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RESUMO

O objetivo deste estudo “in vitro” foi avaliar propriedades fisicas e
guimicas de cimentos resinosos e resinas compostas de baixa viscosidade
usados na cimentacdo de facetas laminadas, através da estabilidade de cor e
resisténcia a unido apds envelhecimento e grau de conversdo. Foram utilizados
96 incisivos humanos extraidos divididos, aleatoriamente, em 6 grupos
experimentais (n=8), formados pelos sistemas de fixacdo RelyX Veneer/ Single
Bond2 (3M ESPE), RelyX ARC/Single Bond2 (3M ESPE), Filtek 2350 XT
Flowable/Single Bond2 (3M ESPE), Variolink Veneer/Tetric N-Bond (lvoclar-
Vivadent), Variolink I/ Tetric N-Bond (lvoclar-Vivadent) e Tetric N-Flow/ Tetric N-
Bond (lvoclar-Vivadent), utilizados na cor Al. Para avaliar a estabilidade de cor
foram realizados desgastes na face vestibular de 0,6 mm de profundidade
simulando preparos para facetas laminadas em 48 incisivos humanos e foram
confeccionadas facetas laminadas em cer@mica IPS Empress Esthetic que
foram cimentadas de acordo com os grupos experimentais. Vinte e quatro
horas apds a cimentacdo a cor inicial foi avalioda com o auxilio de
espectrofotdbmetro (Easyshade-Vita). Apds o envelhecimento acelerado por luz
UV-B durante 300 horas (150Kj/min), nova mensuracdo de cor foi realizada. A
avaliacdo da resisténcia ao microcisalhamento foi realizada selecionando
outros 48 incisivos humanos (n=8) que receberam a cimentacdo de dois cilindros
cer@micos (IPS Empress Esthetic) (1 x 2 mm) sobre a face vestibular planificada,
apds vinte e quatro horas o primeiro cilindro foi acoplado d maquina EZ-test
para o teste de resisténcia e o cilindro remanescente foi submetido ao
envelhecimento acelerado por luz, e novo ensaio de resisténcia d unido
redlizado, avaliando-se também o padrdo de fratura em microscopio dptico.
Para avaliacdo do grau de conversdo foram confeccionados 60 espécimes
(n=10) de cada material resinoso (5 x 0,5 mm) e os espectros de absor¢cdo foram
obtidos através do espectrobmetro Spectrum 100 FTIR/UATR. Os dados foram
submetidos a Andlise de Vari@ncia e teste de Tukey (a=0,05). Em relacdo a
estabilidade de cor todos os materiais testados apresentaram grande alteracdo
de cor perceptivel clinicamente (AE>3.3), porém ndo apresentaram diferenca

estatisticas entre si. Para a resisténcia a unido os sistemas de fixagdo Single Bond

vii



2/RelyX ARC

e Tetric N-Bond/Variolink Il apresentaram os melhores valores quando
comparados aos demais sistemas, Tetric N-Bond/Variolink Veneer e Single Bond
2/ RelyX Veneer foram semelhantes entre si e superiores as resinas compostas de
baixa viscosidade, que apresentaram os valores mais baixos. Em relacdo ao
padrdo de fratura os cimentos duaqis apresentaram maior porcentagem de
fraturas do tipo coesiva em cer@mica (62,5%) enquanto os cimentos
fotoativados e resinas de baixa viscosidade obtiveram maior porcentagem de
falhas do tipo adesiva (50 a 75%). Quanto ao grau de conversdo, RelyX ARC
apresentou o melhor resultado, sendo que Variolink Il, RelyX Veneer e Filtek Flow
apresentaram resultados intermedidrios com diferencas estatisticas entre si e
Tetric Flow e Variolink Veneer apresentaram o menor grau de conversdo.
Baseando-se nos resultados pdde-se concluir que os sistemas de fixacdo
mostraram grande alteracdo de cor apds o envelhecimento, em relacdo ao
teste de microcisalhamento e grau de conversdo os materiais duais obtiveram
melhor desempenho quando comparados aos outros materiais testados.
Palavras-chave: Cimentos de resina, Cerdmica, Facetas dentdrias e Resisténcia

