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RESUMO

Zircbnia tradicional apresenta coloracdo branca e ndo possui
fluorescéncia, limitando a mimetizagdo da cor natural em préteses
dentarias. Procedimentos laboratoriais tais como imersdo em liquidos de
pigmentacdo e/ou fluorescente podem ser utilizados para contornar tais
limitagBes. Porém, pouca informacdo sobre o efeito do uso desses
liquidos, assim como do envelhecimento, nas propriedades Opticas da
zircOnia estdo descritos na literatura.

Objetivo — Avaliar as diferencas de cor e o grau de fluorescéncia de
zirconia tratada com liquidos de pigmentacdo e fluorescente
previamente e ap0s protocolo de envelhecimento acelerado.

Material e métodos — Quarenta espécimes de zircOnia tetragonal
policristalina (3Y-TZP, Prettau Zirconia, Zirkonzahn, Italia) foram
fabricados (12mm diametro e 2.0mm espessura). Dez discos nao
receberam nenhum tratamento (controle); 10 foram tratados com liquido
de pigmentacdo (A2); 10 com liquido fluorescente (fluorescente); e 10
com ambos, liquido de pigmentacdo e fluorescente (A2 fluorescente).
As coordenadas L*a*b* foram obtidas por um espectrofotdmetro antes
do envelhecimento (To) e o grau de fluorescéncia foi medido com um
equipamento de medicdo de fluorescéncia. Os discos foram submetidos
a um protocolo de envelhecimento acelerado durante 1 hora (T1) e 5
horas (T2). Novas mensuracGes foram feitas apds cada tempo de
envelhecimento. Os graus de fluorescéncia foram obtidos em
percentagem e analisados com o teste ANOVA a um critério. Diferencas
de cor (AEgqo) foram calculadas por meio da formula de diferencas de cor
CIEDE2000, e estatisticamente analisados com ANOVA a um critério,
assim como as diferencas em luminosidade (AL’), croma (AC’) e matiz
(AH”), que foram analisados estatisticamente com ANOVA
multivaridvel. Comparac¢es multiplas foram realizadas teste de Tukey
(0=0.05).

Resultados — Diferencas de cor foram observadas quando discos de 3Y-
TZP foram tratados com liquido de pigmentacdo (AEw=7.91) e
fluorescente (AEqo=5.81), assim como com ambos os liquidos
(AEgo=5.52). O envelhecimento acelerado resultou em diferencas de cor
no grupo A2 T, (AEg=6.74), e em ambos o0s tempos analisados no
grupo fluorescente (T1 - AE=8.59 e T, - AEq=8.47) e no grupo A2
fluorescente (T1 - AEe=7.78 e T, - AE=8.74), entretanto ndo
influenciou significativamente os graus de fluorescéncia (Grupo
controle: To=0%, T1=1.94%, T»,=1.0%; A2: To=0%, T1=0.59%, T»,=0%;



fluorescente: To=20%, T:=14.51%, T,=13.25%; e A2 fluorescente:
To=3.0%, T1=2.0%, T2=1.0%).

Conclusbes — Diferencas estatisticas para cor, luminosidade, croma e
matiz foram observadas em todos 0s grupos testados, antes e depois do
envelhecimento. Diferencas estatisticas no grau de fluorescéncia foram
observadas somente no grupo fluorescente (p<0.001) e a fluorescéncia
ndo foi influenciada pelo envelhecimento acelerado (p=0.05).
Implicagdes clinicas — Conhecimento sobre o uso dos liquidos de
pigmentacdo e fluorescente é necessario para o uso da 3Y-TZP como
um material restaurador. Adicionalmente, é necessario compreender o
efeito do envelhecimento nas propriedades Opticas da zirconia
pigmentada e fluorescente para o seu uso clinico.

Palavras-chave: Propriedades Opticas; Restauracdes ceramicas;
Zirconia; Estética.



ABSTRACT

State of Problem — Traditional zirconia presents an opaque white color
and no fluorescence, limiting the color match of dental prostheses.
Laboratorial procedures as immersion in colour and fluorescence liquids
can be used to contour these limitations. However, little information
about the effect of these liquids, as well as of the aging, on the optical
properties of zirconia is described in the literature.

Purpose — Evaluate the color differences and fluorescence degree of
zirconia treated with colour and fluorescence liquids before and after
accelerated aging protocol.

Material and methods — Forty disk-shaped specimens of zirconia
tetragonal polycrystalline (Prettau Zirconia, Zirkonzahn, Italy) were
fabricated (12mm diameter and 2.0mm thickness). Ten disks did not
receive any treatment (control); 10 were treated with colour liquid (A2);
ten with fluorescence liquid (fluorescent); and 10 with both, fluorescent
and colour liquid (A2 fluorescent). The L*a*b* coordinates before
aging (To) were obtained with a spectrophotometer and the fluorescence
degree with a fluorescence equipment. The disks were subjected to
accelerate aging protocol during 1 hour (Ti) and 5 hours (T2).
Measurements were made before and after each aging time. Color
differences (AEqo) were calculated by CIEDE2000 color difference
formula, and statistically analyzed by one-way ANOVA, as well as
lightness (AL’), chroma (AC’) and hue differences (AH’), however,
statistically analyzed by multivariate ANOVA. Fluorescence degrees
were obtained as percentage and analyzed by one-way ANOVA.
Multiple comparisons were performed by Tukey’s test (6¢=0.05).

Results — Color differences were observed when 3Y-TZP disks were
treated with colour (AEe=7.91) and fluorescent (AEw=5.81) liquid, as
well as both liquids combined (AE=5.52). Accelerated aging resulted
in color differences in To A2 group (AEq=6.74), and in both times
evaluated in fluorescent (T1 - AEq=8.59 and T, - AEw=8.47) and A2
fluorescent group (T1 - AEg=7.78 and T, - AEq=8.74) however does
not influenced significantly in fluorescence degrees (Control group:
To=0%, T1=1.94%, T,=1.0%; A2: T¢=0%, T:1=0.59%, T»=0%;
fluorescent: To=20%, T:1=14.51%, T,=13.25%; and A2 fluorescent:
T0=3.0%, T1=2.0%, T»=1.0%. Use of fluorescence liquid influenced in
fluorescence degree of fluorescent group (To=20%).

Conclusions — Statistical color, lightness, chroma and hue difference
were achieved in all tested groups, before and after aging (p<0.001).



Fluorescence degrees were statistically different only in fluorescent
group (p<0.001) and were not influenced by accelerated aging (p=0.05).
Clinical Implications - Knowledge about the use of colour and
fluorescence liquids are necessary to use 3Y-TZP as restorative
material. Moreover, it is necessary to understand the effect of low
degradation on the optical properties of colored and fluorescent zirconia.

Keywords: Optical properties. All-ceramic. Zirconia. Esthetic
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1 INTRODUCAO

Alcancar resultados estéticos e naturais em Odontologia ¢ um
constante desafio para cirurgides-dentistas e técnicos de laboratorio
(Chang et al.,2011). A busca pelo mimetismo com os dentes naturais
tem levado ao uso crescente de restauracdes totalmente ceramicas em
relagdo as tradicionais coroas metalocerdmicas, que representaram, por
muitos anos, o “padrio ouro” da Odontologia Restauradora (Walton,
1999; Wettstein et al.; 2008). Isso se deve ao fato de que, restauragdes
metalocerdmicas apresentam uma infraestrutura metélica que necessita
ser mascarada por ceramicas de revestimento mais opacas. Porém, tanto
0 metal acinzentado, quanto a cerdmica opaca, sdo fatores limitantes
para uma adequada reprodugdo das caracteristicas Opticas dos dentes
naturais (Walton, 1999; Wettstein et al.; 2008).

