resisténcia flexural e o modulo flexural de trés marcas comerciais de pinos de fibra,
além de verificar a influéncia da relacéo distancia entre apoios/diametro do pino sobre
os valores das propriedades de uma marca comercial por meio de testes de flexdo de

trés pontos.
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Esta forma de apresentacdo da dissertacdo foi escrita de acordo com o Regimento
Interno do Programa de Pds-Graduagdo em Clinica Odontologica da Universidade

Federal do Espirito Santo.

Este trabalho foi redigido em formato de artigo cientifico, em conformidade com as
normas da Revista Brazilian Dental Journal (Anexo A). O artigo na versao em portugués
apresenta-se escrito de acordo com as normas da referida revista, porém as figuras e
tabelas foram inseridas no decorrer do texto. No artigo na versédo em inglés (Apéndice),

as normas da revista foram respeitadas em sua totalidade.
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Avaliacdo das propriedades flexurais

de pinos de fibra odontoldgicos

2.1 RESUMO

O objetivo deste estudo é avaliar a resisténcia flexural (S) e 0 modulo flexural (E) de trés marcas
comerciais de pinos de fibra, além de verificar a influéncia da relacdo distancia entre
apoios/diametro do pino sobre os valores das propriedades de uma marca comercial por meio de
testes de flexdo de trés pontos. Os grupos estudados foram de pinos de fibra de quartzo (Grupo
1), pinos de fibra de carbono (Grupo 2) e pinos de fibra de vidro (Grupos 3 e 4). Os testes foram
realizados em uma méquina de ensaio universal INSTRON 5565® de acordo com as
especificagdes da norma ASTM D2344/D2344M. ApoOs 0s testes, encontraram-se 0s seguintes
resultados: S de 884,32+45,38c MPa para o Grupo 1; 567,47+36,03o para 0 Grupo 2,
575,98+44,705 MPa para o grupo 3 e 719,19+75,82 g MPa para 0 Grupo 4; e E de 15,481,725
GPa para o Grupo 1, 9,44+1,18, GPa para o Grupo 2, 8,83+2,335 GPa para o Grupo 3 e
17,20+2,675 GPa para o Grupo 4. Conclui-se que os pinos de fibra de quartzo apresentaram
propriedades superiores em relacdo aos pinos de fibra de carbono e de vidro, submetidos a
mesma norma nos ensaios. E que o grupo de pinos de fibra de vidro, com a relacdo distancia
entre apoios/diametro menor, apresentou maior carga maxima e menores resisténcia flexural e
mabdulo flexural em relacdo ao grupo de pinos de fibra de vidro com a relacdo distancia entre

apoios/diametro maior.
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2.2 INTRODUCAO

A reabilitacdo de dentes com tratamento endodontico ainda representa um desafio na
Odontologia, pois estes dentes apresentam um maior nimero de falhas biomecénicas, com destaque
para a fratura radicular, em compara¢do com os dentes vitais (1-4). Por esta raz&o, os estudos com
0S materiais restauradores tém-se direcionado para o alcance de avangos nas suas propriedades
mecanicas, na tentativa de mimetizar o 6rgéo dental (4).

Os dentes com tratamento endoddntico e com cavidades extensas, ou com grande
destruicdo coronaria, sdo casos clinicos que necessitam de um pino intra-radicular e um nucleo que
funcionem como retentores de um trabalho protético subsequente, como uma coroa total (5,6).
Dentre os materiais utilizados para pinos intra-radiculares, cabe ressaltar as ligas metéalicas, uma vez
que pinos e nucleos metalicos fundidos ja foram considerados como tratamento padrdo (4,7,8).
Entretanto, todos os metais e ligas apresentam valores de modulos de elasticidade maiores do que 0s
da dentina, o que resulta na desigual distribuicdo de tensdes e consequente maior possibilidade de
fratura da raiz (6,9).

A partir da década de 90, varios sistemas de pinos pré-fabricados de fibra tém sido
desenvolvidos procurando sanar as dificuldades clinicas e preencher os requisitos funcionais e
estéticos desejaveis (10). Uma hipdtese bem aceita na comunidade cientifica como principal
vantagem desses sistemas sdo as propriedades mecanicas proximas as da dentina e, com isso, o pino pode
formar uma unidade homogénea com a raiz circundante (6) Entretanto, esta hipotese ainda necessita de
evidéncias satisfatérias (11). Outras vantagens dos pinos de fibra sdo a elevada resisténcia,
possibilidade de transmissdo de luz, qualidade estética superior, auséncia de corrosdo e possibilidade
de cimentacdo em sessao Unica (10,12).

Apesar das inimeras vantagens relatadas para os pinos de fibra, ainda ndo had um
consenso sobre qual é o melhor material de fibra para reabilitacdo de dentes com tratamento
endodéntico (13). Os motivos da persisténcia dessa divida sdo a auséncia de niveis satisfatdrios de
evidéncias na literatura, a obtencdo de parametros mecanicos equivocados devido a utilizacdo de
metodologias inadequadas e a existéncia de um grande namero pinos de fibra de um mesmo material
com propriedades mecanicas diferentes (14,15). Além disso, as propriedades mecanicas dos pinos sao
dependentes de inimeros fatores, como sua arquitetura, a geometria das fibras, os componentes da

matriz resinosa, a proporg¢do entre fibra e matriz e a aderéncia entre as fibras e a matriz (6,12,16-18)
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A avaliacdo da influéncia das condigdes do meio bucal sobre o pino também deve ser objeto de
estudo para um maior conhecimento das reais propriedades dos pinos apds a cimentagdo no dente, pois
observou-se que a termociclagem e o armazenamento, simulando a temperatura corporal humana,
promovem uma pequena diminui¢do nos valores das propriedades mecanicas (9). Outra questdo que
necessita de esclarecimento € a influéncia das reais dimensdes, comprimento e didmetro, do pino
quando cimentado no dente, pois acredita-se que pinoS COM Menor  Proporgao
comprimento/diametro possuem valores reduzidos das propriedades flexurais (14,16,19,20). A
distancia entre apoios, relacionada ao comprimento do pino, nos ensaios mecanicos € um dos
principais fatores que possivelmente ndo sdo respeitados de acordo com a norma referenciada pelos
autores. Com isso, o teste de flexdo de 3 pontos tem sido utilizado de forma duvidosa para avaliacao
de espécimes pequenos como 0s pinos odontoldgicos e, dessa forma, os resultados sdo afetados
significativamente (14,15).

Sendo assim, diante dos inimeros fatores que contribuem para a falta de consenso sobre as
propriedades flexurais dos sistemas de pinos, se torna evidente que mais estudos, com informacgdes
fidedignas, sdo necessarios para o alcance de niveis satisfatorios de evidenciais. Diante do posto, 0
objetivo deste estudo é avaliar a resisténcia flexural e 0 médulo flexural de trés marcas comerciais
de pinos de fibra, além de verificar a influéncia da relacdo distancia entre apoios/didmetro do pino
sobre os valores das propriedades de uma marca comercial por meio de testes de flexdo de trés
pontos. As hipdteses nulas formuladas € que ndo serdo encontradas diferencas nas propriedades
flexurais entre os pinos com diferentes tipos de fibras e que ndo serdo encontrados diferencas nas

propriedades flexurais entre os pinos submetidos a diferentes distancias entre apoios nos testes.