Qo cisalhamento.
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ABSTRACT

The aim of this " in vitro " study was to evaluate the chemical and physical
properties of different resin cements and flowable resin composites used to lute
veneers on enamel by color stability and bond strength submitted to
accelerated artificial aging, and degree of conversion. Ninety-six extracted
human incisors were randomly divided into 6 experimental groups (n = 8),
according to the different luting systems evaluated: RelyX Veneer / Single Bond 2
(3M ESPE), RelyX ARC / Single Bond 2 (3M ESPE), Filtek 2350 XT Flowable/ Single
Bond 2 (3M ESPE), Variolink Veneer / Tetric N - Bond (lvoclar Vivadent), Variolink Il
/ Tetric N - Bond (lvoclar Vivadent) and Tetric N -Flow / Tetric N - Bond (lvoclar
Vivadent), used shade Al. To evaluate the color stability, wears of 0.6 mm thick
were performed on labial surface to simulate veneer preparations. Forty-eight IPS
Empress Esthetic veneers were cemented according to the experimental groups
evaluated. Twenty-four hours after luting procedures the initial color was
measured with spectrophotometry (Easyshade-Vita). After accelerated aging by
UV-B light for 300 hours (150Kj/min), final color readout was measured. To
evaluate the microshear bond strength another 48 human incisors was selected.
Two ceramic cylinders (IPS Empress Esthetic) (d=1 mm x 2 mm thick) were lute on
the labial enamel surface previous prepared as described before. After twenty-
four hours, the first cylinder was coupled to the EZ -test machine for measuring
the initial bond strength and, the remaining cylinder was submitted to
accelerated artificial aging by light, and before bond strength test. Fracture
pattern was analyzed under light microscope. To evaluate the degree of
conversion 60 specimens (n=10) of each resin material (5x0.5 mm) were
obtained and Fourier transform infrared spectroscopy (FTIR) was used to
evaluate the absorption spectra. The data were submitted to ANOVA and Tukey
test (a = 0.05). There was clinically perceptible color change (AE > 3.3) for all
materials tested; there were no statistical difference among the color stability of
any luting materials. For bond strength test the luting systems single Bond2/ RelyX
ARC and Tetric N-Bond/Variolink Il showed the highest values when compared to
others systems, Tetric N-Bond/Variolink Veneer and Single Bond 2/RelyX Veneer

were similar between and superior to flowable resin composites, which showed
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lowest values. Regarding fracture pattern the dual cured resin cements showed
a higher percentage of cohesive fracture patterns on ceramic (62.5%) and the
light-cured resin cement and the flowable resin composites, adhesive fracture
pattern (50-75%). For the degree of conversion, the following decreasing
sequence was found: RelyX ARC>Variolink II>RelyX Veneer>Filtek 7350 XT
Flowable>Tetric Flow>Variolink Veneer. For the microshear bond strength Single
Bond 2/RelyX ARC=Tefric N-Bond/Variolink I =Tetric N-Bond/Variolink
Veneer+Single Bond2/RelyX Veneer >flowable resin composite. Based on the
results it was concluded that the luting systems showed great after artificial
aging, in relation to microshear bond strength test and the degree of conversion
of the dual-cured resin cements obtained better performance compared to
light-cured resin materials tested.

Key Word: Resin cement, Ceramic, Veneers and Microshear bond strength.
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INTRODUGAO

O aprimoramento das propriedades mecdnicas, somada as
propriedades otica e estética possibilitaram a indicacdo clinica com maior
previsibilidade e confianca das facetas laminadas.

A longevidade destas restauracdes € determinada pela resisténcia,
estabilidade de cor e durabilidade da unido formada pelos trés diferentes
componentes, substrato dental, cimentos resinosos e a cer@mica (Peumans et
al., 2000). Além disso, outros fatores podem influenciar o progndstico das
facetas laminadas como a profundidade do preparo, se 0 mesmo se encontra
em esmalte ou dentinag, tipo e espessura da cerdmica e sistema adesivo (Zarone
et al., 2006).

Com relacd@o ao substrato dental a resisténcia adesiva da cer@micas ao
esmalte é superior a dentina (Ozturk et al., 2013). Por isso a maioria dos dentes
preparados para facetas laminadas deveria ter somente parte do esmalte
desgastado (Meyenberg et al., 2006) evitando-se assim a exposicdo de dentina.
Essa reducdo do esmalte é indicada para melhorar a unido do sistema adesivo
a superficie dentdria, pois a camada aprismdtica do esmalte proporciona
menor retencdo (Meyenberg et al., 2006). Por isso a profundidade do desgaste
da face vestibular deve ter por volta de 0,5 mm (Cherukara et al., 2003)
resultfando assim em facetas laminadas com espessuras entre 0,5 a 0,7 mm. Este
desgaste também tem por objetivo evitar o sobrecontorno anatdmico do dente
e consequentemente a inflamacdo gengival (Radz et al., 2011).