Na Implantodontia, pilares a base de titdnio também tém sido
considerados “padrao-ouro” em fungdo de sua excelente estabilidade e
integracdo biol6gica (Abrahamsson et al.; 1998). Porém, a cor metalica
desses pilares pode comprometer a estética, especialmente em pacientes
com “sorriso gengival”, linha alta de sorriso e biotipo gengival fino
(Yildirim et al., 2000; Glauser et al., 2004; Holst et al., 2005), podendo
resultar em uma é&rea acinzentada sob o tecido mole e,
consequentemente, uma aparéncia estética ndo natural (Levin et al.;
2005). Essa limitagdo pode ser explicada pelo fato de que, restauragdes
gue apresentam infraestrutura metalica somente absorvem ou refletem a
luz, enquanto que os dentes naturais permitem que a luz passe por eles,
em funcdo do seu maior grau de translucidez (Raptis, Michalakis e
Hirayama; 2006).
Com o objetivo de contornar tais limitacGes dpticas, sistemas ceramicos
tém sido amplamente indicados e utilizados em préteses convencionais
e sobre implantes (Raigrodski et al., 2006; Miyazaki et al., 2013;
Matsuzuki et al., 2015). Isso se deve as indmeras vantagens inerentes
aos materiais ceramicos, tais como: estética adequada; estabilidade
cromatica; biocompatibilidade; baixa retencdo de placa bacteriana e
absorcdo de fluidos; dureza; resisténcia ao desgaste; baixa conducdo
térmica e inércia quimica (Zarone, Russo e Sorrentino, 2011; Vichi et
al.,, 2015). Em Implantodontia, o uso de pilares ceramicos alia boas
propriedades mecéanicas e biolégicas a uma adequada estética (Conrad et
al., 2007). Tais pilares apresentam resultados estéticos superiores tanto
para a confeccdo da futura coroa, como para os tecidos moles adjacentes
(Happe et al.,2013).
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Os primeiros pilares ceramicos introduzidos no mercado odontolégico
foram confeccionados em alumina e apresentavam propriedades Gpticas
satisfatérias. Porém, devido as propriedades mecanicas insatisfatorias,
novos desenhos e materiais para pilares ceramicos passaram a ser
investigados (Ralf-J Kohal; 2008). Atualmente, o material cerdmico
mais utilizado para a confeccdo de pilares é a zirconia, pois, além de
biocompatibilidade e bioinércia, ela apresenta boas propriedades
mecanicas (Raigrodski et al., 2012). Associado a isso, 0 conhecimento
adquirido em relacdo a sua composi¢cdo quimica e cristalografia,
culminou no desenvolvimento de zircOnias avancadas, que tém sido
amplamente empregadas em aplicacBes dentarias, com resultados cada
vez mais promissores (Vogkopoulou et al., 2009).

Com a mesma composicdo, a zirconia pura pode apresentar diferentes
estados cristalinos, representados por trés formas cristalograficas com
diferentes temperaturas: cubica (c) — de 2680°C a 2370°C; tetragonal (t)
— de 2370°C a 1170°C e monoclinica — de 1170°C até a temperatura
ambiente (Lughi e Sergo; 2010). Durante o resfriamento, a fase
tetragonal se transforma em monoclinica (transformagdo t—m). Essa
transformacdo é acompanhada por uma variacdo de volume (cerca de 3
a 5%), que é capaz de fraturar um corpo sinterizado e conduzir ao
aparecimento de trincas, resultando na fratura do mesmo (Yoshimura et
al., 1987). Desta forma é importante estabilizar a zircbnia na fase
tetragonal e/ou clibica com adicdo de 6xidos de terras raras (6xido de
célcio: CaO», 6xido de magnésio: MgO, oxido de cério: CeO- ou 6xido
de itrio: Y20s3) (Miyazaki et al.,2013). Materiais a base de zirc6nia
estabilizados por Y203 podem ser encontrados em diferentes
apresentagbes, sendo as principais: zircOnia totalmente estabilizada
(FSZ), zircdnia parcialmente estabilizada (PSZ) e zirconia tetragonal
policristalina (Y-TZP). A FSZ contém de 6 a 10mol% de 6xido de itrio
(Y203). O seu uso é limitado na Odontologia por apresentar resisténcia
mecanica reduzida e baixa resisténcia a choques térmicos. PSZ contém
4 a 5mol% de Y203 e consiste em uma mistura de fases tetragonal e
clbica (Yoshimura et al., 2008 e Lughi e Sergo, 2010).
A Y-TZP contém 2 a 3mol% de Y203, tem uma estrutura tetragonal e
apresenta boa resisténcia mecénica (resisténcia flexural de 900-
1200Mpa e resisténcia a fratura de 9 a 10 MPa.m'?) (Raigrodski et
al.,2012).

A zircbnia mais utilizada na Odontologia é a zirconia tetragonal
policristalina estabilizada por itria (3Y-TZP) (Vogkopoulou et al.,
2009). O Oxido de itrio, empregado como agente estabilizador é
regulamentado pela norma ISO (ISO standard 13356.2008) para uso
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biomédico. Embora esse tipo de zirconia apresente alta resisténcia
flexural, boa resisténcia ao desgaste, assim como boa dureza, essas
cerdmicas podem apresentar degradacdo catastréfica em atmosferas
Umidas devido a desestabilizacdo da fase tetragonal (Yoshimura et al.,
2008). Esse fendbmeno, conhecido como envelhecimento ou degradacédo
em baixa temperatura (LTD), é resultado de uma transformacéo
espontanea e progressiva da fase tetragonal em monoclinica (t-m)
qguando a Y-TZP entra em contato com a 4gua ou vapor, 0 que pode
levar a danos em sua superficie (Sato e Shimada, 1985). Os efeitos
conhecidos do envelhecimento sdo a reducdo da resisténcia, tenacidade
e densidade e um aumento da fase monoclinica (Swab, 1991). O nivel
de degradacéo varia entre as cerdmicas Y-TZP, pois o envelhecimento
esta relacionado com as diferencas nos parametros micro-estruturais;
tais como a concentracdo e a distribuigdo de itria; o tamanho do gréo; a
duracdo da exposicdo ao meio e 0s processos de fabricacdo
(Vogkopoulou, 2009).
Para simular o envelhecimento em baixa temperatura, em 1999,
Chevalier, Calés e Drouin sugeriram um protocolo de envelhecimento
acelerado com o uso de uma autoclave. Estudos correlacionaram o
envelhecimento artificial acelerado com o envelhecimento em
temperatura ambiente da seguinte forma: uma hora em autoclave (130-
140C 2-3bars) corresponderia a trés-quatro anos de envelhecimento “in
vivo” da zirconia, e 5 horas corresponderiam a 15-20 anos (Chevalier,
Calés e Drouin, 1999; Deville, Gremilard, Chevalier e Fantozzi, 2005;
Deville, Chevalier e Grémillard, 2006 e Shah, Holloway e Denry,
2008).
Outra limitacdo da 3Y-TZP estd relacionada as suas propriedades
Opticas. Apesar de apresentar caracteristicas Opticas superiores ao metal,
a 3Y-TZP, em sua apresentacdo tradicional, apresenta alta opacidade e
coloracdo branca, o que limita a reproducdo das propriedades dos dentes
naturais (Boulouz et al., 1998). Zircbnias de alta translucidez foram
desenvolvidas para melhorar tais limitagdes dpticas, porém nao tém sido
indicadas para a confeccéo de pilares sobre implantes devido a reducéo
das propriedades mecéanicas e aumento da susceptibilidade de
degradacdo em baixa temperatura, causada pela diminuicdo da
guantidade de alumina e aumento no tamanho dos grdos na composicao
desse tipo de material (Nakamura et al., 2016; Vichi et al.,2016).
Restaura¢fes bilaminares de zircbnia serdo recobertos por cerdmica
transllcida e pigmentada. Porém, a cor da infraestrutura influencia a cor
final da restauracdo protética. Estudos recentes sugerem que resultados
estéticos superiores podem ser obtidos utilizando-se zircdnias
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pigmentadas, permitindo assim, uma aparéncia mais natural (Denry e
Kelly, 200; Chang, 2011). Com o0 objetivo de minimizar essa
desvantagem, alguns fabricantes ja disponibilizam produtos para
pigmentacdo da zirconia. Duas abordagens tém sido utilizadas: 6xidos
metélicos que podem ser misturados com o p6 de 3Y-TZP antes da
sinterizacdo, ou a imersdo em solugdes de cloreto com elementos de
terras raras para obter cores variadas. Estudos demonstram que a
concentracdo do cloreto influencia na coloracéo final, porém, o tempo
de imersdo ndo influencia no grau de pigmentacdo (Shah, Holloway,
Denry, 2008). Ainda assim, infraestruturas de zirconia pigmentadas
necessitam de estratificacfes corretivas de ceramica de cobertura para
alcangar a cor final requerida (Aboushelib, Dozic, 2010).

