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RESUMO

Dentes bovinos tém sido utilizados como substitutos aos humanos em pesquisas
odontologicas. Entretanto, faltam dados que suportem o uso da dentina radicular
bovina, sobretudo, que analisem o efeito da idade nas propriedades do substrato.
Assim, analisou-se o efeito da idade nos aspectos morfologicos, quimicos e fisicos
das dentinas radiculares humana e bovina, em fungc&o dos tercos da raiz. Trata-se
de um estudo experimental, in vitro, aprovado pelo Comité de Etica em Pesquisa
(COEP-UFMG 1.803.933) e pela Comissdo de Etica no Uso de Animais (CEUA-
UFMG 372/2016). A amostra foi composta por dentes unirradiculares, cujas dentinas
radiculares foram categorizadas em: humana jovem (HJ, 20-30 anos); humana
madura (HM, acima de 60 anos); bovina jovem (BJ, 24-36 meses); e bovina adulta
(BA, acima de 48 meses). Os dentes foram seccionados abaixo da juncao
amelocementaria e ao longo eixo da raiz, para a obtencdo de hemisec¢des. Uma
hemiseccao foi escolhida e cortes foram feitos para a obtencdo dos espécimes,
conforme cada método de andlise. Para as andlises dos aspectos morfologicos —
namero, diametro e area dos tubulos dentinarios — os espécimes foram analisados
em Microscépio Eletrébnico de Varredura. A composicdo quimica foi analisada por
Espectroscopia de Raios X por Disperséo em Energia, Espectroscopia por
Comprimento de Onda Dispersivo e Espectroscopia Raman por Transformada de
Fourier. Na analise das propriedades mecénicas, os espécimes foram submetidos
aos testes de nanoindentacao, resisténcia a flexdo em trés pontos e compressao.
Para a andlise da resisténcia ao cisalhamento por extrusdo, as raizes receberam
tratamento endodbntico e foram fixados pinos de fibra de vidro com cimentos
resinosos (dual convencional e autoadesivo). As raizes foram seccionadas nos
tercos radiculares e o0os espécimes testados em maquina universal de ensaios.
Adicionalmente, avaliou-se o grau de conversao dos cimentos resinosos. Os dados
foram analisados em software estatistico, nivel de significancia de 5%. A HM
apresentou os menores valores para numero, diametro e area de tubulos dentinarios
(p<0,05). A HM apresentou maiores valores de célcio, razdo Ca/P e concentracao
mineral relativa, com diminuicdo na organizacao e qualidade do colageno (p<0,05).
A HM apresentou os maiores valores de nanodureza, moédulo de elasticidade e
resisténcia a compressao, mas 0s menores valores de resisténcia a flexdo e médulo
de elasticidade a flexdo (p<0,05). A HM apresentou 0s menores valores de
resisténcia de unido, com diferencas entre os tercos radiculares (p<0,05). O grau de
conversdo dos cimentos apresentou uma diminui¢do ao longo dos tergos radiculares
(p<0,05). Concluiu-se que a idade possui um efeito nos aspectos morfolégicos,
quimicos e fisicos da dentina radicular humana, sem efeito na dentina bovina.
Assim, quando da necessidade de substituicdo da dentina radicular humana pela
bovina em pesquisas, é necessario considerar o efeito da idade nos desfechos
analisados.

Palavras-chaves: Dentina. Raiz dentaria. Microscopia. Analise fisico-quimica.
Mecanica. Testes de dureza. Resisténcia a flexdo. Fraturas por compressédo. Pinos
dentéarios. Cimentos de resina.



ABSTRACT

The effect of age on morphological, chemical and physical aspects of human
and bovine root dentin

Bovine teeth have been used as a substitute for human teeth in dental research.
However, there is a lack of data that support the use of bovine root dentin, mainly,
that analyze the effect of age on the properties of the substrate. Thus, the effect of
age on the morphological, chemical and physical aspects of human and bovine root
dentin was analyzed, in function of the root thirds. This is an in vitro experimental
study, approved by the Research Ethics Committee (protocol number: 1.803.933)
and the Ethics Committee on the Use of Animals (protocol number: 372/2016). The
sample was composed of single-rooted teeth and root dentin was categorized into:
young human (YH, 20-30 years); old human (OH, above 60 years); young bovine
(YB, 24-36 months); and adult bovine (AB, over 48 months). The roots were
sectioned below the cement-enamel and longitudinally to produce two hemi-sections.
One hemi-section was chosen and sections were made to obtain the specimens,
according to each method of analysis. For the analyzes of the morphological aspects
- number, diameter and area of the dentinal tubules - the specimens were analyzed
in Scanning Electron Microscope. The chemical composition was analysed by
Energy Dispersive Spectroscopy, Wavelength Dispersive Spectroscopy and Fourier
Transformed Raman Spectroscopy. In the analysis of the mechanical properties, the
specimens were submitted to nhano-indentation, three-point flexural and compression
tests. For the analysis of the push-out bond strength test, the roots received
endodontic treatment and fiber post with resin cements (conventional and self-
adhesive dual) were fixed. The roots were sectioned in the root thirds and the
specimens tested in a universal testing machine. Additionally, the degree of
conversion of the resin cements was evaluated. The data were analyzed in statistical
software, level of significance of 5%. The OH presented the lowest values for
number, diameter and area of dentinal tubules (p<0.05). OH showed higher values of
calcium, Ca/P ratio and relative mineral concentration, with decrease in the
organization and quality of the collagen (p<0.05). The OH showed the highest values
of nano-hardness, elastic modulus and compressive strength, but the lowest values
of flexural strength and flexural modulus (p<0.05). The OH presented the lowest
values of bond strength, with differences among the root thirds (p<0.05). The degree
of conversion of the cements showed a decrease along the root thirds (p<0.05). It
was concluded that age has an effect on the morphological, chemical and physical
aspects of human root dentin, with no effect on bovine dentin. Thus, when it is
necessary to replace the human root dentin by the bovine in research, it is necessary
to consider the effect of age on the analysed outcomes.

Keywords: Dentin. Tooth root. Microscopy. Physicochemical analysis. Mechanics.
Hardness tests. Flexural strength. Fractures compression. Dental pins. Resin
cements.
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LISTA DE ILUSTRACOES

Divisdo dos dentes segundo os fatores estudados na analise
morfoldgica das dentinas radiculares humana e bovina.

Preparo dos espécimes. a. Dente bovino fixado na placa de
acrilico, b. Dente sendo seccionado abaixo da juncéo
amelocementaria, c. Raiz fixada na placa de acrilico para realizar
a seccao longitudinal, d. Hemisecgdes da raiz.

a. Espécimes embutidos em resina ortoftatica, b. Polimento dos
espécimes com lixa de carbureto de silicio, c. Polimento dos
espécimes com pastas diamantadas em disco de feltro.

a. Delimitacdo dos tercos radiculares nos espécimes, b.
Espécimes em silica gel, c. Espécimes revestidos por carbono.

a. Contagem do numero de tdbulos dentinarios, b. Medi¢do do
diametro dos tabulos dentinéarios, c. Medicdo da area dos tubulos
dentinarios.

Resultados do mapeamento elementar da amostra por EDS.

a. Dente posicionado na cortadeira metalografica de preciséo
para o corte abaixo da juncdo amelocementaria, b. Raiz fixada na
placa de acrilico para a realizacdo da secc¢do longitudinal, c.
Hemiseccéo da raiz, d. Hemisecc¢édo seccionada entre os tercos
radiculares.

a. Polimentos dos espécimes com lixas de carbureto de silicio, b.
Espécimes armazenados em tubos eppendorf.

a. Equipamento Raman utilizado, b. Espécime posicionado no
equipamento para analise.

Exemplo de um espectro obtido com a identificacdo dos picos
estudados na andlise quimica.

a. Dente posicionado na cortadeira metalografica de preciséo
para o corte abaixo da juncdo amelocementaria, b. Raiz fixada na
placa de acrilico para a realizacdo da secc¢do longitudinal, c.

Hemisecc¢éo da raiz, d. Hemisecgédo seccionada entre os tercos
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radiculares.

a. Espécimes embutidos em resina ortoftalica, b. Polimento do
espécime com lixas de carbureto de silicio, c. Polimento do
espécime com discos de feltro e pastas diamantadas.

a. Dente fixado em placa de acrilico com cera pegajosa, b.
Remocdo da coroa com disco adiamantado em cortadeira
metalografica, c. Raiz apos a realizacdo dos dois cortes paralelos
ao longo eixo da raiz.

a. Espécime obtido fixado em placa de acrilico para realizacao de
outros cortes conferindo-lhe um formato de barra, b. Espécime
apos os cortes, c¢. Duas barras de dentina (1 mm x 1 mm x 10
mm).

a. Espécime de dentina mantido em solucéo salina, b. Espécime
posicionado na maquina universal de ensaios, c. Espécime em
teste de flexdo em trés pontos.

a. Remocao da coroa com disco adiamantado em cortadeira
metalografica, b. Raiz apds a remocao da coroa fixada em placa
de acrilico, c. Raiz apds a realizacdo dos dois cortes paralelos ao
longo eixo da raiz.

a. Espécime de dentina fixado em placa de acrilico com dois
cortes paralelos ao seu longo eixo, b. Espécime de dentina em
forma de barra com as demarcacdes para a obtencdo dos corpos
de prova, c. Espécimes de dentina em formato cuboide obtidos
apos os cortes.

a. Espécime posicionado entre os dispositivos para a realizacéo
do teste de compressao uniaxial, b. Espécime em teste de
compressao, c. Espécime apods o teste.

a. Dente fixado na placa de acrilico, b. Dente sendo seccionado
abaixo da juncdo amelocementaria em cortadeira metalografica,
c. Padronizacdo do comprimento das raizes, d. Padronizacao do
diametro do conduto, e. Exemplo de raiz que foi descartada por

apresentar um conduto onde a broca conseguia penetrar mais
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que 1/3 da ponta ativa.

Materiais utilizados na cimentacao dos pinos de fibra de vidros e
suas composicoes.

Descricdo do protocolo de cimentagédo dos pinos de fibra de vidro
de acordo com o cimento resinoso utilizado.

a. Raiz com pino de fibra de vidro cimentado fixada na placa de
acrilico para o corte, b. Raiz sendo seccionada
perpendicularmente ao seu longo eixo, c. Raiz com as varias
seccoes.

a. Espécimes obtidos em cada terco radicular, b. Verificacdo da
espessura do espécime, c. Espécime posicionado sobre a base
metalica para ser submetido ao teste, d. Espécime com
deslocamento do pino apoés teste.

Representacdo esquematica do formato conico do fragmento do
pino.

a. Espécimes fraturados sendo analisados em
estereomicroscépio, b. Representacdo dos modos de fraturas
observados nos espécimes.

a. Cimento resinoso inserido no dispositivo metalico para
obtencdo dos espectros do cimento ndo polimerizado, b.
Espécime do grupo experimental sendo analisado, c. Imagem da
linha de cimentacdo obtida com o aumento de 10X identificando
a area de analise.

Espectros obtidos com o0s cimentos ndo polimerizado e

polimerizado, em destaques os picos 1609 cm™ e 1637 cm™.
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1 CONSIDERACOES INICIAIS

O uso de dentes humanos em pesquisas odontolégicas in vitro apresenta
limitagbes quanto a dificuldade de obtencdo de uma amostra quantitativamente
suficiente, com qualidade e padronizacdo adequada (variacbes na fonte e idade),
além dos aspectos éticos envolvidos (CAMARGO et al., 2007; COSTA et al., 2015;
MELLBERG 1992; SOARES et al., 2016; YASSEN et al., 2011). Assim, dentes
bovinos tém sido utilizados como substitutos aos dentes humanos, pois possuem
semelhancas em suas propriedades morfolégicas e fisico-quimicas (HETRODT et
al., 2018; MARTINS et al., 2018; PINTO et al., 2018; TERUEL et al., 2015; ULUSOY
et al., 2018; YASSEN et al., 2011).

Embora existam dados que substanciem o uso de dentes bovinos em
substituicdo aos dentes humanos quando utilizados substratos coronarios, ainda nao
ha dados conclusivos na literatura sobre a caracterizacdo da dentina radicular
bovina e a sua viabilidade na substituicdo da dentina radicular humana (CAMARGO
et al., 2007; COSTA et al., 2015; SCHILKE et al., 2000; YASSEN et al., 2011).
Apesar disso, os canais radiculares bovinos tém sido utilizados para a andlise da
penetracdo de medicagbes endodonticas, substancias quimicas auxiliares e de
materiais de preenchimento, contaminacao de tubulos dentinarios e resisténcia de
unido adesiva (ARIAS et al., 2016; BOHRER et al.,, 2018; GOMES et al., 2003;
GUERREIRO-TANOMARU et al., 2012; MOREIRA et al., 2009; NAKAMOTO et al.,
2019; PALO et al., 2012).

A dentina € a porcdo de tecido mineralizado do complexo dentinopulpar e
representa a maior parte do dente. Em volume, consiste em aproximadamente 45%
de conteddo mineral (basicamente a hidroxiapatita), 33% de material orgéanico
(principalmente o colageno tipo I, com pequenas quantidades dos tipos Ill e V) e
22% de agua (TJADERHANE, 2012). A dentina tem uma estrutura hierarquica, na
qgual moléculas de colageno e apatita se cruzam em escala nanomeétrica.
Posteriormente, esses compositos se organizam em uma morfologia microscopica,
formando os tubulos dentinarios com diferentes tamanhos e densidades (KATZ et
al.,, 2007). A dentina é amplamente ocupada por seus tubulos dentinarios,
responsaveis por abrigar os processos odontoblasticos (GOLDBERG et al., 2011,
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TJADERHANE et al., 2012). Cada Iimen tubular é envolto por dentina peritubular,
que contém principalmente cristais de apatita e uma pequena proporcdo de
proteinas organicas. Os espacos entre os tubulos dentinarios sdo ocupados pela
dentina intertubular, que possui uma matriz de fibras de colageno reforcadas por
apatita (MARSHALL et al., 1997). A dentina apresenta tenacidade, propriedade
importante para o funcionamento propriamente dito do dente, uma vez que a
elasticidade proporciona flexibilidade e previne fraturas do esmalte suprajacente, de
natureza friavel (NANCI, 2013). Com base em sua composicao e estrutura, a dentina
€ considerada um composto bioldgico hierarquico (ZISKIND et al., 2011).

Estudos que comparam as dentinas radiculares humanas e bovinas em
diferentes areas da pesquisa odontolégica sdo comuns (CAMARGO et al., 2006;
CAMARGO et al., 2007; COSTA et al., 2015; GALHANO et al., 2009; HARA et al.,
2003; KATO et al., 2011; LIPPERT et al., 2015; SOARES et al., 2016; WEGEHAUPT
et al., 2010; YASSEN et al.,, 2011). Em relacdo aos aspectos morfolégicos da
dentina radicular humana, a dentina radicular bovina parece apresentar uma maior
densidade de tubulos dentinarios, sem diferencas quanto aos diametros dos tubulos
(CAMARGO et al., 2007; COSTA et al., 2015; SHILKE et al., 2000). Quanto aos
aspectos quimicos e mecanicos da dentina radicular, ndo existem estudos que
comparam os substratos humano e bovino.

A dentina é altamente afetada pela idade em suas propriedades, devido as
suas caracteristicas dinamicas (AROLA; REPROGEL 2005; BAJAJ et al., 2006;
SENAWONGSE et al., 2006). A espessura da dentina tende a aumentar com o
envelhecimento, como resultado do crescimento aposicional (GOLDBERG et al.,
2011; TJADERHANE et al., 2012). Apds a terceira década de vida ocorre uma
transicdo na microestrutura da dentina humana, na qual os tubulos se tornam
gradativamente preenchidos com material inorganico (KINNEY et al., 2005). Depois
de um numero significativo de tubulos dentinarios ter sido preenchido, o tecido
apresenta um aspecto transparente (considerado "esclerético"), resultado do
aumento no contetdo mineral, com maior risco de ocorréncia de fraturas (KINNEY et
al., 2005; XU et al., 2014). Entretanto, apenas o estudo de Camargo et al. (2007),
analisou o efeito da idade nas caracteristicas morfologicas do substrato dentinario
radicular humano e bovino, onde nédo foi observado efeito da idade nos aspectos

analisados.
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Dentes bovinos tém sido utilizados ha muito tempo como uma alternativa aos
dentes humanos em testes de adesdo na dentina radicular (DALEPRANE et al.,
2016; NAKAMOTO et al., 2019; PULIDO et al.,, 2016; RODRIGUES et al., 2017,
SOUZA et al.,, 2007). Duas recentes revisdes sistematicas com metandlises que
compararam a resisténcia de unido adesiva de dentes humanos e bovinos em
estudos in vitro, concluiram que os dentes bovinos podem ser considerados um
substituto confiavel aos dentes humanos em testes de resisténcia de unido de
materiais adesivos (CARVALHO et al., 2018; SOARES et al., 2016). Entretanto, dos
artigos incluidos nestas revisfes, apenas um comparou a resisténcia de unido de
pinos de fibra a dentina humana e bovina, onde foi observado um maior valor de
resisténcia de unido no substrato humano (GALHANO et al., 2009). No entanto, o
tamanho da amostra do estudo nao foi definido por calculo amostral, a idade
dentaria ndo foi padronizada, ndo houve tratamento endodbntico dos canais
radiculares e a resisténcia de unido néo foi avaliada por tergo radicular.

A adesédo a dentina ainda ndo alcancou caracteristicas ideais como devido a
sua estrutura tubular, conteddo orgénico e umidade intrinseca (KINNEY et al., 2005).
Como a permeabilidade dentinaria € um fator importante no processo de adesao, a
reducdo da permeabilidade com a idade pode ter um efeito direto sobre a resisténcia
de uni&o a dentina (KINNEY et al., 2005; PERDIGAO 2010). Apesar do aumento da
calcificacdo dentinaria com a idade, os estudos que avaliaram a adesdo ainda nao
mostraram uma associacao 6bvia entre a idade da dentina coronaria e a capacidade
de adesdo de materiais adesivos (OZER et al., 2005; BRACKETT et al., 2008;
OLIVEIRA et al., 2012; PERDIGAO et al., 2013), sem estudos avaliando o efeito da
idade sobre a adeséo na dentina radicular.

Cimentos resinosos e pinos de fibra sédo boas escolhas para restauracfes de
dentes tratados endodonticamente (CHEUNG et al.,, 2005). Entretanto, estudos
clinicos mostraram que as fraturas pos-operatérias e o descolamento séo os tipos
mais frequentes de falhas observados (FERRARI et al.,, 2000; SIGNORE et al.,
2009; NAUMANN et al., 2012). Vérios fatores podem influenciar na resisténcia de
unido de pinos ao canal radicular, incluindo a profundidade do canal, o tipo de
cimento resinoso utilizado e as caracteristicas do substrato dentinario (DALEPRANE

et al., 2014). Por este motivo, é importante investigar os demais fatores que possam
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influenciar na resisténcia de unido de pinos de fibras de vidro em estudos que
comparam diferentes substratos dentinarios.