O material mais utilizado para confeccdo das facetas sGo as cerdmicas,
qgue podem ser classificadas em vitreas, a base de dissilicato de litio, leucita e
feldspdticas ou cristalinas, a base de éxido de alumina ou policristais de zircdnia
estabilizados por éxidos (Conrad et al., 2007). A associacdo das diferentes
composicoes cerdmicas com novas técnicas laboratoriais tem resultado em
materiais com propriedades mecdnicas e estéticas aprimoradas (Conrad et al.,
2007).

Dentre essas associacdes, o sistema cerdmico IPS Empress (Ilvoclar
Vivadent, Schaan, Liechtenstein) € um material processado por fermo-

prensagem que tem a leucita como fase cristalina de reforco. Este sistema foi



substituido no mercado pelo sistema cer@mico IPS Empress Esthethic, que
apresenta na sua composicdo cristais de leucita de tamanho médio,
distribuidos de maneira mais homogénea pela fase vitrea (Ilvoclar-Vivadent,
2004), resultando em um material com propriedades opticas superiores.

A cimentacdo das facetas cer@micas a superficie dental é realizada
utilizando sistemas adesivos e cimentos resinosos (Oquendo et al., 2011). Os
cimentos resinosos podem apresentar diferentes tipos de ativacdo da reacdo
de polimerizacdo podendo ser classificados em ativacdo fisica (fotoativados),
quimica ou de dupla-ativacdo, também chamados de cimentos duais (Kramer
et al., 2000).

Os cimentos fotoativados podem ser indicados para cimentacdo de
facetas laminadas (EI-Mowafy et al., 1999). Porém, esse cimento tém como sua
principal limitacdo a dependéncia da quantidade de fétons que atinge o
cimento para excitacdo do fotoiniciador. Além disso, a ativacdo também é
dependente do comprimento de onda da luz que atinge o material (Assmussen
& Peutzfeldt, 2005). O fotoiniciador canforoquinona, pode fazer parte da
formulacdo e apresenta espectro de absorcdo de luz entre 360 e 510 nm, com
pico de absor¢cdo de aproximadamente 470nm. Assim, quanto mais proximo do
pico de absorcdo for a luz emitida, mais eficaz serd o efeito sobre esse
fotoiniciador. No entanto d medida que a luz passa através de restauracoes
cer@micas de maior espessura, pouco translicidas e de cores escuras pode
ocorrer uma atenuacdo da incidéncia de luz, isso significa que parte da luz
pode ser absorvida, dispersada ou refletida e, consequentemente, atenuada
comprometendo-se assim a polimerizacdo do cimento (el-Badrawy & el-
Mowafy, 1995., Braga et al., 2002).

Por este motivo, foram desenvolvidos os cimentos duais buscando
conciliar as vantagens dos cimentos fotoativados, como controle do tempo de
frabalho, melhor facilidade de remocdo dos excessos e resisténcia imediata
que impede o deslocamento da peca, e ainda a possibilidade de
polimerizacdo mesmo na auséncia de luz, que é a principal vantagem dos
cimentos ativados quimicamente (Pegoraro et al., 2007; Arrais et al., 2008).

Porém cimentos duais possuem co-iniciadores, perdxidos e aminas



aromdticas (Foxton et al., 2003), estes elementos sGdo componentes quimicos
orgdnicos e, por isso, sdo susceptiveis aos fendmenos de degradacdo sob
envelhecimento (Pegoraro et al., 2007), alterando a cor original, principalmente
pela oxidacdo da amina, o que pode comprometer a estética.