Para identificar e quantificar as diferencas de cor entre amostras
convencionais e condi¢fes experimentais, formulas matematicas tém
sido aplicadas. O sistema colorimétrico mais utilizado em Odontologia é
o sistema CIELAB, porém esse espaco de cor apresenta inconsisténcias
em relagdo as diferencas de cor (AE*a) computadas e percebidas. Os
valores de AE* clinicamente aceitaveis variam, porém a maioria da
literatura cita que valores abaixo de 3.7 podem ser considerados como
similaridade na cor (Jhonston e Kao, 1989). Demais estudos citaram que
esse valor de aceitabilidade ¢ diferente quando relacionado a AE*y,
(1.1AE para variagdes no eixo vermelho e 2.1AE para variagdes no
amarelo), o que demonstrou que os valores de diferencas de cor
aceitaveis e perceptiveis sdo dependentes do croma (Douglas e Brewer,
1998; Lee e Powers, 2005). Sendo assim, uma formula de diferencas de
cor que inclua as fungdes matiz e croma tornou-se necessaria para uma
diferenciacdo mais acurada da cor (Lee e Powers, 2005). Como
alternativa para corrigir essas inconsisténcias, a Comissao Internacional
de lluminacédo (CIE, 2004) recomendou o uso do sistema colorimétrico
CIEDE2000 (Lee e Powers, 2005; Perez, et al. 2011). Esse sistema
emprega uma formula para quantificagdo das diferengas de cor (AEo)
que utiliza os conceitos de croma e matiz, reforcando a importancia do
sistema desenvolvido por Munsell (Sharma, Wu e Dalal, 2005). Estudos
demonstram que o sistema CIEDE2000 prové um melhor resultado em
relagdo as pequenas diferencas de cor do que o sistema CIELAB,
podendo ser seguramente aplicado para a avaliacdo das diferencas de
cor de materiais ceramicos odontoldgicos (Lee e Powers, 2005; Perez et
al., 2011). Para relacionar os dados obtidos através da anélise
instrumental com as diferencas de cor aceitaveis clinicamente, indices
de aceitabilidade e perceptibilidade estdo descritos na literatura. Novos
indices descritos por Ghinea e colaboradores para materiais ceramicos,
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2010, sdo descritos como AEq=2.23 para perceptibilidade ¢ AEq=1.25
para aceitabilidade. Além disso, em outro estudo, para esses mesmos
materiais, Perez e colaboradores, 2011, definem os indices de
aceitabilidade das diferencas de luminosidade (AL*), croma (AC’) e
matiz (AH”), como sendo AL*=2.92, AC’=2.52 e AH’=1.90.
Adicionalmente a coloracdo da zirconia, a auséncia de fluorescéncia
também tem sido descrita como uma limitagdo Optica desse material.
Fluorescéncia é a propriedade Optica responsavel pela percepcdo da
“vitalidade dental” (Lu H et al.,2006 e Gamborena e Blatz, 2011). Esse
fendmeno se apresenta quando a luz, com comprimento de onda curto
(invisivel ao olho humano), é absorvida pelo material e posteriormente
refletida com um comprimento de onda maior, dentro do espectro de luz
visivel (Catelan et al., 2015). Desta forma, a fluorescéncia pode ser
definida como a interacdo da luz com os a&tomos presentes na superficie
do material e esse fendbmeno também resulta em uma cor distinta
guando o objeto é exposto a luz ultravioleta (UV) Lu et al., 2006. A
dentina humana é trés vezes mais fluorescente que o esmalte e é a
principal responséavel pela fluorescéncia observada no dente humano
(Lu et al., 2006). Quando o dente natural é exposto a luz UV, ele emite
uma fluorescéncia branco-azulada, enquanto aparece amarelo-azulado
sob luz natural (Heffernan, 2002a e Heffernan, 2002b).
Para resultar em uma aparéncia mais natural da restauragdo, sob
diferentes condicdes de luz, um material estético restaurador também
deve apresentar fluorescéncia suficiente, quando comparado ao dente
natural (Anusavice e Philips, 2003; Gamborena e Blatz, 2011). Uma
ceramica que apresenta fluorescéncia é capaz ndo s6 de simular a
naturalidade dental, como também iluminar a area gengival onde a
restauracdo ou implante esta localizado, reduzindo a presenca da tipica
linha acinzentada ao redor de proteses metaloceramicas e pilares de
titdnio (Anusavice e Philips, 2003; Gamborena e Blatz, 2011).
Para que a fluorescéncia possa ser medida laboratorialmente, diversos
métodos tém sido utilizados. O mais utilizado atualmente é a fotografia
dos materiais sob luz ultravioleta (UV), resultando em um resultado
qualitativo. Esse método é subjetivo e depende de vérios fatores como o
tipo da cémera; tipo do flash; intensidade da luz e também do
observador (Lu et al. ,2006; Gamborena e Blat, 2011). Outros métodos,
como o uso de fluorimetros ou espectrofluorimetros, também podem ser
utilizados, resultando em uma mensuragéo quantitativa, mais confiavel
do que a avaliacdo fotografica subjetiva (Gamborena e Blat, 2011).
Modificadores de fluorescéncia tém sido desenvolvidos para aplicagdo
em pecas de zirconia antes da sinterizagdo, com o objetivo de minimizar
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a auséncia de fluorescéncia da zircénia. O protocolo recomendado pelos
fabricantes e descrito na literatura é a imersao das pecas em um liquido
fluorescente antes da sinterizacdo, por 5 a 10 segundos. Apoés isso, a
peca deve ser seca para remover os excessos do liquido, e colocada sob
uma lampada de secagem para evitar danos ao forno de sinterizacao.
Nesse processo, liquidos de pigmentacdo também podem ser aplicados e
a peca é submetida a sinterizacdo final (Gambonera e Blatz, 2011).
Porém, a fluorescéncia so pode ser incorporada a zirconia até certo grau
e, ainda é dificil alcancar uma fluorescéncia adequada em cores escuras
como C3 e C4, pois 0s pigmentos escuros podem mascarar as
propriedades fluorescentes do liquido (Gambonera e Blatz, 2011).

Estudos prévios avaliaram a influéncia do uso de pilares cerdmicos na
estética e as diferencas de cor e de fluorescéncia de materiais ceramicos
a base de zirconia. Jung et al. (2008) citaram que tanto a utilizacdo de
préteses ceramicas, quanto de coroas metaloceramicas resultaram em
diferencas de cor perceptiveis em relagdo aos dentes vizinhos. Porém,,
quando proteses ceramicas sobre pilares de 6xido de aluminio foram
utilizadas, foi possivel obter uma cor mais similar aos dentes vizinhos,
do que quando utilizadas prdteses metaloceramicas. Bressan et al.
(2011) ndo encontraram relacdo entre a espessura do tecido e diferencas
de cor e concluiram que a cor do tecido mole peri-implantar parece ser
diferente da cor do tecido mole ao redor do dente natural, ndo
importando qual o tipo de material que foi empregado. Quando o pilar
de titanio foi utilizado, maiores diferencas foram encontradas do que
com pilares de zircénia ou ouro, e a espessura do tecido mole peri-
implantar ndo pareceu ser um fator crucial no impacto da percepcédo da
cor dos tecidos moles. Pecho et al. (2012) citaram que em relacdo a
translucidez, os sistemas de zircbnia estudados podem substituir
satisfatoriamente a dentina humana, porém, em relacdo a uma
reproducdo clinica aceitavel da cor, ainda é necessario ajustar
cuidadosamente a cor desses sistemas. Happe et al. (2013) citaram que a
utilizacdo de pilares de zirconia fluorescentes resulta na iluminacgdo do
tecido mole peri-implantar, que aparece muito mais similar a condicéao
natural. Em um estudo posterior, no mesmo ano, esses autores
concluiram que o uso do liquido fluorescente levou a uma aparéncia
natural da zirconia, ndo induzindo alteracbes de cor visiveis em
mucosas com espessura de 1,5mm. Desta forma, os autores sugeriram
que o uso do liquido fluorescente leva a obtengdo de um material
ceramico que imita as propriedades épticas dos dentes naturais e ndo
induz a alteracbes de cor visiveis em mucosas finas. Em relagdo aos
aspectos colorimétricos decorrentes do envelhecimento da zirconia,
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Shah, Holloway e Denry (2008) estudaram o efeito da pigmentacdo com
varios Oxidos metélicos na microestrutura, cor e resisténcia flexural da
3Y-TZP, assim como investigaram, o efeito das solugbes de sais
corantes (cério e bismuto) na resisténcia ao envelhecimento da zircénia.
Os autores concluiram que pigmentar a 3Y-TZP com solucdes de
acetato de cério, até 5% em peso, produziu uma coloracdo favoravel, e
ndo afetou significativamente suas propriedades mecanicas. Maiores
concentrac@es levaram a uma diminuicdo significativa na resisténcia a
flexdo, sem qualquer alteracdo significativa nos valores de AE.
Pigmentar com bismuto foi possivel, desde que em concentragdes
baixas, como 1% ou menos. Em relagéo a influéncia da pigmentagdo na
resisténcia & degradagdo em baixa temperatura, os autores ndo
encontraram resultados significantes frente a nenhuma das solucGes
corantes testadas.
Entretanto, estudos que avaliem as diferencas de cor resultantes da
utilizacdo de liquido de pigmentacéo e/ou fluorescente e a influéncia da
degradacdo em baixa temperatura nas propriedades Opticas da zirconia
sdo limitados. Volpato, Cesar e Bottino (2016) realizaram um estudo
com objetivo de avaliar a influéncia de diferentes tempos de
envelhecimento na estabilidade de cor de zirconia revestida ou ndo por
cerdmica de cobertura. Os autores concluiram que quando a 3Y-TZP
sem revestimento, assim como a revestida por ceramica de 1.0mm de
espessura, foi submetida ao envelhecimento acelerado, foi possivel
observar discretas diferengas de cor, principalmente no pardmetro croma
(apds 4 h de envelhecimento, AC’=0.44). No grupo em que a zirconia
foi revestida com cerdmica de cobertura com 1.5mm de espessura,
apenas diferengas de cor abaixo do perceptivel a olho nu foram
encontradas (AEq=0.48), indicando que o protocolo de envelhecimento
acelerado nédo influenciou nas propriedades Opticas desse grupo.
Adicionalmente, uma metodologia para a utilizagio do liquido
fluorescente com zircdnias odontolégicas ndo foi encontrada na
literatura. Desta forma, este estudo teve como objetivo avaliar as
diferencas de cor e o grau de fluorescéncia de uma zircbnia
odontoldgica ap6s o tratamento laboratorial com liquidos de
pigmentacéo e fluorescente em diferentes tempos de imersao.
A primeira hip6tese nula testada foi que ndo ha diferengas de cor (AEq),
luminosidade (AL), croma (AC) e matiz (Ah) apds a imersdo de
amostras de 3Y-TZP em liquido de pigmentagdo (cor A2) efou
fluorescente. A segunda hipdtese nula testada foi que o tratamento com
liguido de pigmentacdo e/ou fluorescente ndo influencia o grau de
fluorescéncia da zirconia. A terceira hipdtese nula testada foi que o
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envelhecimento acelerado ndo influencia as propriedades dpticas de
discos de 3Y-TZP.
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2 OBJETIVOS

2.1 Objetivo Geral

O presente trabalho teve como objetivo avaliar as diferencas de
cor e 0 grau de fluorescéncia de uma zirconia odontoldgica apds o
tratamento laboratorial com liquidos de pigmentacdo e fluorescente em
diferentes tempos de imersdo.