2.3 MATERIAIS E METODOS

A amostra utilizada neste estudo foi constituida de 40 pinos de fibra divididos em 4 grupos,
com 10 espécimes cada, de 3 diferentes marcas comerciais de pinos de fibra (Figura 1). A sele¢édo
dos pinos ocorreu em virtude da adequacdo da geometria dos pinos a norma preconizada por este
estudo. Os grupos dos pinos selecionados, além dos respectivos fabricantes, as composicdes

segundo informagdes dos fabricantes, as geometrias e os didmetros sdo descritos na Tabela 1.



Figura 1. Exemplos dos pinos de fibra testados neste estudo. Da esquerda para direita: Aestheti-plus (Grupo 1),

Reforpost fibra de carbono (Grupo 2), Reforpost fibra de vidro (Grupos 3 e 4).

Tabela 1. Dados do pinos de fibra testados neste estudo.

Grupos Marcas Fabricante Composicéo Geometria Diametro
Comercias i 5 i
(informagdes do fabricante)
1 Aestheti-plus Bisco, Fibra de quartzo: 60% Cilindrico- 1,4 mm
. " conico
Schaumburg, Resina epoxi: 40%
Hlinois, U.S.A
2 Reforpost fibra de Angelus, Fibra de carbono: 79% Cilindrico 1,5mm
carbono Londrina, Parana, i . serrilhado
Resina epoxi: 21%
Brasil
3e4 Reforpost fibra de Angelus, Fibra de vidro: 80% Cilindrico 1,5 mm
vidro Londrina, Parand, serrilhado

Brasil

Resina epdxi: 20%
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Todos 0s pinos, constituintes da amostra deste estudo, foram submetidos aos ensaios

mecanicos de flexdo de trés pontos (Figura 2) em uma méaquina de ensaios universais INSTRON

5565® (Instron, Norwood, Massachusets, USA). Todos os testes foram realizados sob temperatura

ambiente e umidade ambiente. Os pinos dos Grupos 1, 2 e 3 foram submetidos aos testes de

realizado de acordo com a norma ASTM D2344/D2344M (21), que preconiza a aplicacdo da carga

sobre os pinos sob angulo de carregamento de 90°, distancia entre apoios de quatro vezes o diametro

do pino (Grupo 1: distancia entre apoios de 5,6 mm; Grupo 2: distdncia de 6,0 mm e Grupo 3:
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distancia de 6,0 mm), comprimento minimo do pino de seis vezes o0 seu diametro e uma velocidade

de 1,0 mm/minuto até o momento de fratura do pino.

Figura 1. Exemplo dos testes de flexdo de 3 pontos realizados pelo presente estudo.

Como a norma utilizada pelo presente estudo preconiza pinos de geometria uniforme e 0s
pinos de fibra de carbono (Grupo 2) e fibra de vidro (Grupo 3 e 4) utilizados possuem geometria
cilindrica serrilhada posicionou-se, de forma justo-posta, as sec¢des de maior diametro (1,5 mm) do
pino nos 3 apoios do dispositivo do ensaio. Para a realizacdo do teste do Grupo 4, a distancia entre
apoios foi de 10 mm e a selecdo desta distancia ocorreu em funcdo da grande quantidade de estudos
publicados com este parametro, independente da norma utilizada (5,11,17,19,20).

O mddulo de elasticidade em flexdo ou mddulo flexural (E) e a resisténcia a flexdo ou
resisténcia flexural (S) foram calculados segundo as seguintes equagoes (22): S =8 x Fnaux x |/ mx d*; e
E =4 x Fnax x P/ D x 3x 7w x d*. Os dados das equagdes S0 0s seguintes: Fmax € a carga maxima
aplicada no ensaio (em Newtons), d € o didmetro do pino (em mm), | é a distancia entre apoios (em
milimetros), D é a deflexdo (em milimetros) correspondente ao ponto Fax.

Os resultados encontrados foram submetidos as analises estatiticas por meio do Teste de ANOVA

complementada pelo Teste de Comparages Mdltiplas de Tukey e por meio do Teste t para médias, ao nivel

de significancia de 5%.

2.4 RESULTADOS
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Os valores das médias das cargas maximas, resisténcias flexurais e moédulos flexurais, e
0s respectivos desvios-padrdo, dos pinos submetidos aos testes estdo apresentados nas Tabelas 2, 3 e

4, respectivamente.

Tabela 2. Média e desvio padrdo da Carga Maxima (N) nos diferentes grupos.

Grupo Média Desvio-Padrao
1 143,53¢ 7,35
2 107,415 6,82
3 109,035 8,46
4 95,69, 9,90

* Médias seguidas de letras distintas diferem significativamente através do teste de Tukey, ao nivel de significancia de 5%.

Tabela 3. Média e desvio padrdo da Resisténcia Flexural (MPa) nos diferentes grupos.

Grupo Média Desvio-Padrao
1 884,32 45,38
2 567,47 36,03
3 575,984 44,70
4 719,19y 75,82

* Médias seguidas de letras distintas diferem significativamente através do teste de Tukey, ao nivel de significancia de 5%.

Tabela 4. Média e desvio padrdo do Médulo Flexural (GPa) nos diferentes grupos.

Grupo Média Desvio-Padréo
1 15,485 1,72
2 9,444 1,18
3 8,834 2,33
4 17,205 2,67

* Médias seguidas de letras distintas diferem significativamente através do teste de Tukey, ao nivel de significancia de 5%.

Na comparacdo entre os grupos 1, 2 e 3 - pinos submetidos a mesma norma - a analise
estatistica, pela ANOVA e Teste de Tukey, encontrou diferenca estatistica significativa (p>0,05) para
0s pinos do Grupo 1 (Aestheti-plus) na analise de todas as propriedades flexurais estudadas (Carga
Méaxima, Resisténcia Flexural e Mddulo Flexural). Os pinos do Grupo 1 apresentaram valores
superiores aos Grupos 2 (Reforpost fibra de carbono) e 3 (Reforpost fibra de vidro), os quais ndo
apresentaram diferenca estatistica significativa entre si.

Na comparacdo entre 0s grupos 3 e 4 - pinos submetidos a diferentes distancias entre apoios -
a analise estatistica, pelo Teste t, encontrou valores superiores estatisticamente significantes (p>0,05)
do Grupo 4, com maior distancia entre apoios, para a resisténcia flexural e médulo flexural, enquanto
que o Grupo 3, com menor distancia entre apoios, apresentou valor superior estatisticamente

significante (p>0,05) da carga maxima (Figura 3, 4 e 5).
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Figura 3. Grafico das Cargas Maximas (N) dos grupos 3 e 4
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Figura 4. Gréafico das Resisténcias Flexurais (MPa) dos grupos 3 e 4
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Figura 5. Gréafico dos Mdédulos Flexurais (GPa) dos grupos 3 e 4
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Apesar das inimeras vantagens relatadas na literatura para os pinos de fibra, ainda ndo ha um
consenso sobre qual € o melhor material de fibra para reabilitacdo de dentes com tratamento
endoddntico e também sobre quais as reais propriedades mecéanicas dos sistemas de pinos de fibra
(9,13). Inameros sdo os fatores que contribuem para a pertinente ddvida, pode-se destacar o fato de que
muitas avaliacdes sobre as propriedades mecanicas dos pinos podem ser questionaveis, pois alguns
pardmetros biomecéanicos podem ser obtidos através de uma metodologia inadequada (14). O
presente estudo utilizou a norma ASTM D2344/D2344M (21) para realizacdo dos testes uma vez
que ela permite ensaios em corpos de prova de dimensdes reduzidas como o0s pinos de fibra
odontolégicos em dimensbes comerciais (15). A norma preconiza preferencialmente corpos de
prova de no minimo 2 mm, porém a disponibilidade de pinos intra-radiculares com o diametro
requisitado € restrita e foi um empecilho a este estudo. Sendo assim, tal fator foi uma limitacéo deste
estudo. E importante evidenciar que a norma ja foi adotada em estudo anterior com pinos de
didmetros inferiores a 2 mm e encontraram-se resultados plausiveis (15).

