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RESUMO

Introduc¢do: o uso de zirconias ¢ cada vez mais frequente na Odontologia,
especialmente pela introdu¢do de materiais com diferentes graus de translucidez. No
entanto, apesar desses avancos tecnoldgicos, os desafios para alcangar uma adesao
adequada desse material ao substrato dental ainda permanecem. Desta forma,
tratamentos da superficie da zirconia t€m sido recomendados para potenciar a sua
interacdo adesiva ao substrato. Entre eles, o uso de lasers tem se mostrado uma
alternativa viavel para este fim, apesar de haver falta de consenso sobre seu uso. Mais
recentemente, a microestruturagdo a laser foi proposta como uma estratégia aprimorada
para controlar de maneira mais precisa os tratamentos de superficie. Porém, o uso dessa
estratégia com o intuito de potenciar a unido adesiva a superficie da zirconia ainda nao
tem sido amplamente estudada. Além disso, apesar do grande nimero de estudos sobre
adesdo a zirconia, o conhecimento sobre o comportamento adesivo de zirconias
translicidas ao substrato dental ainda € escasso na literatura.

Objetivo: avaliar a influéncia de diferentes configuragdes de microestruturagao de
superficie a laser, combinadas ou ndo com a deposi¢do de silica, no comportamento
adesivo de uma zirconia de alta translucidez, em comparagdo com os tratamentos
convencionais, antes € depois do envelhecimento por armazenamento em agua, usando
o teste de microtragdo (LTBS).

Materiais e Métodos: espécimes de uma zirconia de alta translucidez foram tratados
convencionalmente e por microestruturagao de superficie a laser (Nd:Y AG) resultando
em & grupos: jateamento com 6xido de aluminio (grupo AO), tratamento triboquimico
(grupo T) e microestruturagdo a laser com diferentes parametros (grupo L100, grupo
L30 e grupo L10). Espécimes adicionais dos grupos tratados com laser receberam
deposicao de silica (SiO2) por meio de recobrimento por inmersdo (grupo L100s, grupo
L30s, grupo L10s). Apos, todos os espécimes foram tratados com um primer com
conteldo de MDP e cimentados em blocos de resina com um cimento resinoso com
MDP. Microbarras com 1 mm? (se¢do transversal) foram obtidos por sec¢do. Metade
das barras foram envelhecidas por meio de armazenamento em agua por 365 dias. A
resisténcia de unido foi avaliada em um teste de microtracao.

Resultados: dos 8 grupos, 7 puderam ser avaliados por microtragdo, com exce¢ao do
grupo L10s onde houve um 100% de falhas pré-teste. ANOVA um critério mostrou que
os tratamentos de superficie influenciaram a resisténcia de unido (p <0,001). O grupo T
apresentou os valores mais altos enquanto o grupo AO apresentou resultados
comparaveis com os grupos tratados a laser. Os valores mais baixos foram os do grupo
L100s. O envelhecimento ndo teve um efeito significativo na resisténcia adesiva para a
maioria dos grupos experimentais com exce¢ao dos grupos AO e L30 que mostraram
uma redugao significativa apds o envelhecimento.

Conclusdes: a microestruturagdo a laser da superficie da zirconia translicida testada
mostrou um comportamento adesivo compardvel ao obtido com o jateamento com
particulas de 6xido de aluminio; no entanto, inferior ao do tratamento triboquimico. Uma
resisténcia adesiva duradoura ap6s o envelhecimento foi obtida para a maioria dos
grupos testados. A deposicao de silica por recobrimento por inmersao nao levou a
resultados adesivos superiores.

Implicagdes Clinicas: a microestruturacdo a laser da superficie da zirconia de alta
translucidez parece ser uma alternativa viavel para aumentar a adesao a superficie da
zirconia; contudo, ainda ndo pode ser considerada superior aos tratamentos
convencionais atualmente utilizados.



Palavras-chave:  Zirconia; Translucidez; Laser; Nd:YAG; Microtragao;
Microestruturacao.



ABSTRACT

Introduction: The use of zirconia is increasingly used in dentistry, especially with the
development translucent options. Despite these developments, challenges to achieve
adequate adhesion remain. Among the surface treatments recommended to enhance
adhesive interaction, the use of lasers has been shown to be a viable alternative, however,
there is still a lack of consensus about its use. More recently, laser surface
microstructuring has been proposed as an improved strategy to precisely control surface
treatments. However, the use of this strategy to enhance the adhesive bond to the zirconia
surface has not been widely studied. Furthermore, despite the large number of studies
on zirconia adhesion, the knowledge about the adhesive behavior of high-translucent
zirconia is still limited.

Objective: To evaluate the influence of different laser surface microstructuring
configurations combined or not with silica deposition on the adhesive behavior of high-
translucent zirconia before and after water storage aging using the microtensile bond
strength test (WTBS) compared to conventional treatments.

Material and Mehods: High-translucent zirconia specimens were treated
conventionally and by laser surface structuring (Nd:YAG) generating 8 groups: air-
particle abration with aluminum oxide particles (AO), tribochemical treatment (T) and
laser microstructuring with different parameters (L100, L30 and L10). Additional
specimens from the laser-treated groups received silica (SiO2) deposition by deep
coating (L100s, L30s, L10s). The specimens were treated with a primer with MDP
content and cemented into resin blocks with a resin cement with MDP content. Micro-
bars of 1 mm? (cross section) were obtained. Half of the bars were aged by storage in
water for 365 days. The bond strength was evaluated by uTBS.

Results: Of the 8 groups, 7 could be evaluated by pnTBS, with the exception of the L10s
group where there was a 100% pre-failure. One way ANOVA showed that surface
treatments had a statistically significant effect on bond strength (p <0.001). Group T
statistically showed the highest values. The group receiving air-particle abration (AO)
was comparable to the laser treated groups. The lowest values were those of the L100s
group. Aging did not have a significant effect on the adhesive strength for most of the
experimental groups with the exception of groups AO, and L30.

Conclusions: Laser surface microstructuring of high-translucent zirconia showed an
adhesive behavior comparable to that obtained by air-particle abration with aluminum
oxide particles, however, inferior to that of the tribochemical treatment. A durable
adhesive strength after aging was obtained for most groups. Deep-coating silica
deposition did not lead to superior results.

Clinical Implications: Laser surface structuring of high-translucent zirconia appears to
be an interesting alternative for enhancing adhesion to the zirconia surface; however, it
cannot yet be considered superior to conventional treatments.

Keywords: High-translucent zirconia; Laser microstructuring; Nd:Y AG; Microtensile
bond strength
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1. INTRODUCAO

Nos tltimos anos, os materiais ceramicos tém sido frequentemente utilizados na
Odontologia em associagdo com tecnologias CAD/CAM, com o intuito de solucionar
desafios estéticos relacionados as tradicionais proteses metaloceramicas (OZCAN;
VOLPATO, 2015). As propriedades mecanicas favoraveis dos materiais a base de
zirconia (ZrO2) tém despertado atencdo tanto por parte de clinicos como de
pesquisadores (FERRARI; VICHI; ZARONE, 2015; MIYAZAKI et al., 2013). Além
das destacadas propriedades mecanicas, esses materiais oferecem durabilidade ao longo
do tempo (PIASCIK et al., 2009) e versatilidade nas aplica¢des clinicas, que vao desde
proteses fixas sobre dentes e implantes, pinos intrarradiculares, brackets ortodonticos,
pilares protéticos e implantes dentarios (OZCAN; VOLPATO, 2015).

A zircOnia tetragonal parcialmente estabilizada por itria (3Y-TZP) ¢ a mais
utilizada na Odontologia, sendo conhecida como zirconia convencional ou de primeira
geracdo. Ela exibe um fendmeno conhecido por alotropia, ou seja, pode ser encontrada
em diferentes fases cristalinas com a mesma composi¢ao quimica, que sao: monoclinica,
tetragonal e cubica (CURTIS; WRIGHT; FLEMING, 2006). Entre diferentes 6xidos, a
itria tem sido utilizada para estabilizar a zirconia na fase tetragonal em temperatura
ambiente, tornando o seu uso possivel na Odontologia (GUAN; ZHANG; LIU, 2015).

Recentemente, os fabricantes tém desenvolvido rotas e processamentos para
melhorar as propriedades Opticas da zirconia convencional, promovendo ainda mais o
uso desse material. Zirconias de segunda geracdo apresentam uma diminui¢do de
alumina na sua composi¢ado, permitindo um discreto aumento na translucidez (TONG et
al., 2016). No entanto, um aumento consideravel na translucidez € caracteristico das

zircOnias da terceira geragdo (chamadas de zirconias de alta translucidez ou ultra
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translucidas). Essas zirconias apresentam diferengas na sua microestrutura, como
particulas menores, a introducao consideravel de fase cubica na sua composi¢dao
(ZHANG, 2014) e especialmente uma maior quantidade de itria (aproximadamente 9,3
wt%/5 mol%) (ALAMMAR; BLATZ, 2022), o que favorece o comportamento optico
das mesmas, € aumenta a sua versatilidade. Com estas estratégias ¢ possivel produzir
um material isotropico cubico de zirconia, o que diminui a dispersdo de luz dos limites
de graos birrefringentes e, portanto, aumentando a translucidez (ZHANG et al., 2004).
Isto tem sido fundamental para a fabricagdo de coroas monoliticas e restauragdes mais
finas, com resultados estéticos superiores (MCLAREN et al., 2017; SOUZA et al.,
2018). Na medida em que uma maior quantidade de fase cubica esta presente na
microestrutura e um aumento no grau de translucidez ¢ evidenciado, uma diminui¢ao na
resisténcia pode ser esperada para esses materiais (SULAIMAN et al., 2016). No
entanto, essa diminui¢do na resisténcia pode ser compensada com a cimentagdo adesiva
das restauracgdes a superficie dentaria, sendo fundamental o aprimoramento das técnicas
e sistemas adesivos para alcangar este objetivo (SOUZA et al., 2018).

Para garantir o sucesso e a longevidade de restauracdes ceramicas, pesquisadores
tém preconizado que elas sejam cimentadas ao substrato dental por meio de sistemas
adesivos (DERAND; MOLIN; KVAM, 2005). A cimentacdo adesiva favorece o
desempenho das restauragdes ao permitir uma retengdo melhorada (BLATZ; SADAN;
KERN, 2003; SOARES et al., 2005), diminui¢do de microfiltragdo (BURKE et al.,
2002) e a possibilidade de obter preparos dentais mais conservadores, portanto,
permitindo procedimentos minimamente invasivos.

Esses objetivos normalmente sdo facilmente atingiveis com a maioria das
ceramicas odontoldgicas; no entanto, a cimentacao adesiva de restauracdes a base de

zirconia ainda apresenta alguns desafios. Cimentos a base de iondémero de vidro
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(BLATZ et al., 2007), cimentos resinosos convencionais e auto condicionantes (ATTIA,
2011) tém sido indicados para a cimentacao adesiva de restauragdes ceramicas a base de
zirconia. Porém, a zirconia ¢ uma ceramica acido-resistente, pois ndo apresenta silica
em sua composi¢ao, o que impede que as técnicas tradicionais de condicionamento acido
sejam empregadas. Consequentemente, a rugosidade superficial da zirconia nao ¢
modificada pelo uso do acido fluoridrico, tradicionalmente empregado nas técnicas de
adesdo a ceramicas vitreas (BORGES et al., 2003; DELLA BONA et al., 2007),
limitando a manutencao da forga adesiva.