2.2 Objetivos Especificos
e Avaliar possiveis diferencas de cor, luminosidade, croma e
matiz (AEoo, AL, AC e Ah) decorrentes da imersao dos discos
em liquidos de pigmentacao e fluorescente;
e Auvaliar o grau de fluorescéncia obtido nas amostras tratadas;
Observar o comportamento 6ptico das amostras apds o
protocolo de envelhecimento acelerado.
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ABSTRACT

State of Problem — Traditional zirconia presents an opaque white color
and no fluorescence, limiting the color match of dental prostheses.
Laboratorial procedures as immersion in colour and fluorescence liquids
can be used to contour these limitations. However, little information
about the effect of these liquids, as well as of the aging, on the optical
properties of zirconia is described in the literature.

Purpose — Evaluate the color differences and fluorescence degree of
zirconia treated with colour and fluorescence liquids before and after
accelerated aging protocol.

Material and methods — Forty disk-shaped specimens of zirconia
tetragonal polycrystalline (Prettau Zirconia, Zirkonzahn, Italy) were
fabricated (12mm diameter and 2.0mm thickness). Ten disks did not
receive any treatment (control); 10 were treated with colour liquid (A2);
ten with fluorescence liquid (fluorescent); and 10 with both, fluorescent
and colour liquid (A2 fluorescent). The L*a*b* coordinates before
aging (To) were obtained with a spectrophotometer and the fluorescence
degree with a fluorescence equipment. The disks were subjected to
accelerate aging protocol during 1 hour (T:) and 5 hours (T2).
Measurements were made before and after each aging time. Color
differences (AEqo) were calculated by CIEDE2000 color difference
formula, and statistically analyzed by one-way ANOVA, as well as
lightness (AL’), chroma (AC’) and hue differences (AH’), however,
statistically analyzed by multivariate ANOVA. Fluorescence degrees
were obtained as percentage and analyzed by one-way ANOVA.
Multiple comparisons were performed by Tukey’s test (a=0.05).

Results — Color differences were observed when 3Y-TZP disks were
treated with colour (AE=7.91) and fluorescent (AEw=5.81) liquid, as
well as both liquids combined (AE=5.52). Accelerated aging resulted
in color differences in T, A2 group (AEp=6.74), and in both times
evaluated in fluorescent (T1 - AEq=8.59 and T, - AEw=8.47) and A2
fluorescent group (T1 - AEg=7.78 and T, - AEq=8.74) however does
not influenced significantly in fluorescence degrees (Control group:
To=0%, T1=1.94%, T,=1.0%; A2: T¢=0%, T:=0.59%, T»=0%;
fluorescent: To=20%, T1=14.51%, T,=13.25%; and A2 fluorescent:
T0=3.0%, T1=2.0%, T»=1.0%. Use of fluorescence liquid influenced in
fluorescence degree of fluorescent group (To=20%).

Conclusions — Statistical color, lightness, chroma and hue difference
were achieved in all tested groups, before and after aging (p<0.001).
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Fluorescence degrees were statistically different only in fluorescent
group (p<0.001) and were not influenced by accelerated aging (p=0.05).
Clinical Implications - Knowledge about the use of colour and
fluorescence liquids are necessary to use 3Y-TZP as restorative
material. Moreover, it is necessary to understand the effect of low
degradation on the optical properties of colored and fluorescent zirconia.
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1. INTRODUCTION

Ceramic materials are frequently used in esthetic dentistry due to their
superior esthetic properties, high color stability, and high
biocompatibility. Currently, various ceramics systems are commercially
available.r® Tetragonal zirconia polycrystal (TZP) stabilized with
3mol% of yttria (3Y-TZP), is one of the ceramic systems available for
the fabrication of monolithic crowns, FDPs and dental implant
abutments due their superior mechanical properties in relation to other
dental ceramics (flexural strength of 900 to 1200 MPa and fracture
toughness of around 7 MPam?).7-% Although 3Y-TZP has been largely
used in the dental field, the literature reposts significant limitations
regarding its optical and mechanical properties.11

3Y-TZP is a whitish material, which represents an important advantage
in relation to metals, however, the range of color variation in zirconia
restorations is much narrower in comparison to other colored ceramics
such as dental porcelains, which present a wide variation of shades that
can be obtained in the final restoration to represent the color variations
existing in the dental tissues.>” 3Y-TZP also has an increased crystalline
content that reflects in high mechanical strength and low translucency.
The polycrystalline nature of zirconia microstructure results in
significant light scattering at the grain boundaries; as a result, the
material will present a relatively opaque appearance.>’ Since zirconia is
used in varied clinical situations in prosthetic dentistry, from fixed
prosthodontics frameworks to monolithic crowns, it is important to
understand the optical behavior of this material in order to maximize the
final aesthetic result, even considering that, in some situations, a more
translucent veneering ceramic will be applied over the Y-TZP®. In fact,
it has been shown that the shade of the framework significantly affects
the final color of the restoration® and therefore, better aesthetic results
are achieved when shaded zirconia frameworks are used in different
clinical situations.52

Zirconia restorations with varied shades can be obtained by means of
two different approaches. One possibility is to add metal oxides to the
starting Y-TZP powder before high temperature sintering. Another way
is to add chloride solutions of rare-earth elements to the pre-sintered
block to generate shade variations (infiltration technique).?'2? In this last
case, the infiltration time and the porosity level of the pre-sintered block
will affect the final color achieved.?*®

Another problem related to the optical behavior of 3Y-TZP is the lack of
fluorescence. This property is often regarded as being responsible for
the vitality aspect of the material over different light conditions.?4-26
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Fluorescence also makes teeth appear whiter when exposed to
ultraviolet (UV) light?* Dental ceramics need to have the same
fluorescence level as that observed in natural teeth in order to give good
esthetic outcomes .2° Fluorescence also needs to be present in implant
abutments to provide natural lightening of the surrounding soft tissue.?
To achieve fluorescence in 3Y-TZP, compounds like europium, terbium,
cerium, and ytterbium can be added.?* These color modifiers are applied
to zirconia pieces before final sintering and finishing process.?

With respect to mechanical properties, zirconia can be affected by the
low temperature degradation (LTD) phenomenon, also known as
“aging” 1314 Aging occurs when 3Y-TZP is submitted to hydrothermal
degradation at temperatures varying from 65 to 500°C, leading to a
destabilization the tetragonal that is transformed to monoclinic (t-m
transformation),'>1° resulting in micro cracking and reduction of
strength.?>1° To simulate the LTD, Chevalier®® firstly suggested the use
of autoclave with distillated water. Aging zirconia for one hour in an
autoclave corresponds to 3-4 years of in vivo degradation and 5 hours of
in vitro aging corresponds to at 15-20 years in vivo, therefore, aging in
autoclave provides very valuable perspectives on the long-term behavior
of zirconia restorations.®

The literature regarding the impact of adding color and/or fluorescence
to zirconia restorations by means of immersion of presintered blocks in
coloring liquids is very limited. Also, there is lack of information
regarding the influence of the accelerated aging protocol the final
optical properties of the restoration. One recent study found that zirconia
disks without the veneering layer submitted to accelerate aging showed
significant chroma differences, after aging for 4 hours (AC’=0.44).
When the zirconia cores were veneered by porcelain, color differences
were also observed depending on the thickness of the veneering ceramic
(AEw=0.93 for thickness of 1.0mm and AE=0.48 for thickness of
1.5mm).?” Therefore, the first null hypothesis of this study was that no
color (AEqp), luminosity (AL*), chroma (AC*) or hue (Ah*) differences
would be achieved after immersion of 3Y-TZP disks in coloring (shade
A2) and/or fluorescence liquids. The second null hypothesis was that
treatment with coloring and/or fluorescence liquids would not influence
the fluorescence degree of zirconia. The third null hypothesis tested was
that the accelerated aging would not affect the optical behavior of 3Y-
TZP disks.

2. MATERIAL AND METHODS

Fabrication of zirconia disks
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The specification of the tested materials such as color, compositions, lot
numbers and manufacturers are listed in Table 1.