Um exemplo da utilizacdo de metodologia inadequada € a distancia entre apoios aplicada nos
ensaios mecanicos, que possivelmente nao € respeitada de acordo com a norma referenciada (14,15).
A ndo utilizacdo da distancia entre apoios preconizada ocorreu na adocéo da norma 1SO 10477 (23),
por exemplo, pois a norma descreve distancia de 20 mm, enquanto que o0s estudos utilizaram valores
de 8 mm (16), 15 mm (12) e 10 mm (19). Tal fato também ocorreu na adocdo da norma ISO 178
(24) que preconiza uma distancia entre apoios de, no minimo, dezesseis vezes o diametro do pino,
entretanto estudos realizaram testes com corpos de prova com diametros na faixa de 1,1 a 1,5 mm e
adotaram distancias entre apoios de 10 mm (11) e 14 mm (1).

Com isso, o teste de flexdo de 3 pontos tem sido utilizado de forma duvidosa para avaliagdo
de espécimes pequenos, como 0s pinos odontologicos e, dessa forma, os resultados sdo afetados
significativamente (15). Foi possivel observar também que alguns estudos nao informaram a norma
referenciada para a realizacdo dos ensaios mecanicos (5,17,20).

A norma mais adequada para 0s ensaios com pinos cilindricos é a norma ISO 3597-2 (25),
pois é a Unica, dentre as citadas, especifica para corpos de prova cilindricos e que, inclusive,
apresenta a formula para calculo da resisténcia flexural de corpos com secc¢éo circular. Entretanto, 0s
pardmetros determinados pela norma exigem a utilizacdo de corpos de prova de dimensbes
geralmente superiores as dos pinos intra-radiculares comerciais, isto porque o didmetro do corpo

deve ser preferencialmente acima de 4 mm. Entretanto, a norma 1SO 3597-2 (25) também foi
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utilizada para testes com pinos com didmetros abaixo de 4 mm, ou seja, abaixo do recomendado,
pois 0s pinos possuiam didmetros numa variacao entre 1,7 e 2,5 mm (9,14).

No presente estudo, a comparagdo entre 0s grupos 1, 2 e 3, pinos submetidos a mesma
norma, encontrou-se valores superiores (p>0,05) para 0s pinos do Grupo 1 (Aestheti-plus) na analise
de todas as propriedades flexurais estudadas (Carga Méaxima, Resisténcia Flexural e Mdédulo
Flexural). Enquanto que entre os grupos 3 e 4 ndo houve diferenca estatistica significativa para as
propriedades avaliadas, resultado ja encontrado por outros autores (1). De forma diferente, um
estudo anterior encontrou valores superiores para o Reforpost fibra de carbono em comparacéo com
0 Reforpost fibra de vidro (19). Os resultados superiores, em comparacdo a outros pinos de fibra,
encontrados para 0s pinos de quartzo Aestheti-plus séo condizentes com a literatura (1,18). Outros
quatro estudos também testaram os pinos de quartzo Aestheti-plus e encontraram 0s seguintes
resultados das propriedades flexurais: resisténcias flexurais de 1.688,46 (1), 1.412,15 MPa (9,14) e
1.889.60 MPa (18) enquanto que o presente estudo encontrou o valor de 884,32 MPa; e modulos
flexurais de 36,76 GPa (1), 56,16 GPa (9,14) e 52,8 GPa (18), enquanto que este estudo encontrou 0
valor de 15,48 GPa.

Trés estudos também realizaram testes nos pinos Reforpost fibra de vidro (1,15,19). Para a
resisténcia flexural, este estudo encontrou 575,98 MPa para o Grupo 3, com distancia entre apoios
de 6 mm, e 719,19 MPa para o Grupo 4, enquanto os outros estudos encontraram os valores de
1.153,41 MPa (1), 610 MPa (15) e 562,33 MPa (19). Para o0 modulo flexural, o presente estudo
obteve o valor de 8,83 GPa para o Grupo 3 e de 17,19 GPa para o Grupo 4, enquanto que também
encontraram-se 0s valores de 25,68 GPa (1) e 10,59 GPa (19). E outros dois estudos também
avaliaram o Reforpost fibra de carbono, com resultados de 1.339,36 MPa (1) e 680,55 MPa (19)
para a resisténcia flexural e de 26,49 GPa (1) e 15,87 GPa (19) para 0 médulo flexural. O presente
estudo encontrou os valores de 567,47 MPa (S) e 9,44 GPa (E). As diferencas de valores
encontradas para as marcas de pinos discutidas sdo observadas, possivelmente, em funcéo da adocéo
de variados diametros dos pinos e de diferentes metodologias nos estudos relatados.

Na comparagdo entre os Grupos 3 e 4 do presente estudo, encontrou-se maiores valores,
estatisticamente significantes, do Grupo 3 para a carga maxima aplicada e maiores valores,
estatisticamente significantes, do Grupo 4 para a resisténcia e médulo flexural. Em relacdo a
resisténcia e modulo flexural observou-se uma queda consideravel dos valores do Grupo 3, com isso

pode-se observar que o0s valores dessas propriedades sdo altamente sensiveis a relacdo distancia
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entre apoios/didmetro e isto pode ser explicado pela férmula para célculo das propriedades flexurais,
principalmente para o modulo flexural, que é dependente da distancia entre apoios elevada ao cubo -
I*- (22). Os resultados encontrados sdo condizentes com a literatura que observou que pinos com a
menor proporgdo comprimento/diametro possuem valores reduzidos das propriedades flexurais
(14,20).

Diante dos resultados encontrados, as hipdteses nulas deste trabalho foram rejeitadas. E
fundamental evidenciar que os resultados obtidos nos testes de flexdo de 3 pontos encontrados pelo
presente estudo n&@o significam, necessariamente, que os pinos de fibra estudados possam ter ou ndo
um bom desempenho clinico, visto que este também depende de outros inimeros fatores que devem
ser avaliados e estudados em conjunto com outros estudos in vitro e, principalmente, com estudos de
avaliagdes clinicas em longo prazo.