Assim, diante das poucas evidéncias cientificas disponiveis acerca do efeito
da idade nas propriedades das dentinas radiculares humanas e bovinas, esta
pesquisa teve por objetivo analisar o efeito da idade nos aspectos morfolégicos,
quimicos e fisicos das dentinas radiculares humana e bovina, em funcdo dos
diferentes tercos da raiz, com fins a gerar novas evidéncias que possam subsidiar o

uso da dentina radicular bovina em substituicdo & humana em pesquisas in vitro.



2 OBJETIVOS

2.1 Objetivo Geral
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Analisar o efeito da idade nos aspectos morfolégicos, quimicos e fisicos das

dentinas radiculares humana e bovina, em funcao dos diferentes ter¢os da raiz.

2.2 Objetivos Especificos

o Avaliar as caracteristicas morfolégicas das dentinas radiculares humana e

bovina de diferentes faixas etérias, quanto ao numero, didmetro e area dos

tubulos dentinarios.

o Avaliar o efeito da idade na composi¢cdo quimica inorganica e organica das

dentinas radiculares humana e bovina.

o Comparar os valores de nanodureza, modulo de elasticidade

a

nanoindentacdo, resisténcia a flexdo, moédulo de elasticidade a flexdo,

~ BN

resisténcia a compressdao e moédulo de elasticidade a compressdo das

dentinas radiculares humana e bovina de diferentes faixas etarias.

o Avaliar a resisténcia de unido adesiva, o padrdo de falha na area de unido e a

linha de cimentagcdo de pinos de fibra de vidro fixados com cimentos

resinosos aos condutos radiculares de dentes humanos e bovinos de

diferentes faixas etarias.

o Avaliar o grau de converséo dos cimentos resinosos duais (RelyX Ultimate —

convencional — com sistema adesivo autocondicionante e RelyX U200 —

autoadesivo) utilizados na fixagcdo de pinos de fibra de vidro aos condutos

radiculares, nos diferentes tergos da raiz.
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3 METODOLOGIA EXPANDIDA

3.1 Delineamento do Estudo

Caracteriza-se como um estudo experimental, in vitro, quantitativo. Foram
realizadas andlises dos aspectos morfolégicos, quimicos e fisicos, das dentinas
radiculares humana e bovina, variando a faixa etaria e os tercos radiculares.

Foram estudados os seguintes fatores: faixa etaria da dentina (jovem e
madura/adulta), origem da dentina (humana e bovina) e os tercos radiculares
(cervical, médio e apical). As varidveis respostas foram: nimero, didametro e area
dos tubulos dentindrios — aspectos morfologicos; contetdo mineral de calcio,
fésforo, sodio, magnésio, razao célcio/fésforo, concentracdo mineral relativa,
gradiente em conteudo mineral, cristalinidade e natureza do coldgeno — aspectos
qguimicos; nanodureza, modulo de elasticidade a nanoindentacdo, resisténcia a
flexdo, mdédulo de elasticidade a flexdo, resisténcia a compressdao, modulo de
elasticidade a compressao, resisténcia de unido adesiva, padrao de falha na area de
unido, caracteristicas da linha de cimentacdo e grau de conversdo dos cimentos
resinosos utilizados — aspectos fisicos.

As dentinas radiculares humana e bovina foram categorizadas em faixas
etarias: humana jovem (entre 20 e 30 anos); humana madura (acima de 60 anos);

bovina jovem (entre 24 e 36 meses); e bovina adulta (acima de 48 meses).

3.2 Aspectos Eticos

Seguindo os preceitos estabelecidos pela Resolugcéo n°® 466/12 do Conselho
Nacional de Saude, antes da realizacdo do estudo, o projeto de pesquisa foi
registrado na Plataforma Brasil e submetido ao Comité de Etica em Pesquisa
(COEP) da Universidade Federal de Minas Gerais (UFMG) para avaliacéo, obtendo
parecer favoravel a sua execucédo, com o numero CAAE — 60935616.0.0000.5149
(ANEXO A).
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O projeto foi também submetido & Comisséo de Etica no Uso de Animais
(CEUA) da UFMG, que estabelece normas gerais para a utilizacdo de animais em
pesquisas cientificas, obtendo parecer favoravel a sua execuc¢do, com o numero
372/2016 (ANEXO B).

3.3 Amostra

3.3.1 Selecao dos Dentes Humanos

Foram utilizados dentes fornecidos pelo Biobanco de Dentes Humanos (BDH)
da Faculdade de Odontologia da UFMG. Os dentes do BDH encontram-se limpos e
armazenados em temperatura de -4 °C. Todos os dentes selecionados possuiam o
termo de doacdo ao BDH (ANEXO C), constando a data de nascimento do doador e
data de doacdo. Foram incluidos dentes permanentes unirradiculares (incisivo
central, incisivo lateral, canino e pré-molar) que apresentavam raiz integra, reta e
com comprimento aproximado de 16 mm. Dentes que apresentavam reabsorcéo
radicular ou trincas foram excluidos. Com antecedéncia de 96 horas antes do
preparo para cada teste, os dentes foram descongelados e armazenados em agua
destilada a 4 + 1 °C, para evitar a desidratagéo.

3.3.2 Selecao dos Dentes Bovinos

Foram incluidos dentes unirradiculares (primeiro incisivo, segundo incisivo,
terceiro incisivo e canino) extraidos ap6s abate dos animais em frigorifico, sob a
responsabilidade de um médico veterinario, de acordo com as normas sanitarias e
com certificacdo da faixa etaria (ANEXO D).

Todos os dentes foram limpos com curetas periodontais, para remocdo do
ligamento periodontal e debris. Os dentes foram mantidos em recipientes plasticos e
congelados a -4 °C. Foram utilizados dentes com similaridade anatémica aos dentes
humanos unirradiculares (didmetro e comprimento aproximado de 16 mm), sem
curvatura radicular e com 4&pice totalmente formado. Dentes bovinos que
apresentavam reabsorcdo radicular ou trincas foram excluidos. Com antecedéncia
de 96 horas antes do preparo para cada teste, os dentes foram descongelados e

armazenados em 4gua destilada a 4 + 1 °C, para evitar a desidratacao.
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3.4 Analise Morfologica

Na andlise morfoldgica foram estudados os seguintes fatores: faixa etaria da
dentina (jovem e madura/adulta), origem da dentina (humana e bovina), tipo de
dente bovino (primeiro incisivo, segundo incisivo, terceiro incisivo e canino) e terco
radicular (cervical, médio e apical). As variaveis respostas foram: nimero, diametro e

area dos tubulos dentinarios.

Foram utilizados 12 dentes humanos e 36 bovinos divididos em oito grupos de
acordo com a faixa etéria, origem e tipo de dente bovino (n = 6) (FIGURA 01).

Figura 01- Divisdo dos dentes segundo os fatores estudados na andlise morfologica
das dentinas radiculares humana e bovina.

[ Unirradicular ][ Primeiro Incisivo ][ Segundo Incisivo ]

[ Unirradicular ][ Primeiro Incisivo ][ Segundo Incisivo ][ Terceiro Incisivo ][ Canino ]

Fonte: Do autor, 2019.
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3.4.1 Preparo dos Dentes

Os dentes foram seccionados 1 mm abaixo da jungcdo amelocementaria em
cortadeira metalografica de precisao (IsoMet 1000, Buehler, Lake Bluff, IL, Estados
Unidos), com disco adiamantado (Buehler, Lake Bluff, IL, Estados Unidos) sob
refrigeracdo constante a &agua, para remocdo da coroa. Os tecidos pulpares
radiculares foram removidos com lima #10 K-file (Dentsply Maillefer, Ballaigues,
Suica), sob irrigacdo com agua deionizada. Posteriormente, as raizes foram fixadas
em placas de acrilico com cera pegajosa, que foram acopladas em cortadeira
metalografica de precisao (IsoMet 1000, Buehler, Lake Bluff, IL, Estados Unidos).
Com auxilio de um disco adiamantado (Buehler, Lake Bluff, IL, USA) e refrigeracao
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constante a agua, foi realizado um corte ao longo eixo do dente no sentido vestibulo-

lingual para a obtencao de duas hemiseccoes (FIGURA 02).

Figura 02 - Preparo dos espécimes. a. Dente bovino fixado na placa de acrilico, b.
Dente sendo seccionado abaixo da juncdo amelocementaria, c. Raiz fixada na placa
de acrilico para realizar a seccéo longitudinal, d. Hemiseccdes da raiz.

Fonte: Do autor, 2019.

Uma hemisecgao de cada raiz foi escolhida, aleatoriamente, e embutida em
resina ortoftalica (Cristal 5061, Belo Horizonte, MG, Brasil), planificada e polida com
lixas de carbureto de silicio com granulacdes decrescentes #400, #600,
#800, #1200, #1500, #2000 e #2500 (Norton, Guarulhos, SP, Brasil), em polidora
metalografica (APL-4, Arotec Industria e Comércio, Cotia, SP, Brasil), sob irrigacédo
com agua deionizada. Para realizacdo do polimento final, foram utilizados discos de
feltro e pastas diamantadas com granulacdo decrescente de 1,0, 0,5 e 0,25 um
(Erios, Sdo Paulo, SP, Brasil). A cada troca de lixa ou feltro os espécimes foram
lavados com agua deionizada e, entdo, receberam banhos em cuba ultrassénica por
15 minutos (Modelo Cd4820I, Kondentech Industria e Comércio Ltda. Sdo Carlos,

SP, Brasil) para eliminacéo de residuos superficiais (FIGURA 03).
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Figura 03 - a. Espécimes embutidos em resina ortoftalica, b. Polimento dos
espécimes com lixa de carbureto de silicio, c. Polimento dos espécimes com pastas
diamantadas em disco de feltro.

Fonte: Do autor, 2019.

Os espécimes tiveram o0 seu comprimento total determinado com paquimetro
digital (Mitutoyo, Suzano, SP, Brasil) e delimitados os tercos cervical, médio e apical.
Ao final, os espécimes foram armazenados em recipiente hermeticamente fechado,
contendo silica gel, por pelo menos 24 horas antes da metalizacdo. Em seguida, os
espécimes foram fixados em stubs e revestidos por carbono (Sputtering, modelo
Balzers SCD 050), com 15 nm de espessura, para analise em Microscépio Eletrdnico
de Varredura (MEV) (FIGURA 04).

Figura 04 - a. Delimitacdo dos tercos radiculares nos espécimes, b. Espécimes em
silica gel, c. Espécimes revestidos por carbono.

Fonte: Do autor, 2019.

3.4.2 Obtencéo das Imagens em Microscopia Eletronica de Varredura
Foram obtidas imagens dos espécimes analisados em MEV (FEG - FEI, FEG

Quanta 200F, Hillsboro, OR, EUA), com uma tensao de operagcdo de 15 kV e
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resolucado de 2304 x 3072 pixels, a partir de trés diferentes regides em cada terco
radicular.

Uma érea total de 10.000 pm? (magnificacdo de 1.000X) foi definida para a
contagem do ndmero de tGbulos dentinarios e uma éarea total de 2.500 pm?
(magnificacdo de 5.000X) foi definida para mensurar o diametro e area dos tubulos
dentinarios (CAMARGO et al., 2007). As areas de analise foram posicionadas em
cada terco radicular de maneira aleatéria, de acordo com sua altura e largura
vestibulo-lingual.

As imagens obtidas foram analisadas por um unico avaliador, usando o
software ImageJ 1.46 (NIH, Bethesda, Maryland, Estados Unidos), com
magnificacdo padronizada de 35,4%. Para a analise do diametro e area dos tubulos
dentinarios, todos os tubulos dentinarios presentes na area de analise foram
medidos. A média dos didmetros e areas dos tubulos dentinarios analisados em
cada &rea de analise foi utilizada na analise dos dados (FIGURA 05).

Figura 05 - a. Contagem do namero de tubulos dentinarios, b. Medicdo do diametro
dos tubulos dentinarios, c. Medicdo da area dos tubulos dentinarios.
B2 AL I . ) ~g 35 = 2

a: L 2

Fonte Do atr, 2019.

Antes das andlises, o avaliador do estudo passou por uma calibracdo
intraexaminador, onde 10% das imagens do estudo foram analisadas em dois
momentos distintos, com intervalo de duas semanas. Foi calculado o grau de
concordancia intraexaminador baseado no Coeficiente Kappa (LANDIS; KOCH,
1977), obtendo-se graus de concordancia de 0,89, 0,77 e 0,73 na analise do

namero, didmetro e area dos tubulos dentinarios, respectivamente.
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3.5 Andlise Quimica

A analise dos aspectos quimicos das dentinas radiculares humanas e bovinas
de diferentes faixas etarias foi feita por meio da Espectroscopia de Raios X por
Dispersédo em Energia, Espectroscopia por Comprimento de Onda Dispersivo e
Espectroscopia Raman por Transformada de Fourier.

3.5.1 Espectroscopia de Raios X por Dispersdo em Energia (EDS) e Espectroscopia
por Comprimento de Onda Dispersivo (WDS)

Foram estudados os seguintes fatores: faixa etaria da dentina (jovem e
madura/adulta), origem da dentina (humana ou bovina) e terco radicular (cervical,
meédio e apical). As variaveis respostas foram: conteudo de Célcio (Ca), Fosforo (P),
Sadio (Na), Magnésio (Mg) e razdo Ca/P. Foram utilizados 12 dentes humanos e 12
dentes bovinos, divididos em quatro grupos (n = 6) de acordo com a faixa etaria e

origem.

3.5.1.1 Preparo dos dentes

Na andlise da composicdo mineral por EDS e WDS foram utilizados os
mesmos dentes preparados para a analise morfoldgica por MEV. Para a definicao
dos dentes bovinos que seriam analisados dentre os 12 jovens e 24 adultos, os
mesmos receberam uma numeracdo e selecionaram-se de forma aleatéria seis

dentes de mesma faixa etaria e origem para comporem cada um dos quatro grupos.

3.5.1.2 Andlise por EDS e WDS

Os espécimes foram analisados por microssonda eletrénica (Jeol JXA 8900
RL WD/ED Combined Microanalyzer), equipada com espectrometros WDS e EDS.

Com o EDS foi realizado um mapeamento elementar da amostra em cinco
diferentes pontos por terco radicular. A amostra foi irradiada por feixe de elétrons
focado, com energia de 15 kV e tempo de 100 segundos por andlise. Foi possivel
identificar a presenca dos elementos quimicos de interesse: Ca, P, Na e Mg
(FIGURA 06).



29

Figura 06 - Resultados do mapeamento elementar da amostra por EDS.

Fonte: Do autor, 2019.

Apbs identificacdo dos elementos quimicos, foi realizada a analise por WDS
para quantificar (%) a composicdo elementar da amostra com base nesta
identificacdo. Em cada terco radicular dos espécimes foram realizadas analises em
cinco diferentes areas, escolhidas aleatoriamente com uso de imagens de elétrons
retroespalhados. A amostra foi irradiada com feixes de elétrons com tensédo de
aceleracdo de 15 kV, corrente da ordem de 20 nA, em tempo de aquisicdo no pico
de 10 segundos e background, em ambos os lados, de 5 segundos. As andlises
foram realizadas com ampliagcdes de 30.000X. Para a quantificacdo dos elementos
foram utilizados como padrdes: o mineral de jadeita para o Na, o Oxido de Magnésio
(MgO) para o Mg e o Pirofosfato de Calcio (Ca,P,07) parao Cae o P.

3.5.2 Espectroscopia Raman por Transformada de Fourier (FT-Raman)

Foram estudados os seguintes fatores: faixa etaria da dentina (jovem e
madura/adulta), origem da dentina (humana e bovina) e terco radicular (cervical,
médio e apical). As varidveis respostas foram: concentragdo mineral relativa,
gradiente em conteudo mineral, cristalinidade e natureza do colageno. Foram
utilizados 12 dentes humanos e 12 dentes bovinos, divididos em quatro grupos (n =

6) de acordo com a faixa etaria e origem.
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3.5.2.1 Preparo dos dentes

Os dentes foram seccionados 1 mm abaixo da jun¢cdo amelocementaria em
cortadeira metalografica de precisdo (IsoMet 1000, Buehler, Lake Bluff, IL, Estados
Unidos), usando disco adiamantado (Buehler, Lake Bluff, IL, Estados Unidos) sob
refrigeracdo constante a &agua, para remocdo da coroa. Os tecidos pulpares
radiculares foram removidos com lima #10 K-file (Dentisply Maillefer, Ballaigues,
Suica), sob irrigacdo com agua destilada. Posteriormente, as raizes foram fixadas
em placas de acrilico com cera pegajosa, que foram acopladas em cortadeira
metalografica de precisdo (IsoMet 1000, Buehler, Lake Bluff, IL, Estados Unidos).
Com auxilio de um disco adiamantado (Buehler, Lake Bluff, IL, Estados Unidos) e
refrigeracdo constante a agua, foi realizado um corte ao longo eixo do dente no
sentido vestibulo-lingual para a obtencdo de duas hemiseccdes. Uma hemiseccéo
de cada raiz foi selecionada, aleatoriamente, e seu comprimento total foi
determinado com paquimetro digital (Mitutoyo, Suzano, SP, Brasil). Cortes

transversais foram realizados nos limites entre os tercos radiculares (FIGURA 07).

Figura 07 - a. Dente posicionado na cortadeira metalografica de precisdo para o
corte abaixo da juncdo amelocementaria, b. Raiz fixada na placa de acrilico para a
realizagédo da secgéao longitudinal, c. Hemisecgéo da raiz, d. Hemisecg&o seccionada
entre os tercos radiculares.
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Fonte: Do autor, 2019.

Os espécimes foram polidos com lixas de carbureto de silicio com
granulagcbes de #600 e #800 (Norton, Guarulhos, SP, Brasil) em polidora
metalografica (APL-4, Arotec Industria e Comércio, Cotia, SP, Brasil), sob irrigacéo

com agua deionizada. Entre o uso das lixas e ao final do polimento, os espécimes
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foram lavados com agua deionizada e receberam banhos em cuba ultrassénica
(Modelo Cd4820I, Kondentech Industria e Comércio Ltda. S&o Carlos, SP, Brasil)

para eliminacao de residuos superficiais (FIGURA 08).

Figura 08 - a. Polimentos dos espécimes com lixas de carbureto de silicio, b.
Espécimes armazenados em tubos eppendorf.

~

Fonte: Do autor, 2019.