Forty disks were fabricated of white and non-pigmented 3Y-TZP with
initial thickness of 2.5 mm and 14 mm in diameter. All disks were
machined (LabCutl1010, Extec Corp, USA) out of two CAD/CAM
blanks (Zr Prettau, Zirkonzahn, Italy) and mechanically polished
(Abramin, Struers, Germany) on both sides using a series of grinding
papers up to SiC P2000. After polishing, the final disks had thickness of
2.5 mm and diameter of 14 mm. Final thickness was determined with
digital micrometer (Mitutoyo IP65, Mitutoyo, Kawasaki, Japan). Ten
disks did not receive any laboratorial treatment (control group); ten were
immersed in coloring liquid (Colour Liquid Prettau, Color A2,
Zirkonzahn, Italy) for 5 seconds (A2); ten were immersed in
fluorescence liquid (Colour Liquid Fluoreszenz, Zirkonzahn, Italy) for 5
seconds (Fluorescent); and ten were immersed in both liquids, first in
the coloring liquid (Colour Liquid Fluoreszenz, Zirkonzahn, Italy) for 5
seconds, followed by fluorescence liquid (Colour Liquid Fluoreszenz,
Zirkonzahn, Italy) for 5 seconds (A2 Fluorescent). Immersions were
performed using one tweeze to hold the disk and a glass container with
the corresponding liquid. After the immersion in the fluorescence liquid,
the disks were positioned under a red light for 60 minutes to dry the
liquid before placing the specimens inside the furnace. The standard
measurements to allow the calculation of color (AEg), luminosity
(AL*), chromaticity (AC’) and hue (AH’) differences were made in the
control group. The disks were sintered over zirconia spheres. The
furnace time recommended by the manufacturer was used in this study
for both liquids. All disks were sintered at 1600°C (N.5 Program,
Zirkonzahn, Italy). Consequently, the disks presented the final thickness
of 12mm and diameter of 2.0mm due to 19% sintering contraction of
material.

Before submitting the disks to the accelerated aging protocol, the
spectrophotometry analyses were performed and the fluorescence degree
was measured. The measurements obtained from these disks, without
aging, were considered as To. The measurements of L*a*b* coordinates
(CIELAB color space) were performed with a spectrophotometer
(Minolta CM 3700d, Minolta, Japan) and the measurements of
fluorescence degree were performed with a fluorescence equipment for
solids (Fluorescence System, Biopdi, Sao Paulo, Brazil).

Accelerated aging protocol

After the initial measurements, all disks were artificially aged in an
autoclave using the same protocol.*® The disks were positioned into glass
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containers with distilled water and placed inside the autoclave (Vitale
Class 12 Liters, Cristofoli Biosseguranca, S&o Paulo, Brazil) for
controlled times at 134°C and 2 bars pressure. The disks were firstly
maintained for 1 hour to simulate 3-4 years of aging at room
temperature!®1®, considered as Ti. Afterwards, they were submitted to
additional 4 hours, totalizing 5 hours, in order to simulate 15 to 20 years
of in vivo aging,*>¢ namely T.. After each aging time, the disks were
taken to the spectrophotometer to achieve the L*a*b* coordinates, and
also to the fluorescence equipment, to achieve the fluorescence degree.
Spectrophotometric measurements
Color measurements were made according to the CIELAB Color
System?® with a spectrophotometer (Minolta CM 3700d, Minolta, Japan)
containing an integrating sphere in reflection mode. Three
measurements were randomly performed on the center of each disk with
d/8° measurement geometry, 2° standard colorimetric observer and
wavelength of 360-740nm (interval of 10 nm) including ultraviolet (UV)
and illumination/measurement areas in Small Area View — SAV (5 x 7
mm illumination / 3 x 5 mm measurement) and a window observation of
2mm. The illuminant D65 (daylight illuminant)?® and the specular
component excluded (SCE) were considered in this study.
Measurements were made with the disks positioned over a white
background (L*=93.22, a*=1.53, b*=3.82). Between the disks and this
background, a polyethylene glycol (LabSynth, Sdo Paulo, Brazil) with a
refractive index of 1.47 was used to reduce the possibility of edge-loss
and ensure the optical continuity.?® The standard measurement to
calculate the color (AEw), luminosity (AL*), chroma (AC’), and hue
(AH’) differences was determined by the evaluation of 10 disks of
conventional zirconia (L*= 79.37 a*= 0.16 b*=6.63). All tested groups
were compared among themselves and in relation to the standard
average.
Fluorescence degree measurements
To determine fluorescence degree, an fluorescence equipment for solids
(Fluorescence System, Biopdi, Sdo Paulo, Brazil) was used with a
wavelength of 405 nm + 15 nm. All specimens were positioned on the
base of the fluorescence equipment and photographs of all samples were
performed using a LED and a green filter, allowing only emission of
UV-light.
Calculation of color, lightness, chroma and hue differences
In this study, the calculation of color differences (AEqo), was performed
comparing standard-average values (L*= 79.37 a*= 0.16 b*=6.63) with
coordinates L*a*b* obtained for the different groups (A2, fluorescent
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and A2 fluorescent) and times (To, T1, T2) tested. The measurements
were registered and the color difference was calculated by CIEDE2000
(AEqo) formula, as follow:?®
AEqo={[AL"/(k.SL)]?+ [AC’/ (kcSc)]+ [AH '/ (knuSH)]?+ RT[AC/ (kcSc)]
X [AH'/ (kcSc)]}?
In this formula, AL" are the differences in lightness, AC in chroma and
AH in hue, between the standard measurement of control group and the
tested groups. Si, Sc, and Sy are the weighing function for lightness,
chroma and hue components, respectively. K., K¢, and Ky are the
parametric factors to be adjusted according to different viewing
parameters. In the present study K, K¢, and Ky were set at 1, according
to previous literature.®® Therefore, the values in this study are presented
as AEq (color difference), AL*(ligthness difference), AC* (chroma
difference), Ah* (hue difference).
Calculation of fluorescence degree
The obtained images were analyzed with a software (Fluorescence
System, Biopdi, Sdo Paulo, Brazil) and the fluorescence degree was
determined and calculated using a fluorescence standard (resin nano-
ceramic, Lava Ultimate, 3M ESPE) that was considered as 100%
fluorescence due its high degree of fluorescence. The block of resin
nano-ceramic (A2, Lava Ultimate, 3M ESPE) was used as reference due
to present values of fluorescence closer to natural teeth (Figure 1),
considered as 100% of fluorescence. Afterwards, the fluorescence of
each group, before and after aging, was determined in terms of
percentage in relation to that of the standard and compared between
them.

Statistical analysis

Descriptive statistics including mean and standard deviations (SD) of
coordinates L* a* b* in all groups are described in Table 2. The color
differences (AEqo) were statistically analyzed by one-way ANOVA.
Lightness (AL"), chromaticity (AC*) and hue differences (AH) were
statistically analyzed by multivariate ANOVA (p<0.001) and multiple
comparisons by Tukey's honest significance test (p <0.05). The results
of fluorescence degree were registered as percentage and analyzed by
one-way ANOVA, followed by Tukey’s Test. Data were analyzed with
SPSS Version 22.0 (IBM; Armonk, USA) and analysis results with p-
values smaller than 0.05 were interpreted as statistically significant.

3. RESULTS
Color, lightness, chroma and hue differences
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Mean values and standard deviations of color (AEqo), lightness (AL’),
chroma (AC’), and hue differences (Ah’) of the tested groups in
comparison with the standard average (control group) are listed in Table
2. The groups are identified by the name of the laboratorial procedure
performed (A2, Fluorescent and A2/Fluorescent) and by the time of
accelerated aging (To= no aging, T1= 1h-aging, and T, = 5h-aging).