De acordo com a metodologia utilizada e a partir da anélise estatistica do presente estudo,
conclui-se que o grupo de pinos de fibra de quartzo apresentou carga maxima, resisténcia flexural e
modulo flexural superiores em relacdo aos grupos de pinos de fibra de carbono e de vidro,
submetidos a mesma norma nos ensaios. Nao houve diferenca estatisticamente significante entre os
grupos de pinos de fibra de carbono e de fibra de vidro para as propriedades estudadas nas mesmas
condicdes. E o grupo de pinos de fibra de vidro, com a relacdo distancia entre apoios/didmetro
menor, apresentou maior carga maxima e menores resisténcia flexural e médulo flexural em relacéo

ao grupo de pinos de fibra de vidro com a relacdo distancia entre apoios/diametro maior.
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q Iy) Designation: D 2344/D 2344M - 00<’

Standard Test Method for

Short-Beam Strength of Polymer Matrix Composite Materials

and Their Laminates’

This standard is issued under the fixed designation D 2344/D 2344M: the number immediately following the designation indicates the
year of original adoption or, in the case of revision. the year of last revision. A number in parentheses indicates the year of last
reapproval. A superscript epsilon (e) indicates an editorial change since the last revision or reapproval

€' Note—The title has been editorially corrected in November 2000.

1. Scope

1.1 This test method determines the short-beam strength of
high-modulus fiber-reinforced composite materials. The speci-
men is a short beam machined from a curved or a flat laminate
up to 6.00 mm [0.25 in.] thick. The beam is loaded in
three-point bending.

1.2 Application of this test method is limited to continuous-
or discontinuous-fiber-reinforced polymer matrix composites,
for which the elastic properties are balanced and symmetric
with respect to the longitudinal axis of the beam.

1.3 This standard does not purport to address all of the
safetv concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.4 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system must be used independently of the other. Combining
values from the two systems may result in nonconformance
with the standard.

2. Referenced Documents

2.1 ASTM Standards:

D 792 Test Methods for Density and Specific Gravity (Rela-
tive Density) of Plastics by Displacement®

D 883 Terminology Relating to Plastics?

D 2584 Test Method for Ignition Loss of Cured Reinforced
Resins®

D 2734 Test Method for Void Content of Reinforced Plas-
tics®

D 3171 Test Method for Fiber Content of Resin-Matrix
Composites by Matrix Digestion*

D 3878 Terminology for High-Modulus Reinforcing Fibers
and Their Composites®

! This test method is under the jurisdiction of ASTM Committee D-30 on
Composite Materials and is the direct responsibility of Subcommittee D30.04 on
Lamina and Laminate Test Methods.

Current edition approved March 10. 2000. Published June 2000. Originally
published as D 2344 — 65 T. Last previous edition D 2344 — 84 (1995).

2 Annual Book of ASTM Standards. Vol 08.01.

3 Annual Book of ASTM Standards, Vol 08.02.

# Annual Book of ASTM Standards, Vol 15.03.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.

D 5229/D 5229M Test Method for Moisture Absorption
Properties and Equilibrium Conditioning of Polymer Ma-
trix Composite Materials*

D 5687/D 5687M Guide for Preparation of Flat Composite
Panels with Processing Guidelines for Specimen Prepara-
tion*

E 4 Practices for Force Verification of Testing Machines®

E 6 Terminology Relating to Methods of Mechanical Test-
ing®

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials®

E 122 Practice for Choice of Sample Size to Estimate a
Measure of Quality for a Lot or Process®

E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods®

E 456 Terminology Relating to Quality and Statistics®

E 1309 Guide for Identification of Composite Materials in
Computerized Material Property Databases*

E 1434 Guide for Development of Standard Data Records
for Computerization of Mechanical Test Data for High-
Modulus Fiber-Reinforced Composite Materials*

E 1471 Guide for Identification of Fibers, Fillers, and Core
Materials in Computerized Material Property Databases*

3. Terminology

3.1 Definitions—Terminology D 3878 defines the terms re-
lating to high-modulus fibers and their composites. Terminol-
ogy D 883 defines terms relating to plastics. Terminology E 6
defines terms relating to mechanical testing. Terminology
E 456 and Practice E 177 define terms relating to statistics. In
the event of a conflict between definitions, Terminology
D 3878 shall have precedence over the other documents.

Note 1—If the term represents a physical quantity, its analytical
dimensions are stated immediately following the term (or letter symbol) in
fundamental dimension form, using the following ASTM standard sym-
bology for fundamental dimensions, shown within square brackets: [M]
for mass, [L] for length, [7] for time, [@] for thermodynamic temperature,
and [nd] for nondimensional quantities. Use of these symbols is restricted
to analytical dimensions when used with square brackets, as the symbols
may have other definitions when used without the brackets.

° Annual Book of ASTM Standards, Vol 03.01
© Annual Book of ASTM Standards, Vol 14.02.
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3.2 Definitions of Terms Specific to This Standard:

3.2.1 balanced laminate, n—a continuous fiber-reinforced
laminate in which each +6 lamina, measured with respect to the
laminate reference axis, is balanced by a — lamina of the same
material (for example, [0/+45/-45/+45/-45/0]).

3.2.2 short-beam strength, n—the shear stress as calculated
in Eq 1, developed at the specimen mid-plane at the failure
event specified in 11.6.

3.2.2.1 Discussion—Although shear is the dominant applied
loading in this test method, the internal stresses are complex
and a variety of failure modes can occur. Elasticity solutions by
Berg et al (1)7, Whitney (2), and Sullivan and Van Oene (3)
have all demonstrated inadequacies in classical beam theory in
defining the stress state in the short-beam configuration. These
solutions show that the parabolic shear-stress distribution as
predicted by Eq 1 only occurs, and then not exactly, on planes
midway between the loading nose and support points. Away
from these planes, the stress distributions become skewed, with
peak stresses occurring near the loading nose and support
points. Of particular significance is the stress state local to the
loading nose in which the severe shear-stress concentration
combined with transverse and in-plane compressive stresses
has been shown to initiate failure. However, for the more
ductile matrices, plastic yielding may alleviate the situation
under the loading nose (1) and allow other failure modes to
occur such as bottom surface fiber tension (2). Consequently,
unless mid-plane interlaminar failure has been clearly ob-
served, the short-beam strength determined from this test
method cannot be attributed to a shear property, and the use of
Eq 1 will not yield an accurate value for shear strength.

3.2.3 symmetric laminate, n—a continuous fiber-reinforced
laminate in which each ply above the mid-plane is identically
matched (in terms of position, orientation, and mechanical
properties) with one below the mid-plane.

3.3 Symbols:

b—specimen width.

CT—sample coefficient of variation (in percent).

F—short-beam strength.

h—specimen thickness.

n—number of specimens.

P,—maximum load observed during the test.

x—measured or derived property for an individual specimen
from the sample population.

x—sample mean (average).

4. Summary of Test Method

4.1 The short-beam test specimens (Figs. 1-4) are center-
loaded as shown in Figs. 5 and 6. The specimen ends rest on
two supports that allow lateral motion, the load being applied
by means of a loading nose directly centered on the midpoint
of the test specimen.

5. Significance and Use

5.1 In most cases, because of the complexity of internal
stresses and the variety of failure modes that can occur in this

7 Boldface numbers in parentheses refer to the list of references at the end of this
standard.

90°
.50 a5° T 1E]
00
=
12.1
11.9
’ 40 REF
41.0
39,0 3
ZANCATY
L7].03
—A—

Note 1l—Drawing interpretation per ANSI Y14.5-1982 and ANSI/
ASM B46.1-1986.
Note 2—DPly orientation tolerance *0.5° relative to —B—.
FIG. 1 Flat Specimen Configuration (Sl)

specimen, it is not generally possible to relate the short-beam
strength to any one material property. However, failures are
normally dominated by resin and interlaminar properties, and
the test results have been found to be repeatable for a given
specimen geometry, material system, and stacking sequence
4).