3.5.2.2 Analise por FT-Raman

Foi utilizado equipamento para medidas Raman (médulo RAM Il FT-Raman,
Vertex 70, Bruker, Ettlingen, Alemanha), no Laborat6rio de Espectroscopia Raman,
do Departamento de Fisica do Instituto de Ciéncias Exatas da UFMG. Este
equipamento possui detector (CCD) de germanio resfriado por nitrogénio liquido. Foi
utilizado o laser Nd:YAG (neodymium-doped yttrium aluminium garnet) a 1064 nm.
Inicialmente foram realizados testes para a definicho da poténcia de trabalho,
quantidade de varreduras e acumulagcfes de espectros necessarios para otimizar a
relacdo sinal/ruido. Em cada um dos espécimes foram obtidos trés espectros, com
150 mW de poténcia do laser, resolucdo de 4 cm™ para 250 acumulacdes em
nimero de onda de 35 a 3.596 cm™ (FIGURA 09).
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Figura 09 - a. Equipamento Raman utilizado, b. Espécime posicionado no
equipamento para anéli§e.

{

Fonte: Do autor, 2019.

O software OriginPro 7,5 (OriginLab Corporation, Northampton, MA, Estados
Unidos) foi utilizado para a analisar os espectros obtidos. Os espectros foram
ajustados por correcao de linha de base de multiplos pontos e o pico de vibracdo v;
do fosfato a 960 cm™ foi selecionado como padréo interno para normalizagdo. O pico
a 1070 cm™ foi atribuido & vibracdo vi do grupo carbonato e o pico a 960 cm™ &
vibracdo v; do grupo fosfato na hidroxiapatita. Os picos em 1246/1270, 1450 e
1655/1667 cm™ correspondem & amida Ill, CH; e amida I, respectivamente, e foram
utilizados para identificar a conformacdo molecular das cadeias polipeptidicas
(JASTRZEBSKA et al., 2003; XU & WANG, 2011) (FIGURA 10).
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Figura 10. Exemplo de um espectro obtido com a identificacdo dos picos estudados

na analise quimica.
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Fonte: Do autor, 2019.

b)

Com base nos dados espectrais Raman, analisou-se:

Concentracdo mineral relativa: proporcéo do fosfato 960 cm™ (PO, v;) para
amida |, para analisar as diferengas na razdo mineral/matriz, esta razao
refere-se ao grau maximo relativo de mineralizacéo.

Gradiente em contetdo mineral: Foi avaliado como a relacdo entre a razdo de
alturas de 1070 cm™ (carbonato) (COs*) a 960 cm? (fosfato) (PO.%),
indicando a substituicdo de carbonato por fosfato (SCHWARTZ et al., 2012).
Cristalinidade: larguras das bandas de fosfato a 960 cm™ e de carbonato a
1.070 cm™, dadas pela largura a meia altura (FWHM), foram obtidas em cada
espectro para representar o grau de cristalinidade da dentina (PUCEAT et al.,
2004; TOLEDANO et al., 2015). Estes indices expressam a ordem
cristalografica ou atdbmica relativa, uma vez que picos mais estreitos sugerem
menor variagdo estrutural nas distancias e angulos de ligagdo (SCHWARTZ et
al.,, 2012). Em geral, quanto mais estreita a largura do pico espectral, maior o
grau de cristalinidade mineral (KARAN et al., 2009).
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d) Natureza do colageno: foram calculadas as raz6es amida l/amida Ill que diz
respeito a organizacdo do coldgeno, e amida I/CH, que indica alteracdo na
qualidade do colageno (SALEHI et al., 2013; TOLEDANO et al., 2015).

3.6 Analise Fisica

A analise dos aspectos fisicos das dentinas radiculares humanas e bovinas
de diferentes faixas etarias foi feita por meio do teste de nanoindentacéo, ensaio de
resisténcia a flexdo em trés pontos, ensaio de compressao e teste de resisténcia ao
cisalhamento por extrusdo (push-out) de pinos de fibra de vidro fixados com
cimentos resinosos. Adicionalmente, avaliou-se o grau de conversado dos cimentos

resinosos utilizados.

3.6.1 Teste de Nanoindentacao

Foram estudados os seguintes fatores: faixa etaria da dentina (jovem e
madura/adulta), origem da dentina (humana e bovina) e terco radicular (cervical,
meédio e apical). As variaveis respostas foram: nanodureza e modulo de elasticidade.
Foram utilizados 12 dentes humanos e 12 dentes bovinos, divididos em quatro
grupos (n = 6) de acordo com a faixa etaria e origem.

3.6.1.1 Preparo dos dentes

Os dentes foram seccionados 1 mm abaixo da juncdo amelocementaria em
cortadeira metalografica de precisdo (IsoMet 1000, Buehler, Lake Bluff, IL, Estados
Unidos), com disco adiamantado (Buehler, Lake Bluff, IL, Estados Unidos) sob
refrigeracdo constante a agua, para remocao da coroa. Os tecidos pulpares
radiculares foram removidos com lima #10 K-file (Dentisply Maillefer, Ballaigues,
Suica), sob irrigacdo com agua destilada. Posteriormente, as raizes foram fixadas
em placas de acrilico com cera pegajosa, que foram acopladas em cortadeira
metalografica de precisao (IsoMet 1000, Buehler, Lake Bluff, IL, Estados Unidos).
Com auxilio de um disco adiamantado (Buehler, Lake Bluff, IL, Estados Unidos) e
refrigeracdo constante a agua, foi realizado um corte ao longo eixo do dente no
sentido vestibulo-lingual para a obtencédo de duas hemisecc¢des. Uma hemiseccéo

de cada raiz foi selecionada, aleatoriamente, e seu comprimento total foi
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determinado com paquimetro digital (Mitutoyo, Suzano, SP, Brasil). Cortes
transversais foram realizados nos limites entre os tercos radiculares (FIGURA 11).

Figura 11 - a. Dente posicionado na cortadeira metalografica de precisdo para o
corte abaixo da juncdo amelocementaria, b. Raiz fixada na placa de acrilico para a
realizagédo da secgéo longitudinal, c. Hemisecgao da raiz, d. Hemisecg&o seccionada
entre os tercos radiculares.

Fonte: Do autor, 2019.

Cada espécime foi embutido em resina ortoftalica (Cristal 5061, Belo
Horizonte, MG, Brasil), planificado e polido com lixas de carbureto de silicio com
granulacdes decrescentes #600, #3800, #1200, #1500, #2000 e #2500 (Norton,
Guarulhos, SP, Brasil), em polidora metalografica (APL-4, Arotec Industria e
Comeércio, Cotia, SP, Brasil), sob irrigacdo com agua destilada. Para realizacao do
polimento final, foram utilizados discos de feltro e pastas diamantadas com
granulacéo decrescente de 1,0, 0,5 e 0,25 um (Erios, Sdo Paulo, SP, Brasil). A cada
troca de lixa ou feltro as amostras foram lavadas com &gua destilada e, entéo,
receberam banhos em cuba ultrassénica (Modelo Cd4820I, Kondentech Industria e
Comeércio Ltda. Sdo Carlos, SP, Brasil), por 15 minutos, para eliminacdo de residuos
superficiais (FIGURA 12).
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Figura 12 - a. Espécimes embutidos em resina ortoftalica, b. Polimento do espécime
com lixas de carbureto de silicio, c. Polimento do espécime com discos de feltro e
pastas diamantadas.

Fonte: Do autor, 2019.

3.6.1.2 Andlise da dureza e do mddulo de elasticidade

Foi utilizado Microscépio de Forca Atdbmica (AFM) (MFP-3D-AS, Asylum
Research, Santa Barbara, CA, EUA), com penetrador de diamante Berkovich
(Hysitron Inc., Minneapolis, MN, EUA), com o0 espécime hidratado. Foram
selecionadas 3 areas de analises em cada espécime para a realizacdo de 16
indentacbes, a uma distancia minima de 10 um entre cada uma, para evitar a
sobreposicéo de &reas vizinhas, em uma area 50 X 50 um?. A carga empregada pelo
AFM foi de 2.000 uN, mantida por 5 segundos, com carga/descarga de 10 segundos
cada (XU et al.,, 2014). Os valores de dureza e modulo de elasticidade a
nanoindentacdo foram calculados utilizando o modelo de Oliver & Pharr (1992) a

partir das curvas de forca versus penetracdo, ambos em Gigapascal (GPa).

3.6.2 Ensaio de Resisténcia a Flexdo em Trés Pontos

Foram estudados os seguintes fatores: faixa etaria da dentina (jovem e
madura/adulta) e origem da dentina (humana e bovina). As variaveis respostas
foram: resisténcia a flexdo e modulo de elasticidade a flexdo. Foram utilizados 12
dentes humanos e 12 dentes bovinos, divididos em quatro grupos (n = 6) de acordo

com a faixa etaria e origem.

3.6.2.1 Preparo dos dentes

Os dentes foram seccionados 1 mm abaixo da jungdo amelocementaria em
cortadeira metalografica de precisdo (IsoMet 1000, Buehler, Lake Bluff, IL, Estados
Unidos), com disco adiamantado (Buehler, Lake Bluff, IL, Estados Unidos) sob

refrigeracdo constante a &agua, para remocdo da coroa. Os tecidos pulpares
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radiculares foram removidos com lima #10 K-file (Dentisply Maillefer, Ballaigues,
Suiga), sob irrigagdo com agua destilada. Posteriormente, as raizes foram fixadas
em placas de acrilico com cera pegajosa, que foram acopladas em cortadeira
metalografica de precisao (IsoMet 1000, Buehler, Lake Bluff, IL, Estados Unidos).
Com auxilio de disco adiamantado (Buehler, Lake Bluff, IL, Estados Unidos) e
refrigeracdo constante a agua, foi realizado um primeiro corte ao longo eixo do dente
no sentido vestibulo-lingual para a obtencdo de duas hemiseccdes. Um segundo
corte, paralelo ao primeiro, com uma distancia de 1,5 mm, foi realizado para a
obtencdo de um espécime de dentina descartando a parte convexa da raiz (FIGURA
13).

Figura 13 - a. Dente fixado em placa de acrilico com cera pegajosa, b. Remocé&o da
coroa com disco adiamantado em cortadeira metalografica, c. Raiz apdés a

Fonte: Do autor, 2019.

Por fim, o espécime obtido foi fixado em placa de acrilico para realizacao de
outros cortes conferindo-lhe um formato de barra (1 mm de espessura x 1 mm de
largura x 10 mm de comprimento), envolvendo os tercos cervical e médio (CULLEN
et al., 2015). As barras foram manualmente desgastadas, quando necessario, para
atingir as dimensdes indicadas, planificadas e polidas com lixas de carbureto de
silicio com granulacdes decrescentes #600, #1000 e #1200 (Norton, Guarulhos, SP,
Brasil), em polidora metalografica (APL-4, Arotec Indastria e Comércio, Cotia, SP,

Brasil), sob irrigagcdo com agua destilada (FIGURA 14).



38

Figura 14 - a. Espécime obtido fixado em placa de acrilico para realizacdo de outros
cortes conferindo-lhe um formato de barra, b. Espécime apds os cortes, c. Duas
barras de dentina (1 mm x 1 mm x 10 mm).

Fonte: Do autor, 2019.

3.6.2.2 Andlise da resisténcia a flexdo e médulo de elasticidade a flex@o

As barras foram mantidas em solucdo salina por uma semana até o teste,
analisadas em estereomicroscopio (Zeiss, Jena, Oberkochen, Alemanha) para
deteccao de trincas ou defeitos, e submetidas ao teste de flexdo em trés pontos em
maquina universal de ensaios (EZ-LX Long-Stroke Model, Shimadzu, Quioto,
Japéo), com uma célula de carga de 5N e velocidade de 0,25 mm/min, até a fratura
(CULLEN et al., 2015) (FIGURA 15).

Figura 15 - a. Espécime de dentina mantido em solugdo salina, b. Espécime
posicionado na maquina universal de ensaios, c. Espécime em teste de flexdo em
trés pontos.

Fonte: Do autor, 2019.

A resisténcia a flexdo e o modulo de elasticidade a flexdo foram calculados
em Megapascal (MPa) e GPa, respectivamente, pelas formulas of = 3Fl/2bh? e
Ef=FI>/4bh®d x 107, onde F é a forca aplicada em newtons, L é a distancia entre os

pontos de apoio (8 mm), b é a largura (mm), h a espessura (mm) e d deflexdo (mm).
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3.6.3 Ensaio de Compresséao

Foram estudados os seguintes fatores: faixa etaria da dentina (jovem e
madura/adulta), origem da dentina (humana e bovina) e terco radicular (cervical,
meédio e apical). As variaveis respostas foram: resisténcia a compressdo e modulo
de elasticidade a compressdo. Foram utilizados 12 dentes humanos e 12 dentes

bovinos, divididos em quatro grupos (n = 6) de acordo com a faixa etéria e origem.

3.6.3.1 Preparo dos dentes

Os dentes foram seccionados 1 mm abaixo da jun¢cdo amelocementaria em
cortadeira metalografica de precisdo (IsoMet 1000, Buehler, Lake Bluff, IL, Estados
Unidos), com um disco adiamantado (Buehler, Lake Bluff, IL, Estados Unidos) sob
refrigeracdo constante a agua, para remocdo da coroa. Os tecidos pulpares
radiculares foram removidos com lima #10 K-file (Dentisply Maillefer, Ballaigues,
Suica), sob irrigacdo com agua destilada. Posteriormente, as raizes foram fixadas
em placas de acrilico com cera pegajosa, que foram acopladas em cortadeira
metalografica de precisao (IsoMet 1000, Buehler, Lake Bluff, IL, Estados Unidos).
Com auxilio de um disco adiamantado (Buehler, Lake Bluff, IL, Estados Unidos) e
refrigeracao constante a agua, foi realizado um primeiro corte ao longo eixo do dente
no sentido vestibulo-lingual para a obtencdo de duas hemiseccbes. Um segundo
corte, paralelo ao primeiro, com uma distancia de 2,5 mm, foi realizado para a
obtencdo de um espécime de dentina descartando a parte convexa da raiz
(FIGURAL1S6).

Figura 16 - a. Remocdo da coroa com disco adiamantado em cortadeira
metalografica, b. Raiz apds a remocéao da coroa fixada em placa de acrilico, c. Raiz
apos a realizacdo dos dois cortes paralelos ao longo eixo da raiz.

Fonte: Do autor, 2019.
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Por fim, o espécime de dentina obtido foi fixado em placa de acrilico e outros
cortes foram realizados para a obtencdo de dois espécimes em cada terco radicular
com formato cuboide (0,7 mm de espessura X 2 mm de largura X 2 mm de
comprimento) (ZAYTSEV et al.,, 2015). Os espécimes foram manualmente
desgastados, quando necessario, para atingir as dimensdes indicadas, planificados
e polidos com lixas de carbureto de silicio com granulagbes decrescentes #600,
#1000 e #1200 (Norton, Guarulhos, SP, Brasil), em polidora metalografica (APL-4,
Arotec Industria e Comércio, Cotia, SP, Brasil), sob irrigagcdo com agua destilada. Ao
final, os espécimes receberam banhos em cuba ultrassénica (Modelo Cd4820l,
Kondentech Industria e Comércio Ltda. Sdo Carlos, SP, Brasil) para eliminacdo de
residuos superficiais (FIGURA 17).

Figura 17 - a. Espécime de dentina fixado em placa de acrilico com dois cortes
paralelos ao seu longo eixo, b. Espécime de dentina em forma de barra com as
demarcacdes para a obtencdo dos corpos de prova, c. Espécimes de dentina em
formato cuboide obtidos apos os cortes.

3.6.3.2 Andlise da resisténcia a compresséo e modulo de elasticidade

O ensaio de compressao uniaxial foi executado em maquina universal de
ensaios (EZ-LX Long-Stroke Model, Shimadzu, Quioto, Japdo), com uma célula de
carga de 5N e velocidade de 0,01 mm/min, até a fratura (FIGURA 18).
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Figura 18 - a. Espécime posicionado entre os dispositivos para a realizacdo do teste
de compressao uniaxial, b. Espécime em teste de compressao, c. Espécime apos o
teste.
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Fonte: Do autor, 2019.

A resisténcia a compressdo (MPa) foi definida como a tensdo maxima na
curva de deformacédo (N/mm?). O médulo de elasticidade & compressdo (GPa) foi
calculado na regido elastica do diagrama tensdo-deformacédo, pela seguinte formula:
E = o/e. Em que, 0 = F/A [0 = tensdo; F = Forca maxima aplicada (N); A = area da
secdo transversal do corpo de prova (mm?)] e € = Allly [¢ = deformagéo uniaxial
elastica; Al = deslocamento na regido de deformacdo elastica (mm); lo =

comprimento inicial do corpo de prova (mm)].

3.6.4 Teste de Resisténcia ao Cisalhamento por Extruséao

O teste de resisténcia ao cisalhamento por extrusao foi realizado de acordo
com um desenho em blocos completos aleatorizados, tendo como fatores em
estudo: faixa etaria da dentina (jovem e madura/adulta), origem da dentina (bovina e
humana), cimento resinoso (RelyX Ultimate, dual convencional, e RelyX U200, dual
autoadesivo) e tercos radiculares (cervical, médio e apical). As variaveis respostas
foram: resisténcia de unido, padréo de falha na area de unido e qualidade da linha
de cimentagao.

3.6.4.1 Calculo amostral

A determinacédo do tamanho amostral foi baseada na magnitude padronizada
de efeito (MPE), a partir de dados de um estudo anterior (GALHANO et al., 2009). A
MPE é definida como o quociente entre a magnitude de efeito e o desvio-padrdo da

variavel de desfecho (MPE = magnitude de efeito +~ desvio-padrao). Quanto maior a
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MPE, menor o tamanho de amostra necessario. Em vista disto, utilizou-se a formula
simplificada de Browner, Newman & Hulley (2008), em que o tamanho da amostra =
16 + MPE?. Considerando o poder do teste de 0,80 (B = 0,2) e o a (bilateral) como
0,05.

Os resultados do estudo de Galhano et al. (2009) foram considerados para o
calculo: resisténcia de unido de dentes humanos (8,6 = 5,7) e resisténcia de uniédo
de dentes bovinos (4,1 + 1,3). O calculo indicou um tamanho amostral de 10 dentes
de cada origem e faixa etaria, por grupo. Esta foi acrescida de 20% para compensar

possiveis perdas, chegando a uma amostra final de 12 dentes.

3.6.4.2 Preparo dos dentes

A fim de verificar a conformacdo do conduto radicular e presenca de apenas
um canal radicular previamente ao corte, os dentes foram radiografados. Em
seguida, os dentes foram fixados em placas de acrilico com cera pegajosa e
seccionados abaixo da juncdo amelocementaria para remocdo da coroa, em
cortadeira metalografica de precisdo (Isomet 1000, Buehler, Lake Bluff, Estados
Unidos). As raizes tiveram um comprimento uniforme de 15 mm, verificado por
paquimetro digital (Mitutoyo, Suzano, SP, Brasil). Para padronizar o diametro do
conduto, foram selecionadas raizes nas quais fosse possivel penetrar até 1/3 da
ponta ativa da broca Whitepost DC3 (FGM Produtos Odontolégicos, Joinvile, SC,
Brasil) (FIGURA 19).