Outra possibilidade para a cimentacdo de facetas ou lentes de contato
sGo as resinas compostas de baixa viscosidade (Moon et al., 2002) que foram
introduzidas no mercado no final da década de 90. A diminuicGo na
viscosidade é alcancada atfravés da reducdo em aproximadamente 15% no
seu conteldo inorgdnico (Christensen et al., 1999) e da associacdo de
diferentes tipos de mondmeros presentes na matriz resinosa. Sua caracteristica
mais fluida promove ao material bom escoamento e baixo mddulo de
elasticidade, o que, teoricamente, suportaria e dissiparia a tensdo gerada por
alteracdes térmicas e forcas mastigatérias presentes na cavidade bucal,
diminuindo assim a possibilidade de infiltfracdo marginal e falha na linha de
unido (Liebenberg et al., 1999). Somado a isto, este material tem a vantagem
do menor custo quando comparado aos cimentos resinosos e a indicacdo para
outras técnicas clinicas ofimizando o seu uso em consultério. No entanto, o
desempenho clinico destes matericis como agente cimentante para facetas
laminadas ainda ndo estd completamente consolidado, necessitando ser
melhor avaliado.

Alguns métodos laboratoricis sdo propostos para induzir o
envelhecimento das amostras com o objetivo de simular condicdes presentes
na cavidade bucal. Dentre estes, tém-se a fadiga mecdénica, realizada através
de ciclagem mecdénica da amostra (Mitsui et al., 2003); a fadiga térmica, que
utiliza a ciclagem térmica (Bedran-de-Castro et al., 2004), a associacdo destas
duas ciclagens constituindo a ciclagem térmico-mecdénica; a degradacdo
hidrolitica, através do armazenamento das amostras por um determinado
periodo de tempo em meio aquoso (Vandewalle et al., 2004) e por fim o
envelhecimento acelerado por luz ultravioleta emitida por uma fonte de luz UV-
B em ciclos alternados de condensacdo d temperatura constante em torno de
50°C (ASTM, 2006).

Uma vez que estudos clinicos consomem muito tempo, os métodos de



envelhecimento induzido tem sido sugeridos para relacionar os achados
laboratoriais com o desempenho clinico dos materiais.

Assim, afim de se anadlisar qual agente de fixacdo apresenta melhor
comportamento na cimentacdo de facetas laminadas foi delineado este
estudo com o objetivo de comparar as propriedades fisicas e quimicas de
resinas compostas de baixa viscosidade 4 cimentos resinosos dual e

fotoativado.



CAPITULO UNICO:
“PHYSICAL-CHEMICAL PROPERTIES EVALUATION OF THE RESIN CEMENTS AND
FLOWABLE RESIN COMPOSITES USED TO LUTE CERAMIC VENEERS SUBMITTED TO
ACCELERATED ARTIFICIAL AGING”

ABSTRACT

Objectives: The aim of this study was to evaluate the color stability, microshear
bond strength (MSBS), failure pattern and degree of conversion of four different
resin cements and two flowable resin composites submitted to accelerated
arfificial aging.

Material and Methods: To evaluate color stability, forty-eight extracted human
incisors were randomly divided into six experimental groups (n=8) according to
the different luting systems evaluated: Single Bond 2/RelyX Veneer; Single Bond
2/RelyX ARC; Single Bond 2/Filtek Z350 XT Flowable; Tetric N-Bond/Variolink
Veneer; Tetric N-Bond/Variolink II; Tetric N-Bond/Tetric N-Flow, shade Al. Forty-
eight IPS Empress Esthetic veneers were cemented according to the
experimental groups evaluated. Fourier fransform infrared spectroscopy (FT-IR)
was used to evaluate the degree of conversion (n = 10), and spectrophotometry
according to CIE Lab chromatic space was used to evaluate the color stability
(n = 8). To induce color change, the resin materials were artificially aged with
exposure to cycles of UV-B light for 300 h. To evaluate the microshear bond
strength, two ceramic cylinders (IPS Empress Esthetic) (d = 1 mm, 2 mm thick)
were luted on the buccal enamel surface previous prepared simulating veneers
preparations. After twenty-four hours, the first cylinder was coupled to the EZ -test
machine for measuring the initial bond strength and, the remaining cylinder was
submitted to accelerated artificial aging before bond strength test. The fracture
pattern was analyzed by stereomicroscopy (with 40x magnification). The data
were analyzed using one-way and two-way ANOVA and Tukey's test (a = 0.05).
Results: There was clinically perceptible color change (AE > 3.3) for all resin
materials tested; there were no statistical difference among the color stability of
any luting materials. The AE ranged from 6,11 to 9,33. For the degree of

conversion, the following decreasing sequence was found: RelyX ARC > Variolink



Il > RelyX Veneer > Filtek Z350 XT Flowable > Tetric Flow > Variolink Veneer; for the
microshear bond strength, Single Bond 2/RelyX ARC = Tetric N-Bond/Variolink Il =
Tetric N-Bond/Variolink Veneer = Single Bond 2/ RelyX Veneer > flowable resin
composite. The dual-cure resin cements showed a higher percentage of
cohesive fracture patterns on ceramic (62.5%) and the light-cure resin cements
and the flowable resin composites, adhesive fracture pattern (50-75%).