5.2 Short-beam strength determined by this test method can
be used for quality control and process specification purposes.
It can also be used for comparative testing of composite
materials, provided that failures occur consistently in the same
mode (5).

5.3 This test method is not limited to specimens within the
range specified in Section 8, but is limited to the use of a
loading span length-to-specimen thickness ratio of 4.0 and a
minimum specimen thickness of 2.0 mm [0.08 in.].

6. Interferences

6.1 Accurate reporting of observed failure modes is essen-
tial for meaningful data interpretation, in particular, the detec-
tion of initial damage modes.

7. Apparatus

7.1 Testing Machine, properly calibrated, which can be
operated at a constant rate of crosshead motion, and which the
error in the loading system shall not exceed *1 %. The
load-indicating mechanism shall be essentially free of inertia
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lag at the crosshead rate used. Inertia lag may not exceed 1 %
of the measured load. The accuracy of the testing machine shall
be verified in accordance with Practices E 4.

7.2 Loading Nose and Supports, as shown in Figs. 5 and 6,
shall be 6.00-mm (0.250-in.) and 3.00-mm (0.125-in.) diameter
cylinders, respectively, with a hardness of 60 to 62 HRC, as
specified in Test Methods E 18, and shall have finely ground
surfaces free of indentation and burrs with all sharp edges
relieved.

7.3 Micrometers—For width and thickness measurements,
the micrometers shall use a 4- to 5-mm (0.16- to 0.2-in.)
nominal diameter ball interface on an irregular surface such as
the bag side of a laminate and a flat anvil interface on machined
edges or very smooth tooled surfaces. A micrometer or caliper
with flat anvil faces shall be used to measure the length of the
specimen. The accuracy of the instrument(s) shall be suitable
for reading to within 1 % of the sample dimensions. For typical
section geometries, an instrument with an accuracy of =0.002
mm (*0.0001 in.) is desirable for thickness and width mea-
surement, while an instrument with an accuracy of =0.1 mm
(£0.004 in.) 1s adequate for length measurement.

7.4 Conditioning Chamber, when conditioning materials at
nonlaboratory environments, a temperature/vapor-level-
controlled environmental conditioning chamber is required that
shall be capable of maintaining the required temperature to
within £3°C (£5°F) and the required vapor level to within
+3 %. Chamber conditions shall be monitored either on an

automated continuous basis or on a manual basis at regular
intervals.

7.5 Environmental Test Chamber, an environmental test
chamber is required for test environments other than ambient
testing laboratory conditions. This chamber shall be capable of
maintaining the test specimen at the required test environment
during the mechanical test method.

8. Sampling and Test Specimens

8.1 Sampling—Test at least five specimens per test condi-
tion unless valid results can be gained through the use of fewer
specimens, as in the case of a designed experiment. For
statistically significant data, consult the procedures outlined in
Practice E 122. Report the method of sampling.

8.2 Geometry:

8.2.1 Laminate Configurations—Both multidirectional and
pure unidirectional laminates can be tested, provided that there
are at least 10 % 0° fibers in the span direction of the beam
(preferably well distributed through the thickness), and that the
laminates are both balanced and symmetric with respect to the
span direction of the beam.

8.2.2 Specimen Configurations—Typical configurations for
the flat and curved specimens are shown in Figs. 1-4. For
specimen thicknesses other than those shown, the following
geometries are recommended:

Specimen length = thickness X 6
Specimen width, 5 = thickness X 2.0

Note 2—Analysis reported by Lewis and Adams (6) has shown that a
width-to-thickness ratio of greater than 2.0 can result in a significant
width-wise shear-stress variation.

8.2.2.1 For curved beam specimens, it is recommended that
the arc should not exceed 30°. Also, for these specimens, the
specimen length is defined as the minimum chord length.

8.3 Specimen Preparation—Guide D 5687/D 5687M pro-
vides recommended specimen preparation practices and should
be followed where practical.

8.3.1 Laminate Fabrication—Laminates may be hand-laid,
filament-wound or tow-placed, and molded by any suitable
laminating means, such as press, bag, autoclave, or resin
transfer molding.

8.3.2 Machining Methods—Specimen preparation is impor-
tant for these specimens. Take precautions when cutting
specimens from the rings or plates to avoid notches, undercuts,
rough or uneven surfaces, or delaminations as a result of
inappropriate machining methods. Obtain final dimensions by
water-lubricated precision sawing, milling, or grinding. The
use of diamond tooling has been found to be extremely
effective for many material systems. Edges should be flat and
parallel within the specified tolerances.

8.3.3 Labeling—ILabel the specimens so that they will be
distinct from each other and traceable back to the raw material,
in a manner that will both be unaffected by the test method and
not influence the test method.

9. Calibration

9.1 The accuracy of all measuring equipment shall have
certified calibrations that are current at the time of use of the
equipment.
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FIG. 3 Curved Specimen Configuration (Sl)

10. Conditioning

10.1 Standard Conditioning Procedure—Unless a different
environment is specified as part of the test method, condition
the test specimens in accordance with Procedure C of Test
Method D 5229/D 5229M, and store and test at standard
laboratory atmosphere (23 £ 3°C (73 % 5°F) and 50 = 10 %
relative humidity).

11. Procedure

11.1 Parameters to Be Specified Before Test:

11.1.1 The specimen sampling method and coupon geom-
etry.

11.1.2 The material properties and data-reporting format
desired.

Note 3—Determine specific material property, accuracy, and data-
reporting requirements before test for proper selection of mstrumentation
and data-recording equipment. Estimate operating stress levels to aid in
calibration of equipment and determination of equipment settings.

11.1.3 The environmental conditioning test parameters.
11.1.4 If performed, the sampling test method, coupon

geometry, and test parameters used to determine density and
reinforcement volume.

11.2 General Instructions:

11.2.1 Report any deviations from this test method, whether
intentional or inadvertent.

11.2.2 If specific gravity, density, reinforcement volume, or
void volume are to be reported, then obtain these samples from
the same panels as the test samples. Specific gravity and
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density may be evaluated by means of Test Methods D 792.
Volume percent of the constituents may be evaluated by one of
the matrix digestion procedures of Test Method D 3171, or for
certain reinforcement materials such as glass and ceramics, by
the matrix burn-off technique of Test Method D 2584. Void
content may be evaluated from the equations of Test Method
D 2734 and are applicable to both Test Methods D 2584 and
D 3171.

11.2.3 Condition the specimens as required. Store the speci-
mens in the conditioned environment until test time, if the test
environment is different from the conditioning environment.

11.2.4 Following final specimen machining and any condi-
tioning, but before testing, measure and record the specimen
width and thickness at the specimen midsection and the
specimen length to the accuracy specified in 7.3.

11.3 Speed of Testing—Set the speed of testing at a rate of
crosshead movement of 1.0 mm (0.05 in.)/min.

11.4 Test Environment—1If possible, test the specimen under
the same fluid exposure level as that used for conditioning.
However, if the test temperature places too severe requirements
upon the testing machine environmental chamber, test at a
temperature with no fluid exposure control. In this case, a
restriction must be placed upon the time from removal of the
specimen from the conditioning chamber until test completion
to inhibit nonrepresentative fluid loss from the specimen.
Record any modifications to the test environment and specimen
weight change after removal from conditioning until test
completion.