Color differences (4Eoo)
The highest values of color differences (p<0.001) were achieved for
groups A2/Fluorescent T1 (AEw=7.78) and T2 (AEow=8.74), Fluorescent
T (AEoo=8.59) and T» (AE00=8.47) and A2 Ty (AE00=7.91) and T
(AEq=7.63), and all of these values were statistically similar among
them. The lowest values of color differences (p>0.999) were achieved
for conventional zirconia submitted to accelerated aging (AEq=2.12 for
Ty, and AEw=2.05 for T), and these values were statistically similar
(p=0.952) to that obtained for the control group (conventional zirconia
before aging).
Lightness differences (4L*)
Lightness differences were observed (p<0.001) among the groups
treated with coloring and fluorescent liquid. Accelerated aging also
significantly influenced lightness for all groups (p<0.001). The lowest
differences in lightness were achieved in A2 Fluorescent To (AL*=-0.96)
and Fluorescent To (AL*=-1.25) groups, and these values were not
significantly different (p=0.626) from that obtained for the conventional
zirconia (control group). The highest lightness differences were
achieved for A2 To (AL*=-6.38), T1 (AL*=-5.80) and T, (AL*=-5.06)
groups.
Chroma (4C*) and hue differences (4H*)
Regarding variations in chroma, the highest values (p=0.980) of chroma
differences were achieved by A2 Fluorescent T; and T, (AC*=10.39 and
10.93, respectively) groups, followed by Fluorescent T1 (10.57) and T»
(10.0), A2 T1(9.70) and T, (9.63) and A2 Fluorescent To (7.66). The
lowest values of chroma differences (AC*) were achieved by
conventional zirconia To (control group AC*=0.06), T1 (AC*=1.28) and
T, (AC*=0.53), and these values were statistically similar (p=0.490).
With respect to differences in hue (AH*), the lowest values were
achieved for conventional zirconia (To=-0.07, T1=-0.17; T»=0.30), group
A2 (To=-0.09, T1=-0.57; T,=-0.18) and A2 Fluorescent To group (-0.99),
and these values were statistically similar. The sign before the values of
AC* and AH*(either positive or negative) is not relevant. What really
matters is how far from zero this value is.
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Fluorescence degree

There were statistical differences among the fluorescence values
obtained for the different tested groups (p<0.001). Samples submitted to
a laboratorial procedure with fluorescent liquid resulted in the highest
values (p<0.001) of fluorescence (To=20%, T1=14.52% and
T,=13.25%). No statistical differences were achieved for the other
groups in relation to control group (p=0.05). All tested groups resulted
in lower fluorescence compared with the standard (resin nano-ceramic,
Lava Ultimate), which was considered as having 100% fluorescence
(Graph 1) (Table 4).

4. DISCUSSION

The importance of colored frameworks in order to achieve good color
match of the FDPs (conventional or implant/prostheses) in relation to
the natural teeth has already been already established in literature.?23%32
Although zirconia has become a very popular dental ceramic nowadays
due to its superior mechanical resistance, it is essential to be able to
construct the final framework with a large range of shades in order to
improve the optical properties and consequently the final esthetical
outcomes of the treatment.?2:31:32

The knowledge about the effect of the coloring 3Y-TZP on its optical
properties, as well as the effect of adding a fluorescent liquid is
necessary in order to ensure that the final results of the prostheses will
have good esthetic and a natural aspect. It is also important to
comprehend whether these properties will be maintained over the years,
or if they will be affected by LDT, as already described in the
literature.?” Therefore, this study evaluated the influence of the color
liquid on the color difference and if the use of a fluorescence liquid
would result in a higher fluorescence degree. The effect of accelerated
aging on the optical properties of the tested zirconia was also assessed.
To calculate color difference, different formulas can be used, such as:
CIELAB AE*a, CIE® AEgs or CIEDE2000 AEgo. In the present study,
the formula CIEDE2000 was used to determine color (AEqo), luminosity
(AL), chromaticity (AC) and hue (AH) differences. This formula was
proved to better match the observer responses.?®323% With regard to the
color difference (AEqo), the zirconia tested was affected by the treatment
with colour liquid, as well as with fluorescent liquid. The influence of
the colour liquid on the final color has also been shown in previous
studies.??3132 In relation to the influence of fluorescence liquid,
however, no studies were found in the current literature until the
moment. The AEq values after the laboratorial treatments were greater
than the thresholds of ceramic materials proposed by Guinea and
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colleagues®, which are AEw=2.23 for percebility and AEqw=1.25 for
acceptibility.3* Therefore, the laboratorial treatments performed resulted
in a color difference that can be clinically detectable. A2 group showed
the highest color difference (AEq= 7.91) in comparison with the
conventional zirconia. However, when only fluorescent liquid was used,
high color differences were also observed (AEg= 5.81). This result
indicates that clinicians should be aware of the fact that using this liquid
makes the zirconia “darker”, regardless of which colour liquid was used.
When the liquids were combined, minor color differences were
observed (AEq0=5.52). This indicates that the use of a fluorescent liquid
probably interfered with the amount of the absorption of the colour
liquid. This is probably the reason why manufactures indicate this liquid
to be used only when light colors need to be achieved (A1, A2 and C2).
No studies analyzing the effect of laboratorial treatments on parameters
AL*, AC* and AH* were found in the current literature. In the present
research, the influence of each parameter on the color difference was
determined. Significant differences in AL* values were obtained for A2
group (AL*=-6.38), indicating that the use of a color liquid alone
decreased significantly the amount of ligthness of the zirconia. In both
groups in which the fluorescent liquid was used (fluorescent and A2
fluorescent), small values of AL* were observed (AL*=-1.25 and -0.96
respectively). It may be assumed that although the coloring liquid
decreased the lightness, the use of fluorescence liquid increased it.
Results of AC* and AH* showed that higher color differences were
associated to chroma differences (AC*). One study described the
acceptability values for lightness, chroma and hue differences as
AL*=2.92, AC’=2.52 and AH’=1.90.%¢ All groups showed differences
higher than 2.52 (AC*= 9.70 for A2 group; 7.17 for fluorescent group
and 7.66 for A2 fluorescent group), indicating that the differences in
chroma are higher than the acceptable. Differences in hue (AH*) were
smaller than 1.90 for all groups, except for the fluorescent group
(AH*=-0.09 in A2 group, -2.21 in fluorescent group and -0.99 in A2
fluorescent group). The fluorescent group showed the highest hue
differences compared to that observed for conventional zirconia. These
results allowed for rejection of the first null hypothesis, i.e., that no
color (AEq), luminosity (AL), chroma (AC) and hue (Ah) differences
would be achieved after the immersion of 3Y-TZP disks in coloring
(shade A2) and/or in fluorescent liquid.
Different methods can be used to evaluate the degree of fluorescence of
dental materials, such as the use of photography and measurements
performed with a fluorimeter or spectrofluorimeter.?® However, the
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photography method is subjective to the examiner and the results may
vary according to environmental conditions. In this study, an innovative
method using an fluorescence equipment was used to measure the
degree of fluorescence. This system makes possible a quantitative
determination of the degree of fluorescence in relation to a standard. As
standard specimen, a natural teeth or a material with fluorescence
similar to natural teeth can be used. In this study, a block of resin nano-
composite (Lava Ultimate) was used for reproducibility purposes. Using
natural tooth would result in higher variability for the standard and
consequently lower reproducibility.

Fluorescence results showed that the use of fluorescent liquid alone
influenced the fluorescence degree in comparison with conventional
zirconia (Fluorescent group - 20% fluorescence and control group —
0%). However, the use of a colour liquid associated to the fluorescent
liquid decreased significantly the amount of fluorescence (A2
Fluorescent group=3%). Therefore, the second null hypothesis stating
that the treatment with fluorescence and/or colour liquid would not
influence in fluorescence degree of zirconia was rejected. It is important
to consider that the use of a coloring liquid before application of the
fluorescence liquid can reduce the obtained degree of fluorescence. This
may have happened due to the saturation of the zirconia pores with the
first liquid used.

To simulate aging of dental materials, diverse methods can be used.'®
However, the main features of the so-called LDT are: transformation
proceeds most rapidly at temperatures of 200-300°C, its time dependent
and water or water vapor enhances the transformation.!> The
temperature and the presence of water or water vapor can be simulated
in an autoclave, which probably justifies the use of this method to
simulate accelerated aging in zirconia in most of the studies.>1% 27 With
regard to the influence of aging on the optical properties of the
conventional as well as treated zirconia, AEq values showed that the
aging of the disks, for 1 or 5 hours, affected the color difference of
treated zirconia, and these results were clinically detectable for zirconia
treated with fluorescent liquid (fluorescent and A2 fluorescent group).
In A2 group, the color difference value was significantly reduced only
after 5 hours of aging (AEq=6.74), indicating that probably after this
time, zirconia treated with coloring may have lost coloring pigments. In
the control group, a significant color difference was also observed after
aging for 1 and 5 hours (AEg=2.05 and 2.12), but these values were not
statistically different in comparison to that obtained by conventional
zirconia before aging.
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With regards to lightness, the values decreased significantly after aging
for 1 and 5 hours (AL* Fluorescent To=-1.25; T1=-3.02; T»=-3.55 and
A2 Fluorescent To=-0.96; T1=-3.02; T,=-4.46) in groups treated with
fluorescent liquid (fluorescent and A2 fluorescent). Significant
differences were not observed for the group treated only with colour
liquid (A2 group). For the control group, the lightness increased
significantly after aging during 1 and 5 hours.
All groups treated with fluorescent liquid showed significant color
(AEqo) and lightness differences (AL*), which indicates the importance
for the clinician to be aware of the use of fluorescent liquids and its
correlation with aging. In fact, after aging the color difference between
them and the conventional group increased, and lightness was reduced
in comparison with conventional zirconia and with the same groups
before aging.
As for AC* of the fluorescent group, aging significantly affected the
values after 1 and 5 hours, increasing the chroma differences. After 5
hours of aging, significantly differences were also observed for A2
group. However, the chroma differences were reduced after aging. The
aging process did not significantly affect the hue differences (AH*).
These results partially rejected the third null hypothesis which stated
that the accelerated aging would not influence the optical behavior of
3Y-TZP disks treated with color e/or fluorescent liquids.
Although some articles compared the mechanical properties of the
conventional and pigmented zirconia after aging, the studies evaluating
the optical properties are very limited. A recent one performed by
Volpato and colleagues®” evaluated the influence of different aging
times on the color stability of zirconia veneered or not by another
ceramic. The authors observed that when the 3Y-TZP without veneering
was subjected to aging, a discrete color difference was present in all
groups. They concluded that zirconia maintain its colorimetric
properties after aging process. However, only white (not fluorescent
and/or colored) zirconia was tested. Considering that colored and
fluorescent zirconia are indicated in Esthetic Dentistry, the authors
highlighted the importance of testing the same optical parameters for
zirconia after these treatments.?’” The present study agreed with their
results of discrete color differences in zirconia without veneering,
however the color differences on zirconia treated with fluorescent and/or
colour liquid were greater than the results presented by them.
Though the accelerated aging protocol influenced the fluorescence
degree in all groups, the observed differences were no statistically
significant. For the fluorescent group, the degree of fluorescence
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decreased after 1 and 5 hours of aging. These results are not clinically
relevant, once the amount of fluorescence was not significantly
decreased after aging.