Conclusions: Accelerated artificial aging induced color change and decreased
microshear bond strength for all luting systems evaluated. The microshear bond
strength and the degree of conversion of the dual-cure resin cements obtained

better performance compared to light-cure resin materials tested.

INTRODUCTION

The characteristics of porcelain laminate veneers, such as preservation of
dental structure!, superior translucency?, color stability, clinical longevity and
superficial texture, make them an excellent choice for aesthetic treatmentss.
With the advances of the adhesive dentistry, resin luting strategies have been
widely used to bond these indirect restorations to tooth structure4.

The color stability of these resin materials can be influenced by a variety
of exirinsic and intrinsic factorss. The extrinsic factors correspond to the
absorption of stain from exogenous sources related to hygiene habits, smoking
and dieté. The intrinsic factors involve alterations in the percentage of remaining
C=C bonds, composition of the resin matrix and the type of photo-initiator
system’.

Camphorquinone is the most commonly photo-initiator used for light-
cured resin cements. It significantly influences material’'s color, very small
concentration (~ 1 wt %)8. Other very important components of photo-initiator
systems are tertiary aromatic or aliphatic amines, which act as so-called co-
initiators or acceleratorsé. These accelerators are present in chemically activated
systems such as dual-cured and auto-cured resin cements. These amines are
mainly responsible for color change?; all amines are known to form by-products
during photoreaction, which tend to cause yellow to red/brown discolorations

under the influence of light or heat’®©. When color change becomes visible, it



affects the esthetical appearance of indirect restorations'!.

Based on the assumption that there are two options for luting ceramic
veneers: the dual-cured cements, which have the disadvantage of containing
an aromatic tertiary amine in its composition that can compromise the color
stability of the indirect restorations over the clinical conditions'?, desirable
characteristics of light-and chemically cured resin cements'3 as longer working
time and effective polymerization'2 and the light-cured resin cement which have
better color stability and longer working time compared to chemically and dual-
cured resin cements'2, The disadvantage of less effective polymerization some
authors have started testing flowable resin composites to lute ceramic veneers'
in order to take advantage of the properties of light-cured resin composites and
the greater cost-effectiveness compared to the resin cements’4,

Clinical studies assessing the long-term behavior of flowable composite
are very difficult. As it is impossible to standardize the oral conditions which
hinders the prediction of durability and the comparison of dentals materials's.
Laboratory aging methods have been standardized to facilities the comparisons
among researches carried out by different authors'é. The artificial aging methods
also allow the assessment of the degradation of the materials in a short period
that would otherwise take months or even years of use in the oral cavity'”. Thus, it
becomes relevant to investigate the color stability and other chemical and
physical properties of different flowable resin composites compared to resin
cements in order to verify its effectiveness.

This study evaluated the color stability, the microshear bond strength and
the degree of conversion of two dual-cure resin cements, two light cure resin
cements and two flowable resin composites submitted to accelerated artificial
aging. The hypothesis investigated in the study was that the behavior of
flowable composite would be similar to that of the light-cured and dual-cured
cements regarding color stability, microshear bond strength and degree of

conversion.

MATERIALS AND METHODS

The study was submitted and approved by the review board of Ethics at



Piracicaba Dental School- University of Campinas, under the protocol number
078/2012. Table 1 described six different luting systems (two dual-cured resin
cements, two light-cured resin cements and two flowable composites) of three
different brands of each type, which were investigated in this study.
Color measurement test
Freshly extracted human incisors (n=48) were selected, cleaned and