Nas ceramicas a base de silica, o uso de acido fluoridrico permite a remogao da
matriz vitrea, aumentando a rugosidade e a energia da superficie a fim de obter uma
unido adesiva micromecanica com os cimentos resinosos. Também, nas ceramicas a base
de silica, 0 uso de um agente silano permite a unido do dioéxido de silicio (SiO2) presente
na superficie da cerdmica com a matriz organica do cimento resinoso (MATTIELLO et
al., 2013). J& na superficie da zirconia, sem a presenca de SiO2, o agente silano perde
sua fun¢do no procedimento adesivo (YUKIKO; YOSHIDA; ATSUTA, 2006). Além
disso, a zirconia € um material virtualmente plano, com baixa energia superficial e
molhabilidade (OZCAN; VALLITTU, 2003). Desta forma, o desempenho adesivo de
restauracoes a base de zirconia cimentadas adesivamente fica cada vez mais
comprometido (BLATZ; SADAN; KERN, 2003; KERN, Matthias; WEGNER, 1998;
THOMPSON et al., 2011).

Considerando o acima exposto, alguns protocolos visando superar as limitagdes
da zirconia e alcancar uma adequada cimentagao adesiva t€ém sido descritos na literatura
(OZCAN; VOLPATO, 2015; SCIASCI et al., 2015). Tratamentos de superficie, tais
como o jateamento com particulas de 6xido de aluminio (Al2O3) ou o tratamento

triboquimico, tém sido apresentados com o intuito de melhorar a interacdo entre os
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cimentos adesivos e a superficie da zirconia (BURKE et al., 2002; DERAND; MOLIN;
KVAM, 2005; SCIASCI et al., 2015; SUBASI; INAN, 2014). O proposito destes
tratamentos ¢ induzir & modifica¢des na superficie desse material, aumentando assim a
area adesiva, sua energia superficial e a molhabilidade (KIM et al., 2011).

O método mais pratico e amplamente utilizado ¢ o jateamento da superficie com
particulas de oxido de aluminio. O estudo de Sciasci et al. reporta que,
independentemente do tamanho da particula empregada (entre 25 € 125 um), os valores
de resisténcia de unido mostraram-se similares (SCIASCI et al., 2015). No entanto,
também observou-se a criagdo de defeitos na superficie da zirconia, incluindo a
formacao de trincas quando particulas com tamanhos maiores foram utilizadas
(OZCAN; NIJHUIS; VALANDRO, 2008). Por essa razdo, particulas de até 50um sio
normalmente as mais aceitas (BLATZ et al., 2010; OZCAN; NIJHUIS; VALANDRO,
2008).

O jateamento ¢ feito com um dispositivo intraoral ou laboratorial, com uma
pressdo entre 2.3 e 3.0 bar, durante 12 a 15 segundos, mantendo uma distancia de 10mm
em relacio a superficie da zirconia (BLATZ et al, 2010; OZCAN; NIJHUIS;
VALANDRO, 2008). Este tratamento mecanico ¢ feito com a intengdo de remover
possiveis contaminagdes resultantes do manuseio, limpar a area desejada e produzir
rugosidades na superficie da zirconia a fim de aumentar a area e a energia superficial
(OZCAN; NIJHUIS; VALANDRO, 2008). Inclusive, permite a incrustagio das
particulas de 6xido de aluminio na superficie, favorecendo as unides quimicas e
micromecanicas para os cimentos resinosos (ROTKINA et al., 2016).

Outro procedimento usualmente empregado ¢ o tratamento triboquimico, com
deposigao de silica na superficie. Este tratamento, conduzido de maneira semelhante ao

jateamento com oOxido de aluminio convencional, utilizando particulas de Al2O3
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recobertas por silica. O tratamento visa a deposi¢do de uma fina camada de silica na
superficie da zirconia por meio da compactacao das particulas em alta pressao (BURKE
et al., 2002). Sendo assim, este tratamento nao s6 cria rugosidade, como também ativa
quimicamente a superficie, a fim de reagir com os agentes silanos de unido (ATSU et
al., 2006; KERN, Matthias; WEGNER, 1998; OZCAN; NIJHUIS; VALANDRO,
2008). A ativagdo quimica permite a reagdo da silica da superficie com os grupos silanol
(Si-OH), facilitando a formagao de uma rede de siloxanos (-Si-O-Si-O-) capazes de obter
ligacdes covalentes na interface cimento resinoso/ceramica (MATINLINNA et al.,
2006; OZCAN; NIJHUIS; VALANDRO, 2008; VALANDRO, Luiz Felipe et al., 2007;
XIBLE et al., 2006). E preciso, portanto, o uso de sistemas adesivos apropriados para
esse fim, tais como primers especificos para zirconia que contenham silano na
composi¢do, quando o tratamento triboquimico da superficie for o escolhido (KERN,
M; BARLOI; YANG, 2009).

Evidéncias cientificas tém indicado um desempenho superior do tratamento
triboquimico em relagdo a outros tratamentos de superficie, na adesdo de cimentos
adesivos a zirconia (ATSU et al., 2006; EL-KORASHY; EL-REFAI, 2014; ERDEM et
al., 2014; OZCAN; VALLITTU, 2003). No entanto, limitagdes também tém sido
reportadas em relagdo ao uso deste tratamento. Entre elas a possivel criagao de
microtrincas na superficie da zirconia o que induziria a transformagdo de fase e uma
consequente reducdo na resisténcia do material (ZHANG et al, 2004). Uma
preocupacao que também tem sido levantada ¢ a degradagdo da interface adesiva apos o
envelhecimento quando o tratamento triboquimico é empregado em associagdo a
adesivos com conteudo a base de 10-metacriloiloxidecil dihidrogenofosfato (MDP)

(BLATZ et al., 2007; OZCAN; BERNASCONI, 2015).
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Com o intuito de minimizar esses possiveis efeitos, pesquisadores tém proposto
alternativas de tratamentos de superficie para esse fim, tais como o revestimento de
plasma com hexametildisiloxano (DERAND; MOLIN; KVAM, 2005), a deposigdo de
micro-pérolas de porcelana de baixa fusdo (CURA et al., 2012; DE CASTRO et al.,
2012), ou o ataque por infiltragado seletiva (SIE) (ABOUSHELIB, 2011; ABOUSHELIB
etal.,2009; CHEUNG; BOTELHO, 2015). No entanto, as recomendagdes em relagdo a
esses tratamentos sdo limitadas.

Outra alternativa que vai ganhando protagonismo ¢ o uso de lasers, permitindo
que modifica¢des micro-topograficas controladas sejam feitas na superficie da zirconia,
aumentando o potencial adesivo da mesma (AKHAVAN ZANJANI et al, 2015;
CAVALCANTI et al., 2009; GORLER; OZDEMIR, 2016; KARA et al., 2015). Lasers,
como CO2 (didxido de carbono), Er:YAG (erbium-doped yttrium aluminium garnet),
Er,Cr:YSGG  (erbium,  chromium:yttrium-scandium-gallium-garnet), Nd:YAG
(neodymium-doped yttrium aluminium garnet) e FS (femtosecond) tém sido cada vez
mais utilizados com o objetivo de criar mudancas controladas e definitivas na superficie
da zirconia (AHRARI; BORUZINIAT; ALIREZAEI, 2016; CAVALCANTI et al.,
2009; DEDE et al., 2016; SPOHR et al., 2008; VICENTE et al., 2016; VOLPATO et
al., 2021).

O laser de CO2 é comumente usado para procedimentos de manipulagao tecidual
e cirurgia periodontal. Seu comprimento de onda ¢ bem absorvido pelos materiais
ceramicos, resultando em retengdes micromecanicas, que podem vir a favorecer a adesao
a superficies de zirconia (URAL; KALYONCUOGLU; BALKAYA, 2012). No entanto,
o uso do laser de CO2 tem sido associado & formagdo de microtrincas (STUBINGER et
al., 2008). Além disso, os resultados de resisténcia adesiva ao utilizar esta abordagem

ainda sao contraditorios (AKIN et al., 2011; KASRAEI; ATEFAT; et al., 2014).
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Outros tratamentos de superficie contemplam o uso de laser a base de 6xido de
aluminio e itrio (Er:YAG). Este laser permite a remogao das particulas da superficie por
meio de microexplosdes e vaporizagdo, em um processo denominado ablacdo
(CAVALCANTI et al., 2009). Devido a intensidade do laser, esse processo parece nao
ter um efeito destrutivo na superficie da zirconia (DEDE et al., 2016; KASRAEI;
ATEFAT; et al., 2014). No entanto, tem sido relatado que a baixa absor¢ao de energia
do laser Er:YAG na superficie da zirconia também seria insuficiente para promover a
criagdo de retengdes micromecanicas eficazes (FOXTON et al., 2011; LIU et al., 2015).
Muito semelhante ao laser Er:YAG ¢ o laser Er,Cr:YSGG. Esse ultimo produz uma
rugosidade semelhante aquela obtida apds jateamento com particulas de aluminio. No
entanto, estudos reportam que a resisténcia adesiva tem se mostrado ainda inferior aos
tratamentos tradicionais como jateamento e tratamento triboquimico (ARAS et al.,
2016; GHASEMI et al., 2014).

O laser Nd:YAG tem se destacado ao promover a formagdo de uma rugosidade
superficial melhorada devido a tenacidade e baixa condutividade térmica da zirconia
(KASRAEI; REZAEI-SOUFI; ef al., 2014). Porém, segundo estudos, o uso desse laser
poderia produzir danos na superficie da zirconia, induzindo a transformacao de fase em
fungao de relevantes modificagdes de temperatura (GUAZZATO et al., 2005; USUMEZ
et al., 2013). Com o intuito de evitar estes efeitos, configuracdes especificas nos
parametros de uso do laser tém sido propostas por alguns pesquisadores, resultando em
auséncia de transformagao de fase na zirconia (FARIA et al., 2020; HENRIQUES et al.,
2018; MOURA et al., 2017; PEREIRA et al., 2020). Isto seria possivel gracas a um
tratamento térmico adicional ap6s concluida a microestruturacao da superficie a laser,
promovendo assim o relaxamento da tensdo e a recuperagdo da fase tetragonal

(PEREIRA et al., 2020). Sendo assim, o uso da microestruturagdo da superficie a laser
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com Nd:YAG torna-se promissor em compara¢do com outros tratamentos de superficie
a laser.

O uso do laser FS também ¢ uma alternativa para reduzir danos a superficie da
zircOnia. Este laser € capaz de produzir pulsos dpticos com duragdo de femtosegundos,
resultando em uma superficie limpa e com uma redugao consideravel das transformacdes
de fase (AKPINAR; KEPCEOGLU; et al., 2015). Estudos reportam dados de resisténcia
adesiva comparaveis aos obtidos com os tratamentos convencionais quando o laser FS
foi utilizado (PRIETO et al., 2016; VICENTE et al., 2016).

Independentemente do laser empregado, parece existir um consenso entre 0s
pesquisadores, destacando que o uso de laser representa uma alternativa vidvel para
modificar a superficie da zirconia, o que poderia vir a aumentar os resultados de
resisténcia de unido entre a zirconia e o substrato dental (KARA et al., 2015; KASRAEI;
ATEFAT; et al.,2014; LIN et al., 2013; PARANHOS; BURNETT JR; MAGNE, 2011;
VOLPATO et al, 2021). Mais recentemente, a possibilidade de criar padrdes
geométricos por meio da microestruturagcdo a laser tem se destacado como um novo
degrau na utilizagao de lasers para os tratamentos de superficie (AKPINAR; YAVUZ;
etal.,2015; ESTEVES-OLIVEIRA et al., 2016). Esta abordagem, relatada pela primeira
vez em 2015 para aprimorar a adesdo a zirconia (AKPINAR; YAVUZ; et al., 2015),
visa potenciar o tratamento com lasers, sendo possivel, além do controle detalhado de
cada um dos parametros, a defini¢ao personalizada da geometria dos padrdes, o que ndo
¢ possivel com outros tratamentos de superficie convencionais (HENRIQUES et al.,
2017). A técnica tem sido explorada para aplicacdes biomédicas com resultados
favoraveis (GOKHAN DEMIR et al., 2014; HENRIQUES et al., 2018, 2017). Embora
essa estratégia tenha sido pouco explorada para adesdo a superficies de zirconia

(AKPINAR; YAVUZ; et al., 2015; ESTEVES-OLIVEIRA et al., 2016), a possibilidade
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de personalizacdo da superficie, somada aos resultados favoraveis obtidos em outras
aplicacdes fazem dessa uma alternativa promissora. Embora a microestruturagdao de
superficie a laser possa estar atualmente limitada ao uso experimental e laboratorial, ¢
possivel que esta tecnologia possa ser incorporada nos fluxos de trabalho CAD/CAM no
futuro.