11.4.1 Monitor the test temperature by placing an appropri-
ate thermocouple at specimen mid-length to be located on the
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underside of the beam.

11.5 Specimen Insertion—Insert the specimen into the test
fixture, with the toolside resting on the reaction supports as
shown in Fig. 5 or Fig. 6. Align and center the specimen such
that its longitudinal axis is perpendicular to the loading nose
and side supports. Adjust the span such that the span-to-
measured thickness ratio is 4.0 to an accuracy of =0.3 mm
(0.012 1in.). The loading nose should be located equidistant
between the side supports to within =0.3 mm (0.012 in.). Both
the loading nose and side supports should overhang the
specimen width by at least 2 mm (0.08 in.) at each side. In the
case of the flat laminate test, ecach specimen end should
overhang the side support centers by at least the specimen
thickness.

11.6 Loading—Apply load to the specimen at the specified
rate while recording data. Continue loading until either of the
following occurs:

11.6.1 A load drop-oft of 30 %,

11.6.2 Two-piece specimen failure, or

11.6.3 The head travel exceeds the specimen nominal thick-
ness.

11.7 Data Recording—Record load versus crosshead dis-
placement data throughout the test method. Record the maxi-

mum load, final load, and the load at any obvious discontinui-
ties in the load-displacement data.

11.8 Failure Mode—Typical failure modes that can be
identified visually are shown in Fig. 7. However, these may be
preceded by less obvious, local damage modes such as transply
cracking. Record the mode and location of failure, if possible
identifying one or a combination of the modes shown.

12. Calculation

12.1 Short-Beam Strength—Calculate the short-beam
strength using Eq 1 as follows:

m

F» =075 X 577 1
where:
F** = short-beam strength, MPa (psi);
P, = maximum load observed during the test, N (Ibf);
b = measured specimen width, mm (in.), and
h = measured specimen thickness, mm (in.).

12.2 Statistics—For cach series of test methods, calculate
the average value, standard deviation, and coefficient of varia-
tion (in percent) for each property determined as follows:
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FIG. 7 Typical Failure Modes in the Short Beam Test

= (21 x)/n 2)
5
Syt = (3)
CV =100 X 5, ,/x “)
where:
x = sample mean (average);
s, = sample standard deviation;
CTV = sample coefficient of variation, %;
n = number of specimens; and
x; = measured or derived property.
13. Report

13.1 Report the following information, or references point-
ing to other documentation containing this information, to the
maximum extent applicable (reporting of items beyond the
control of a given testing laboratory, such as might occur with
material details or panel fabrication parameters, shall be the
responsibility of the requester):

Note 4—Guides E 1309, E 1434, and E 1471 contain data reporting
recommendations for composite materials and composite materials me-
chanical testing.

13.1.1 This test method and revision level or date of issue.

13.1.2 Whether the coupon configuration was standard or
variant.

13.1.3 The date and location of the test.

13.1.4 The name of the test operator.

13.1.5 Any variations to this test method, anomalies noticed
during testing, or equipment problems occurring during testing.

13.1.6 Identification of the material tested including: mate-
rial specification, material type, material designation, manufac-

turer, manufacturer’s batch or lot number, source (if not from
manufacturer), date of certification, expiration of certification,
filament diameter, tow or yarn filament count and twist, sizing,
form or weave, fiber areal weight, matrix type, prepreg matrix
content, and prepreg volatiles content.

13.1.7 Description of the fabrication steps used to prepare
the laminate including: fabrication start date, fabrication end
date, process specification, cure cycle, consolidation method,
and a description of the equipment used.

13.1.8 Ply orientation and stacking sequence of the lami-
nate.

13.1.9 If requested, report density, volume percent rein-
forcement, and void content test methods, specimen sampling
method and geometries, test parameters, and test results.

13.1.10 Average ply thickness of the material.

13.1.11 Results of any nondestructive evaluation tests.

13.1.12 Method of preparing the test specimen, including
specimen labeling scheme and method, specimen geometry,
sampling method, and coupon cutting method.

13.1.13 Calibration dates and methods for all measurements
and test equipment.

13.1.14 Details of loading nose and side supports including
diameters and material used.

13.1.15 Type of test machine, alignment results, and data
acquisition sampling rate and equipment type.

13.1.16 Dimensions of each test specimen.

13.1.17 Conditioning parameters and results.

13.1.18 Relative humidity and temperature of the testing
laboratory.

13.1.19 Environment of the test machine environmental
chamber (if used) and soak time at environment.

13.1.20 Number of specimens tested.

13.1.21 Speed of testing.
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13.1.22 Maximum load observed during the test, for each
specimen.

13.1.23 Load-displacement curves for each specimen.

13.1.24 Failure mode of each specimen, identified if pos-
sible from Fig. 7.

14. Precision and Bias

14.1 Precision—The data required for the development of a
precision statement is not currently available for this test
method.

14.2 Bias—Bias cannot be determined for this test method
as no acceptable reference standard exists.
15. Keywords

15.1 composite materials; resin and interlaminar properties;
short-beam strength
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Summary

The present study aims to assess the flexural strengths (S) and flexural moduli (E) of 3
commercial fiber post brands. An additional aim is to test the effect of the distance between
supports/post diameter ratio on the properties of a commercial brand with the 3-point bending
test. The following groups were studied: quartz fiber posts (Group 1); carbon fiber posts (Group
2); and fiberglass posts (Groups 3 and 4). The tests were conducted on an INSTRON 5565
universal testing machine according to the specifications of the ASTM D2344/D2344M standard.
The following results were obtained from the tests: the S values were 884.32+45.38: MPa,
567.47£36.035, 575.98+44.70o MPa and 719.19+75.825 MPa for Groups 1, 2, 3 and 4,
respectively, and the E values were 15.48+1.725 GPa, 9.44 GPat1.18, GPa, 8.83+2.335 GPa and
17.20+2.67g GPa for Groups 1, 2, 3 and 4, respectively. We conclude that, under the same test
standard, quartz fiber posts have better properties than carbon fiber and fiberglass posts.
Additionally, the fiberglass post group with the lower distance between supports/post diameter
ratio had a greater maximum load, less flexural strength and a lower flexural modulus than the

fiberglass post group with a higher ratio.

Keywords: dental materials, dental posts, physical properties, materials testing.
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INTRODUCTION

Tooth rehabilitation by endodontic treatment still poses a challenge to the dentistry field
because such teeth suffer more biomechanical failures, especially root fractures, than do vital teeth
(1-4). Therefore, studies on restructuring materials have focused on improvements to mechanical
properties that mimic the dental organ (4).

Endodontically treated teeth and teeth with extensive cavities or significant coronal
destruction represent clinical cases that require an intraradicular post and core that serve as anchors
for subsequent prosthetic work, such as full crowns (5,6). Among the materials used for
intraradicular posts, metal alloys should be emphasized because cast metal posts are considered the
standard treatment (4,7,8). However, all metals and alloys have greater moduli of elasticity than
dentin, which results in unequal distribution of tensions and a greater probability of root fracture
(6,9).