storage in 0.2 % thymol solution at 4°C. Wears of 0.6-mm thick were performed on
buccal surface to simulate veneers preparations using high-speed hand piece
and a diamond bur #2135 (KG Sorensen) under water cooling in a cavity
preparation machine for the standardization preparations. The diamond bur was
discarded after each 5 preparations. Forty-eight ceramics veneers were
fabricated with 0.6 mm thickness using IPS Empress Esthetic (Ilvoclair Vivadent,
Schaan, Liechtenstein) in shade ET1, according to the manufacturer's
recommendations. Before luting, each ceramic veneer, the area designated for
contact with the luting system was prepared with 10% hydrofluoric acid (FGM
Dental Materials, Joinville, SC, Brazil) in gel, applied for 20 seconds and, then
rinsed with water and gently dried with air. All ceramics veneers were silanized
with a monocomponent silane (RelyX Ceramic Primer- 3M ESPE, St. Paul, MN,
USA) for 1 min and dry. The teeth were divided into six experimental groups (n=8)
according to the different luting systems evaluated: G1- (SB/RVE) Single Bond
2/RelyX Veneer (3M ESPE); G2- (SB/ARC) Single Bond 2/RelyX ARC (3M ESPE); G3-
SB/FFL) Single Bond 2/Filtek Z350 XT Flowable (3M ESPE); G4- (TB/VVE) Tetric N-
Bond/Variolink Veneer (lvoclar-Vivadent); G5- (TB/VAR) Tetric N-Bond/Variolink |I
(Ivoclar-Vivadent); Gé- (TB/TFL) Tetric N-Bond/Tetric N-Flow (lvoclar-Vivadent).

Each prepared teeth were acid-etched with 37% phosphoric acid
(Scotchbond Etchant, 3M ESPE) for 15 seconds. The adhesive system was applied
to the tooth surface after the luting systems were manipulated according to the
manufacturer's instructions for both, as previous described in (Table 2). All
ceramic veneers were luted with one of the Iuting systems and light-cured
directly on the ceramic using visible light Demetron LC (SDS Kerr, Middleton, USA)
for 40 seconds. The light irradiance was measured with a radiometer and

confirmed for all groups at 800 mW/cm?2. All the test specimens were stored in



isolated receptacles at 37°C under high-humidity and kept in the absence of
light for 24 hours before color analysis.

Initial color readouts were evaluated using a Spectrophotometer
(Easyshade, VITA Zahnfabrik, BadSackingen, Germany). Before measuring the
color of the specimens, Vita Easyshade was calibrated using its calibration block,
according to the manufacturer's instructions (Vita Easyshade Manual).

The specimens were dried with absorbent paper, and placed on a light
box (MM-1eUV/Dé5). Color measurements were performed at the center of the
ceramic veneer using a silicon pattern specially made for each specimen in
order to standardize the initial and final readouts in the same position. The
observation pattern simulated for color readout according to the CIE L*a*b
system (Commission Internationale de I'Eclairage). The CIELAB system is an
approximately uniform color space with coordinates for lightness, namely,
white/black (L*), red/green (a*) and yellow/blue (b*)8.

Subsequently, the specimens were submitted to AAA (Accelerated
Artificial Aging System) using an UV-accelerated aging chamber EQUV (Equilam
Ind Com Ltda, SP, Brazil). The AAA process consisted of alternative periods of
ultra-violet light B (4 hours) and condensation (4 hours), under 50°C heat and
100% humidity for 300 hours'.

After AAA process, final color readout was measured under the same
conditions before and the color stability (AE) was determined by the difference
between the coordinates obtained before and after aging process of the
samples, by the following formula: AE= V(Le*-L*)2 + (ar*-ai*)2+ (br*-bi*)2. In which,
AE is the color change, the subscript letter (F) corresponds to the final readout,
obtained after aging, and the letter (I) to the initial readout. Values of AE below

3,3 were considered clinically acceptable?,



Table 1-Resin cements and adhesive systems used in the study with composition and manufacturer's information.

Luting Systems
(Manufacture's)

Composition (%by WT)

Adhesive Adper Single Bond 2

(3M ESPE)

-Ethyl alcohol (25-35%), -Bis-GMA (10-20%), -Syntetic amorphous silica (10-20%), -Hema (5-15%), -Glycerol
dimethacrylate (5-10%),

-Copolymer of acrylic and itaconic acids (5-10%), -UDMA (1-5%),

-Water (<5%).

Adhesive Tetric N-Bond
(lvoclar-vivadent)

-Bis-GMA (25-50%), -Ethanol (10-25%), -2-hydroxyethil methacrylate (10<20%), -Phosphonic acid acrylate
(10<20%), -Glycerin 1-3 dimethacrylate (5-10%), -Urethane dimethacrylate (2,5-10%), -Diphenyl-
trimethyloenzol-phosphinoxide (<2,5%).