Entretanto, o tratamento de superficie por si s6 ndo ¢ considerado o tUnico
responsavel para garantir a adesdo a zirconia. Estudos t€ém demonstrado resultados
favoraveis em relagdo a resisténcia de unido da zirconia convencional quando
tratamentos mecanicos e quimicos de superficie sdo associados (AMARAL et al., 2014;
KUMBULOGLU et al, 2006; LUTHY; LOEFFEL; HAMMERLE, 2006;
MATINLINNA et al., 2006; MAY et al., 2010; OZCAN; BERNASCONI, 2015;
TZANAKAKIS; TZOUTZAS; KOIDIS, 2016). Entre as abordagens mais destacadas
pode-se citar o jateamento com particulas de 6xido de aluminio ou o tratamento
triboquimico associado com a aplicagcdo de um agente adesivo contendo mondmeros de
acido fosforico hidrofobico, como o MDP, é considerado um dos mais confiaveis
protocolos de adesdo para restauragdes de zirconia (ALNASSAR ef al., 2016; KERN,
Matthias; WEGNER, 1998; MAY et al., 2010; NAKAYAMA et al., 2010; TANAKA
etal.,2008). As moléculas de MDP adicionadas a estes agentes adesivos permitem uma
adesdao quimica a zirconia por meio da formacdo de sais de carboxilato e fosfato na
interface adesiva (PILO et al., 2016) e, consequentemente, ligacdes idnicas ou de
hidrogénio (CHEN, Liang et al., 2012; NAGAOKA et al., 2017; PILO et al., 2016).
Essa unido tem demostrado ser inclusive resistente a degradagdo hidrica (KERN,
Matthias; WEGNER, 1998). Isso explica os resultados amplamente superiores dessa

abordagem quando comparada com o uso de agentes adesivos convencionais € cimentos
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a base de BisGMA (KERN, Matthias; WEGNER, 1998; OZCAN; BERNASCONI,
2015).

No entanto, apesar de destacar a importancia dos tratamentos quimicos e a
influéncia positiva das moléculas de MDP na promogao da adesdo a zirconia, o nimero
de produtos disponiveis para este fim ¢ diverso, dificultando o estabelecimento de
protocolos confidveis por parte dos clinicos. As moléculas do MDP podem ser
encontradas em primers especificos para zirconia ou também em agentes adesivos
universais. E importante considerar esta diferenca nas apresentagdes, pois o silano
contido nos adesivos universais poderia ter capacidade reduzida de unido a superficies
enriquecidas com silica, devido a condensacgao do silanol (CHEN, Bingzhuo et al., 2019;
YAO et al., 2018) e, portanto, resultados adesivos inferiores. Entre as op¢des no
mercado € possivel encontrar primers, adesivos e até mesmo cimentos com contetido de
MDP, entretanto, a evidéncia sobre a interagdo destes produtos ainda € escassa.

Além da ativagdo quimica da superficie por meio do uso de agentes de unido
especificos ou com a deposicao de silica no tratamento triboquimico, outras estratégias
tém sido propostas para potencializar a cimentagdo adesiva a superficie da zirconia. A
criacdo de nanofilmes de silica por deposi¢do quimica e fisica de vapor utilizando a
pulverizagao magnética reativa (RMS) (QUEIROZ, José Renato Calvacanti de et al.,
2011; QUEIROZ, José Renato et al., 2013; WANDSCHER et al., 2017) ou por meio da
tecnologia de deposi¢do de camada atomica (ALD) (YAN et al., 2021), o uso de
dispositivos térmicos para a criagdo de camadas de silica (OGURI ef al., 2012) ou a
deposicdo de nanoparticulas de silica por meio de recobrimento por inmersao
(OLIVEIRA-OGLIARI et al., 2015), sdao outras alternativas que objetivam conseguir
uma reacao da superficie da zirconia com agentes de unido silanos. Embora as evidéncias

que apoiam o uso dessas estratégias ainda sejam limitadas, os resultados alcangados tém
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se mostrado comparaveis ou inclusive superiores aos tratamentos convencionais.
Portanto, parece necessario um estudo mais aprofundado de novas alternativas para
melhorar a reacdo quimica da superficie da zirconia.

Para avaliar a resisténcia de unido adesiva testes de cisalhamento (SBS) e tragao
(TBS) em escalas macro e micro(p) tém sido sistematicamente empregados (OZCAN;
BERNASCONI, 2015; SMITH et al., 2011; TZANAKAKIS; TZOUTZAS; KOIDIS,
2016; VALANDRO, Luiz F et al., 2008; YUN et al., 2010). Embora nao forneca uma
distribuicdo homogénea da tensdo na interface adesiva, o teste cisalhamento ¢ o método
preferido pelos pesquisadores devido a sua facilidade de execucdo quando comparado
ao teste de microtragio (WTBS) (OZCAN; BERNASCONI, 2015; TZANAKAKIS;
TZOUTZAS; KOIDIS, 2016). Por outro lado, o teste uTBS parece ser o método mais
adequado para avaliar a resisténcia de unido, pois permite um melhor alinhamento dos
espécimes, uma melhor distribuicdo da tensdo e uma andlise mais sensivel do
desempenho do agente adesivo e sua interacdo com o material usado (BETAMAR;
CARDEW; VAN NOORT, 2007; INOKOSHI et al., 2014; OZCAN; BERNASCONI,
2015; TZANAKAKIS; TZOUTZAS; KOIDIS, 2016; VALANDRO, Luiz F et al.,
2008). No teste SBS, geralmente a area de adesdo ¢ de 3,5 mm?; no teste uSBS € de
cerca de 1,0 mm?, e no teste pTBS varia em torno de 0,8 a 1,0 mm? (OZCAN;
BERNASCONI, 2015).

Mesmo apresentando vantagens, a principal dificuldade do teste pnTBS estd na
preparagdo dos espécimes. Devido a sua reduzida dimensdo e fragilidade, a perda de
espécimes durante o processamento ¢ muito comum, um problema descrito na literatura
como pré-falha (BRACKETT et al., 2006; MELO et al., 2010). Aliado a isso, quando
os espécimens sao feitos de um material mais resistente, como a zirconia, o seu corte

torna-se ainda mais lento e mais dificil, o que pode resultar na criagdo de defeitos,
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transformacdo de fase e maior perda de espécimes. E frequente o relato de pré-falhas
quando espécimes de zirconia sio avaliados por meio de testes de microtragio (JUNIOR
et al., 2018; KESHVAD; HAKIMANEH, 2018; MAHMOODI et al., 2016). As pré-
falhas sdo relatadas principalmente durante o corte das amostras (JUNIOR et al., 2018;
KESHVAD; HAKIMANEH, 2018) ou também durante a termociclagem (KESHVAD;
HAKIMANEH, 2018). Estudos reportam porcentagens de pré-falha de 28 a 100%,
tornando a analise completa dos dados inacessivel, bem como impossibilitando a
comparagdo entre grupos em certos casos (JUNIOR er al., 2018; KESHVAD;
HAKIMANEH, 2018; MAHMOODI et al., 2016).

Objetivando a diminui¢ao da pré-falha e a simplificando o processo de corte para
espécimes de zirconia, uma abordagem alternativa foi proposta em 2019 (RUALES-
CARRERA et al., 2019). Através desta metodologia experimental, foi possivel reduzir
a quantidade de zircOnia necessaria para realizar os testes além de facilitar as etapas de
corte, mantendo a integridade das interfaces cimentadas adesivamente. O nimero de
pré-falhas resultante que aconteceram durante diversas etapas (corte dos espécimes: 0-
45%; termociclagem: 0-23%; teste adesivo: 0-27%) ndo prejudicaram a analise dos
resultados. Esses resultados demonstram que a metodologia € promissora; porém, existe
a necessidade de que seja melhor estudada e validada em funcao da criagdo de duas
interfaces.

E fundamental salientar que mesmo com o grande niimero de estudos sobre
adesdo a zirconia, o conhecimento sobre o comportamento adesivo de zircOnias
translicidas ainda ¢ limitado. Yagawa et al. relataram resultados promissores em relagao
a resisténcia adesiva de uma zirconia translicida apos o uso de primers contendo MDP
(YAGAWA et al.,2017). Na mesma linha, tem sido enfatizada a importancia de associar

tratamentos quimicos de superficie com adesivos com alto conteudo de MDP a
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tratamentos mecanicos de superficie (SALEM et al, 2016). Estes ultimos seriam
responsaveis pelo aumento da resisténcia adesiva e pela redugdo do envelhecimento
hidrolitico da interface de unido. (ZHU et al., 2021) No entanto, evidéncias recentes
indicariam um desempenho adesivo menos favoravel de zirconias translicidas em
comparacdo com zircoOnias convencionais quando tratamentos padrdo sdo aplicados
(RUALES-CARRERA et al., 2019). Por estas razdes, ¢ notéria a importancia de
aprofundar o estudo do comportamento adesivo das zircOnias translicidas, assim como
avaliar novas alternativas de tratamento para este fim.

Desta forma, este estudo tem como objetivo avaliar o efeito do tratamento de
microestruturagdo da superficie via laser na resisténcia de unido de uma zirconia de alta
translucidez cimentada adesivamente, em comparagdo com tratamentos convencionais.
Além disso, avaliar o efeito na resisténcia adesiva da deposi¢ao de particulas de silica
por meio de um recobrimento por inmersdo nos grupos tratados com laser.

A primeira hipotese nula testada foi que os valores de resisténcia adesiva da
zirconia de alta translucidez, apds receber diferentes tratamentos de microestruturagao
de superficie a laser, ndo seriam diferentes dos tratamentos de superficie convencionais.
A segunda hipoétese nula testada foi que o envelhecimento por meio de armazenamento
em agua nao influenciaria os valores de resisténcia de unido. Finalmente, a terceira
hipdtese nula foi que a deposi¢ao de silica por meio de recobrimento por inmersao (deep
coating), nos espécimes tratados com microestruturagdo de superficie a laser, nao

influenciaria os valores de resisténcia de unido.
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1.1. OBJETIVOS

1.1.1.Objetivo Geral
Avaliar o efeito do tratamento de microestruturacao da superficie via laser na
resisténcia de unido de uma zirconia de alta translucidez cimentada adesivamente, em

comparac¢ao com tratamentos convencionais.

1.1.2. Objetivos Especificos:

e Avaliar o efeito dos diferentes tratamentos na superficie de uma zirconia de alta
translucidez;

e Avaliar o impacto dos tratamentos de superficie na resisténcia adesiva;

e Avaliar o desempenho da deposig¢ao de silica por meio de recobrimento por inmersao
(deep coating) na resisténcia adesiva dos espécimes tratados com microestruturagao
via laser;

e Identificar os tipos de falhas ocorridos apo6s os testes de resisténcia de unido por
microtragdo, assim como a area remanescente adesiva (ARA);

e Avaliar uma metodologia alternativa para a realizacao do teste de microtracdo com

espécimes de zirconia.
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ABSTRACT

Statement of Problem. Despite developments in zirconia and its new translucent
options, challenges remain in achieving adequate adhesion. Among surface treatments
to improve their adhesive interaction, lasers have proven to be a viable alternative. More
recently, an improved strategy using laser surface microstructuring has been proposed.
However, this approach has not been widely studied. Furthermore, despite the large
number of studies on zirconia adhesion, knowledge on the adhesive behavior of high-
translucent zirconia remains limited.