Figura 19 - a. Dente fixado na placa de acrilico e sendo seccionado abaixo da jungéo
amelocementaria em cortadeira metalografica, b. Padronizacdo do comprimento das
raizes, c. Padronizacdo do diametro do conduto, d. Exemplo de raiz que foi
descartada por apresentar um conduto onde a broca penetrasse mais que 1/3 da
ponta atjya.

Fonte: Do autor, 2019.
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3.6.4.3 Tratamento endoddntico das raizes

Os tecidos pulpares remanescentes foram removidos dos canais radiculares
com lima #10 K-file (Dentisply Maillefer, Ballaigues, Suica). Os canais foram
preparados e modelados com instrumentos rotatorios de niquel-titanio, Sistema
Protaper Universal (Dentisply Maillefer, Ballaigues, Suica), usando o equipamento X-
Smart Plus (Dentisply Maillefer, Ballaigues, Sui¢a), com torque a 3,5 N e velocidade
de 350 rpm. Entre cada instrumento utilizado, os canais foram irrigados com 5 ml de
hipoclorito de sddio a 2.5% (Biodinamica, lIbipord, PR, Brasil). Solu¢cdo de acido
etilenodiamino tetra-acético (EDTA) (Biodindmica, Ibipord, PR, Brasil) foi utilizada
para irrigagéo final antes da obturacéo, para limpeza do conduto. Os canais foram
obturados com guta-percha (Odous, Belo Horizonte, MG, Brasil) e cimento a base de
resina epoxica (AH Plus, Dentsply, Petropolis, Brasil), usando a técnica de
condensacdo lateral. Foi realizada uma radiografica final com o proposito de
certificar a qualidade final da obturacdo. Em seguida, os espécimes foram

armazenados em umidade a 37 °C por 7 dias.

3.6.4.4 Preparo radicular para cimentagéo dos pinos

As raizes foram identificadas (origem/faixa etaria) e por aleatorizacao foram
distribuidas de acordo com o protocolo de cimentacdo dos pinos de fibra de vidro
gue seriam submetidas.

Para o preparo do conduto radicular, a guta percha foi removida do interior do
conduto, mantendo-se 4 mm de guta percha na regido apical, garantindo o
selamento da obturacdo endoddntica e o comprimento de trabalho de 11 mm. Os
condutos foram preparados com a broca Whitepost DC3 (FGM Produtos
Odontoldgicos, Joinvile, Brasil), adequando o preparo ao formato do pino de fibra de
vidro Whitepost DC3 (FGM Produtos Odontoldgicos, Joinvile, Brasil).

3.6.4.5 Protocolos de cimentagao

Para cimentacao dos pinos de fibra de vidro de vidro Whitepost DC3 (FGM
Produtos Odontologicos, Joinvile, Brasil) foram utilizados os cimentos resinosos
RelyX Ultimate (3M ESPE, St. Paul, MN, Estados Unidos) e RelyX U200 (3M ESPE,
St. Paul, MN, Estados Unidos) (QUADRO 01).



44

Quadro 01 - Materiais utilizados na cimentacdo dos pinos de fibra de vidros e suas
composicoes.

Material (Fabricante) Composicao

RelyX Ultimate P6 de vidro (65997-17-3), superficie modificada
(3M ESPE, st. Paul, MN, EUA) | com 2-propendico, 2 metil-.3-(trimetoxissilil)
propilico (2530-85-0) e feniltrimetoxi silano
(2996-92-1); 2-Propandico, 2-Metil-, 1,1 '- [1-
(Hldroximetil) -1,2-Etanodiilo] Ester, Produtos da
reacao com 2-Hidroxi-1,3-Propanodiilo-
dimetacrilato e Oxido de Fdsforo; Dimetacrilato
de trietilenoglicol (TEGDMA); Silica tratada de
silano; Oxidos de vidro quimico (néo fibrosos);
Persulfato de sodio; Terc-butil 3,5,5-trimetil
peroxihexanoato; Acido acético, sla de cobre
(2+) monohidratado.

RelyX U200 P6 de vidro (65997-17-3), superficie modificada
(3M ESPE, st. Paul, MN, EUA) | com 2-propendico, 2 metil-.3-(trimetoxissilil)
propilico (2530-85-0); Dimetacrilato substituida;
P-Toluenosulfonato de sédio; 1,12-Dodecano
dimetacrilato;  Silica tratada de silano;

2,4,6(1H,3H,5H)Pirimidinetriona, 5-fenil-1-
(fenilmetil) sal de calcio (2:1); Hidroxido de
célcio; Acido 2-propandico, 2-metil[(3-

metoxipropil)imino]di-2,1-etanodiil éster; Amina
metacrilada; Di6xido de titanio.

RelyX Ceramic Primer Alcool etilico, Agua; Metacrilato de 3-
(3M ESPE, st. Paul, MN, EUA) | Trimetoxissililpropilo.

Single Bond Universal Metacrilato de 2-hidroxietila; Bisfenol A diglicidil
(3M ESPE, st. Paul, MN, EUA) | éter dimetacrilato; (BisGMA) Decametileno
dimetacrilato; Etanol; Silica tratada de silano;
Agua; 1,10-Decanodiol fosfato metacrilato;
Copolimero de acrilico e acido itaconico;
Caforguinona; N,N-Dimetilbenzocaina.

Os protocolos de cimentacdo foram definidos de acordo com as
recomendacg0des do fabricante dos cimentos resinosos utilizados (QUADRO 02).
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Quadro 02 - Descricdo do protocolo de cimentacdo dos pinos de fibra de vidro de
acordo com o cimento resinoso utilizado.
Cimento resinoso RelyX Ultimate

a) | Prova do pino para a avaliacdo da adaptacao e demarcagao do seu correto
posicionamento.
b) | Revestimento externo das raizes com fita adesiva preta para controle do
acesso de luz.
c) | Limpeza do pino com alcool 70% de forma ativa, por 15 segundos, e
secagem com jatos de ar.
d) | Aplicacéo do silano de forma ativa por 60 segundos.
e) | Aplicacdo de duas camadas do Single Bond Universal no pino, por 20
segundos, de maneira ativa com o microbrush, seguida por leve jato de ar
por 5 segundos.
f) | Limpeza do conduto radicular removendo vestigios de cimento endododntico
com hipoclorito de sédio a 2,5%, por 60 segundos. Lavagem com &gua
destilada em abundancia e secagem com pontas de papel absorvente.
g) | Aplicacdo de uma camada de Single Bond Universal no conduto radicular,
de forma ativa por 20 segundos. Remocdo do excesso de adesivo com
pontas de papel e leve aplicacéo jato de ar por 5 segundos.

h) | Dispensa das pastas do cimento resinoso em bloco de mistura, espatulacao
das pastas por 10 segundos e aplicacdo no conduto radicular utilizando
ponta aplicadora da seringa Centrix.

1) | Inser¢éo do pino no conduto radicular, girando.

j) | Fotoativacdo com irradiancia de 1350 mW/cm?, comprimento de onda de
440-480 nm, (Radii Plus, SDI Limited, Bayswater, Victoria, Australia) por 20
segundos em cada face (vestibular e lingual).

Cimento resinoso RelyX U200

a) | Prova do pino para a avaliacdo da adaptacdo e demarcacgédo do seu correto
posicionamento.

b) | Revestimento externo das raizes com fita adesiva preta para controle do
acesso de luz.

c) | Limpeza do pino com é&lcool 70% de forma ativa, por 15 segundos, e
secagem com jatos de ar.

d) | Aplicacéo do silano de forma ativa por 60 segundos.

e) | Limpeza do conduto radicular removendo vestigios de cimento endoddntico
com hipoclorito de sodio a 2,5%, por 60 segundos. Lavagem com &gua
destilada em abundéancia e secagem utilizando pontas de papel absorvente.
f) | Dispensa das pastas do cimento resinoso em bloco de mistura, espatulagéo
das pastas por 10 segundos e aplicagdo no conduto radicular utilizando
ponta aplicadora da seringa Centrix.

g) | Insercao do pino no conduto radicular, girando.

h) | Fotoativacdo com irradiancia de 1350 mW/cm?, comprimento de onda de
440-480 nm, (Radii Plus, SDI Limited, Bayswater, Victoria, Australia) por 20
segundos em cada face (vestibular e lingual).




46

3.6.4.6 Obtencédo dos espécimes e teste de resisténcia ao cisalhamento por extrusdo

Ap6s 0 armazenamento em meio Gmido a 37 'C por 24 horas, as raizes foram
seccionadas perpendicularmente ao seu longo eixo, em cortadeira metalografica de
precisao (Isomet, Buehler, Lake Bluff, IL, Estados Unidos), para obtencdo de dois
espécimes com espessura de aproximadamente 1 mm em cada terco radicular.
Antes da obtencdo dos espécimes, a primeira sec¢do na por¢cdo mais cervical da
raiz, com espessura de aproximadamente 0,5 mm, foi descartada. O objetivo de
eliminar esta fatia se da pelo risco da nao polimerizacdo completa do cimento
resinoso na presenca do oxigénio (DALEPRANE et al.,2016) (FIGURA 20).

Figura 20 - a. Raiz com pino de fibra de vidro cimentado fixada na placa de acrilico
para o corte, b. Raiz sendo seccionada perpendicularmente ao seu longo eixo, c.
Raiz com as vérias seccoes.

Fonte: Do autor, 2019.

A espessura dos espécimes foi verificada com um paguimetro digital
(Mitutoyo, Suzano, SP, Brasil), com precisdo de duas casas decimais. Cada
espécime foi posicionado sobre uma base metélica com orificio central de 2 mm de
diametro, com a face coronal para baixo. Um émbolo com extremidade de 1 mm de
didmetro foi adaptado & maquina universal de ensaios (EZ-LX Long-Stroke Model,
Shimadzu, Quioto, Japdo) e posicionado sobre o espécime, de forma a tocar
somente o pino, sem entrar em contato com as paredes do conduto radicular. O
ensaio foi conduzido com uma célula de carga de 5N, a uma velocidade de 0,5
mm/min, até que ocorresse o deslocamento do pino no interior do conduto radicular
e a forca maxima necessaria para este deslocamento fosse registrada pelo software
TRAPEZIUM X (Shimadzu, Quioto, Japéo) (FIGURA 21).
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Figura 21 - a. Espécimes obtidos em cada terco radicular, b. Verificacdo da
espessura do espécime, c. Espécime posicionado sobre a base metélica para ser
submetido ao teste, d. Espécime com deslocamento do pino apos teste.

a . b
Fonte: Do autor, 2019.

Para obtencéo da resisténcia de unido em MPa, a forca obtida em Newtons
foi divida pela area da interface adesiva. Como o fragmento do pino tem o formato
conico (Figura 14), os diametros dos pinos, em cada superficie do espécime, foram
medidos com o microscopio comparador digital (MOD TM 505, Mitutoyo, Suzano,
SP, Brasil) e a espessura dos espécimes foi medida utilizando um paquimetro digital
(Mitutoyo, Suzano, SP, Brasil) e a &rea total, em mm? da interface adesiva foi
calculada aplicando-se a féormula: A = m(R2+R1) [h? + (R2-R1)?]°° Onde: T = 3,14;
R2 = raio coronal do fragmento de pino (raio maior); R1 = raio apical do fragmento

de pino (raio menor); e h = espessura do espécime (FIGURA 22).

Figura 22 - Representacdo esquematica do formato cénico do fragmento do pino.

— _f_‘“)\

— >

Fonte: Do autor, 2019.

3.6.4.7 Andlise do padréo de fratura

Apos o teste, cada espécime foi observado em estereomicroscopio (Zeiss,

Jena, Oberkochen, Alemanha), com aumento de 40X, para determinar o padrao de
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fratura que foi classificado como: Adesiva; Coesiva em cimento; Coesiva em dentina;
e Mista (FIGURA 23).

Figura 23 - a. Espécimes fraturados sendo analisados em estereomicroscopio, b.
Representacdo dos modos de fraturas observados nos espécimes.

Coesiva em cimento

Coesiva em dentina

a
Fonte: Do autor, 2019.

3.6.4.8 Avaliacdo da qualidade da linha de cimentacao

Espécimes representativos de cada condicdo experimental foram
selecionados para avaliacdo da qualidade da linha de cimentagcdo em MEV. Os
espécimes foram embutidos em resina ortoftalica (Cristal 5061, Belo Horizonte, MG,
Brasil), polidas com lixas de carbureto de silicio de granulacées #600, #800, #1200,
#2000 e #2500 (Norton, Guarulhos, SP, Brasil) em polidora metalografica (APL-4
Arotec, Cotia, SP, Brasil), sob irrigacdo com agua (PEREIRA et al., 2015).

A superficie dos espécimes foi desmineralizada com &cido fosférico 50% por
3 segundos, seguido de enxague em agua corrente por 1 minuto e desproteinizacao
por imersdo em hipoclorito de sédio 2,5% por 10 minutos. Entdo, foram lavadas trés
vezes com agua destilada e imersas em solu¢gBes de concentracdo crescente de
etanol (25, 50, 75, 95 e 100%), onde permaneceram por 20 minutos em cada uma. A
solugcdo de concentracdo 100% foi repetida por trés vezes, com imersdo por 10
minutos a cada troca de solucédo (PEREIRA et al., 2014).

Posteriormente, os espécimes foram mantidos em temperatura ambiente por
10 minutos e, entdo, acondicionados em recipientes hermeticamente fechados,

contendo silica gel, por pelo menos 24 horas antes da metalizagdo. Os espécimes
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foram revestidos por carbono (Sputtering, modelo Balzers SCD 050) e observados
em MEV (FEG — FEI, FEG Quanta 200F, Hillsboro, OR, EUA), sob aceleragcao de
voltagem variavel de 15 kV. As imagens foram obtidas com magnificacdes
progressivas (50, 500 e 1.000X), tendo como objetivo a descricdo de caracteristicas
morfolégicas da linha de cimentagcdo para cada grupo experimental em todos o0s

tercos radiculares.

3.6.5 Analise do Grau de Converséo dos Cimentos Resinosos

Foi utilizado equipamento para medidas Raman (HYPERION IR microscope,
Vertex 70, Bruker, Ettlingen, Alemanha), no Laboratério de Espectroscopia Raman,
do Departamento de Fisica do Instituto de Ciéncias Exatas da UFMG. Este
equipamento possui detector (CCD) de germanio resfriado por nitrogénio liquido. Foi
utilizado o laser Nd:YAG (neodymium-doped yttrium aluminium garnet) a 1064 nm.
Inicialmente, foram realizados testes para a definicdo da poténcia de trabalho,
guantidade de varreduras e acumulacdes de espectros necessarios para otimizar a
relacdo sinal/ruido.

As pastas base e catalisadora dos cimentos RelyX Ultimate e RelyX U200
foram dispensadas em bloco de papel (5,0 mm de comprimento), manipuladas com
espatula metalica por 10 segundos, depositadas em um dispositivo metalico com
orificio e obtido um espectro, com 1000 mW de poténcia do laser, resolucdo de 4
cm™ para 700 acumulacdes em nimero de onda de 100 a 3.500 cm™. Este
procedimento foi repetido por trés vezes com diferentes por¢cdes dos cimentos e
assim definiram-se os espectros dos cimentos nao polimerizados. Para a andlise do
grau de conversdo dos cimentos nos espécimes em cada condicdo experimental
estudada, ap6s 24 horas de cimentacdo dos pinos de fibra de vidro, foram obtidos
trés espectros em diferentes regides da linha de cimentacdo (aumento de 10X) com
as mesmas condicbes descritas acimas, obtendo-se 0s espectros dos cimentos
polimerizados (FIGURA 24).
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Figura 24 - a. Cimento resinoso inserido no dispositivo metalico para obtencdo dos
espectros do cimento ndo polimerizado, b. Espécime do grupo experimental sendo
analisado, c. Imagem da linha de cimentacdo obtida com o aumento de 10X
identificando a area de analise.

A espectroscopia Raman avalia o grau de conversdo do cimento resinoso
com base na variacdo da intensidade a 1637 cm™, relativa ao pico da dupla ligacdo
entre carbonos no metacrilato, e a 1609 cm™, pico correspondente a ligacdo dupla
entre carbonos do anel aromético que permanece estavel durante a conversao do

mondmero em polimero (FIGURA 25).

Figura 25 - Espectros obtidos com os cimentos ndo polimerizado e polimerizado, em
destaques os picos 1609 cm™ e 1637 cm™.
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Fonte: Do autor, 2019.
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Para calcular o grau de conversao, a razao da intensidade dos picos entre
1605 a 1610 cm™ e entre 1635 a 1640 cm™ foram utilizadas na seguinte equacao:
GC (%) = 100 x [1 - (Rpolimerizado/Rnzo polimerizado)] Onde, R = intensidade da banda a
1637cm™ / intensidade da banda a =1609cm™ (PIANELLI et al., 1999). O ajuste
analitico das curvas foi feito na regido entre 1571 e 1655 cm™, considerando-se os
picos com amplitude Voigt G/L para o0 ajuste em largura e altura (OriginLab
Corporation, Northampton, MA, Estados Unidos), que considera as curvas
Loretzianas. Os valores maximos identificados na ordenada “Y” (intensidade) para

0s picos de interesse foram extraidos para o célculo do grau de converséo.

3.7 Andlise dos Dados

Inicialmente, foram analisadas a normalidade (Shapiro-Wilk, p > 0,05) e
homocedasticidade (Levene, p > 0,05) dos dados, para que assim fossem definidos
0s testes estatisticos a serem utilizados.

Os efeitos da idade, origem, terco radicular e suas interacbes nos aspectos
morfologicos, quimicos e mecéanicos foram analisados pelo ANOVA Three-way,
seguido de comparacdes multiplas pelo pos-teste de Tukey. Com excecdo dos
dados do teste de resisténcia a flexdo em trés pontos que foram analisados pelo
teste ANOVA Two-way e pOs-teste de Tukey.

Correlacdes entre os aspectos quimicos e mecanicos foram verificadas pelo
Coeficiente de Correlacao de Pearson.

Os efeitos da idade, origem, terco radicular e suas interagées nos valores de
resisténcia de unido foram analisados pelo ANOVA Three-way, seguido de
comparacdes multiplas pelo pés-teste de Tukey.