CONCLUSIONS

Within the limitations of the present study, it was possible to

conclude that:

1.

The use of a coloring liquid, as well as a fluorescent liquid,
separately or combined, in 3Y-TZP resulted in high color
differences.

Accelerated aging resulted in significant color differences,
especially for the groups treated with colour and/or fluorescent
liquids.

Treatment with coloring liquid (A2) resulted in high decrease of
lightness.

Fluorescence degree was higher in the group treated with
fluorescence liquid alone, in comparison with conventional and
colored zirconia.

Accelerate aging did not influence significantly the
fluorescence degrees.
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Tables and Figures

Figure 1. Image of a natural tooth and of one block of Lava Ultimate
(3M) made in the fluorescence equipment.
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Lot

Material Composition Manufacturer
Number
. Zirconia partially stabilized .
ZTKONZANN 71440711 with 3% mol yttrium and Z'”j‘t’:@ah”’
enriched with aluminium<1%
Water>80%, polyethilene
glycols<15%, iron .
Flu?il;]ejicgnce CB3236 _nitrate<15%, chrome erlict)glzyahn,
nitrate<15%, manganese
nitrate<15%
Crystal phase - Fe;O3, O -
Colour liquid CB4286 73.7%, Cl — 19%, Fe - 5.3%, Zirkonzahn,
A2 Cr -0.5%, Er - 0.8%, Al - Italy
0.6%
Evaporated residue <10 mg/L,
Distilled Si02<0.1mg/L, Fe<0.2mg/L, _ Cristdfoli
water L8413 Cd<0.005mg/L, Pb<0.05mg/L, Blosseguranga,
chloride<2mg/L, Brazil

phospates<0.5mg/L, pH 5-7.5

Table 1. Material, lot number, color, composition, and manufacturer of all

tested

53

materials



Standard average: L*=79.37 a*=0.160 b=*6.63

TO T1 T2
AE AL* AC* AH* AE AL* AC* AH* AE AL* AC* AH*
C 1.412 0.0¢ 0.02 -0.0° 2.02 1.04 1.22 -0.1° 2.12 2.0¢ 0.52 0.3
+0.63 +0.92 1.4 +0.9 +0.6 +1.0 +1.8 1.1 +0.4 +0.7 +1.6 +1.0
A2 7.91¢ -6.382 9.7¢ -0.0° 7.6¢ -5.8ap 9.6¢ -0.5° 6.7° -5.ab 8.4 -0.1°
+1.13 +1.19 1.8 +0.6 +1.4 +1.3 +2.2 0.6 +1.3 +1.3 +1.9 +0.5
F 5.81° -1.25° 7.1° -2.23b 8.5¢ -3.0° 10.5¢ -4.0%P 8.4¢ -3.5P 10¢ -4.22
+1.65 +1.59 1.8 2.7 +0.5 +0.7 +0.5 +3.4 +0.5 +0.5 +0.7 +3.3
A2/F 5.52° -0.96°¢ 7.6¢ -0.9° 7.7° -3.0° 10.3¢ -2.78b 8.7¢ -4.4° 10.9¢ -3.68P
+0.50 +0.54 +0.4 +1.7 +1.3 +1.2 +1.8 +2.4 +0.6 +0.5 +0.8 +2.7

Table 2. Descriptive statistics with mean and standard deviation of color (AE), lightness (AL*), chromaticity (AC*), and hue
(AH*) differences of the tested groups in comparison with the standard average (control group). The letters a-d represents
statistical similarity of AE, AL* AC* and AH* between the groups.
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Table 3. Descriptive statistics with mean of fluorescence degree values
between all tested groups. The letters a,b,c,d represents statistical

differences between the groups.
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4 CONCLUSOES

Considerando as limitacdes do presente estudo, foi possivel concluir

que:

57

1. O uso do liquido de pigmentacdo assim como o uso do

liqguido fluorescente, separadamente ou combinados,
resultou em grandes diferencas de cor na 3Y-TZP.

O envelhecimento acelerado resultou em diferencas de cor
significantes, principalmente nos grupos tratados com
liquido de pigmentac&o e/ou fluorescente.

As amostras imersas em liquido de pigmentacdo (A2)
reduziram significativamente a luminosidade.

O grau de fluorescéncia encontrado foi maior no grupo
tratado com liquido fluorescente somente, em comparacao
com a zirconia convencional e a pigmentada.

O  envelhecimento acelerado nédo influenciou
significativamente no grau de fluorescéncia.
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ILUSTRAGCAO DA METODOLOGIA APLICADA

PROJETO PILOTO

CONFECCAO DAS AMOSTRAS

Fig. 1. Amostras de zircdnia confeccionadas manualmente para definicio do
tempo de imersdo dos liquidos e treinamento do operador.
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Fig. 2. (A) Mensuracdo inicial feita com especimetro, previamente a
sinterizagdo, com o objetivo de conferir a espessura apds contracdo de 19%
relatada pelo fabricante. (B) Amostras confeccionadas com 3.5mm e reduzidas
a 3mm ap6s a sinterizacdo. A medida final foi confirmada com o uso de um
micrémetro.
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IMERSAO EM LIQUIDO FLUORESCENTE

Fig. 3. Liquido utilizado para obtengdo da fluorescéncia (Fluoreszenz,
Zirkonzahn, Italia).
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Fig. 4. Imersdo das amostras em liquido fluorescente. O grupo | foi
imerso por 5 segundos e o grupo Il por 10 segundos com o objetivo de
observar se existia diferenca entre os tempos utilizados e definir a
metodologia da fase experimental.

66



SECAGEM E SINTERIZACAO

Fig. 5. (A) Manutencdo das amostras ja imersas sob lampada de secagem
durante 60 minutos. (B) Inclusdo das amostras sob placa cerdmica no interior do
forno para sinterizagéo.
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Fig. 6. Forno utilizado para a sinterizacdo das amostras do teste piloto e da fase
experimental (N5 Zirkonzahn).

68



Fig. 7. Imagem obtida fotograficamente sob luz ultravioleta (UV). Na imagem é
possivel observar que as amostras de zircOnia passaram da coloragdo
preta/invisivel em ambiente escuro, para azulada, demonstrando a presenca de
fluorescéncia. E possivel observar que a amostra A (10seg.) se apresenta menos
visivel e azulada que a amostra B (5 seg.).
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MENSURACAO DE FLUORESCENCIA E ANALISE DOS
RESULTADOS PRELIMINARES

Fig. 8. Sistema de fluorescéncia (Biopdi, S&o Paulo) utilizado para mensurar a
fluorescéncia obtida na etapa piloto, assim como na fase experimental.
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Grafico 1. Resultados obtidos para a fluorescéncia das amostras piloto. Um
maior grau de fluorescéncia foi observado no grupo imerso por 5 segundos,
porém sem significancia estatistica (p=0.30). Ambos 0s grupos aumentaram a
fluorescéncia em relacdo ao grupo controle.
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AVALIACAO DAS DIFERENGAS DE COR E ANALISE DOS
RESULTADOS PRELIMINARES

Fig.9. Espectrofotdmetro utilizado para as mensuragdes de cor - sistema
CIELAB.

Grupos L* a* b*

G1(sem tratamento) 80,46 -0,61 4,98

G2 (tratamento 5 76,1 5,46 13,21
segundos)

G3 (tratamento 10 75,4 5,58 13,23
segundos)

Tabela 1. Valores L*, a* e b* das amostras sob fundo branco.
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Comparacdes entre | AE AL* AC* AH*
0S grupos

G1lx G2 9,69 -4,36 10,43 -6,31
G1x G3 9,95 -5,06 10,54 -6,41
G2xG3 0,52 0,70 0,10 0,13

Tabela 2. Valores das diferencas de cor, luminosidade, croma e matiz
para 0s grupos testados.