Purpose. To evaluate the influence of different laser surface microstructuring
configurations combined or not with silica deposition on the adhesive behavior of high-
translucent zirconia before and after water storage aging using the microtensile bond
strength test (WTBS) compared to conventional treatments.

Material and Mehods. High-translucent zirconia specimens were treated
conventionally and by laser surface structuring (Nd:YAG) generating 8 groups: air-
particle abration with aluminum oxide particles (AO), tribochemical treatment (T) and
laser microstructuring with different parameters (L100, L30 and L10). Additional
specimens from the laser-treated groups received silica (SiO2) deposition by deep
coating (L100s, L30s, L10s). The specimens were treated with a primer with MDP
content and cemented into resin blocks with a resin cement with MDP content. Micro-
bars of 1 mm? (cross section) were obtained. Half of the bars were aged by storage in
water for 365 days. The bond strength was evaluated by uTBS.

Results. Of the 8 groups, 7 could be evaluated by nTBS, with the exception of the L.10s
group where there was a 100% pre-failure. One way ANOVA showed that surface
treatments had a statistically significant effect on bond strength (p <0.001). Group T

statistically showed the highest values. The group receiving air-particle abration (AO)
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was comparable to the laser treated groups. The lowest values were those of the L100s
group. Aging did not have a significant effect on the adhesive strength for most of the
experimental groups with the exception of groups AO, and L30.

Conclusions. Laser surface microstructuring of high-translucent zirconia showed an
adhesive behavior comparable to that obtained by air-particle abration with aluminum
oxide particles, however, inferior to that of the tribochemical treatment. A durable
adhesive strength after aging was obtained for most groups. Deep-coating silica

deposition did not lead to superior results.

Clinical Implications: Laser surface structuring of high-translucent zirconia appears to
be an interesting alternative for enhancing adhesion to the zirconia surface; however, it

cannot yet be considered superior to conventional treatments.

Keywords: High-translucent zirconia; Laser microstructuring; Nd:YAG; Microtensile

bond strength
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1. INTRODUCTION

Due to their particular mechanical properties, superior from other all-ceramic
materials, yttria-stabilized tetragonal zirconia polycrystal (Y-TZP) has been used in
dentistry for a variety of purposes.!? Recently, modifications in the microstructure of
zirconia, including the use of smaller particles, the introduction of the cubic phase and
especially the increase in the amount of yttria,> have led to the development of high-
translucent zirconia.**> Thanks to this strategy, the applications of this material have
multiplied due to the evolution of its optical behavior.®’

These developments have motivated dentists around the world to increasingly
use zirconia for minimally invasive procedures, entrusting the success of their
restorations most of the time to adhesive cementation.® However, the flat surface of
zirconia, the acid-resistant nature of the material and the absence of silica in its
composition are still some drawbacks to be overcome to improve its adhesive
performance .10

Micromechanical and chemical bonding conditioning methods have been
suggested to achieve appropriate bonding to zirconia surfaces. Regarding the mechanical

10-13 or tribochemical silica

conditioning strategies, air-borne particle abrasion
coating!%14-16 have stood out among different approaches.®!>!* Nonetheless, despite
being both a highly accepted treatments, some authors have drawn attention to the
possibility of generating microcracks and phase transformations with these
approaches.!” Therefore, researchers have advocated to look for further alternatives. '8
20

Among other options, lasers, such as CO2 (carbon dioxide), Er:YAG (erbium-

doped yttrium aluminium garnet), Er,Cr:YSGG (erbium, chromium:yttrium-scandium-

gallium-garnet), Nd:YAG (neodymium-doped yttrium aluminium garnet) and FS
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(femtosecond) have been increasingly used to create controlled and definitive changes
on the zirconia surface with promising outcomes in terms of adhesive bonding.?!3°
However, as there are different approaches and types of lasers, the results are still
contradictory.'82337:24.26.31-36 Fyrthermore, among the different methodologies involving
the use of lasers, the possibility of creating geometric patterns by means of laser surface
microstructuring has been scarcely exploited for adhesive purposes.3®*°

Laser surface microstructuring allows in different terms the control of surface
characteristics as well as precise patterning.**** This method has been exploited for
biomedical applications and has shown favorable results.***¥ Therefore, according to
the possibilities offered by this technology, it could be beneficial to optimize the
interaction of zirconia and bonding agents.

Nevertheless, surface treatment alone is not considered to be solely responsible
for ensuring adhesion to zirconia. In combination to mechanical conditioning strategies,
the chemical conditioning of zirconia has been advocated.*” Currently, the application
of an adhesive agent containing hydrophobic phosphoric acid monomers, such as 10-
methacryloyloxydecyl dihydrogen phosphate (MDP), is considered one of the most
reliable protocols.’*>7 Other strategies to chemically condition the zirconia surface, such
as creating silica nanofilms by reactive magnetron sputtering (RMS)3#-% or by atomic

1 or deposition of silica nanoparticles by deep

layer deposition (ALD) technology
coating® have been proposed to promote a reaction between zirconia surface and silane
agents. The results of these strategies have shown promise, however, more evidence is
still needed to draw conclusions. Furthermore, despite the large number of studies on

adhesion to zirconia, knowledge about the adhesive behavior of high-translucent

zirconia is still limited.3:63-6¢
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Therefore, the objective of the present study was to evaluate the influence of
different laser surface microstructuring configurations on the adhesive behavior of high-
translucent zirconia using the pTBS test, compared to conventional treatments. The null
hypotheses tested were that the bond strength values of high-translucent zirconia after
receiving different laser surface microstructuring treatments would not differ from
conventional surface treatments; that aging through water storage would not influence
the bond strength values; and that silica deposition by deep coating on the samples
treated with laser surface microstructuring would have no influence on the bond strength

values.

2. MATERIALS AND METHODS
The study design is presented schematically in Figure 1.

Specimen preparation and surface conditioning

High-translucent zirconia disks were produced from zirconia powder stabilized
with 9.41wt% yttria (Zpex Smile, Tosoh, Japan). The disks were prepared by pressing
in an 18mm diameter mold where a pressure of 200MPa was applied. Afterwards, they
were sintered following the manufacturer's instructions in a furnace at 1500°C for 8h
(Zirkonofen 700 ultra-vacuum; Zirkonzahn - Gais, Italy). The final dimensions of the
disks after sintering were 14.5mm in diameter and 2mm in height. The disks were then
randomly assigned to eight experimental groups according to the surface treatment
protocols shown in Table 1.

Conventional surface treatment of samples

High-translucent zirconia samples were subjected to conventional mechanical
treatment using two strategies: a) air-particle abraded with 50pm aluminum oxide
particles (Bio Art Dental Equipment, Sdo Carlos, Brazil) at a pressure of 2.5bar, 10mm

from the zirconia surface, for 20 seconds; b) Tribochemical treatment with silica coated
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aluminum oxide particles (30pm) (Cojet™ Sand, 3 M ESPE; Irvine, California) at a
pressure of 2.5bar for 20 seconds at a distance of 10mm from the zirconia surface.
Conventional surface treatments were performed equally on both sides of the zirconia
samples.

Surface treatment by laser microstructuring

Different laser microstructuring configurations were defined from previous
experiments*® and a pilot project. Those configurations that offered adequate
morphology, well-defined patterns, pore formation and minimal microcracking on the
zirconia surface were selected (Fig. 2). Surface treatment of the zirconia samples was
performed perpendicular to the surface using a Nd:Y AG laser (OEM Plus, Sisma S.p.A,
Vicenza - Italy) with the following characteristics: 6W of power, 1064nm of wavelength,
pulse duration of 36ns, frequency of 20kHz and maximum pulse energy of 0.3mJ. The
laser parameters were controlled by Sisma Laser Controller (SLC) software (Sisma
S.p.A, Vicenza - Italy) and the patterns were designed using Inkskape open-source
software (Software Freedom Conservancy, Inc., New York, USA). Table 2 describes the
selected configurations and microstructure patterns.

After laser structuring, the zirconia surface acquired a dark color as a small layer
of materials loses oxygen due to high temperatures and fast cooling rates. To achieve
oxygen recovery and restore the characteristic zirconia color, a heat treatment at 900 °C
for 30 minutes was applied (Chamber furnace, Termolab, Agueda - Portugal).*!

Silica deposition by deep coating

Half of the laser microstructure treated samples received silica deposition. For
this objective, silica nanoparticles were obtained by laser ablation of a silicon plate target
using a high-power Nd:YAG laser (OEM Plus, Sisma S.p.A, Vicenza - Italy)®” with an

output power of 6W, a spot size of 3mm, a pulse width of 35ns, operated at a repetition
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rate of 20kHz. The laser power was 0.3mlJ/pulse and the fundamental wavelength used
was 1064nm, the laser beam was focused on the silicon surface using a fused quartz lens
(f=160mm). The silicon plate was placed inside a glass container containing ethanol in
a volume of 10mL in order to cover the target 7mm above. During ablation, the ethanol
was stirred to keep the ablated particles out of the beam path in a process lasting 11
minutes. The obtained nanoparticles were deposited by means of a deep coating process.
The samples were submerged five times in the silica-enriched solution and allowed to
dry at room temperature (20°C). After performing the deep coating, the samples were
subjected to conventional sintering at 1500°C for 8 h with a heating rate of 5°C/min
(Zirkonofen 700 ultra-vacuum; Zirkonzahn - Gais, Italy).

Morphological analysis

Additional samples were obtained from all groups for morphological analysis.
The surface roughness parameter (Sa), which consists of the arithmetic mean value
between the peak and valley height values in the effective roughness profile of the
zirconia surfaces, was evaluated. The surface roughness evaluation was performed using
a white light interferometer (Newview 7300, Zygo Corporation - Connecticut, USA)
with a magnification covering an area of 4mm?. The arithmetic mean deviation of the
roughness profile (Sa) was determined for each sample based on 48 linear
measurements. Also, samples were subjected to quantification of crystallographic
phases using X-ray diffraction (XRD) analysis. XRD spectra were collected using an X-
ray diffractometer (XRD D8 Advance, Bruker Corporation - Massachusetts, USA), at
40kV and 30mA, using CuKa radiation. The range of 26 angles was from 20 to 80, with
a step of 0.021 and a step time of 2 seconds.

Bonding and processing procedure
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To perform the adhesive cementation, resin samples (Opallis; FGM, Joinville,
Brazil) with dimensions of 10.0 x 10.0 x 6.0mm?® were fabricated. These samples were
polished with 400-grain silicon carbide papers and then ultrasonically cleaned with
distilled water for 20 minutes. Subsequently, adhesive cementation between the resin
samples and the zirconia specimens was carried out using a ceramic primer with MDP
content (Clearfill; Kuraray Noritake Dental Inc., Tokyo, Japan) and a dual-curing resin
cement with MDP content (PANAVIA™ F 2.0; Kuraray Noritake Dental Inc., Tokyo,
Japan) following the manufacturer's instructions. The zirconia specimens received the
adhesive agents on both sides to then be bonded to the resin blocks under a fixed load
of 20N according a previously published method.®> Excess resin cement was removed
with a brush and then each side of the specimens was light-cured for 40 seconds with a
LED polymerization unit (Optilight Max; Gnatus Equipamentos Médico-
Odontologicos, Sdo Paulo, Brazil) with a light intensity of 1200mW/cm?. The
assemblies (resin + zirconia + resin) were left undisturbed for 5 minutes to complete
self-curing. The assemblies, in a number of 6 for each group, were stored in distilled
water at 37°C before sectioning. Micro-bars with cross-sectional areas of 1mm? were
obtained by means of two perpendicular sections using a precision cutting device
(Isomet; Buehler, An ITW Company, IL, USA) and a diamond-coated wheel (IsoMet
Blade, 15HC, 127mm; Buehler, An ITW Company, IL, USA). Abundant water cooling
was used during cutting, which was performed at a maximum speed of 300rpm to reduce
the loss of micro-bars. Pre-failure data was collected at this stage.