Os efeitos da idade, origem, tergo radicular e suas interagées nos valores de
grau de conversdo dos cimentos resinosos foram analisados pelo ANOVA Three-
way. Diante da auséncia de efeitos significativos para os fatores idade e origem,
comparacdes dos valores de grau de conversao entre oS cimentos resinosos em

cada terco radicular foram realizadas pelo teste t de Student.
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Todas as analises estatisticas foram realizadas utilizando o software
estatistico SPSS 20 (Statistical Product and Service Solutions, SPSS, Chicago,

Estados Unidos), adotando um nivel de significancia de 5%.
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4 RESULTADOS

Os resultados obtidos neste estudo serdo reportados em dois artigos que
estdo apresentados a seguir. O Artigo 1 contempla os dados das andlises do efeito
da idade nos aspectos morfologicos, quimicos e mecéanicos das dentinas radiculares
humana e bovina. O Artigo 2 aborda os resultados encontrados nas analises do
efeito da idade na resisténcia de unido ao cisalhamento por extrusdo (push-out) de
pinos de fibra de vidro fixados nas dentinas radiculares e os dados do grau de

conversao dos cimentos resinosos utilizados.
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ABSTRACT

This study compared and analysed the effect of age on the morphological, chemical and
mechanical aspects of human and bovine root dentin in each root third. Single-rooted human
teeth were divided into young (20 to 30 years) and old (over 60 years) groups (n=6). Bovine
mandibular incisors were divided into young (24 to 36 months) and adult (over 48 months)
groups (n=6). The analyses were performed by scanning electron microscopy, energy
dispersive spectroscopy, wavelength dispersive spectroscopy, Fourier-transformed raman
spectroscopy, nano-indentation, uniaxial compression and three-point flexural tests. The first
incisor of young bovine presented the largest numbers of dentinal tubules and the old human
single-rooted group presented the lowest values for number, diameter and area of dentinal
tubules (p < 0.05). Old human root dentin presented a highest amount of calcium, Ca/P ratio
and relative mineral concentration (p < 0.05). Human root dentin presented a reduction in the
values of the amide I/amide Il ratio and amide I/CH; ratio with aging (p < 0.05). The old
human root dentin presented the highest values of nano-hardness, elastic modulus,
compression strength, but the lowest flexural strength and flexural modulus (p < 0.05). Aging
affected the number, diameter and area of dentinal tubules, the degree of mineralisation and
the organization and quality of collagen, with increased values of certain mechanical

properties of human root dentin. Bovine root dentin was not affected by aging.

Keywords: root dentin; aging; scanning electron microscopy; energy dispersive spectroscopy;
wavelength dispersive spectroscopy; Fourier-transformed raman spectroscopy; nano-

indentation; uniaxial compression test; three-point flexural test.
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1. Introduction

The use of human teeth in dental research presents limitations such as difficulty
obtaining a sufficient sample with adequate quality, standardisation concerning the source and
age, and ethical issues (Camargo et al., 2007; Yassen et al., 2011; Costa et al., 2015; Soares et
al., 2016). Thus, bovine teeth have been used as a substitute for human teeth in dental
research because they have similar morphological and physicochemical properties (Yassen et
al., 2011).

Although there are some data substantiating the use of bovine teeth replacing human
ones when coronary substrates are used, there is still no conclusive data in the literature
regarding the characterisation of bovine root dentin and its viability for replacing human root
dentin (Schilke et al., 2000; Camargo et al., 2007; Yassen et al., 2011; Costa et al., 2015).
Despite this, bovine root canals have been used to analyse the penetration and effects of
endodontic intracanal medication, sealers or filling materials, auxiliary chemical substances,
dentinal tubule contamination and the bond strength of luted fiber posts (Gomes et al., 2003;
Moreira et al., 2009; Guerreiro-Tanomaru et al., 2012; Palo et al., 2012; Arias et al., 2016;
Bohrer et al., 2018).

The hard tissue that occupies the majority of the human tooth is dentin that is
composed of approximately 45% mineral material, 33% organic material (collagen type I) and
22% water (Tjaderhane et al., 2012). Dentine has a hierarchical structure, in which collagen
and apatite molecules cross each other on a nano-scale. Subsequently, these composites
organize into a microscopic morphology, forming tubules with different sizes and densities
(Katz et al., 2007). The dentinal tubules host the odontoblastic processes and fill in the
complete extent from the pulp to the dentin enamel junction (Kinney et al., 2005). Peritubular

dentin is highly mineralized and encloses the lumen of the tubules containing apatite crystals
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and organic proteins. A matrix of collagen fibers reinforced by apatite constitutes the
intertubular dentin situated among the tubules (Marshall et al., 1997). The specific
arrangement and order of the nano- and micro-structures produce a macroscopic anisotropy
with certain functional behaviours (Katz et al., 2007).

Studies comparing human and bovine root dentin substrates in different fields of
dental research are common (Hara et al., 2003; Camargo et al., 2006; Camargo et al., 2007;
Galhano et al., 2009; Wegehaupt et al., 2010; Kato et al., 2011; Costa et al., 2015; Lippert et
al., 2015; Soares et al., 2016) but few have analysed the effects of substrate age on the aspects
analysed (Camargo et al., 2007). Dentin is found to be highly affected by the effect of age on
its properties due to its dynamic characteristics (Arola and Reprogel, 2005; Bajaj et al., 2006;
Senawongse et al., 2006). With aging the human dentin thickness increases and the
morphology changes as the tubules become gradually obliterated with inorganic material.
With time, the higher mineral content makes tissue transparent and generally is called
sclerotic dentin (Kinney et al., 2005). As the microstructure of dentin modifies with age,
corresponding changes are expected in its mechanical behaviour (Ryou et al., 2015). There is
a reduction in the fatigue strength (Kinney et al., 2005; Ivancik et al., 2011), fatigue crack
growth resistance (Ivancik et al., 2012) and fracture toughness (Nazari et al., 2009) with age.

Thus, the objective of this study was to compare and analyse the effect of age on the
morphological, chemical and mechanical aspects of human and bovine root dentin. The null
hypotheses tested were: 1) there is no effect of age on the morphological aspects of human
and bovine root dentin in each root thirds; 2) there is no effect of age on the chemical aspects
of human and bovine root dentin; and 3) there is no effect of age on the mechanical aspects of

human and bovine root dentin.

2. Materials and Methods
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This study was approved by the Ethics Committee in Research (protocol 1.803.933)
and Ethics Committee on the Use of Animals (protocol 372/2016) of the Federal University of
Minas Gerais.

Permanent human and bovine teeth, healthy and single-rooted were selected. The teeth
were divided into four groups in accordance with age range: young human (20 to 30 years),
old human (over 60 years), young bovine (24 to 36 months) and adult bovine (over 48
months). Animals with up to four permanent incisor teeth are considered young (24 to 36
months) and with eight teeth are considered adults (over 48 months). After extraction, teeth
were cleaned, immersed in 0.1% thymol solution for 24 hours and frozen at -4 °C until the
preparation. The teeth were not stored for more than three months after extraction. The
crowns were sectioned 1 mm below the cement-enamel junction using a precision saw

(IsoMet 1000, Buehler, Illinois, United States) at constant water cooling.

2.1. Scanning Electron Microscopy (SEM)

Twelve human teeth were divided into two groups according to age group (young and
old, n = 6) and thirty-six bovine teeth were divided into six groups (n = 6) according to age
(young and adult) and tooth type (first incisor young, second incisor young, first incisor adult,
second incisor adult, third incisor adult and canine adult).

The roots were longitudinally sectioned in the vestibular-lingual direction using a
precision saw under constant water cooling to produce two hemi-sections. One hemi-section
of each teeth, randomly, was included in orthophthalic resin (Cristal 5061, Minas Gerais,
Brazil) and the surfaces were polished by hand with increasing 400, 600, 800, 1200, 1500,
2000 and 2500 grit silicon carbide abrasive papers under constant irrigation with water (APL-
4, Arotec, Sao Paulo, Brazil) and 1.0, 0.5 and 0.25 um diamond paste (Erios, S&o Paulo,

Brazil) on felt discs. The specimens were dipped in ultrasonic cleaning bath with distilled
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water for 15 min between each exchange of abrasive papers and diamond pastes to remove
residues and the smear layer. The total root length was measured with a digital calliper
(Mitutoyo, Sdo Paulo, Brazil), and the coronal, middle, and apical thirds were delimited.

The specimens were dried for 24 h at 37 °C with silica gel, mounted on aluminium
stubs and coated with a carbon layer (15 nm thick) under medium vacuum for SEM
examination (FEG Quanta 200F, Hillsboro, Oregon, United States). For each root third, three
images were obtained, resulting in 864 photomicrographs.

The images were analysed using Imagel 1.46 software (NIH, Maryland, United
States), by a single calibrated evaluator (intra-examiner Cohen’s Kappa > 0.75). The number
of dentinal tubules was determined from a standardised total area of 10,000 umz (1,000X
magnification), counting all unobstructed tubules in each root third (number of tubules per
mm?). Tubule diameters and areas of dentinal tubules were determined in a total area of 2,500
um? (5,000X magnification), counting all dentinal tubules in each photomicrograph obtained

(Camargo et al., 2007).

2.2. Energy Dispersive Spectroscopy (EDS) and Wavelength Dispersive Spectroscopy (WDS)

For elemental composition analysis, twenty four human and bovine teeth were divided
into four groups according to origin and age group (n = 6). The samples analysed were
prepared similarly to the specimens for analysis by SEM.

The specimens were analysed by electron microprobe (Jeol JXA 8900 RL WD/ED
Combined Microanalyzer, JEOL USA, Massachusetts, United States), equipped with WDS
and EDS. Using the EDS, an elementary mapping of the sample was carried out at five
different points per root third. The sample was irradiated by focused electron beam (15 kV,
100 sec) and identified the presence of calcium (Ca), phosphorus (P), sodium (Na) and

magnesium (Mg). Then, WDS analysis was performed on backscattered electron images



60

(30,0000X) to quantify (%) the elemental composition of the sample in five different areas in
each irradiated root third (15 kV, 20 nA, 10 sec). For the quantification of elements, the
following were used as standards: calcium pyrophosphate (Ca,P,0-) for Ca and P, Jadeite for

Na and magnesium oxide (MgO) for Mg.

2.3. Fourier Transformed Raman Spectroscopy (FT-Raman)

Twenty four human and bovine teeth were divided into four groups according to origin
and age group (n = 6). The root hemi-section was measured with a digital calliper (Mitutoyo,
Sdo Paulo, Brazil) and sectioned transversely with a precision saw (IsoMet 1000, Buehler,
Ilinois, United States) through the root thirds. The specimens’ surfaces were polished by
hand with silicon carbide abrasive papers 600 and 800 grit (APL-4, Arotec, Sdo Paulo, Brazil)
under irrigation with distilled water and dipped in an ultra-sonic bath with deionised water for
15 min between each exchange of abrasive papers to remove residues and the smear layer.

Three spectra of each surface were obtained by FT-Raman spectroscopy (module
RAM Il FT-Raman, Vertex 70, Bruker, Baden-Wirttemberg, Germany) with a germanium
diode detector cooled by liquid Nitrogen. The samples were excited by an air-cooled Nd:YAG
laser (A = 1064 nm) with a power of 150 mW. The spectral resolution was set to 4 cm™ and
one spectrum was accumulated for each measurement with 250 scans in wavenumbers from
35 to 3596 cm'™.

The spectra obtained were analysed by the OriginPro 7.5 software (OriginLab
Corporation, Massachusetts, United States). The baseline spectra were corrected and then
normalised to the 960cm™ peak. The peaks at 960 cm™ and 1070 cm™ are attributed to the
hydroxyapatite phosphate group (PO,* vi) and carbonate group (COs* vi) vibrations,
respectively. Vibration peaks at 1246/1270, 1450 and 1655/1667 cm™ were assigned to amide

I11, CH; and amide I, respectively (Xu and Wang, 2011).
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Based on the Raman spectra, the following data were analysed:

- Relative mineral concentration: ratio of 960 cm™ phosphate (PO,* v;) to amide I, to
analyse the differences in the mineral/matrix ratio (M:M), refers to the relative
maximum degree of mineralisation (Toledano et al., 2015).

- Gradient in mineral content (GMC): this was assessed as the relationship between the
ratio of heights from 1070cm™ (carbonate) (CO5*) to 960cm™ (phosphate) (PO4™),
indicating carbonate substitution for phosphate (Schwartz et al., 2012).

- Crystallinity: it was measured as the full width at half maximum (FWHM) of the
phosphate band (960 cm™) and carbonate band (1070 cm™) (Toledano et al., 2015).
Narrower spectral peak widths are associated with higher degrees of mineral
crystallinity (Karan et al., 2009).

- Ratio amide I/amide Ill: concerned the organisation of collagen (Toledano et al.,
2015).

- Ratio amide I/CHj: refers to changes in the quality of collagen (Toledano et al., 2015).

2.4. Atomic Force Microscopy (AFM)-based nano-indentation

Twenty four human and bovine teeth were divided into four groups according to origin
and age group (n = 6). The root hemi-section was measured with a digital calliper (Mitutoyo,
Sdo Paulo, Brazil) and sectioned transversely with a precision saw (IsoMet 1000, Buehler,
Illinois, United States) through the root thirds. The specimens were included in orthophthalic
resin (Cristal 5061, Minas Gerais, Brazil) and the surfaces were polished by hand with
increasing 400, 600, 800, 1200, 1500, 2000 and 2500 grit silicon carbide abrasive papers
under constant irrigation with water (APL-4; Arotec, Sdo Paulo, Brazil) and 1.0, 0.5 and 0.25

pm diamond paste (Erios, Sdo Paulo, Brazil) on felt discs. Between each exchange of abrasive
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papers and diamond paste, the specimens were dipped in an ultra-sonic bath (Model Cd4820l,
Kondentech, Séo Paulo, Brazil) with distilled water for 15 min to remove residues.
Nano-indentation was performed using a AFM (MFP-3D-AS, Asylum Research, Santa
Barbara, CA, EUA), modified with a Berkovich diamond indenter (Hysitron Inc.,
Minneapolis, MN, USA) under wet conditions. Each specimen was tested at three areas. For
each area (50 X 50 pm?), sixteen indentations, approximately 10 pm apart, were performed.
The load was 2.000 uN and was held for 5 s, with loading/unloading for 10 s each. The nano-
hardness and elastic modulus values were quantified from the load-displacement curve, using

the model of Oliver and Pharr (1992), both in Gigapascal (GPa).

2.5. Uniaxial compression test

Twenty four human and bovine teeth were divided into four groups according to origin
and age group (n = 6). Each root was longitudinally sectioned with a precision saw (IsoMet
1000, Buehler, Illinois, United States) and a second section, parallel to the first (distance of
2.5 mm), was made to obtain a specimen of dentin discarding the convex part of the root.
Other sections were made on the dentin specimen to obtain two specimens in each root third
with a cuboid shape (0.7 mm of thickness x 2 mm of width x 2 mm of length) (Zaytsev,
2015). The specimens were polished, when necessary, to reach the standardised dimensions,
with silicon carbide abrasive papers 600, 1000 and 1200 grit (APL-4, Arotec, S&o Paulo,
Brazil) under irrigation with distilled water. The specimens were dipped in an ultra-sonic bath
(Model Cd4820l, Kondentech, S&o Paulo, Brazil) with distilled water for 5 min to remove
residues.

The uniaxial compression test was performed in universal testing machine (EZ-LX
Long-Stroke Model, Shimadzu, Kyoto, JPN) with a 5 N load cell at a speed of 0.1 mm/min.

The compression strength (Mpa) was taken as maximal stress on the deformation curve. The
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elastic modulus (GPa) was calculated from the stress-strain diagram, by the following
formula: E = o/e. Where, 0 = F/A [c = stress; F = maximum applied force (N); A = cross-
sectional area of specimen (mm?)] and ¢ = Al/ly [¢ = elastic uniaxial deformation; Al =

displacement in the region of elastic deformation (mm); lp = initial length of specimen (mm)].

2.6. Three-point flexural test

Twenty four human and bovine teeth were divided into four groups according to origin
and age group (n = 6). Each half of the root was longitudinally sectioned with a precision saw
(IsoMet 1000, Buehler, Illinois, United States) in a dentin bar (10 mm long X 1 mm wide x 1
mm thick) from the coronal-middle area (Cullen et al., 2015). No enamel or cementum was
included in the dentin bars. The bars were polished, when necessary, to reach the standardised
dimensions, with silicon carbide abrasive papers 600, 1000 and 1200 grit (APL-4, Arotec, Sdo
Paulo, Brazil) under irrigation with distilled water. These samples were stored in physiologic
saline for one week until the test.

The three-point flexural test was performed using universal testing machine (EZ-LX
Long-Stroke Model, Shimadzu, Kyoto, JPN), 5 N load cell, with the distance between the
center support points fixed at 8 mm. The load cell was applied perpendicular to the long axis
of the specimen with a 0.25 mm/min crosshead speed until fracture. The flexural strength and
flexural modulus were calculated using the following equations: of = 3F1/2bh® and
Ef=FI/4bhd x 103, where F is the load (N) at the highest point of load-deflection curve, | is
the distance between the center supports, b is the width, h is the thickness of the specimen and
d is deflection. The values b and h were measured with a digital caliper (Mitutoyo, S&o Paulo,

Brazil).

2.7. Statistical analysis
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The data obtained in the morphological, chemical and mechanical analyses showed
normal distribution (Shapiro-Wilk test, p > 0.05) and homogeneity of variance (Levene test, p
> 0.05).

The effects of age, origin, root third and their interactions on morphological, chemical
and mechanical aspects were analysed by three-way ANOVA, followed by Tukey’s test
multiple comparisons. Data from the three-point flexural test were analysed by the two-way
ANOVA and Tukey honest significant differences post hoc test.

Correlations between the chemical and mechanical aspects were verified by the
Pearson Correlation Coefficient.

All statistical analyses were performed using the statistical software SPSS 20
(Statistical Product and Service Solutions, SPSS, Chicago, USA), at a 5% level of

significance.

3. Results

3.1. Scanning Electron Microscopy

For number, diameter and area of the dentinal tubules, three-way ANOVA showed
significant effects for the analysed factors (age, origin and third root) (p < 0.05), without
significant interactions (p > 0.05).

The old human single-rooted group presented the lowest numbers of dentinal tubules,
differing from the single-rooted young human group and groups of bovine teeth of both ages,
in all root thirds (p < 0.05). The young bovine first incisor group presented the largest
numbers of dentinal tubules, differing from the groups of human teeth of both ages, in all root
thirds (p < 0.05) (Figure 1). The old human single-rooted group presented the smallest

diameters and areas of dentinal tubules, differing from the young human single-rooted group
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and groups of bovine teeth of both ages in all root thirds (p < 0.05) (Figures 2 and 3).
Regarding the morphological aspects analysed, the adult canine bovines formed the group that
was most similar to the young human single-rooted group. SEM representative images of the
young human single-rooted, old human single-rooted, young bovine first incisor and adult

canine bovine in the different root thirds are shown in Figure 4.

3.2. Energy Dispersive Spectroscopy and Wavelength Dispersive Spectroscopy

For Ca and Ca/P, three-way ANOVA showed significant effects of tooth age and
origin (p < 0.05), without any significant interaction (p > 0.05). Three-way ANOVA showed
no significant effects and interactions of the analysed factors (age, origin and third root) for
the P, Na, Mg.

The results of the analysis of the elemental composition showed that old human root
dentin presents a higher amount of Ca in all the root thirds, differing from all groups (p <
0.05). The concentration of Na in adult bovine root dentin was the highest, differing from
young bovine root dentin, in all the root thirds, and from human root of both ages in coronal
and apical thirds (p < 0.05). The Ca/P ratio in adult human root dentin was the highest,
differing from bovine root dentin of both ages, in coronal and apical thirds (p < 0.05) (Table

1).