Since the 1990s, many systems that use prefabricated fiber posts have been developed to
solve clinical difficulties while meeting functional requirements and achieving desired aesthetics
(10). Among the scientific community, there is a well-accepted hypothesis that the main advantage
of such systems is the possession of mechanical properties similar to those of dentin; therefore, the
post in such a system can form a homogenous unit with the surrounding root (6). However, this
hypothesis still requires satisfactory evidence (11). Other advantages of fiber posts are high strength,
the possibility of light transmission, better aesthetic qualities, lack of corrosion and the ability to
cement in a single session (10,12).

Despite the numerous advantages of fiber posts, there is still no consensus on which
material is best for the rehabilitation of endodontically treated teeth (13). This question remains due
to a lack of satisfactory evidence in the literature, the recording of erroneous mechanical parameters
due to the use of inappropriate methods, and the existence of many fiber posts that are made of the
same materials with distinct mechanical properties (14,15). Moreover, the mechanical properties of posts
depend on countless factors including architecture, fiber geometry, resinous matrix compounds, fiber to
matrix ratio and adhesions between fibers and matrix (6,12,16-18).

The effects of oral environmental conditions on the post should also be studied to achieve
a better understanding of the actual properties of posts that have been cemented onto teeth.
Thermocycling and storage conditions that simulate human body temperatures have been reported to

induce small reductions in mechanical properties (9). Another question that should be addressed is
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the effect of the actual post dimensions, including length and diameter, when cemented onto the
tooth. It is believed that posts with a lower length/diameter ratio have lower flexural properties
(14,16,19,20). The distance between the supports relative to the post length is a main factor that is
likely not respected in mechanical tests performed according to the previously cited standard. Thus,
the 3-point flexural test has been used in a questionable manner to assess small specimens, such as
dental posts, and consequently, the results are significantly affected (14,15).

Given the numerous factors that contribute to the lack of consensus regarding the flexural
properties of post systems, it is evident that further studies that provide reliable information are
required to achieve satisfactory evidence levels. Therefore, the aim of the present study is to assess
the flexural strengths and moduli of 3 commercial fiber post brands. An additional aim is to test the
effect of the distance between supports/post diameter ratio on the properties of a commercial brand
with the 3-point bending test. The proposed null hypothesis posits that there are no differences
between the flexural properties of posts made from different types of fibers or of posts with different

distances between the supports.

MATERIALS AND METHODS

The sample used in the present study comprised 40 fiber posts from 3 different commercial
brands that were separated into 4 groups of 10 specimens each (Figure 1). The posts were selected
because their geometries fit the standard recommended by the present study. Table 1 presents the
following information: the groups of selected posts, the respective manufacturers, post composition
according to information provided by the manufacturer, post geometries and diameters.

All posts in the present study sample were subjected to mechanical testing by the 3-point
bending test (Figure 2) on an INSTRON 5565® (Instron, Norwood, MA, USA) universal testing
machine. All tests were conducted at room temperature and humidity. The posts from Groups 1, 2
and 3 were subjected to tests performed according to the ASTM D2344/D2344M standard (21),
which recommends load application on the posts at a 90° angle with a distance between the supports
that is equal to 4 times the post diameter (Group 1: 5.6 mm between the supports, Group 2: 6.0 mm
between the supports and Group 3: 6.0 mm between the supports). The standard specifies a
minimum post length that is equal to 6 times the post diameter and the use of a 1.0 mm/minute

velocity until post failure is achieved.
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Because the standard followed in the present study recommends the use of posts with
uniform geometries and the carbon fiber (Group 2) and fiberglass (Groups 3 and 4) posts used have
serrated cylindrical geometries, the post sections with the greatest diameters (1.5 mm) were
positioned across the 3 test apparatus supports. When testing the Group 4 posts, the distance
between the supports was 10 mm; this distance was selected due to the many published studies that
used this setting, regardless of the standard followed (5,11,17,19,20).

The modulus of flexion elasticity or flexural modulus (E) and the bend strength or
flexural strength (S) were calculated with the following equations (22): S = 8 X Fyex X | / wx d%; and E
= 4 X Frnaxx I 1 D x 3x 1 x d*; where in Frax is the maximum load applied during the test [in Newtons
(N)], d is the post diameter (in mm), | is the distance between the supports (in mm), and D is the
strain (in mm) at Fryax.

The obtained results were subjected to ANOVA, and the means were compared with

Tukey’s multiple comparisons test at a 5% level of significance.

RESULTS

The means and standard deviations for the maximum load, flexural strengths and flexural
moduli of the tested posts are shown in Tables 2, 3 and 4, respectively.

ANOVA and Tukey’s test comparisons of the posts from Groups 1, 2 and 3, which were
tested under the same standard, revealed a significant difference (p>0.05) for Group 1 (Aestheti-plus)
in terms of all the studied flexural properties (Maximum Load, S and E). The Group 1 posts had
higher values than the Group 2 (Reforpost carbon fiber) and 3 posts (Reforpost fiberglass), which did
not differ significantly from each other.

A t-test comparison of the posts from Groups 3 and 4,which were tested with different
distances between the supports, revealed significantly greater values(p>0.05) in terms of S and E for
the Group 4 posts, which had a greater distance between the supports. Group 3, which had a shorter

distance between the supports, had a significantly greater (p>0.05) maximum load (Figures 3, 4 e 5).

DISCUSSION
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Despite the many advantages of fiber posts that have been reported in the literature, there
remains a lack of consensus on the best fiber material for the rehabilitation of endodontically treated
teeth or on the actual mechanical properties of fiber post systems (9,13). Countless factors motivate
these doubts, especially the fact that many evaluations of the mechanical post properties are
questionable, because some biomechanical parameters can be obtained through inappropriate
methods (14). The present study used the ASTM D2344/D2344M standard (21) to conduct tests; this
standard permits the testing of small specimens, such as commercially sized dental fiber posts (15).
The standard recommends at least 2-mm specimens; however, the availability of intraradicular posts
with the required diameter is limited, which was an obstacle for the present study. Thus, this issue is
a limitation of the present study. It is important to note that this standard was already used in a prior
study of posts with diameters smaller than 2 mm, and the obtained results were credible (15).

One example of the application of inappropriate methods is the distance between the
supports used in mechanical tests, which may not follow the cited standard (14,15). For example,
failure to use the recommended distance between the supports has occurred in studies that adopted
the ISO 10477 standard (23); this standard specifies a 20-mm distance, but studies have reportedly
used distances of 8 mm (16), 15 mm (12), and 10 mm (19). A similar problem occurred when
adopting the ISO 178 standard (24), which recommends a minimum distance between the supports
that is equal to 10 times the post diameter; however, studies have reported tests on specimens with
diameters that ranged from 1.1 to 1.5 mm and with distances of 10 mm (11) and 14 mm (1) between
the supports.

Therefore, the 3-point bending test has been questionably applied to assessments of small
specimens, such as dental posts. Consequently, the obtained results are significantly affected (15).
Moreover, some studies did not disclose the standard followed for the performance of mechanical
tests (5,17,20).