Aging of the samples

Half of the microbars from each group were stored in distilled water at room
temperature for 24h before pnTBS testing. The other half was subjected to aging by

storing in water for 365 days.
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Microtensile bond strength test (uWTBS)

The area of the micro-bars was measured using a digital caliper, and then, they
were adhered to the fixation unit using cyanoacrylate glue (Almasuper; Almata Ind. e
Com. Ltda., Curitiba, Brazil) taking care to equally locate the resin-zirconia interfaces
in the free space of the fixation unit. The microtraction test was performed in a universal
testing machine (Instron 4444; Illinois Tool Works Inc., MA, USA) at a speed of
1.0mm/minute until bond failure. Pre-failure data was collected once again during the
course of the test.

Scanning electron microscopy and adhesive analysis

All fractured microbars that could be recovered after the uTBS test were coated
with gold and examined with a scanning electron microscope. (SEM) (HITACHI
Tabletop Microscope TM3030; Hitachi, Ltd., Tokyo, Japan) to assess whether the
failures were adhesive (complete or partial failure in the adhesive or detachment of the
adhesive from the surface), cohesive (partial or complete failure in the zirconia surface
or the resin), or mixed (combination of adhesive and cohesive failure). Although there
were two adhesive interfaces, only the side that suffered the failure was evaluated. A
quantitative evaluation of the adhesive remnant area (ARA) was also performed using
Imagel open-source image analysis software (Version 1.51m9; National Institutes of
Health, MD, USA).

Data analysis

To analyze surface roughness, the Sa values of each sample were evaluated.
Zirconia phase fractions were identified by the Rietveld refinement method using
MAUD (Materials Analysis Using Diffraction) software. Pre-failure data were collected
both at sample processing and at the time of pTBS testing. Adhesive strength values (in

MPa) were measured by calculating the applied force at failure (Newton), divided by
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the cross-sectional area (in mm?). In addition, the Weibull modulus (m) was calculated
from the adhesive strength values (MPa). For surface roughness, and adhesive strength,
differences between the measurements were analyzed using one-way ANOVA and
Tukey's tests (a=.05).

The ARA values were obtained from the areas filled by the cementing agent of
each microbar after fracture. Then, the areas were transformed into percentages and the

mean and standard deviation for each group were calculated.

3. RESULTS

The mean values and standard deviation of surface roughness (Sa), as well as the
results of the one-way ANOVA and Tukey's tests are shown in Table 3. According to
the analysis, there were significant statistical differences between the groups, with L100
and L100s being the groups with the highest roughness. X-ray diffractograms were
similar for all groups. Rietveld analysis revealed that laser structuring did not promote
any significant phase destabilization in the zirconia samples, as less than 1% monoclinic
phase was identified in all samples.

Pre-failure data is presented in Table 4. The AO, T, L30 groups were the best
performers in both the sample processing phase and the uTBS test since no pre-failures
were identified. Although the L100 and L30s groups experienced failures during sample
processing, they did not exhibit any failure during the p'TBS test. On the other hand, the
L10 and L.100s groups did not perform favorably, as there were obvious pre-failures in
both the processing and uTBS stages. The L10s group presented 100% of failures at the
time of processing, which prevented this group from being evaluated by means of the
uTBS test.

Microtensile bond strength (WTBS) and Weibull modulus (m) are presented in

Table 5. The uTBS values of the T group was significantly higher than those observed
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for all other groups. Conventional air abrasion treatment with aluminum oxide (AO)
particles performed favorably in terms of bond strength. Statistically similar results to
those of the AO group were obtained for the L100, L30 and L30s laser structuring
groups. The L10 and L100 groups performed the worst in terms of bond strength (Fig.
3). In relation to the results found for the Weibull modulus (m), the highest values were
found for the AO, T groups, showing that, for these groups, the data distribution is
narrower and therefore more reliable.®® No significant effect of aging on bond strength
was observed for most of the experimental groups. However, for the AO, and L30
groups, a significant drop in bond strength was observed after aging.

Data regarding failure mode and ARA of each group are shown in Table 6 and
graphically presented by the SEM images in Fig 4. Mixed and adhesive failure modes
were the most common among the groups, with most adhesive failures occurring in the
aged groups. No cohesive type failures were identified. The L100s group had 100%
adhesive failure in both the non-aged and aged groups, as well, presented the lowest
ARA (not aged: 5.71 +5.83%; aged: 3.33 +4.48%)

4. DISCUSSION

The present study evaluated the adhesive bond strength of high-translucent
zirconia after receiving different surface treatments including conventional and laser
surface microstructuring treatments. Based on the results obtained, the first null
hypothesis tested for the present study was partially rejected. Although the conventional
tribochemical treatment presented the highest bond strength values, statistically superior
to all other groups, the adhesive behavior of the L100, L30, L10 and L30s groups was
statistically similar to that of the conventional AO group. On the other hand, the L100s
group had the worst adhesive bond strength results. The second null hypothesis was

partially rejected as well. While water storage had a slight effect on the bonding
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interface, it was not statistically significant for most groups. However, a significant
reduction in adhesive values was evidenced in the AO and L30 groups. As for the third
hypothesis, it was not possible to accept or reject it since, although the L30 group
showed no statistical differences with the L30 group, both before and after aging. In
contrast, a significant drop was evidenced in the L100s group compared to the L100
group. Moreover, group L10s could not be analyzed as all specimens were lost due to
pre-failure.

Due to the evolution of the optical characteristics of zirconia and the increasing
search for esthetic treatments, the use of high-translucent zirconia has been growing
considerably in recent years.> However, despite the increase in its use, evidence
regarding its adhesive behavior is still limited.>%*-%5 Moreover, evidence has suggested
that high-translucent zirconia would have inferior performance in terms of adhesive
strength when compared to conventional zirconia.®® Therefore, the importance to
analyze alternatives that can enhance its adhesive performance.

Researchers have evaluated various laser options to modify the zirconia surface
for adhesive purposes with favorable results.?426-33-3638.39 Nonetheless, it has been
suggested that the use of laser could produce damage on the zirconia surface as well as
induce phase transformation due to important temperature changes.?’ Furthermore, a
lack of detail and standardization in the processes has been evidenced. However, among
the strategies using lasers, the possibility of creating geometric patterns and thus
optimizing the adhesive performance of zirconia is gaining prominence.’®3%* In
addition, this method has appeared as an option that allows to control the different
variables in a precise way, overcoming the concerns and limitations of conventional

40-43

laser treatments. Recent experiments with this technology have even resulted in

40-43

minimal phase transformation in zirconia, which would be in agreement with the
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findings in the present study. This would be related to the heat treatment that the
specimens received after laser surface microstructuring, thus promoting stress relaxation
and recovery of the tetragonal phase.*? Although laser surface microstructuring may
currently be limited to experimental and laboratory use, it would be possible for this
technology to be incorporated into CAD/CAM workflows in the future.

Among the variables evaluated in the present study were laser power, laser
speed, number of passes and distance between the lines. Modifications in these variables
allowed the creation of different textures and patterns in the zirconia samples. This was
evidenced visually in the SEM analysis and more objectively with the roughness results.
Despite the marked differences in the textures obtained, the adhesive strength results
were similar between the laser-treated groups. Furthermore, group T presented one of
the lowest roughness values and still presented the best adhesive performance. This
would indicate that roughness does not have a direct relationship with adhesive strength
and rather, it is the type of treatment that has an influence. Similar results were reported
by Ruales-Carrera et al.% in a previous study, who identified a superior performance of
the group that received tribochemical treatment despite presenting similar roughness
values with the control group.

In addition to the importance of mechanical surface treatments, several studies
point to the need to combine these strategies with the application of agents containing
hydrophobic phosphoric acid monomers such as MDP,>0-546465 which are known to be
capable of enabling chemical bonding to zirconia through the formation of hydrogen or

ionic bonds.>>7

MDP molecules can be found in zirconia-specific primers or also in
universal bonding agents. It is important to consider this difference in presentations since

the silane contained in universal adhesives could have reduced capacity to bond to silica-

enriched surfaces, due to silanol condensation.®®’% This may be reflected in the results
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of group T that was enriched with silica. The results of this group were superior to those
reported in another study with similar configurations in which a universal adhesive was
used instead of a zirconia-specific primer.%

Water storage had a slight effect on the bonded interface, without statistical
significance for most of the groups. Similar data have been reported for both
conventional zirconia’!"’? and high-translucent zirconia®*%> when surface treatments and
chemical bonding through MPD was performed. This would suggest the possibility of
obtaining a durable adhesion resulting from a combination of mechanical and chemical
surface treatments. However, the AO and L30 groups experienced statistically
significant reductions in adhesive values. This may be a result of the potential for
hydrolytic degradation of the interface.® In addition, the absence of silica on the zirconia
surface when sandblasting with aluminum oxide particles and the impossibility of
reaction with the silanol group of the primer could also explain this behavior. A
reduction in adhesive strength after aging, ranging between 24 and 43%, was recently
reported in groups treated with air-particle abrasion and chemical treatment with MDP
on high-translucent zirconia.®

The effect of silica deposition by deep coating did not have the expected effect.
Although other experiences of silica deposition on the surface have shown promise,>%%2
the present study showed different results. When comparing the L.30 group with the
L30s, the results were statistically similar, with no positive effect of silica deposition.
However, on the other hand, when comparing the L100 group with the L100s group,
there was a significant drop in adhesive strength. Finally, the L10s group could not be
evaluated due to the pre-failures that occurred in the sectioning stage. This divergence

of results may be due to the fact that this is the first study to evaluate this strategy on

laser-treated surfaces. In addition, among these new alternatives for silica deposition,
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there is still no standardized protocol, making it difficult to compare results. However,
according to the results, different interactions could be expected depending on the laser
microstructuring patterns tested.

To evaluate bond strength, shear (SBS) and tensile (TBS) tests at macro and
micro (u) scales have been recommended.®”>> Among them, the uTBS test has been
considered as the most suitable method to evaluate bond strength, as it allows better
alignment of specimens, better stress distribution and more sensitive analysis of the
adhesive interface.®7>747%77 However, the main difficulty of the uTBS test lies in the
specimen preparation, especially when zirconia is involved, as the cutting and
preparation of the micro-bars can lead to a high pre-failure rate.'®3*7® Some studies have
shown pre-failure rates during sample preparation reaching 100% in some cases, even
preventing comparison of results.!33478 In the present study, only the L10s group was
prevented from being evaluated due to the pre-failures that occurred. However, through
the methodology used, most of the groups presented reduced pre-failure rates, in
agreement with past experiences.®® In addition, the adhesive strength data obtained by
means of the present methodology were homogeneous and in agreement with those
reported in the literature.

Most of the groups presented a mixed failure mode when they were not aged.
However, once aged, the main failure mode was adhesive. No cohesive failures were
identified. In order to clarify the adhesive behavior of the evaluated groups, in addition
to visually identifying the types of failure (adhesive, cohesive, mixed), the adhesive
remnant area (ARA) was quantitatively measured. The adhesive remnant area of the
group L30 (Not aged: 87.29% + 24.40%; Aged: 77.74% + 41.07%) stood out among the

laser-treated groups. This was also visually identified in the SEM microphotographs,
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evidencing a similar behavior to that of the group that received tribochemical treatment.

Nonetheless, these findings should be further evaluated in future studies.

CONCLUSIONS

Within the limitations of the present study, it was possible to conclude that:

I.

Laser surface microstructuring of high-translucent zirconia showed adhesive
behavior comparable to that obtained with conventional treatment by air
abrasion with aluminum oxide particles. However, this behavior was inferior
to that obtained by tribochemical treatment.

A durable bond strength after water storage was achieved for most of the
groups.