Fig.10. Autoclave utilizada para o envelhecimento acelerado das
amostras (Cristéfoli, Sdo Paulo).
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TESTE EXPERIMENTAL

Fig.11. Dois blocos de zircdnia (Zirkonzahn, Italia) foram utilizados para a
confecgdo de 19 amostras com 14mm de didmetro e 9mm de espessura.
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ZrO; Especificacdes
Y203 4-6%

Al,O3 <1%

SiO; max. 0.02%
FeoOs max. 0.01%
Na,O max. 0.04%
Densidade (g/cmq) ~6,0 g/cm?®
Resisténcia flexural 1000-1200 MPa
Dureza (HV10) 1250 HV10
Maodulo de Weibull ~15

CET (coeficiente de expansdo | ~10,0%10% K1

térmica)

Tabela 3. Composi¢do e propriedades dos discos de zirconia utilizados. Fonte:

Zirkonzahn, ltalia.

Fig.12. Desenho CAD feito no computador apds os célculos para obtencdo do
didmetro e espessura adequados das amostras. O equipamento de usinagem
segue o desenho feito no software para usinar o bloco.
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Fig.13. Imagem dos discos sendo preparados no equipamento de usinagem
(Modela MDX-40 Milling Machine - Roland, Japéo).

Fig.14. Cada um dos 19 discos foi mensurado com o auxilio de um paquimetro
digital (Mitutoyo, Japdo) na altura de 4.5mm de espessura e cortado com 0
auxilio de um disco diamantado (KG Sorensen, Cotia, Sdo Paulo) acoplado a
uma peca de méo. Apds essa etapa os discos foram lixados com lixas de papel
(até 2000) até obter a espessura de 2.5mm e polimento foi feito em ambos os
lados.
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Grupo (n=10/grupo)

Tratamento Realizado

Controle

Nenhum

Fluorescente

Imersdo em liquido fluorescente durante 5
segundos e secagem em lampada de secagem
por 60 minutos

A2 Pigmentado

Imersdo em liquido de pigmentacdo (A2)
durante 5 segundos e secagem em lampada de
secagem por 60 minutos

Fluorescente
A2 Pigmentado

Imersdo em liquido fluorescente durante 5
segundos, secagem durante 10 segundos,
seguido de imersdo em liquido de pigmentacao
(A2) durante 5 segundos e secagem em
lampada de secagem por 60 minutos

Tabela 4. Divisdo dos grupos experimentais e tratamento realizado.

O processo de imersdo em ambos os liquidos, secagem e
sinterizacdo, assim como as analises de cor e fluorescéncia foram
feitos como demonstrado no “Projeto Piloto”.

Todas as amostras imersas, assim como o grupo controle, foram
submetidas a analises de cor e fluorescéncia. Para calcular as diferencas
de cor, uma medida-padrédo foi obtida a partir da média L*, a* e b* de
dez discos do grupo controle (L*= 79.37 a*= 0.16 b*=6.63). Todos 0s
demais grupos foram comparados em relacdo a essa média-padrao.

Para a mensuracdo do grau de fluorescéncia, um bloco de resina
nano-ceramica (Lava Ultimate, 3M ESPE) foi utilizado como referéncia
de 100%, por apresentar fluorescéncia semelhante ao dente natural.
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Fig. 15. Imagem feita no equipamento fluorescente de um dente natural
e um bloco de resina nano-ceramica (Lava Ultimate, 3M ESPE, EUA).

As amostras ndo submetidas ao envelhecimento acelerado
foram denominadas como To.
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ENVELHECIMENTO ACELERADO POR 1 HORA

Apds as primeiras mensuraces, todas as amostras foram
submetidas ao envelhecimento acelerado em autoclave por um periodo
de uma hora (Chevalier et al., 1999).

Fig. 16. Amostras colocadas em um vidro com &agua destilada, separadas por
grupo, cobertas com gaze e o0 recipiente selado com fita adesiva.
Posteriormente, as amostras foram mantidas na autoclave a 137°C, 2 bars de
pressdo, por uma hora. Todas as amostras envelhecidas por uma hora foram
denominadas no presente trabalho como T;.

AVALIACAO DAS DIFERENCAS DE COR E DO GRAU DE
FLUORESCENCIA
As amostras foram novamente avaliadas em espectrofotdmetro
e sistema de fluorescéncia de acordo com o citado acima. Os dados
foram armazenados para as comparacdes posteriores.
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ENVELHECIMENTO ACELERADO POR 4 HORAS,
TOTALIZANDO 5 HORAS

Fig. 17. As amostras foram colocadas em um vidro com &gua destilada,
separadas por grupo e cobertas com gaze. O vidro foi selado com fita adesiva.
Posteriormente as amostras foram mantidas na autoclave a 137°C, 2 bars de
pressdo, por quatro horas. Todas as amostras envelhecidas por cinco horas
foram denominadas no presente trabalho como T».

CALCULO DAS DIFERENCAS DE COR

Os resultados descritos no artigo foram baseados na formula
CIEDEZ2000, que ¢ descrita a seguir:

AEqo={[AL/(k.SL)]?+ [AC’/ (kcSc) ]+ [AH '/ (kuSH)]?+ RT[AC/ (kcSc)]
X [AH'/ (kcSc)]}?

Onde AL’ se refere as diferencas em luminosidade, AC” em croma e AH’

em matiz, entre a medida-padrdo do grupo controle e os grupos testados.

Si, Sc, e Sk sdo as fungbes de ponderacdo para luminosidade, croma e

componentes do matiz, respectivamente. K., K¢, e Ky sdo os fatores

paramétricos a serem ajustados de acordo com diferentes padrdes de
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visualizagdo. No presente estudo, K, Kc, e Ky foram definidos como 1,
de acordo com literatura prévia (Sharma G, Wu W, Dalal E, 2005).
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TABELAS DE RESULTADOS DO ARTIGO (EM PORTUGUES)

TO T1 T2

L a* b* L a*  b* L a* b*

Controle | 79. 01 6.6 804 058 780 814 - 710
38 6 4 3 0. =l 5 017 =L
+0. +0. +1. +1. 84 79 0. 0. 65
92 63 52 03 70 64

A2 72. 04 16. 735 118 161 743 059 150
99 9 30 8 +0. 7 2 +0. 1
1. +0. 1. 1. 49 +2. 1. 56 1.

19 65 79 30 21 34 90
Fluoresce | 78. 33 12. 763 588 148 758 582 142
nte 13 6 78 6 +0. 6 3 +0. 6
o - 3 - +0. 59 +0. #0. 36 +0.
59 52 24 77 65 50 66

A2 78. 20 13. 763 419 158 749 5.24 157
Fluoresce | 41 5 92 5 +1. 5 1 +0. 9

nte +0. +0. +0. +1. 05 +1. 0. 67 =0.
54 89 33 21 46 50 61

Tabela 5. Média e desvio padrdo das coordenadas L*, a* e b* para a medida
padrdo (grupo controle) e para 0s grupos testados (A2, fluorescente, e A2
fluorescente).
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To T1 T

Média-padréo: L*=79.37 a*=0.160 b=*6.63

AEww AL* AC* AH* | AEo  AL* AC* AH* | AEeo  AL* AC*  AH*

Controle 1.41*  0.0° 0.06* -0.07° | 2.058 1.05¢ 1.28% -0.17° | 2.122 2,079 0.53* 0.30°
+0.63 +0.92 149 097 | +0.68 +1.03 187 +*1.17 |+047 +0.70 160 =£1.09

A2 7.91° -6.38" 9.70° -0.09° | 7.63° - 9.63° -0.57° | 6.74° - 8.41° -0.18°
+1.13 +1.19 +1.80 +0.60 | +1.45 5.80*° +223 +0.66 |+1.32 5.06* +1.90 +0.57
+1.30 +1.34
Fluorescent | 5.81° -1.25¢ 7.17° - 8.59¢ -3.02° 10.57° - 8.47¢ -3.55° 10.0° -4.222
e +1.65 +159 +1.84 221*° | +0.51 +0.77 057 4.04*° | 050 +050 +0.79 +3.31
+2.71 +3.48

A2 5,52 -0.96° 7.66° -0.99° | 7.78° -3.02° 10.39° - 8.74° -4.46° 10.93° -
Fluorescent | +0.50 +0.54 048 +1.73 | £1.35 +1.21 +1.8. 277 | +0.67 +050 +0.85 3.643P
e +2.42 +2.77

Tabela 6. Estatistica descritiva com média e desvio padrdo das diferengas de cor (AEq), luminosidade (AL*), croma (AC*) ¢ matiz
(AH*) entre a média-padréo (grupo controle) e os grupos testados. As letras a-d representam diferengas estatisticas de AE, AL* AC* e
AH¥* entre os grupos.
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Grupo controle A2 Fluorescente A2 Fluorescente
= To T. T To T T To T T To T T
8 0%? 1.94 1.0%? 006541 0.59¢ 0% 20%  14.5¢ 13.2%° 3%* 2%* 1%*
E +0.00 0. +0.34 0= +1.1 +0.4( 12 0. +0.0 +3.1¢ +3.2 +2.1
LL

Tabela 7. Estatistica descritiva com as médias dos valores de grau de fluorescéncia entre todos os grupos testados. As letras a-d

representam diferencas estatisticas entre os grupos.
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