ISO 3597-2 is the most appropriate standard for cylindrical posts testing (25) because it is the
only cited standard that is specific for cylindrical specimens. This standard even supplies a formula
for calculating the flexural strength of specimens with circular cross-sections. However, the
parameters measured by this standard generally require the use of specimens larger than commercial
intraradicular posts because the specimen diameter should typically exceed 4 mm. Nevertheless, the
ISO 3597-2 standard (25) has been used to test posts with diameters that range from 1.7 to 2.5 mm

(9,14) or, in other words, those smaller than the recommended 4 mm.
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In the present study, a comparison of posts from groups 1, 2 and 3, which were tested under
the same standard, revealed greater values (p>0.05) for Group 1 (Aestheti-plus) in terms of all tested
flexural properties (Maximum Load, S and E). Groups 3 and 4 did not differ significantly with
regard to the assessed properties, in agreement with reports by other authors (1). In contrast, a prior
study reported greater values for Reforpost carbon fiber posts than for Reforpost fiberglass posts
(19). The finding that fiber posts have greater values than quartz Aestheti-plus posts also agrees with
the literature (1,18). Four other studies have also tested quartz Aestheti-plus posts and obtained the
following results for the flexural properties: S values of 1,688.46 MPa (1), 1,412.15 MPa (9,14) and
1,889.60 MPa (18) and E values of 36.76 GPa (1), 56.16 GPa (9,14) and 52.8 GPa (18). In
comparison, the present study determined an S value of 884.32 MPa and E value of 15.48 GPa.

Three previous studies tested Reforpost fiberglass posts (1,15,19). The present study
obtained S values of 575.98 MPa for Group 3 and 719.19 MPa for Group 4. The 3 previous studies
obtained the following S values: 1,153.41 MPa (1), 610 MPa (15) and 562.33 MPa (19). The present
study obtained E values of 8.83 GPa for Group 3 and 17.19 GPa for Group 4, while other studies
reported E values of 25.68 GPa (1) and 10.59 GPa (19). Two other studies tested Reforpost carbon
fiber posts and obtained S values of 1,339.36 MPa (1) and 680.55 MPa (19) and E values of 26.49
GPa (1) and 15.87 GPa (19), respectively. In comparison, the present study obtained S and E values
of 567.47 MPa (S) and 9.44 GPa (E), respectively. The different results obtained for each tested post
brand are possibly due to the use of various post diameters and methods in the cited studies.

In the present study, a comparison of posts from Groups 3 and 4 revealed significantly
greater maximum applied loads for the Group 3 posts and significantly greater S and E values for
the Group 4 posts. There was a considerable decrease in the S and E values of the Group 3 posts,
which suggests that those properties are highly sensitive to the distance between supports/post
diameter ratio. This effect can be explained with the formula used to calculate the flexural
properties, especially E, which depends on the cubed distance between the supports cubed (I°) (22).
The obtained results agree with the literature, which describes posts with a smaller length/diameter
ratio as having lower flexural property values (14,20).

The null hypothesis of the present study has been rejected due to the obtained results. It
should be noted that the 3-point bending test results obtained in the present study do not necessarily

indicate whether the studied fiber posts will demonstrate good clinical performances, because their
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performances will also depend on numerous other factors that should be evaluated and studied in
combination with other in vitro studies and, in particular, long-term clinical trials.

According to the methods and statistical analyses used in the present study, we conclude that
the quartz fiber posts had greater maximum load, S and E values than the carbon fiber and fiberglass
posts that were tested under the same standard. There were no significant differences between the
carbon fiber and fiberglass post groups with regard to the properties that were tested under the same
conditions. Additionally, the fiberglass post group with the lower distance between supports/post
diameter ratio had a greater maximum load and smaller S and E values than the group of fiberglass
posts with a higher distance between supports/post diameter ratio.
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Summary in Portuguese

O objetivo deste estudo é avaliar a resisténcia flexural (S) e o médulo flexural (E) de trés marcas
comerciais de postos de fibra, além de verificar a influéncia da relacdo distancia entre
apoios/diametro do posto sobre os valores das propriedades de uma marca comercial por meio de
testes de flexdo de trés pontos. Os grupos estudados foram de postos de fibra de quartzo (Grupo 1),
postos de fibra de carbono (Grupo 2) e postos de fibra de vidro (Grupos 3 e 4). Os testes foram
realizados em uma maquina de ensaio universal INSTRON 5565® de acordo com as especificacoes
da norma ASTM D2344/D2344M. Apbs os testes, encontraram-se 0s seguintes resultados: S de
884,32+45,38c MPa para o Grupo 1; 567,47+36,03a para o Grupo 2, 575,98+44,70, MPa para o
grupo 3 e 719,19+75,82 g MPa para 0 Grupo 4; e E de 15,48+1,72 g GPa para o Grupo 1, 9,44
GPax1,18, GPa para o Grupo 2, 8,83+2,334 GPa para o Grupo 3 e 17,20+2,67g GPa para o Grupo
4. Conclui-se que os pinos de fibra de quartzo apresentaram propriedades superiores em relagcdo aos
postos de fibra de carbono e de vidro, submetidos & mesma norma nos ensaios. E que o grupo de
postos de fibra de vidro, com a relacdo distancia entre apoios/di@metro menor, apresentou maior
carga maxima e menores resisténcia flexural e modulo flexural em relacdo ao grupo de postos de

fibra de vidro com a relacdo distancia entre apoios/diametro maior.
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Tables

Table 1. Data for the fiber posts tested in the present study.

Groups Commercial Manufacturer Composition Geometry Diameter
Brands
(Information provided by the
manufacturer)
1 Aestheti-plus Bisco, Quartz fiber: 60% Cylindrical 1.4 mm
. -conical
Schaumburg, Epoxy resin: 40%
llinois, U.S.A
2 Reforpost carbon Angelus, Carbon fiber: 79% Serrated 1.5mm
fiber Londrina, Parana, i Cylinder
Epoxy resin: 21%
Brazil
3and4 Reforpost Angelus, Fiberglass: 80% Serrated 1.5mm
fiberglass Londrina, Parana, i Cylinder
Epoxy resin: 20%
Brazil
Table 2. Maximum Load (N) means and standard deviations for the different groups.
Group Mean Standard Deviation
1 143.53¢ 7.35
2 107.41g 6.82
3 109.035 8.46
4 95.694 9.90
* Means followed by different letters differ significantly at a 5% level of significance according to Tukey’s test.
Table 3. Flexural Strength (MPa) means and standard deviations for the different groups.
Group Mean Standard Deviation
1 884.32¢ 45.38
2 567.47, 36.03
3 575.984 44.70
4 719.19; 75.82
* Means followed by different letters differ significantly at a 5% level of significance according to Tukey’s test.
Table 4. Flexural Modulus (GPa) means and standard deviations for the different groups.
Group Mean Standard Deviation
1 15.485 1.72
2 9.44, 1.18
3 8.83a 2.33
4 17.20g 2.67

* Means followed by different letters differ significantly at a 5% level of significance according to Tukey’s test.



Figure legends

Figure 1. Examples of the fiber posts tested in the present study. From left to right: Aestheti-plus
(Group 1), Reforpost carbon fiber (Group 2) and Reforpost fiberglass (Groups 3 and 4).

Figure 2. Example of the 3-point bending test used in the present study.

Figure 3. Graph of the Maximum Load (N) for groups 3 and 4.

Figure 4. Graph of the Flexural Strength (MPa) for groups 3 and 4.

Figure 5. Graph of the Flexural Modulus (GPa) for groups 3 and 4.
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Figures
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