Silica deposition by deep coating did not lead superior results in the groups

treated with laser surface microstructuring.
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Table 1. Experimental groups

Study group | Surface treatment
AO Air-particle abrasion with 50 pm aluminum oxide particles
T Tribochemical treatment with silica coated aluminum oxide particles
(30pm)
L100 Nd: YAG — Pattern: Supergrid
L30 Nd: YAG - Pattern: Grid
L10 Nd: YAG — Pattern: Lines
L100s Nd: YAG — Pattern: Supergrid + Silica deposition
L30s Nd: YAG — Pattern: Grid + Silica deposition
L10s Nd: YAG — Pattern: Lines + Silica deposition




Table 2. selected configurations and microstructure patterns.
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Power Speed Number of  Distance between
Pattern
(%) (mm/s) passes lines (um)
Supergrid* 100 200 1 100
100 180 1 100
100 160 1 100
100 140 1 100
100 120 2 100
100 100 3 100
100 80 4 100
100 60 5 100
100 40 6 100
100 20 7 100
Grid 25 60 20 30
Lines 50 60 1 10

*The supergrid parameters were used sequentially to obtain the established pattern.

According to Faria et al. 2020%°
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Table 3. Surface roughness values (Sa) in micrometers (um) (mean + SD).

Group

Surface Rougness (Sa)

AO

T

L100

L30

L10

L100s

L30s

L10s

0.26 £0.001 #
0.22+0.0212
28.63 £0.585¢
2.23+0.579°
0.99 +0.038 &b
30.53+0.513 4
1.99 £0.226°

0.86+0.031 &°




Table 4. Pre-failure data at sample processing and uTBS Test.

Failure at sample processing

Failure at pTBS Test (%)

Group
(%) Not aged Aged
AO 0.00 0.00 0.00
T 0.00 0.00 0.00
L100 32.96 0.00 0.00
L30 0.00 0.00 0.00
L10 67.38 35.00 45.00
L100s 30.95 25.00 40.00
L30s 4391 0.00 0.00
L10s 100.00 N/A N/A




Table 5. Microtensile bond strength (MPa) (mean = SD) and Weibull modulus (m) (95%

confidence interval).
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Not aged Aged

Group pTBS (MPa) m n pTBS (MPa) m n
AO 15.73 £4.15 bed 3.02 20 6.56 + 3.47 ofe 1.63 20
T 2249 £6.06* 3.85 20 18.13 £5.34 &b 3.01 20
L100 15.71 £5.96 b<d 2.53 20 11.55 +3.84 ede 211 20
L30 16.64 + 6.99 b¢ 1.91 20 7.38 £ 4.56 obe 141 20
L10 10.99 + 6.14 o4 .21 13 10.61 £ 2.74 def 0.38 11
L100s 4.05+2.13¢ 1.55 15 5.04+£1.24%¢ 278 12
L30s 15.26 + 6.43 bed 221 20 11.49 £ 4.93 ede .72 20
L10s N/A NA 0 N/A NA 0




Table 6. Adhesive remnant area (ARA) and recorded failure.
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% of mixed failure* ARA (%)
Group Not aged Aged Not aged Aged
AO 100.00 8.33 75.78 £ 14.87 15.96 + 18.93
T 100.00 90.01 78.34 +£8.90 52.89+33.72
L100 100.00 18.18 54.81+19.93 24.63 +24.81
L30 100.00 77.78 87.29+24.40 77.74 £41.07
L10 50.00 0.00 35.85+33.99 2.54+1.09
L100s 0.00 0.00 5.71+5.83 333+4.48
L30s 90.91 36.36 73.95+28.25 52.72 +48.15
L10s N/A N/A N/A N/A

*The rest percentage represents adhesive failures.



62

Figures
Figure 1. Schematic diagram showing the methodology followed.
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Figure 2. Selected patterns and their representative scanning electron microscopy

images at different magnifications. a) Supergrid, b) grid, c) lines.
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Figure 3. Microtensile bond strength values (MPa) of aged and non-aged groups.
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Figure 4. Representative scanning electron microscopy images of all groups at

X120 magnification. Adhesive remnants can be seen in dark gray.
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3. CONCLUSOES

A microestruturagao a laser da superficie da zirconia de alta translucidez mostrou
um comportamento adesivo compardavel ao obtido com o tratamento
convencional por jateamento com particulas de 6xido de aluminio. Entretanto,

este comportamento foi inferior ao obtido com o tratamento triboquimico.

Uma resisténcia adesiva duradoura ap6s o armazenamento de dgua foi alcangada

para a maioria dos grupos.

A deposicao de silica por processo de recobrimento por inmersdo nao levou a
resultados superiores nos grupos tratados com microestruturagao de superficie a

laser.

A metodologia alternativa proposta para especimens de zirconia parece adequada

para simplificar a implementac¢ao dos testes de microtracao.
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APENDICE A - METODOLOGIA ESTENDIDA

Preparacio dos espécimes e condicionamento de superficie

Espécimes de uma zirconia translucida foram produzidas a partir de uma zirconia
em po estabilizada com 9,41wt% de itria (Zpex Smile, Tosoh, Japao). Os espécimes
foram preparados por meio de prensagem em um molde de 18mm de didmetro onde foi
aplicada uma pressao de 200MPa. Apos, os espécimes foram sinterizados a 1500°C por
8h em um forno (Zirkonofen 700 ultra-vacuum; Zirkonzahn — Gais, Italia) com taxas de
aquecimento e resfriamento de 5° por minuto. As dimensdes finais dos espécimes, apds
a sinterizacao, foram de 14,5mm de diametro e 2mm de altura.

Tratamento mecanico convencional da superficie dos espécimes

Os espécimes de zirconia foram submetidos a tratamento mecanico convencional
por meio de duas estratégias:

A) Jateamento de particulas de 6xido de aluminio (50pum) (Bio Art Dental
Equipment, Sdo Carlos, Brasil) com uma pressdo de 2.5 bar, a 10mm de
distancia da superficie da zirconia, durante 20 segundos.

B) Tratamento triboquimico: jateamento de particulas de 6xido de aluminio
cobertas por silica (30um) (Cojet™ Sand, 3 M ESPE; Irvine, Califérnia), com
uma pressao de 2.5 bar, durante 20 segundos, a uma distancia de 10mm até a
superficie da zirconia.

Os tratamentos de superficie convencionais foram realizados igualmente nos

dois lados dos espécimes de zirconia.

Tratamento da superficie dos espécimes por estruturacio a laser

O tratamento da superficie dos espécimes de zirconia foi realizado utilizando um
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laser Nd:YAG (OEM Plus, Sisma S.p.A, Vicenza - Italia), perpendicular a superficie,
com as seguintes caracteristicas: 6W de poténcia, 1064nm de comprimento de onda,
duragdo de pulso de 36ns, frequéncia de 20kHz e energia de pulso maxima de 0,3mJ.
Diferentes padrdes foram projetados usando o software Inkskape (Software Freedom
Conservancy, Inc., Nova lorque, EUA) e os parametros do laser foram controlados pelo
software Sisma Laser Controller (SLC) (Sisma S.p.A, Vicenza - [talia).

A estruturagdo da superficie a laser foi dividida em duas fases piloto: (1)
avaliacdo dos parametros do laser e, (2) avaliacdo dos projetos de microestruturagio.
Para a fase 1, padrdes lineares simples com separacdo de linhas de 20, 25 e 30pum foram
avaliados sob diferentes parametros arbitrarios de poténcia (%) velocidade (mm/s) e
nimero de passagens (n) a fim de analisar o efeito do laser sobre as superficies de
zirconia. Foram estudados diferentes valores para cada parametro: poténcia (25, 50,
100); velocidade (64, 128, 256); e o numero de passagens (10, 20, 40). As combinagdes

de todos estes parametros foram realizadas em pequena escala (Figura 1).
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Fig. 1. Combinag¢do de padrdes em pequena escala.

A morfologia da superficie de zirconia obtida na fase 1 da estruturag@o a laser
foi avaliada por meio de microscopia eletronica de varredura (MEV) (ITACHITM3030,
Krefeld, Alemanha). Foram encontradas morfologias diferentes em relagdo aos
diferentes parametros testados. Entre eles, algumas combinagdes permitiram mudangas

morfoldgicas apropriadas, padrdes bem definidos, formagdo de poros e formagdo
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minima de microfissuras na superficie de zirconia (Figura 2).

46Pa x30 B ——

Fig. 2. Imagens representativas por microscopia eletronica de varredura dos
espécimes tratadas na fase 1. A) Padrdes em pequena escala de diferentes combinagdes
de parametros. B) Padrdo nao bem definido apds estruturacao a laser (P 50; S 256; n 20).
C) Padrao bem definido na superficie de zirconia apos estruturacao a laser (P 25; S 64;

n 20)

Com base nos resultados da fase 1, foram definidos parametros de poténcia total
(PPT) de 8J/mm para os padrdes com maior distancia entre as linhas, no entanto,
0,8J/mm foi definido para os padrdes com linhas mais proximas. Para essa finalidade,

foi utilizada a seguinte equagao:

A A . Poténcia x Nimero de passagens
Parametros de Poténcia Total (PPT) = S olocida dep 972 [J/mm]

Foram feitos pequenos ajustes para trabalhar com numeros inteiros como

detalhado na Tabela 1.



Tabela 1 - Parametros de lasers testados na fase 2.

Poténcia Velocidade Numero de
PPT
(%) mm/s Passagens
25 60 20
8 J/mm
100 200 16
100 100 8
100 50 4
0.8 J/mm 50 60 1
100 120 1
100 250 2
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Igualmente, os resultados da fase 1 permitiram a criacdo de trés projetos de

microestruturacao lineares baseados em experiéncias previas: super grade (configuragado

reticulada com 16 linhas em cada dire¢ao) (FARIA et al., 2020); grade e linhas, (Figura

3) para serem avaliados na fase 2 a fim de obter padroes macro e micro. Grades e linhas

com um espago entre elas variando de 3um a 100pm foram projetadas para este fim.
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Fig. 3. Padrdes lineares para texturizar a superficie da zirconia. A) super grade,

B) grade e C) linhas.
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Baseado nos mesmos parametros avaliados na fase 1 (morfoldgicas apropriadas,
padrdes bem definidos, formagdo de poros e formacdo minima de micro fissuras na
superficie de zirconia), foi possivel selecionar os parametros de laser mais apropriados

para cada um dos padrdes testados (A, B, C) (Tabela 2)

Tabela 2 - Parametros selecionados para cada padrdo apods analise da fase 2.

Poténcia  Velocidade Numero de Distincia entre as
Padrao
(%) (mm/s) Passagens linhas (um)
Super Grade* 100 200 1 100
100 180 1 100
100 160 1 100
100 140 1 100
100 120 2 100
100 100 3 100
100 80 4 100
100 60 5 100
100 40 6 100
100 20 7 100
Grade 25 60 20 30
Linhas 50 60 1 10

* Os parametros da Super Grade foram utilizados sequencialmente para obter o padrao

estabelecido. Baseado no trabalho de FARIA et al., 2020.

Uma vez definidos os tratamentos de superficie por estruturacdo a laser, os
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espécimes de zircOnia receberam o tratamento com os mesmos parametros e padroes nos

dois lados (Figura 4).

Fig. 4. Imagens representativas de microscopia eletronica de varredura em
diferentes ampliacdes dos tratamentos de superficie definidos apds andlise da fase 2.
Foram identificadas mudangas na morfologia da superficie para cada projeto linear. A)

super grade, B) grade e C) linhas.

Apos a estruturacdo do laser, a superficie da zirconia adquiriu uma cor escura,
pois uma pequena camada de materiais perde oxigénio devido as altas temperaturas e
taxas de resfriamento rapido. Para conseguir a recuperagdo de oxigénio e restaurar a cor
caracteristica da zirconia, um tratamento térmico a 900°C durante 30 min foi aplicado
(Chamber furnace, Termolab, Agueda — Portugal).