3.3. Fourier Transform Raman Spectroscopy

Significant effects and interactions (origin, age and root third) were observed for
crystallinity band at 960 cm™, amide 1/amide 111 ratio and amide 1/CH, ratio (p < 0.05). For
the relative mineral concentration, origin and age showed a significant effect (p < 0.05) and

for gradient in mineral content, age and root third also showed a significant effect (p < 0.05).



66

The results of the Tukey test showed that the old human dentin presented the highest
value of relative mineral concentration (p < 0.05). Old human dentin presented the highest
gradient for mineral content, differing from young human dentin in middle and apical thirds
(p < 0.05) and bovine dentin of both ages in all the root thirds (p < 0.05). Old human dentin
presented the highest values of crystallinity band at 960 cm™ and differed from all groups (p <
0.05). For the amide I/amide Il ratio and amide I/CHj ratio, the old human dentin presented

the lowest values differing statistically from the other groups (p < 0.05) (Table 2).

3.4. Nano-indentation

For nano-hardness and elastic modulus, all factors analysed had significant effects (p <
0.05), without any significant interaction (p > 0.05).

Old human root dentin presented the highest values of nano-hardness, differed from all
groups and decreased from the coronal third to the apical (p < 0.05). Values of elastic
modulus were higher in old human root dentin, with statistical differences of the other groups

in the middle and apical thirds (p < 0.05) (Table 3).

3.5. Uniaxial compression test

For compression strength, all factors analysed showed significant effects (p < 0.05),
and for elastic modulus, origin and age showed significant effects (p < 0.05).

Old human root dentin showed the highest values of compression strength and differed
from all groups (p < 0.05). Old human root dentin showed the highest values of elastic
modulus, with statistical differences from the other groups in all root thirds, except on young

human root dentin, in coronal third (p < 0.05) (Table 3).

3.6. Three-point flexural test
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For flexural strength, two-way ANOVA showed significant effects and interactions for
the age and origin (p < 0.05). For flexural modulus, significant effects were observed for the
age and origin (p < 0.05), without significant interaction (p > 0.05).

Old human root dentin showed the lowest values of flexural strength and flexural

modulus and differed from all groups (p < 0.05) (Table 4).

3.7. Pearson correlation coefficient

In the correlation analysis between the chemical (EDS and WDS) and mechanics
aspects for each experimental group, significant correlations were observed. Old human root
dentin: nano-hardness and phosphorus (r = 0.60, p = 0.00); elastic modulus of nano-
indentation and Ca/P ration (r=-0.56, p=0.01); compression strength and calcium (r = -0.53, p
= 0.02). Adult bovine root dentin: compression strength and calcium (r = 0.48, p = 0.04).

Significant correlations between the chemical (FT-Raman) and mechanics aspects for
each experimental group were also observed. Young human root dentin: compression strength
and crystallinity band at 960 cm™ (r = -0.60, p = 0.00). Old human root dentin: nano-hardness
and relative mineral concentration (r = 0.77, p = 0.00); nano-hardness and amidel/amide Il
ratio (r = 0.66, p = 0.00); nano-hardness and amidel/CH ratio (r = 0.55, p = 0.01); elastic
modulus of nano-indentation and amidel/CHj ratio (r = 0.53, p = 0.02); compression strength
and crystallinity band at 960 cm™ (r = 0.60, p = 0.00); compression strength and
Amidel/Amide 11 ratio (r = -0.67, p = 0.00); compression strength and amidel/CH, ratio (r = -
0.57, p = 0.01); flexural modulus and amidel/Amide Il ratio (r = -0.85, p = 0.03). Adult
bovine root dentin: compression strength and crystallinity band at 960 cm™ (r = -0.49, p =

0.03).

4. Discussion



68

Decrease in number, diameter and area of the dentinal tubules of human root dentin
were observed with aging. However, morphological aspects of bovine root dentin were not
affected by aging. Thus, the first tested hypothesis was partially rejected.

Tubularity is a central characteristic of dentin, affecting, for example, its mechanical
properties, its ability to withstand occlusal forces, and its behaviour in dentin bonding
(Tjaderhane et al., 2012). Gradual obliteration of the dentinal tubules occurs with aging
resulting in a reduction in the lumen diameters due to the dissolution and re-precipitation of
minerals from the inter-tubular dentin (Nalla et al., 2005; Porter et al., 2005). The number of
dentinal tubules decreases with increasing age, with a lower number in the apical third, and a
decrease in the diameter and area of the dentinal tubules (Vasiliadis et al., 1983; Nalla et al.,
2005; Porter et al., 2005). In contrast, Xu et al., (2014), comparing young and old human root
dentin, observed that the tubular area of old dentine was smaller than that of young dentine at
the coronal regions and no age-related difference was found for tubular density. This
inconsistency with our results can be explained due to methodological differences. In the
present study all the unobstructed dentin tubules present in the analysis area and were counted
and measured while in the other study obstructed tubules were also considered.

Camargo et al. (2007) compared the number and diameter of the dentinal tubules of
the human root dentin with different age groups and the bovine root of different types of teeth,
observing a statistically significant difference only in the number of the dentinal tubules
relative to origin of the substrate. The number of tubules of the bovine dentin was higher than
human specimens and the diameter of dentin tubules did not differ. Also, Costa et al. (2015)
evaluated the morphological characteristics between human and bovine primary root canals.
The authors observed that the radicular dentin structure of human and bovine primary teeth

differs in terms of the tubule density, as the primary bovine teeth showed a higher number,
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and are similar in terms of the diameter. Thus, our results are in agreement with these findings
considering that the first incisor bovine young group presented the largest numbers of dentinal
tubules and the single-rooted human young group presented dentinal tubules diameters similar
to those of bovine root dentin.

Considering that the aging may influence the mineral concentrations in human and
bovine root dentin, the elemental composition between the young and adult/old age groups
was compared. The old human root dentin presented a higher concentration of Ca and Ca/P
ratio and adult bovine root dentin presented a higher concentration of Na in coronal and apical
thirds. The higher degree of mineralisation of human root dentin compared to bovine and the
effect of age on the increase of the degree of mineralisation was noticeable. Thus, the second
hypothesis tested was rejected.

Dentine is predominately composed of hydroxyapatite crystals with the dimensions of
60-70 nm length, 20-30 nm width, and 3—4 nm thickness. Teeth content of Ca and P range
from 34-39% and 16-18% by weight, respectively. Cations (Na*, K and Mg,") can substitute
the calcium position of the hydroxyapatite matrix while anions (F, CI" and COs?) are
incorporated into the hydroxyl and phosphate positions. Close to 40 trace elements (>1000
and <100 ppm) may be present proceeding from dental pulp capillaries and saliva
(Reitznerov4 et al., 2000). Trace elements incorporated into the crystalline structure alter the
physicochemical and mechanical properties of hydroxyapatite (Teruel Jde et al., 2015).

Our results agree with Teruel Jde et al. (2015), who showed that Ca, P, Na and Mg
constitute the most abundant and basic metal ions that form the structure of mineralised tooth
tissues. The Ca/P ratio in old human root dentin was more similar to pure hydroxyapatite
(1.67) (Taube et al., 2010). Disagreeing with our results, Xu et al. (2014) found an increase in
Ca and Ca/P ratio content only in the coronal third of the old human root dentin, with no age-

induced differences in P content. This could be explained by the fact that the concentrations
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of trace elements may vary with gender, type of tooth, nutrition and environmental pollution
(Fischer et al., 2009). Furthermore, the mineral composition gradient decreases from the pulp
to the enamel and from the peritubular to the intertubular region (Kinney et al., 1996;
Tjaderhane et al., 2012).

In the analysis of the molecular chemical structure of human and bovine root dentin by
FT-Raman, the effect of age on the chemical composition of human root dentin was
identified. The mineral phase in dentine mainly consists of carbonate-substituted
hydroxyapatite (Caio(PO4)sx(OH)2-y)(CO3)xsy, where 0 < x < 6, 0 <y <2) in the form of small
plates (Tjaderhane et al., 2012). These changes may alter crystallinity, crystal size, stability
and solubility of the hydroxyapatite structure. The results shown by the FT-Raman analysis
were in agreement with those observed by WDS. The relative mineral concentration showed
that old human root dentin presents as the most mineralised group, with reduced space
occupied by the organic matrix due to the effect of age (Toledano et al., 2015). The increase
in gradient in the mineral content in old human root dentin is related to the presence of a
prominent carbonate band at around 1070 cm™ in the Raman spectrum, demonstrating the
degree of carbonate substitution in the lattice structure of the apatite (Salehi et al., 2013). The
crystallinity of these bands represents the percentage of crystalline material, which correlates
to the organization inside crystals (Reyes-Gasga, 2013). The narrower the width of the peak is
the higher the degree of mineral crystallinity (Karan et al., 2009). Thus, age had a decrease in
the degree of crystallinity band at 960" of human root dentin.

Changes were detected in the molecular conformation of the contents of the dentin
organic matrix. The dentin organic phase contains about 90% fibrous proteins (mainly type |
collagen) besides lipids and non-collagenous matrix proteins (Tjaderhane et al., 2012). The
amide I/amide I11 ratio were higher in young human root dentin, indicating a higher degree of

organisation, while these peak ratios in the old human dentin were the smallest, evidencing a
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disorganisation of collagen with aging. Amide | is the most intense vibrational band in
proteins and is governed primarily by the stretching vibrations of the C=0 (70-85%) and C-N
(10-20%) groups and is directly related to the backbone conformation and the hydrogen
bonding pattern (Xu and Wang, 2012). Amide 11l is a very unstable and complex band that
depends on the details of the force field, the nature of the side chains and the hydrogen bond
(Xu and Wang, 2012). For the amide I/CH; ratio, it was demonstrated that old human root
dentin had a lower ratio indicating altered collagen quality (Salehi et al., 2013; Toledano et
al., 2015). CH, represents the intensity of vibrations of collagen molecule side chains and it
was used because of its low sensibility to molecular orientation compared to the amide | band
(Salehi et al., 2013). The collagen proteolysis has a significant impact on the structural
integrity of dentin. Dentin collagen features a great number of intermolecular covalent cross-
links between the chains providing the stability and tensile strength required by the structure
(Yamauchi and Sricholpech, 2012).

The mechanical aspects of human root dentin were affected by aging. The values of
properties analysed by nano-indentation and uniaxial compression were higher in old human
root dentin, and by three-point flexural were lower in old human root dentin. However,
mechanical aspects of bovine root dentin were not affected by aging. Thus, the third tested
hypothesis was partially rejected.

Nano-indentation test showed that the old human root dentin have significantly higher
nano-hardness and elastic modulus that the young human root dentin. These findings are
similar to those reported by Xu et al. (2014), which evaluated the effect of age on the
mechanical properties of root intertubular dentine and observed higher nano-hardness and
elastic modulus only in the coronal third of the old dentin. However, in the present study it

was not possible to evaluate the intertubular and peritubular dentin independently, although it
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is known that there are structural and mechanical differences between them (Kinney et al.,
1996; Ziskind et al., 2011; Ryou et al., 2015).

The old human root dentin showed values of compressive strength and modulus of
elasticity superior to young human root dentin, in agreement with the findings of Panfilov et
al. (2012). The human dentin is a biomineral, with elastic and plastic properties, while its
strength is close to synthesized calcium hydroxyapatite (Zaytsev et al., 2014; Zaytsev, 2015).
Part of organic compounds in dentin may be the cause of such unusual deformation behavior.
The elastic-plastic collagen fibers partially provide elasticity and plasticity of dentin, while
the particles of calcium hydroxyapatite inside organic matrix serve as filler and keep the
strength to dentin (Buehler, 2006; Svensson et al., 2010). Thus, structural changes due to
aging may influence the mechanical behavior of dentin under compression.

Old human root dentin showed the lowest values of flexural strength and flexural
modulus, differing from all groups. Shinno et al. (2016) showed also that the flexural strength
and toughness of human root dentin decreases with aging. These results can be justified by the
morphological and chemical aspects presented by aged dentin, such as increased
mineralisation, decreased dentin tubules and embrittlement of collagen due to accumulation of
advanced glycation end-products, decreasing the resistance against crack propagation (Kinney
et al., 2005; Nalla et al., 2005; Porter et al., 2005; Shinno et al., 2016).

From the analysis of the correlation coefficients between the chemical and mechanical
aspects analyzed, it is possible to elucidate some of the results found. In general, it was
observed that age has an effect on the morphological, chemical and mechanical aspects of
human root dentin. However, based on the correlation coefficients, there was significant effect
of the chemical composition of the human root dentin on its mechanical behavior, especially,

the influence of organic components on strength of dentin.
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The morphological, chemical and mechanical aspects of bovine root dentin were not
affected by aging. This finding may be justified by the short time difference between the
young and adult age groups. The life expectancy of bovine in nature is 15 to 20 years,
however in the meat and milk industry the life expectancy of these animals is only 18 months
and 48 months, respectively. Thus, due to the difficulty of obtaining a sample of old bovine

teeth, we opted for the analysis of young and adult bovine teeth.

5. Conclusions

According to the results obtained, the following conclusions were drawn:

Age affected the morphological aspects of human root dentin, with a decrease in the

number, diameter and area of the dentinal tubules.

- Aging increased mineralisation in and had a negative effect on the organisation and
quality of collagen in human root dentin.

- Aging increased the values of nano-hardness, elastic modulus, compression strength,
and reduced flexural strength and flexural modulus in human root dentin.

- Morphological, chemical and mechanical aspects of bovine root dentin were not

affected by aging.

Thus, studies that use bovine root dentin in substitution in humans should consider the
effect of origin and age on the morphological, chemical and mechanical aspects of these

dental substrates.
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Figure 1. Means and standard deviations for the

density) by group and root thirds.
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Figure 2. Means and standard deviations for the diameter of dentinal tubules by group and

root thirds.
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Figure 3. Means and standard deviations for the area of dentinal tubules by group and root

thirds.
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Figure 4. Representative SEM images (10,000X and 5,000X magnifications) of young human root dentin (1), old human root dentin (2), young

bovine first incisor (3) and adult bovine canine (4) groups in coronal (CT), middle (MT) and apical (AT) thirds.




Table 1. Means and standard deviations of chemical elements percentages and Ca/P ratio from EDS and WDS for human and bovine root dentin

with different age groups.

Young human

Young bovine

Old human root

Adult bovine root

Root third root dentin root dentin dentin dentin
Coronal 41.26 + 2.01"° 40.92 + 0.41™ 43.96 + 1.97% 41.14 + 0.50"
Calcium Middle 41.28 + 0.89"° 40.77 £ 0.74™ 43.13 +1.325 41.01 + 1.06™
Apical 41.01+£0.94"  40.41+0.51™ 42.44 +1.09% 40.96 + 0.64"
Coronal 31.75 + 1.60% 31.23+0.01" 31.98 + 0.61" 31.47 £0.28"
Phosphorus Middle 31.21 +1.02" 31.22 +0.00" 31.55 + 0.49"%® 31.62 + 0.40"
Apical 31.18£0.93*  31.22 +0.00™ 31.24 +0.02% 31.27 +0.35™
Coronal 0.31 + 0.01% 0.16 + 0.01% 0.31 + 0.00% 0.45 + 0.09%®
Sodium Middle 0.31 +0.02" 0.19 + 0.08% 0.31 +0.00% 0.41 +0.08"
Apical 0.30 + 0.00 0.17 + 0.04% 0.30 + 0.06" 0.40 + 0.05%
Coronal 1.39 +0.18" 1.39 +0.32" 1.40 +0.28™ 1.40 +0.23"
Magnesium Middle 1.38 + 0.23" 1.39 + 0.06™ 1.40 +0.16™ 1.39 + 0.07"
Apical 1.37 £0.117 1.39 £ 0.117 1.39 £ 0.11% 1.39 £ 0.11%
Coronal 1.30 + 0.05" 1.31+0.01™ 1.37 + 0.04% 1.30 £ 0.02"
Ca/P ratio Middle 1.32 + 0.06™ 1.30 £ 0.02" 1.36 + 0.04™ 1.29 + 0.04%
Apical 1.31 £ 0.02782 1.29 +0.01" 1.35 +0.03% 1.31 +0.03*

*The different capital letters indicate significant differences in the comparison in the same lines. The different lowercase letters indicate

significant differences in the comparison in the same columns.
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Table 2. Mean and standard deviations of relative mineral concentration, gradient in mineral content, crystallinity band at 960 cm™, crystallinity

band at 1070 cm™, amide I/amide 111 ratio, amidel/CH, ratio from FT-Raman for human and bovine root dentin with different age groups.

Young human Young bovine Old human root Adult bovine

Root third root dentin root dentin dentin root dentin
- Coronal 2.14 +0.22" 1.99 +0.18™ 2.82 +0.20% 1.99 +£0.13™
Relative mineral Middle 2.05 +0.29% 2,02 +0.13% 245 + 0.208 1.98 + 0.06*
concentration Apical 1.98 +0.17% 2.00 +0.14 2.34 + 0.06% 1.98 +0.13%
- Coronal 0.61+ 0.03"? 0.54 +0.00" 0.63 +0.01™ 0.55 +0.01%
Gradient in mineral Middle 0.60 £ 0.04" 0.54 + 0.00" 0.63 + 0.01% 0.56 + 0.02"
content Apical 0.60 + 0,03 0.54 + 0.02% 0.64 + 0.01° 0.57 + 0.02"
B Coronal 18.72+0.717° 19.65 + 1.07 23.16 + 0.80% 19.53 + 0.80™
Crystallinity bandat — igqje 18.67 + 0.40™ 19.80 + 0738 22.07 +0.67% 19.79 + 0.81%
960 cm Apical 18.90 + 0.66™ 10.84 + 0,548 2432 +0.20% 19.90 + 0,228
o Coronal 38.24 + 0.73" 38.66 + 0.17" 38.93 + 0.42" 38.57 + 0.35™
Crystallinity bandat —igqje 38.34 + 0.60™ 38.75 + 0.16™ 38.83 + 0.41° 38.35 + 0,25
1070 em Apical 38.43 + 0.65™ 38.73 + 0.27° 38.95 + 0,57 38.37 + 0,344
_ _ Coronal 1.47 +0.03" 1.57 +0.03% 1.23 +0.04 1.52 +0.01%
Amide I/Amide 1] Middle 1.44 + 0,02°% 1.56 + 0.01% 1.23+0.02% 1.54 +0.03%
ratio Apical 1.43 + 0.03% 1,56 + 0,025 1.07 +0.04% 1,52 + 0.04%

Continue...
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Amidel/CH Coronal 1.15 + 0.03" 1.18 + 0.02 0.97 £ 0.05% 1.17 +0.01°
m'raetio 2 Middle 1.15 + 0.03% 1.18 + 0.04% 0.96 + 0.04% 1.17 +0.01%
Apical 1.13 +0.01" 1.17 +0.01% 0.88 +0.01° 1.17 +0.16%

*The different capital letters indicate significant differences in the comparison in the same lines. The different lowercase letters indicate

significant differences in the comparison in the same columns.
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Table 3. Means and standard deviations of nano-hardness (GPa) and elastic modulus (GPa) from nano-indentation, and compression strength

(Mpa) and elastic modulus (GPa) from uniaxial compression for human and bovine root dentin with different age groups.