Deposicao de Silica
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Nanoparticulas de silica foram obtidas através da ablagdo a laser de um alvo de
placas de silicio usando um laser Nd:YAG de alta poténcia (OEM Plus, Sisma S.p.A,
Vicenza - Itdlia) (MADEIRA et al., 2020) com uma poténcia de saida de 6W, um
tamanho de ponto de 3mm, uma largura de pulso de 35ns, operado a taxa de repeticao
de 20kHz. A poténcia do laser foi de 0,3mJ/pulso e o comprimento de onda fundamental
utilizado foi de 1064nm, o raio laser foi focalizado na superficie de silicio usando uma
lente de quartzo fundido (f = 160mm). A placa silicio foi colocada dentro de um
recipiente de vidro contendo etanol em um volume de 10mL com o objetivo de cobrir o
alvo 7mm acima. Durante a ablagdo, o etanol foi agitado para manter as particulas

abladas fora do caminho do feixe em um processo com duragao de 11 min (Figura 5).

<« | aser beam

P o Glass vessel

o Deionized water

Target material

+—— Sample holder

Fig. 5. Representacdo esquematica da técnica de ablagdo a laser em meios

liquidos

As nanoparticulas obtidas foram depositadas, através de um processo de reco. Os
espécimes foram submersos cinco vezes na solugdo enriquecida com silica e deixadas
secar a temperatura ambiente (20°C). Apos realizar o recobrimento por inmersao, oS

espécimes foram submetidos a duas estratégias para a fixacdo das nanoparticulas: (1)
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sinterizagdo utilizando um laser de CO:2 de onda continua (BD-30C, Bende, China) ou
(2) sinterizagdo convencional a 1500°C durante 8h com uma taxa de aquecimento de
5°C/min (Zirkonofen 700 ultra-vacuo; Zirkonzahn — Gais, Italia).

As estratégias de deposicdo de silica ofereceram resultados diferentes com
relacdo ao mecanismo de sinterizagdo empregado apds o recobrimento por inmersao. A
formagdo de microfissuras e uma perda da morfologia obtida foi evidenciada apds a
sinterizagdo de COz. Por outro lado, uma superficie melhor mantida e uma deposigao

homogénea de silica foi evidente apds a sinteriza¢do convencional no forno (Figura 6).

Fig. 6. Imagens de microscopia eletronica de varredura representativa dos
espécimes apos a deposi¢do de silica através de recobrimento por inmersdo. A)
Formacgao de microfissuras e perda das caracteristicas da superficie apos a sinterizagao
de CO2. B) Melhor manutencgao da morfologia e distribui¢do de silica sobre a superficie

apOs a sinterizacdo convencional no forno.

Uma vez evidenciada a melhor estratégia (sinterizagdo convencional no forno),

metade dos espécimes que receberam tratamento mecanico por estruturagdo a laser

foram adicionalmente tratadas com deposi¢ao de silica na superficie.

Divisao dos grupos
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Os espécimes de zirconia altamente transliicida foram separados em grupos, de
acordo com os tratamentos de superficie empregados (Tabela 3):
Tabela 3 - Divisdo dos grupos experimentais de acordo com o tipo de tratamento

de superficie.

Grupo Tratamento de Superficie
AO Jateamento com particulas de 6xido de aluminio (50pum)
T Tratamento triboquimico com particulas de 6xido de aluminio

cobertas por silica (50um)

L100 Nd:YAG — Padrao: Super grade

L30 Nd:YAG — Padrdo: Grade

L10 Nd:YAG — Padrao: Linhas
L100s Nd:YAG + Deposicao de SiO2 — Padrao: Super grade
L30s Nd:YAG + Deposi¢ao de SiO2 — Padrao: Grade
L10s Nd:YAG + Deposi¢ao de SiO2 — Padrao: Linhas

Caracterizacido dos espécimes

Rugosidade superficial

Espécimes adicionais foram obtidos de todos os grupos para a andlise de
rugosidade. Foi avaliado o parametro de rugosidade superficial (Sa), que consiste no
valor da média aritmética entre os valores de altura do pico e vale no perfil efetivo de
rugosidade das superficies de zirconia. A avaliagdo da rugosidade superficial foi
realizada utilizando um interferometro de luz branca (Newview 7300, Zygo Corporation

- Connecticut, EE.UU.) com uma amplia¢io que cobre uma area de 4mm?. Foi
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determinado o desvio médio aritmético do perfil de rugosidade (Sa) para cada espécime,

com base em 48 medidas lineares.

Difracéio de raios X

Os espécimes de todos os grupos foram submetidos a quantificagdo de fases
cristalograficas usando a andlise de difra¢do de raios X (DRX). Os espectros de DRX
foram coletados usando um difratometro de raios X (XRD D8 Advance, Bruker
Corporation — Massachusetts, EE.UU.), a 40 kV e 30 mA, utilizando a radiagdo CuKa.
A faixa de angulos do 26 foi de 20 a 80, com um passo de 0,021 e um tempo de passo

de 2 segundos.

Procedimento adesivos e processamento dos espécimes

Para realizar a cimenta¢do adesiva, foram fabricados espécimes de resina
(Opallis; FGM, Joinville, Brasil) com dimensdes de 10,0 x 10,0 x 6,0mm? (Figura 7).
Estes espécimes foram polidos com papéis de carboneto de silicio de 400 grios e depois

limpos por ultrassom com agua destilada por 20 minutos.

Fig. 7. Molde de silicone para a confec¢do de blocos de resina composta. Bloco

de resina composta com dimensdes de 10 x 10 x 6mm.

Em seguida, a cimentacdo adesiva entre os espécimes de resina e os exemplares
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de zirconia foi realizada utilizando um primer para ceramica com conteido de MDP
(Clearfill; Kuraray Noritake Dental Inc., Toquio, Japao) e um cimento de resina de
polimerizacdo dual com conteido de MDP (PANAVIA™ F 2.0; Kuraray Noritake
Dental Inc., Toquio, Japao), seguindo as instru¢des do fabricante. Os espécimes de
zirconia receberam os agentes adesivos em ambos lados para depois serem unidos aos
blocos de resina sob uma carga fixa de 20N. O excesso de cimento resinoso foi removido
com um pincel e, em seguida, cada lado dos exemplares foi fotopolimerizado por 40
segundos com uma unidade de polimerizagdo LED (Optilight Max; Gnatus
Equipamentos Médico-Odontologicos, Sao Paulo, Brasil) com uma luz com intensidade
de 1200 mW/cm?. Os conjuntos (resina + zirconia + resina) foram deixados em descanso
por 5 minutos para completar a autopolimerizagdo. As montagens, em um niimero de 6
para cada grupo, foram armazenadas em dgua destilada a uma temperatura de 37°C antes
de serem seccionadas.

Microbarras com éreas de sec¢do transversal de Imm? foram obtidas por meio
de duas sec¢des perpendiculares usando um dispositivo de corte de precisao (Isomet;
Buehler, An ITW Company, IL, EUA) e um disco revestido de diamante (IsoMet Blade,

15HC, 127mm; Buehler, An ITW Company, IL, EUA) (Figura 8).

Fig. 8. Barras com érea de cimentagio de aproximadamente de 1mm?.

Durante o corte foi utilizada uma refrigeracdo abundante de agua, e foi realizada
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com uma velocidade méaxima de 300rpm para reduzir a perda de microbarras (Figura 9).

Os dados pré-falha foram coletados durante essa etapa.

Fig. 9. Blocos incluidos em godiva sendo seccionados com a maquina de corte
em baixa velocidade. E observada a presenga de polivinilsiloxano em consisténcia leve

entre o espaco criado pelos primeiros cortes para facilitar os seguintes transversais.

Envelhecimento dos espécimes
Metade das microbarras de cada grupo foram armazenadas em 4gua destilada a
temperatura ambiente durante 24 horas antes do teste microtracao. A outra metade foi

submetida ao envelhecimento por meio de armazenamento em agua por 365 dias.
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Teste de microtracao (nTBS)

A area das microbarras foi mensurada usando um paquimetro digital (Figura 10),
e depois, foram aderidas na unidade de fixacao usando cola de cianoacrilato (Almasuper;
Almata Ind. e Com. Ltda., Curitiba, Brasil) com o cuidado de localizar igualmente as

interfaces resina-zirconia no espago livre da unidade de fixagao.

Fig. 10. Area transversal das barras sendo mensurada com paquimetro digital.

O teste de microtragdo foi realizado em uma maquina de teste universal (Instron
4444; Tllinois Tool Works Inc., MA, EUA) a uma velocidade de 1.0mm/minuto (Figura

11). Dados de pré-falha foram coletados durante a condugao do teste.

r
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Fig. 11. Microbarra posicionada na unidade de fixac¢do sendo testada na maquina

universal de ensaios.

Microscopia eletronica de varredura e analise da interface adesiva

Todas as microbarras fraturadas foram revestidas com ouro e examinadas em
um microscopio eletronico de varredura (MEV) (HITACHI Tabletop Microscope
TM3030; Hitachi, Ltd., Tokyo, Japao) para avaliar se as falhas eram adesivas (falha total
ou parcial no adesivo ou descolamento do adesivo da superficie), coesivas (falha parcial
ou total na superficie da zirconia ou na resina), ou mistas (combinagdo de falha adesiva
e coesiva). Embora houvesse duas interfaces adesivas, apenas o lado que sofreu a falha
foi avaliado. Também foi realizada uma avaliagdo quantitativa da area remanescente do
adesivo (ARA) usando o software de analise de imagens de fonte aberta ImageJ (Version

1.51m9; National Institutes of Health, MD, EUA).

Analise de dados

Para analisar a rugosidade superficial, os valores de Sa de cada espécime foram
avaliados. As fracdes de fase de zirconia foram identificadas pelo método de
refinamento Rietveld usando o software MAUD (Materials Analysis Using Diffraction).
No caso da resisténcia a flexdo, a tensdo de tragdo maxima o max foi analisada. Os
valores de resisténcia adesiva (em MPa) foram mensurados calculando a forga aplicada
no momento da falha (Newton), dividida pela 4rea da seccdo transversal (em mm?),
também o mddulo de Weibull (m) foi calculado a partir dos valores de resisténcia
adesiva (MPa). Para todos os testes listados, as diferencas entre as médias foram
analisadas utilizando os testes unidirecionais da ANOVA e Tukey (a=.05).

Os valores de ARA foram obtidos a partir das areas preenchidas pelo agente
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cimentante de cada microbarra ap0s a fratura. Em seguida, as areas foram transformadas

em porcentagens € a média e o desvio padrao para cada grupo foram calculados.
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APENDICE B - TABELAS DE RESULTADOS

Tabela 4 - Valores de rugosidade de superficie (Sa) em micrometros (um) (média = SD).

Grupo

Rugosidade de superficie (Sa)

AO

T

L100

L30

L10

L100s

L30s

L10s

0,26 + 0,001 @
0,22+ 0,021 @
28,63 £0,585¢
2,23+0,579°
0,99 + 0,038 &P
30,53 +0,513 4
1,99 £ 0,226 ®

0,86 + 0,031 &P
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Tabela 5 - Dados de pré-falha durante processamento dos espécimes e durante o teste de

microtragao.
Pré-falha - Pré-falha - teste de microtracao (%)
Grupo
processamento (%) | Nao envelhecidos Envelhecidos

AO 0,00 0,00 0,00
T 0,00 0,00 0,00
L100 32,96 0,00 0,00
L30 0,00 0,00 0,00
L10 67,38 35,00 45,00
L100s 30,95 25,00 40,00
L30s 43,91 0,00 0,00
L10s 100,00 N/A N/A
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Tabela 6 - Resisténcia adesiva (MPa) (média + SD) e modulo de Weibull (m) (intervalo

de confiancga de 95%).
Nao envelhecidos Envelhecidos

Grupo Resisténcia adesiva (MPa) m n | Resisténcia adesiva (MPa) m
AO 15,73 £ 4,15 bed 3,02 20 6,56 + 3,47 obe 1,63
T 22,49 £6,06° 3,85 20 18,13 £ 5,34 &b 3,01
L100 15,71 £ 5,96 bed 2,53 20 11,55 + 3,84 ede 2,11
L30 16,64 + 6,99 bc 1,91 20 7,38 + 4,56 &be 1,41
L10 10,99 + 6,14 cde 1,21 13 10,61 £ 2,74 dof 0,38
L100s 4,05+2,13¢ 1,55 15 5,04 £ 1,24 fe 2,78
L30s 15,26 + 6,43 bed 2,21 20 11,49 £ 4,93 cde 1,72
L10s N/A N/A 0 N/A N/A

20

20

20

20

11

12

20
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Tabela 7 - Area adesiva remanescente (ARA) e percentual de falha registrada.