Young human root

Young bovine root

Old human root

Adult bovine root

Root third dentin dentin dentin dentin
c Coronal 0.85+0.07* 0.48 +0.06" 1.51+0.06% 0.55 + 0.09>
2 Nano-hardness Middle 0.74 +0.36™ 0.44 +0.09™ 1.11£0.13% 0.43 £0.10"
£ Apical 0.55 +0.38* 0.42 +0.16™ 0.93 +0.10% 0.35 +0.15""
[«5)
©
£ Coronal 12.95+4.25™ 8.43 +1.78% 15.12 +3.05™ 10.47 + 1,15
§ Elasticmodulus  Middle 10.74 + 4.40* 8.28 +1.15™ 14.67 +1.23% 9.80 + 1.69™
< Apical 9.75 + 3.66™ 4.72 +2.09% 13.40 + 2.89% 7.47 +3.50™
Coronal 446.32 + 40.63" 394.65 +35.58"™ 531.69 + 30.33% 396.65 + 47.69™
<  Compression Middle 44761 + 4550 396.05 + 40.65™ 543.18 + 39.55% 543.18 + 39.55"
=R strength Apical 451.24 + 42.80% 407.53 + 10.10* 629.95 + 37.26% 629.95 + 37.26*
o= Coronal 421 +£0.52" 4.19 +0.40"% 5.13 +0.30% 451 +0.37%
8  Elasticmodulus  piddle 4.22 £0.27" 4.00 +0.33" 5.16 + 0.20% 4.15 +0.34%
Apical 4.08 +0.28" 4.04 +0.18™ 5.26 + 0.65% 4.24 +0.22%

*The different capital letters indicate significant differences in

significant differences in the comparison in the same columns.

the comparison in the same lines. The different lowercase letters indicate
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Table 4. Means and standard deviations of flexural strength (MPa) and flexural modulus (GPa) from three-point flexural test for human and

bovine root dentin with different age groups.

Young human Young bovine Old human root  Adult bovine
root dentin root dentin dentin root dentin
Flexural strength 556.84 + 101.00" 962.97 + 160.71° 290.37 + 33.13°  886.04 + 98.68°
Flexural modulus 15.10 + 1.20* 22.12+1.01° 12.67 + 0.48° 21.15 + 1.64°

*The different capital letters indicate significant differences in the comparison in the same line
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Abstract

Purpose: Evaluate the effect of human and bovine root dentin age on the bond strength of
fiber posts fixed with resin cements. The degree of conversion (DC) of the resin cements in
different root thirds also was evaluated.

Materials and Methods: Ninety-six single-rooted teeth were divided in accordance with the
origin and age group: young human (20-30 years), old human (over 60 years), young bovine
(24-36 months) and adult bovine (over 48 months). The teeth were endodontically treated, and
fiber posts were cemented with resin cements (RelyX Ultimate and RelyX U200). After 24
hours, the teeth were sectioned perpendicularly and the push-out test was performed in a
universal testing machine with a speed of 0.5 mm/min, until failure. One specimen of each
third from each group (n=6) was selected, and the DC of the resin cements was analyzed by
FT-Raman spectroscopy.

Results: For both resin cements, the young human root dentin group presented the highest
bond strength values and the old human root dentin group presented the lowest values
(p<0.05). The bond strength values of bovine root dentin groups were not affected by aging
(p>0.05). For the DC of resin cements, there were differences among the root thirds (p<0.05),
with the lowest values observed in the apical third.

Conclusions: The bond strength values were higher in the young human root canal than in the
bovine substrate, with a negative effect of aging in the human substrate. The DC of dual-
curing resin cements decreased from the coronal to apical root thirds.

Keywords: root dentin, human tooth, bovine tooth, aging, bond strength, degree of

conversion.
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INTRODUCTION

Fiber posts are often used for increasing the retention of coronal restoration of
structurally compromised non-vital teeth.**® Compared to more rigid post materials fiber
posts have advantages as their elastic modulus, which is similar to that of dentin,? and ability
to evenly distribute the stress along post, luting cement, and dentin.>®

The bond strength of fiber posts to the root canal has been the subject of several
studies evaluating adhesive materials and cementation protocols.®*®**® Human teeth are
usually preferred in bond strength in vitro studies;*****® however, healthy human teeth are
difficult to obtain in sufficient quantities with adequate quality and standardization.
Furthermore, when human tissues are involved in laboratorial studies, ethical aspects demand
attention and are time consuming.*>1"
Bovine teeth have been used for a long time as an alternative to human teeth for

bonding tests on root dentin,'®44°

mainly due to the similar morphological and
physicochemical properties, ease of acquisition and possibility of standardization, reducing
the substrate bias. Two recent systematic reviews and meta-analyzes compared human and
bovine teeth and concluded that bovine teeth can provide a reliable substitute for human teeth
in bond strength studies of adhesive systems to dental substrates.***” However, of the articles
included in these reviews, only one study®* compared the bond strength of fiber posts to
human and bovine root dentin with a higher push-out bond strength for the human substrate.
Nevertheless, in the previous study, sample size was not calculated, tooth age was not
standardized and there was no root canal filling nor bond strength evaluation per root third.
Dentin properties are found to be affected by age due to its dynamic
characteristics.'**? After the third decade of life, there is a transition in the microstructure of

dentin, in which the tubules become gradually filled with inorganic material.*® After a

significant number of tubules have been filled, the tissue is considered sclerotic, resulting in
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an increased mineral content.® Despite increased dentin calcification with age, adhesion
studies have not shown an obvious association between coronary dentin age and the bonding

ability of dentin adhesives,>**434

without studies evaluating the effect of age on adhesion to
root dentin.

Dentin bonding can be accomplished with etch-and-rinse (dentin acid etching), self-
etch (functional monomers simultaneously demineralize and infiltrate the substrate) and
universal adhesive systems (that can be used with both etch-and-rinse and self-etch
approaches).”* The primary mechanism of micromechanical retention of etch-and-rinse
adhesives is the hybridization of dentin. Hydrophilic resin monomers infiltrate the
demineralized dentin encapsulating the exposed dentin matrix and forming the so-called
hybrid layer. With self-etch adhesive systems the incorporation and/or partial
demineralization of smear layer results in a thin and irregular hybrid layer. The bonding
mechanism of self-etch adhesives has been linked to an additional chemical bond to dentin.*
The chemical and morphological characteristics of the adhesive-tooth interface and the quality
of the hybrid layer depend to a large extent on the interaction between functional monomers
and the tooth substrate.®® Generally, self-adhesive dual curing resin cements are, by essence, a
self-etching material during the initial stages of its chemical reaction and have the advantage
to be used in a single step.*

Resin cements and fiber posts are good choices for restoration of endodontically
treated teeth.'® However, clinical studies have shown that post fractures and decementation
are the most frequent types of failure observed.?*%*® Several factors may influence the bond
strength of root canal posts, including the canal depth, type of resin cement used, and dentinal
substrate.® Thus, it is important to investigate other factors that may influence the bond

strength of fiber posts in studies comparing different dentin substrates.
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The purpose of this in vitro study was to evaluate the effect of human and bovine root
dentin age on the bond strength of fiber posts fixed with resin cements. We also evaluated the
degree of conversion (DC) of the resin cements in different root thirds. The null hypotheses
tested were as follows: 1) age of teeth has no effect on the bond strength of fiber posts luted
with dual-curing resin cements in the human and bovine root canal; 2) there is no difference

in the DC of dual-curing resin cements among the root thirds.

MATERIAL AND METHODS
This study was conducted after receiving approval from the Ethics Committee in
Research (protocol 1.803.933) and Ethics Committee on the Use of Animals (protocol

372/2016), Federal University of Minas Gerais.

Sample Selection and Root Canal Preparation

The sample size estimation was based on the standard magnitude of the effect,” where
the sample size = 16 + SMF2. The test power was 0.80 (B = 0.2), and o (bilateral) was 0.05.
The results of the study by Galhano et al.?* were considered for the calculation. The
calculation indicated a sample size of 10 teeth per group, which was increased by 20% to
compensate for possible losses (12 teeth), resulting in a total of 96 teeth.

Permanent healthy and single-rooted human teeth (incisors and premolars), extracted
for periodontal or orthodontic reasons, divided in accordance with age group were selected:
young (20 to 30 years) and old (over 60 years). Healthy single-rooted bovine teeth with
standardized dimensions were selected and divided in accordance with the age group: young
(24 to 36 months) adult (over 48 months). Animals with up to four permanent incisor teeth are
considered young (24 to 36 months) and with eight teeth are considered adults (over 48

months). To standardize the diameter of the root canal roots in which it was possible to
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penetrate 1/3 of the active tip of Whitepost DC3 drill (FGM Produtos Odontoldgicos;
Joinvile, SC, BR) were selected. The teeth were clean, disinfected in 0.1% thymol solution for
1 day and kept frozen until preparation. The crowns were sectioned at the cement-enamel
junction with a diamond disk (KG Sorensen; Cotia, SP, BR) using a low-speed handpiece
under air/water cooling. The roots length was standardized at 15.0 mm.

The root canals were instrumented with rotatory files (ProTaper Universal System,
Dentisply Maillefer; Ballaigues, SWZ) and irrigated between each filing with 2.5% NaOCI
(Asfer Industria Quimica Ltda.; Sdo Caetano do Sul, SP, BR). The smear layer was removed
with 2 mL of 17% ethylenediaminetetraacetic acid (Biodindmica; Ibipora, PR, BR) for 5
minutes. The root canals were filled with gutta percha points (Dentisply Maillefer; Ballaigues,
SWZ) using the cold lateral condensation technique and sealed with an epoxy resin-based
sealer (AH Plus, Dentisply Maillefer; Ballaigues, SWZ). Next, the roots were stored in
distilled water at 37 °C for 7 days. An 11-mm post space was prepared with the rotary
instruments provided by the post manufacturer (Whitepost DC3 FGM Produtos

Odontologicos; Joinvile, SC, BR), maintaining a 4-mm apical filling.

Fiber Post Cementation

Initially, 96 roots were randomly divided into 4 groups (n=24) according to the origin
and age of the root dentin. Subsequently, each group containing 24 roots was divided into 2
groups (n=12) according to the resin cements: dual-curing resin cement (RelyX Ultimate, 3M
Co.; St. Paul, MN, USA) and self-adhesive dual-curing resin cement (RelyX U200, 3M Co.;
St. Paul, MN, USA). The fiber posts were fixed according to the cementation protocol
described in Table 1. After cementation, the specimens were stored in a humid environment at

37 °C for 24 hours before being prepared for mechanical testing.
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Push-out Bond Strength Test

The roots were fixed in acrylic plates and sectioned transversely with a precision saw
(IsoMet 1000, Buehler; Lake Bluff, IL, EUA) to obtain 2 specimens of each root third with a
thickness of 1.0 mm. The first section of each root, with a thickness of 0.5 mm, was
discarded.

The thickness of the specimens was measured with a digital caliper (Mitutoyo Series
500, Mitutoyo; Suzano, SP, BR). The specimens were positioned on a metal base with a 2.0-
mm-diameter central hole. A plunger with a 1.0-mm diameter tip was adapted to the testing
machine and positioned on the specimen so that it only touched the post, without contacting
the canal walls. The load was applied from the most apical surface in the coronal direction.
The test was performed in a universal testing machine (EZ-LX Long-Stroke Model,
Shimadzu; Kyoto, JPN) with a5 N load cell at a speed of 0.5 mm/min. The maximum load at
failure was recorded in Newtons (N) and converted into Megapascals (MPa) by dividing the
load applied by the bonded area (A), calculated using the following formula: A= n(R2+R1)
[h? + (R2-R1)%%*, where = is a constant value of 3.14, R1 and R2 are the smallest and largest

radius, respectively, of the cross-sectioned tapered post, and h is the thickness of the section.

Failure Mode Analysis

All fractured specimens were evaluated by stereomicroscopy (Stereo Discovery.V8,
Carl Zeiss AG; Oberkochen, BW, GER) at x40 magnification. The mode of failure was
classified as follows: adhesive, if it occurred at the dentin-resin cement adhesive interface;
mixed, if it involved both the interface and the material; cohesive in material, if it occurred in

the material; or cohesive in the dentin, if it occurred in the dental substrate.

Cementation Line Analysis
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To analyze the cementation line, 3 representative specimens for each experimental
group were obtained. They were included in orthophthalic resin (Cristal 5061; Belo
Horizonte, MG, BR), cured for up to 24 h and polished with 600- and 1,000-grit silicon
carbide sandpaper (Norton; Guarulhos, SP, BR) and 1,200, 2,000, and 2,500-grit Al,O3
sandpaper (Carborundum Abrasives; Recife, PE, Brazil). The samples underwent superficial
demineralization with 50% phosphoric acid for 3 s, were rinsed in running water for 1 min,
and were deproteinated by immersion in 2.5% NaOCI for 10 min. Subsequently, the samples
were washed three times with distilled water and immersed in solutions of increasing ethanol
concentrations (25, 50, 75, 95, and 100%) for 20 min per solution. The immersion in 100%
ethanol solution was repeated three times for 10 min each.*” The samples were dried for 24 h
at 37 °C with silica gel, mounted on aluminium stubs, coated with a carbon layer (15 nm
thick) and the images were obtained by low-vacuum scanning electron microscopy (SEM)
(FEG - FEI, FEG Quanta 200F; Hillsboro, OR, EUA) at x50, x500, and %1000

magnification.

Degree of Conversion

One specimen of each third from each group (n=6) was selected 24 hours after fiber
post cementation, and the DC of the resin cements was analyzed by FT-Raman spectroscopy
(HYPERION IR microscope, Vertex 70; Bruker, Ettlingen, GER) with a germanium diode
detector cooled with liquid nitrogen. The cementation line of each specimen was excited with
an air-cooled Nd:YAG laser (A = 1064 nm) with a power of 1000 mW. The spectral resolution
was set to 4 cm %, and one spectrum for each measurement was accumulated with 700 scans.
For each specimen, spectra were obtained from 3 random areas, defined as x10 magnification,

and the mean of the measures was used to represent the DC.
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Raman data were processed and baseline-corrected using software (OriginLab
Corporation; Northampton, MA, USA). Raman spectra were obtained as follows: the 1637
cm ' peak indicates aliphatic C=C double bonds of the cement, and the 1609 cm* peak
represents aromatic C=C bonds (internal reference). The spectra of the unpolymerized resin
cements were obtained as a reference. The DC of the resin cement was calculated using the
following equation: DC (%) = 100 X [1 - (Reolymerized/Rnon-polimerized)], Where R is the ratio of
the aliphatic and aromatic peak areas at 1637 cm* and 1609 cm* in polymerized and

unpolymerized resin cements.®

Statistical Analysis

The normal distribution and homogeneity of variances of the push-out bond strength
and DC values were evaluated using the Shapiro-Wilk (p>0.05) and Levene tests (p>0.05).
The effects of the origin, age range and third root, and the interaction of these factors in the
mean bond strength and DC, were verified by 3-way ANOVA and the Tukey honest
significant differences post hoc test. Comparisons of the DC between the resin cements in
each root third were performed by Student’s t-test.

All statistical analyses were performed using the statistical software (SPSS 20;

Statistical Product and Service Solutions) at a 5% level of significance.

RESULTS
Bond Strength

For both resin cements bond strength, 3-way ANOVA showed significant effects for
the factors age (p=0.00), origin (p=0.00) and third root (p=0.00). For RelyX Ultimate

(p=0.99) and RelyX U200 (p=0.09) the interactions among the three factors were not
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significant. Significant interactions were observed between factors origin and age for both
resin cements (p=0.00).

For the resin cement RelyX Ultimate, the young human root dentin presented the
highest values of bond strength and did not differ significantly from young bovine root dentin
in the coronal and apical thirds (p>0.05). Old human root dentin presented the lowest values
of bond strength and differed significantly from the other groups in each root third (p<0.05).
The age groups of bovine dentin did not differ in relation to the bond strength values
(p>0.05), except in the apical third. The mean bond strength showed a significant decrease in
the coronal/apical direction (p<0.05), with the exception of old human root dentin (Table 2).

The results showed that for fiber posts fixed with RelyX U200, old human root dentin
presented the lowest bond strength values, while young human root dentin presented the
highest values, differing significantly from the other groups in all root thirds (p<0.05). No
significant difference was observed in the bond strength of bovine dentin among the different
age groups (p>0.05). For all groups, the means bond strength among the root thirds decreased

significantly in the coronal, middle and apical regions (p <0.05) (Table 2).

Failure Mode Analysis

For the resin cement RelyX Ultimate the old human root dentin group had a higher
frequency of adhesive failure. For the resin cement RelyX U200, independently of the
experimental group and the third radicular, the mixed failure mode was the most prevalent

(Table 3).

Cementation Line Analysis
The SEM showed continuous cementation lines for both resin cements in each

experimental group (origin and age) in all root thirds. For the resin cement RelyX Ultimate,
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young bovine root dentin showed a greater amount of resin tags, whereas old human dentin
showed a decreased the number of resin tags and a less evident hybrid layer compared with
young human dentin (Figure 1). For U200, the cement line was juxtaposed to the dentin

surface in all groups, and no hybrid layer or resin tags were observed (Figure 2).

Degree of Conversion

For the DC of resin cements, 3-way ANOVA showed significant effects only for the
factor third root (p=0.001). There was no significant interaction between factors (p>0.05). The
DC values for the resin cements as a function of the thirds of root dentin are shown in Table
4. The Tukey test results revealed significant differences among the root thirds for both resin
cements (p=0.000). The coronal third presented the highest DC values, while the lowest
values were observed in the apical third. The RelyX Ultimate showed higher DC values

compared with RelyX U200 in all root thirds (p<0.05).

DISCUSSION

Although the principles of adhesion to coronal dentin can also be applied to root
dentin, specific variations in dentin structure, local morphology, and physiological shifts due
to aging and/or pathological processes play important roles in the performance of dental
adhesives and the quality of the resultant bonded interfaces.'* The results of this study showed
that age had an effected on the bond strength of fiber posts cemented in the human root canal,
rejecting the first null hypothesis.

The rationale of using self-etch adhesives and self-adhesive cements is based on the
same principle of dental demineralization and simultaneous infiltration by methacrylate
monomers. Self-etch adhesives could interact with dentin in two ways: micromechanically

and chemically.®® The micromechanical interaction occurs due to in situ polymerization of the
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monomers that infiltrate into the dentin. Additional chemical interactions occur due to ionic
bonding between functional monomers of adhesives and calcium in the residual
hydroxyapatite.**®? With different chemical structures, the functional monomers containing
acidic groups may interact quite differently with hydroxyapatite and thus dentin substrate, and
even small changes may influence their polarity and consequently, influence their interaction
behavior and bonding efficacy.?®” The old intertubular dentin presents higher Ca
concentration and higher Ca-to-P ratio than young human root dentin.®* Aged-induced
microstructural changes cause spatial variations in the intrinsic properties of root dentin with
morphological and chemical alterations that may modify the results of acid etching or resin
monomer infiltration and therefore, adversely affect the adhesion process.?**'**  However,
few studies have investigated the effects of tooth age on coronal dentin bond strength,®424346
with a gap in knowledge concerning the effect of age on adhesion to root dentin, especially on
the chemical characterization of resin-dentin bond.

Self-adhesive resin cements do not require that a bonding agent or dental adhesive
before cementation.®” Even though micromechanical retention and chemical interaction
between acidic groups and hydroxyapatite are expected, self-adhesive resin cements interact
only superficially with dental hard tissues.”’ The ability of the acidic monomers to
demineralize dentin and dissolve the thick smear layer inside the root canal seems to be
negligible due to the rapid rise in pH through reactions between phosphoric acid groups and
alkaline filler.2>! Previous studies demonstrated a hydroxyapatite-depleted collagen layer
remaining between a self-adhesive resin cement and the unaffected dentin, and the adhesion
mechanism different from the self-etch adhesive for which a distinct mineralization and
hybridization at the interface was observed.?®* Our SEM images showed similar results with
a greater amount of resin tags in self-etch Universal adhesive and RelyX Ultimate in young

bovine dentin and a few resin tags and less evident hybrid layer compared with young human
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dentin. For RelyX U200, the cement line was juxtaposed to the dentin surface in all groups,
and no hybrid layer or resin tags were observed.

The bond strength values of bovine root dentin were not affected by aging. This
finding may be justified by the short time difference between the young and adult age groups,
with absence of morphological and chemical changes in dentin. The life expectancy of bovine
in nature is 15 to 20 years, however in the meat and milk industry the life expectancy of these
animals is only 18 months and 48 months, respectively. Thus, due to the difficulty of
obtaining a sample of old bovine teeth, we opted for the analysis of young and adult bovine
teeth.

The origin of root dentin had an effect on the bond strength values. Young human root
dentin presented higher bond strength than bovine root dentin of both ages. These findings are

in accordance with the study reported by Galhano et al.,**

in which a higher bond strength of
human root dentin was observed compared with bovine root dentin. However, the authors
attributed this result to the standardization of the specimen length, as all three regions of the
human root dentin were used in the test, while only the middle and apical root thirds of the
bovine teeth were used. Thus, the human root could have had a greater push-out bond strength
because the cervical third exhibits greater bond strength values than the middle and apical
thirds. >

In addition to the morphological differences, bovine root has a greater number of
dentin tubules than human root in all root thirds.*>*" Consequently, bovine root dentin has a
smaller area of intertubular dentin. Dentin adhesion depends on the creation of pathways for
monomers infiltration** A greater number of tubules can provide a higher intrinsic humidity
that can affect adhesion by diluting or precipitating the adhesive agent.** Thus, a larger

number of dentin tubules and the reduced area of intertubular dentin available for adhesion in

bovine root dentin may have contributed to the decreased bond strength. A higher tensile
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strength for human root dentin has also been associated with low densities of dentinal
tubules.®

Although a direct comparison of resin cements was not the aim of this study, the low
bond strength values of RelyX U200 could be attributed to the low diffusion of the resin
cement in the demineralized dentin substrate and to the poor formation of a hybrid layer and
resin tags. Differences in the bonding mechanisms of the resin cements used may have
resulted in higher bond strength values for fiber posts fixed with RelyX Ultimate associated
with the universal adhesive system. In our study, Single Bond Universal (mild universal
adhesive) was used as a 1-step self-etch adhesive. This adhesive system contains the 10-
methacryloyloxydecyl dihydrogen phosphate (MDP) monomer. The addition of MDP to self-
etch adhesive systems allows the establishment of a chemical bond between phosphate groups
and residual hydroxyapatite crystals on the dentin collagen scaffold, and enhances adhesive-
dentin hybridization due to the superior diffusion of the adhesive, although the typical resin
tags will only be formed when using strong self-etching adhesives. This chemical bond
appears to reduce hybrid layer degradation over time and is more stable in water compared
with other functional monomers.3" 38

Another factor that may influence the bond strength of fiber posts to different dentin
substrates is the DC of the resin cements used. In the present study, the DC of both resin
cements was significantly different in the root thirds. Thus, the second null hypothesis tested
was rejected.

Some factors that may interfere with the DC of resin cements are the material
composition (monomers and other components of the activation system), possible inadvertent
interactions between the bonding system and the cement, characteristics of the post to be fixed
(optical properties and length) and characteristics of the photo activation step.>® The coronal

third presented the highest DC values, while the lowest values were observed in the apical



107

third. Even with the use of translucent glass fiber posts, light transmission through the root
canal may have decreased in the apical region, compromising the chemical reaction and
decreasing DC.>** The RelyX Ultimate showed higher DC values compared with RelyX
U200. Although the DC is composition-dependent and a careful comparison between
materials is important, differences between the resin cements (dual-curing and self-adhesive)
were observed. A plausible explanation may be the triethyleneglycol dimethacrylate
(TEGDMA) content in each resin cement. RelyX Ultimate likely has a higher content of the
diluent monomer compared with the more viscous RelyX U200. This increased viscosity of
self-adhesive cements may affect the ability of radicals to migrate and continue the setting
reaction, lowering the DC values.”* The lowest DC presented by RelyX U200 may also be
associated with the presence of acidic monomers in its composition. Acidic monomers have
been shown to negatively affect the DC of dual-curing materials, especially in their self- but
also in their dual-curing mode of polymerization, since they seem to interact chemically with
the amine initiator.®

Thermocycling and water storage are well-accepted artificial aging protocols for
simulation of clinical oral environment.?” Although, it was reported that push-out bond

strengths of fiber posts to root dentin is affected by thermocycling and water storage,”*"° th

e
effect of aging was not an independent variable and it represents a limitation of this study.

In view of the lack of studies comparing the resistance of fiber posts to human and
bovine root dentin, future studies are necessary to correlate the immediate and long-term bond
strength values with other factors such as morphological and chemical aspects of these

substrates, different cementation protocols and chemical interactions of the dentin and

adhesive materials.

CONCLUSIONS
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Considering the limitations of this investigation, the following conclusions were drawn:

1. Age has negative effect on the bond strength of cemented fiber posts in the human root
canal.

2. The bond strength of cemented fiber posts in the human root canal is higher than in the
bovine substrate.

3. DC of dual-curing resin cements decreases from coronal to apical root thirds.

Thus, studies that use bovine root dentin in substitution in humans for bonding tests

should consider the effect of origin and age on bond strength values of these dental substrates.

CLINICAL RELEVANCE

To guide the selection of ideal adhesive material for posts cementation, the origin and
age of the root substrate used in bond strength tests should be considered since bovine teeth
do not reproduce the conditions of human teeth. Also, the degree of conversion of the resin
cements decreases from coronal to apical root thirds which may affect their mechanical

properties.
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Table 1 - Materials used, their compositions and cementation protocols adopted in the cementation of fiber posts.

Resin Cements Materials

Composition

Cementation Protocol

Dual-curing RelyX

Ultimate,

3M Co.; St.

Paul, MN,

USA

Base paste: Methacrylate monomer,
Radiopaque silanated fillers, Initiator

components, Stabilizers, Rheological

additives.
Catalyst  paste: Methacrylate
monomers,  Radiopaque  alkaline

(basic) fillers, Initiator components,

Stabilizers, Pigments, Rheological
additives, Fluorescence dye, Dual-cure
activator for Single Bond Universal

Adhesive. (Lot: 657787)

RelyX
Ceramic

Primer, 3M

Ethyl alcohol, Water,
Methacryloxypropyltrimethoxysilane

(Lot: N777131)

The fiber post was actively cleaned with ethanol (70
vol%) for 15 seconds, and air dried. One layer of silane
were actively applied for 1 minute on the post surface,
followed by a gentle stream of air. One layer of Single
Bond Universal Adhesive was actively applied with a
microbrush in the fiber post, followed by light jet air
for 5 seconds. The root surfaces were covered with
black adhesive tape to protect them from external light
exposure. Root dentin was cleaned with 2.5% NaOCI
for 60 seconds, followed by rinsing with distilled
water, using an irrigation syringe, and drying with
absorbent paper points. Two layers of Single Bond
Universal Adhesive were actively applied with a

microbrush as self-polymerizing technique for 20

Continue...



Co.; St.
Paul, MN,

USA

Single Bond
Universal
Adhesive,

3M Co.; St.

Paul, MN,

USA

MDP Phosphate Monomer,
Dimethacrylate resins, HEMA,
Vitrebond™ Copolymer, Filler,
Ethanol, Water, Initiators, Silane. (Lot:

659902)

seconds, the excess was removed with absorbent paper
points, followed by gentle airdrying for 5 seconds. The
resin cement was mixed and inserted into the canal
with a syringe and a needle tip. Subsequently, the fiber
post was positioned and light activated for 20 seconds
in each position (buccal and lingual) with polywave
LED light-polymerizing unit (Radii Plus, SDI Limited;
Bayswater, AU), wavelength range of 440-480 nm and

1350 mW/cm?.

Self-adhesive

RelyX U200,

3M Co.; St.
Paul, MN,

USA

Base paste: Methacrylate monomers
containing phosphoric acid groups,
Methacrylate monomers, Silanated
fillers, Initiator components,
Stabilizers, Rheological additives.

Catalyst paste: Methacrylate

monomers, Alkaline (basic) fillers,

The fiber post was actively cleaned with ethanol (70
vol%) for 15 seconds, and air dried. One layer of silane
were actively applied for 1 minute on the post surface,
followed by a gentle stream of air. The root surfaces
were covered with black adhesive tape to protect them
from external light exposure. Root dentin was cleaned

with 2.5% NaOCI for 60 seconds, followed by rinsing

Continue...
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Silanated fillers, Initiator components,
Stabilizers, Pigments, Rheological

additives. (Lot: 640729)

RelyX
Ceramic
Primer, 3M
Co.; St.
Paul, MN,

USA

Ethyl alcohol, Water,
Methacryloxypropyltrimethoxysilane

(Lot: N777131)

with distilled water, using an irrigation syringe, and
drying with absorbent paper points. The resin cement
was mixed and inserted into the canal with a syringe
and a needle tip. Subsequently, the fiber post was
positioned and light activated for 20 seconds in each
position (buccal and lingual) with polywave LED
light-polymerizing unit (Radii Plus, SDI Limited;
Bayswater, AU), wavelength range of 440-480 nm and

1350 mW/cm?.
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Table 2 - Mean push-out bond strength (£SD) of experimental groups according to the resin

cement for each root third.

Young human  Young bovine Old human Adult bovine

Resin cement  Root third root dentin root dentin root dentin root dentin
RelyX Ultimate  Coronal 1859 (0.29)*  16.60 (0.27)"”* 11.08 (3.77)°“® 15.61 (0.24)*™
Middle 17.53 (0.28)"  15.41(0.21)®  10.21 (3.76)*  14.55(0.32)%"
Apical 16.35 (0.33)*  14.53 (0.30)""°  9.05(3.95)%“*  13.55 (0.24)"°
RelyX U200 Coronal  15.61(0.29)  13.47 (0.35)™ 7.39 (0.27)% 13.51 (0.27)*
Middle 14.41 (0.30)*  12.61(0.31)®®  6.38(0.28)®  12.29 (0.31)%"
Apical 13.52 (0.32)*  11.51 (0.32)° 5.32 (0.25) 11.37 (0.25)%°

*The different capital letters indicate significant differences in the comparison in the same

rows. The different lowercase letters indicate significant differences in the comparison in the

same columns.
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Table 3 - Distribution of failure modes found for resin cements RelyX Ultimate and RelyX

U200 in each experimental group.

Resin Cement Group

Failure Mode

Adhesive Mixed Cohesn{e in Cohesn_/e in
material dentin

RelyX Ultimate Yfg’c;‘tgdzmrf‘” 0(16.6%) 18(33.3%)  6(11.1%) 21 (38.8%)
Yfg‘ontg dZﬁme 11(20.3%) 14 (25.9%) 7 (12.9%) 22 (40.7%)

%gtz‘é’:t?;‘ 25 (46.2%) 16 (29.6%) 6 (11.1%) 7 (12.9%)

Arglc‘)'tt dbe‘;]‘{:ﬂe 8(14.8%) 17 (3L4%) 6 (11.1%) 23 (42.5%)

RelyX U200 Yfgorlgd';ﬁ?r?” 12 (22.2%) 27 (50.0%) 5 (9.2%) 10 (18.5%)
Yf:c:‘tg dgﬁ;’l'r?e 13 (24.1%) 22 (40.7%)  9(16.6%) 10 (18.5%)

%gtz‘é’:t?;‘ 18 (33.3%) 25 (46.2%) 7 (12.9%) 4 (7.4%)

Adultbovine g 11000y 24 (44.4%) 9 (16.6%) 13 (24.1%)

root dentin
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Fig. 1 - RelyX Ultimate resin cement line in coronal third (magnification x1000). A. Young bovine root dentin, B. Adult bovine root dentin, C.

Young human root dentin, D. Old human root dentin.
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Fig. 2 - RelyX U200 resin cement line in coronal third (magnification x1000). A. Young bovine root dentin, B. Adult bovine root dentin, C.

Young human root dentin, D. Old human root dentin.
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Table 4 - Mean degree of conversion (xSD) of RelyX Ultimate and RelyX U200 according to
the root third.

Root third RelyX Ultimate RelyX U200
Coronal 75.83 (1.15)™ 62.67 (0.99)
Midlle 73.77 (0.67)"" 55.43 (1.98)%"
Apical 72.40 (0.81)"™° 52.28 (1.19)°

*The different capital letters indicate significant differences in the comparison in the same
rows. The different lowercase letters indicate significant differences in the comparison in the

same columns.
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5 CONSIDERACOES FINAIS

Observou-se que a idade tem efeito nos aspectos morfolégicos, quimicos e
fisicos da dentina radicular humana. O envelhecimento ocasiona a diminuicdo do
namero, didmetro e area dos tubulos dentinarios, aumenta o grau de mineralizagéo,
compromete a organizacdo e qualidade da matriz organica e modifica o
comportamento mecanico da dentina radicular humana. Quando da fixacdo de pinos
de fibra de vidro, a idade comprometeu a ades&o ao substrato radicular humano,
com valores de resisténcia de unido inferiores na dentina radicular humana madura.
A dentina radicular bovina ndo se mostrou afetada pela idade, o que pode ser
consequéncia do curto intervalo de tempo entre as faixas etarias analisadas. Assim,
quando da necessidade de utilizacdo da dentina radicular bovina em substituicdo a
humana, é necessario considerar os efeitos da origem e idade nos desfechos
analisados. Como implicacao clinica dos resultados, durante procedimentos clinicos
na dentina radicular de pacientes idosos é prudente considerar o efeito das
alterac0es fisioldgicas decorrentes do envelhecimento do substrato radicular.

Como limitagbes deste estudo, destaco o curto intervalo de tempo entre as
faixas etarias de dentina radicular bovina e a auséncia de envelhecimento artificial
de espécimes no teste de resisténcia ao cisalhamento por extrusdo. A coleta e
selecdo de dentes humanos, dentro das faixas etarias estabelecidas e com
qualidade adequada, foi considerada a principal dificuldade encontrada na execucéo
deste estudo.
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ANEXO A

DECISAQ

- O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 26 de outubro de 2016, o projeto de pesquisa intitulado
“Comparacao das propriedades das dentinas humanas e
~ bovinas".

O relatorio final ou parcial devera ser encaminhado ac COEP um
ano apés o inicio do projeto atraves da Plataforma Brasil.

[&,‘ .‘,.l %‘it—\\lé

' Profa. Dra Vivian Resende
Coordenadora do COEP-UFMG
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ANEXO B

UNIERSIDADE FEDERAL DE MINAS GERAIS

CEUA
COMISSAD DE ETICA NO USO DE ANIMAIS

Prezadola):
Esta &€ uma mensagem automatica do sistema Solicite CEUA gue indica mudancga na situagdo de uma solicitagdo.

Protocolo CEUA: 372/2016

Titulo do projeto: INFLUENCIA DA IDADE NOS ASPECTOS MORFOLOGICOS, QUIMICOS E FISICOS DAS DENTINAS
RADICULARES HUMANA E BOVINA

Finalidade: Pesquiza

Pesquisador responsavel: Claudia Silami de Magalhaes

Unidade: Faculdade de Cdontolagia

Departamenta: Departamento de Odontologia Restauradora

Situagao atual: Decisdo Final - Aprovads

Aprovado na reunido do dia 10/04/2017. Validade: 10/04/2017 & 09/04/2022
Belo Horizante, 10/04/2017.

Atenciosamente,

Sistema Solicite CEUA UFMG
https://aplicativos.ufma.brisclicite ceua/
Universidade Federal de Minas Gerais
Avenida Antdnic Carlos, 6827 — Campus Pampulha
Unidade Administrativa |l — 2° Andar, Sala 2005
31270-901 - Belo Horizonte, MG — Brasil
Telefone: (31) 3408-4516

www.ufrg.br/bioetica/ceua - cetea@prpg.ufmg.br
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ANEXO C

Cadastro N BANCO DE DENTES HUMANOS

FACULDADE DE ODONTOLOGIA

UNIVERSIDADE FEDERAL DE MINAS GERAIS
Av. Anténio Carlos, 6627. Pampulha. Belo Horizonte. MG.
Fone: 31 34092404

TEXMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Eu

beasileiro, natwral de , data de nascimento
3 SEXO0 = portador da cédula de
identidade 5 residente [ domiciliado a
n® 5
complemento , Bairro_ . CEP , Cidade 5
JUF , telefone 2 e %
autoriza a  coleta, o depdsito, armazenamento S @ utilizagho ™ do(s) % ¢
dente(s) pelo Banco de Dentes Hufhanos da

Faculdade de Odontologia da Universidade Federal de Minas Gerais, ciente de que o{s)
mesmo(s) serifserfio) utilizado(s) para pesquisa ¢ ensino. Fui esclarecido que este(s)
dente(s) foi (foram) extraido(s) como parte do tratamento indicado e documentado em meu:
prontudrio. A utilizagio deste(s) dente(s) em pesquisa de erd ter sido previamentess'
aprovada pelo Comité de £tica em Pesquisa, sendo preservada minha identidade em sua
divulgagio. Fui esclarecido de que tenho direito a0 conhecimento dos resultados obtidos
com a utilizagio dos dentes ¢ autorizo scu descarte quando os mesmos nio atenderem aos
critérios de qualidade.

e

DAulor'rzo a reutilizagio dos dentes, dispensando um nove consentimento a cada
pesquisa.

Belo Horizonte, de de

Assinatura

Testemunha
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ANEXO D