% de falhas mistas* ARA (%)
Grupo Nio envelhecidos Envelhecidos | Nao envelhecidos Envelhecidos
AO 100,00 8,33 75,78 + 14,87 15,96 + 18,93
T 100,00 90,01 78,34 + 8,90 52,89 + 33,72
L100 100,00 18,18 54,81 + 19,93 24,63 + 24,81
L30 100,00 77,78 87,29 + 24,40 77,74 +£ 41,07
L10 50,00 0,00 35,85+33,99 2,54+ 1,09
L100s 0,00 0,00 5,71 + 5,83 3,33 £4,48
L30s 90,91 36,36 73,95 + 28,25 52,72 + 48,15
L10s N/A N/A N/A N/A

* A porcentagem restante representa falhas adesivas.
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AN UPDATE OF CURRENT KNOWLEDGE ON
ADHESION TO ZIRCONIA DENTAL
RESTORATIONS

M. L.P.D.Englerl, E. Ruales! ,M. Ozcan?

and C.A. M. Volpatol >

lDepartment of Dentistry, Federal University of Santa Catarina,
Floriandpolis, Brazil

2Derjl‘[al Materials Unit, Center for Dental and Oral Medicine,
Clinic for Fixed and Removable Prosthodontics and Dental Materials Science,
University of Zurich, Zurich, Switzerland

Abstract

Yttria-stabilized tetragonal zirconia polycrystal (Y-TZP) has been used in dentistry in
order to manufacture prosthetic frameworks, monolithic crowns and implant abutments due to
its superior mechanical properties, biocompatibility, chemical stability and appropriate
aesthetics as opposed to other materials. The survival of dental ceramic restorations depends on
durable bond strength between the restorative material, composite resin luting cement and the
tooth surface. However, it is difficult to establish a durable mechanical or chemical adhesion in
zirconia-based prostheses since yttrium-stabilized zirconia is an oxide ceramic that does not
contain silicon dioxide (S102) phase in its microstructure. In order to achieve strong and

reliable adhesion between resin composite luting cements and zirconia surfaces, it is crucial to

* E-mail address: claudia.m.volpato@ufsc.br (Corresponding author).
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1 | INTRODUCTION

| Claudia A. M. Volpato DDS, MSc, PhD®

Abstract

Objective: Evaluate the adhesive behavior of conventional and high-translucent
zirconia after surface conditioning and hydrothermal aging.

Materials and Methods: Conventional (ZrC) and high-translucent zirconia (ZrT) speci-
mens were divided into six groups: without surface treatment (ZrC and ZrT), air-
borne particle abrasion with 50-pm Al,O, sized particles (ZrC-AQ and ZrT-AD), and
tribochemical treatment with 30-pm silica modified Al.O; sized particles (ZrC-T and
ZrT-T). Zirconia specimens were treated using an MDP-containing universal adhesive
and bonded to two resins blocks with an adhesive luting cement. Microbar specimens
with cross-sectioned areas of 1 mm? were achieved. Half of the microbars were sub-
jected to hydrothermal aging. Bond strength was evaluated by microtensile bond
strength test and statistically evaluated by the Weibull analysis.

Results: Roughness of the ZrC-AO and ZrT-AO groups were statistically higher. Bond
strength analysis revealed higher bond strength for ZrC-AQO and ZrC-T groups com-
pared to ZrT-AO and ZrT-T, respectively. Mixed failure was the most frequent for
the mechanically treated groups, while no cohesive failures were obtained.
Conclusion: Lower values of bond strength were obtained for the mechanically
treated high-translucent zirconia groups when compared to their conventional zirco-
nia counterparts. Mechanical surface treatment significantly improved the bond
strength to conventional and high-translucent zirconia.

Clinical Significance: Mechanical surface treatment (air-borne particle abrasion or tri-
bochemical treatment) associated with the use of universal adhesives containing
MDP could provide a durable bonding to conventional and high-translucent zirconia.

KEYWORDS
adhesive cementation, high-translucent zirconia, microtensile bond strength

materials for use as prosthetic frameworks and implant abutments.**

Although 3Y-TZP (first generation zirconia) is still the most used by
Due to its superior mechanical properties, yttria-stabilized tetragonal clinicians, the fact that it is white and opague greatly reduces its clini-

zirconia polycrystal (3Y-TZP) is one of the most suitable ceramic cal indications.® In order to minimize such optical limitations,

J Esthet Restor Dent. 2019,1-10, wileyonlinelibrary.com/journal/jerd D 2017 Wiley Periodicals, Inc. l 1



Optical Behavior of Zirconia-Based
Restorations Over Teeth and Implants
in the Esthetic Zone: A Clinical Report

Caroline F. Rafael, DDS, MSc, PhD; Rodrigo M. Ferreira, DDS, MSc Student; Bernardo B. Passoni, DDS, MSc, PhD;
Edwin Ruales-Carrera, DDS, MSc, PhD Student; Cesar A. Benfatti, DDS, MSc, PhD; Anja Liebermann, DDS, MSc, PhD; and
Claudia A. Volpato, DDS, MSc, PhD

Abstract: While various zirconia-based alternatives are available today for the restoration of teeth and im-
plants in the esthetic zone, each treatment approach could result in different optical behavior. To clinically
demonstrate these differences, this case report describes a rehabilitation in the esthetic zone using several
options of teeth- and implant-supported restorations. Conventional veneered zirconia crowns, high-trans-
lucent monolithic zirconia crowns, and minimally veneered high-translucent zirconia crowns were pro-
posed and assessed under different light sources before cementation. The patient and clinical team achieved
consensus on the minimally veneered high-translucent zirconia crowns, which were then cemented and have

performed well over both tooth and implant substrates.

oday in dentistry minimally invasive tooth extrac-

tion followed by immediate implant placement is a

frequently used technigue to replace compromised

teeth."” Recommendations that have been discussed in

the literature for obtaining predictable results include
avoiding the use of flap releasing.” minimizing trauma during tooth
extraction, placing the implant in a palatal position, and filling
the bone-implant gap with bone substitute to preserve the buccal
wall."* Adherence to these recommendations combined with the
use of Morse-tapered frictional implants should lead to improved
biological results with regard to soft- and hard-tissue stability.!
However, even with an optimally appearing pink esthetic, obtaining
aglobal esthetic result over teeth and implants is highly dependent
on, ameng other things, the choice of restorative material.

Along with the advancement of CAD/CAM technologies, new ce-
ramic materials have been introduced to overcome some limitations
of metal -ceramic restorations.” For example, zirconia-based materi-
als are widely used in dental practice because of their good optical
and mechanical differentiation properties Allotropic characteristics
of zirconia allow this material to exist in different crystalline phases
dependingon the temperature.” Yitria-stabilized tetragonal zirconia
polyerystal (Y-TZP), which is the most-used zirconia, contains 1 to
236
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3 mol% vitrium oxide to allow it to maintain its tetragonal phase at
room temperature and show high fracture strength (> 1 GPa) and
toughness (>4-6 MPa / m').* Y-TZP is versatile, ranging in appli-
cations from fixed dental prostheses (FDPs), to intracanal posts, to
orthodontic brackets, and implants and implant abutments ™"

Even conventional, or first-generation, zirconia continues to be
widely used. It presents some optical limitations, which are mainly
related to its white opaque color and reduced transmittance and
lack of fluorescence, which are key aspects to recreating natural-
appearing restorations.""

Toenable conventional zirconia to achieve natural shade, fluores-
cence, and opalescence characteristics, veneering with feldspathic
ceramics emerged as an option.” High rates of veneer chipping, how-
ever, are prevalent in bilaminar prostheses, compromising final reha-
bilitation treatments.” To overcome this problem and avoid chipping,
zirconia monolithic restorations are presently frequently indicated.
More recently, high-translucent or third-generation zirconia has
been introduced with major modifications in its microstructure for
the fabrication of monaolithic esthetic restorations. These modifica-
tions include smaller particle size, higher density, and the presence
of up to 53% cubic zirconia in its composition due to an increase of
yitrium oxide (approximately 9.3 wit%,5 mol%)." 5

Volume 42, Number 5
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Chemical tempering of feldspathic porcelain for dentistry applications:

A review
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ARTICLEINFO ABSTRACT

Keywords:

Feldspathic porcelains
Dental ceramics
Chemical tempering
lon exchange

Feldspathic porcelains are the most used ceramics for esthetic dental restorations due to their superior optical
properties and their adhesive behavior, standing out among all the others. However, their mechanical perfor-
mance is usually not appropriate enough for the oral environment, being chipping and fracture the most
commonly reported failures. Different approaches have been suggested to improve their mechanical behavior,
including chemical tempering by ion exchange. However, the highlighting of other materials drew attention to

this promising process, missing the opportunity to take advantage of the esthetic and adhesive characteristics of
feldspathic porcelains in more demanding situations. Chemical tempering by ion exchange has evolved with
remarkable improvements, offering new possibilities for feldspathic porcelains. Thus, a contemporary critical

perspective is presented.

1. Introduction

Feldspathic porcelains are the most used ceramic materials in
dentistry for the manufacture of indirect restorations (inlays, onlays,
and veneers), and as a veneering material for bilayer prostheses over
metallic or ceramic infrastructures [1,2]. This is due to their superior
optical properties, which allow technicians to simulate the color,
translucency, and fluorescence of natural teeth [ 3]. Moreover, porcelain
also exhibits good chemical stability, elevated wear resistance, radio-
pacity, biocompatibility [4,5], as well as outstanding adhesive charac-
teristics [6,7].

‘When indirect feldspathic porcelain restorations are subjected to oral
function, they may fail due to microleakage or debonding; however,
chipping or fracture have been reported as the most frequent causes of
failure [8]. A cumulative survival rate of around 60% for feldspathic
onlays and feldspathic veneers after 6 and 10 vears respectively was
reported in the literature, with fractures being the cause of failure in
16% of onlays and 11% of veneers [2,10], Clinical studies have reported
fracture rates up to 48% of feldspathic inlays during evaluation periods
of up to 3 years [11,12].

In some critical scenarios, the thickness of the ceramic restorations
should be minimal (between 0.4 and 0.6 mm) [!3]. These thin resto-
rations nowadays are more frequent in the clinical practice, as there is an
increase of patients facing tooth wear rather than cavities or other more
serious problems [14,15]. Therefore, the risks of crack development
could be higher [13,16]. It has been reported that 75% of ultrathin
restorations (0.4 mm) presented extensive failures that could even lead
to catastrophic failures involving healthy dental tissues [13].

These failures, which involve chipping and fractures, are related to
the brittle nature of ceramic materials, which can withstand little or no
plastie strain [17-19]. Brittle materials are characterized by breaking
well below the yield point. Consequently, they have a low capacity to
resist impact and load vibration, high compressive strength, and low
tensile strength [15-20]. Flaws, especially those located at the surface of
the restorations, act as stress concentrators, and catastrophic fractures
may occur when the stress intensity at the crack tip is greater than the
material resistance to crack propagation [21]. Such limitations restrict
the clinical use of feldspathic porcelains in more extensive and complex
prostheses, missing the opportunity to take advantage of its esthetic and
adhesive characteristics.
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