Resin Cement
RelyX ARC
(3M ESPE)

Paste A: - silane freated ceramic (60-70%), -TEGDMA (10-20%),  -Bis-GMA (10-20%), -Silane freated silica (1-
10%), - Functionalized dimethacrylate polymer (1-10%), - Triphenylantimony (<0,2%).

Paste B: - silane treated ceramic (55-65%), -TEGDMA (10-20%), -Bis-GMA (10-20%), -Silane treated silica (1-
10%), - Funcftionalized dimethacrylate polymer (1-10%), -2-benzotriazolyl-4-methylphenol (<1%), -Benzoyl
peroxide (<1%).

Resin Cement
Variolink Il
(Ilvoclar-vivadent)

Base: -Bis-GMA (10-25%), -Urethane dimethacrylate (2,5-10%),
-Triethyleneglycol dimethacrylate (2,5-10%).

Catalyst: -Bis-GMA (50-100%),-Urethane dimethacrylate (3<10%),
-Triethyleneglycol dimethacrylate (3<10%), -Dizenzoyl peroxide (£2,5%).

Resin Cement
RelyX Veneer
(3M ESPE)

-Silane treated ceramic (55-65%), -TEGDMA (10-20%), -Bis-GMA (10-20%), -Silane treated silica (1-10%), -
Funcionalized dimethacrylate polymer (<5%), - Ethyl 4-dimethyl aminobenzoate (EDMAB) (<0,5%), -Benzotriazol
(<0,5%), -Diphenyliodonium hexafluorophospate (<0,5%), -Triphenylantimony (<0,2%).

Resin Cement
Variolink Veneer
(lvoclar-vivadent)

-Urethane dimethacrylate (25-50%), -Decamethylane dimethacrylate (2,5-10%).

Flowable Composite
Filtek Z350 XT Flowable
(3M ESPE)

-Silane freated ceramic (50-60%), -Substituted dimethacrylate (15-25%), -Bis-GMA (5-10%), -Silane freated silica
(5-10%), -TEGDMA (5-10%), -Ytterbium fluoride (<5%), -Funcionalized dimethacrylate polymer (<5%), -Titanium
dioxide (<0,5%), -Ethyl 4-dimethyl aminobenzoate (EDMAB) (<0,5%), - Benzotriazol (<0,5%),

-Diphenyliodonium hexafluorophospate (<0,5%).

Flowable Composite
Tetric N-Flow
(Ivoclar-vivadent)

-Urethane dimethacrylate (Bis-GMA) (27,8%), -Triethyleneglycol dimethacrylate (7,3%), -Barium glass, ytterbium
trifluoride, mixed oxide, silicon dioxide (63,8%), -Additives, stabilizers, catalysts, pigments (1,1%).
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Table 2: Procedures for cementing systems adhesion

Luting Systems

Procedures for cementing

Single Bond 2/
RelyX Veneer
(G1)

1-Acid etching of enamel with 37% phosphoric acid (15s) and washing with distilled water for 15s;
2-Application of two consecutives layer of adhesive system on enamel; 3-Mild air stream;

4- Adhesive layer was the applied in ceramic surface; 5-Resin cement application in ceramic surface and
enamel; 5-Light curing for 40 s.

Single Bond 2/
RelyX ARC
(G2)

1-Acid etching of enamel with 37% phosphoric acid (15s) and washing with distilled water for 15s;
2-Application of two consecutives layer of adhesive system on enamel; 3-Mild air stream;

4- Adhesive layer was the applied in ceramic surface; 5-Mix of the resin cement (10s); 6-Cement application
in ceramic surface and enamel; é-Light curing for 40 s.

Single Bond 2/
Filtek Z350 XT

1-Acid etching of enamel with 37% phosphoric acid (15s) and washing with distilled water for 15s;
2-Application of two consecutives layer of adhesive system on enamel; 3-Mild air stream;

Flowable 4- Adhesive layer was the applied in ceramic surface; 5-Application of the flowable resin composite; 6- Light
(G3) curing for 40 s.
Tetric N-Bond/ 1-Acid etching of enamel with 37% phosphoric acid (15s) and washing with distilled water for 15s;
Variolink 2-Application of two consecutives layer of adhesive system on enamel; 3- mild air stream;
Veneer(G4) 4- Adhesive layer was the applied in ceramic surface; 5-Resin cement application in ceramic surface and

enamel; é-Light curing for 40 s.

Tetric N-Bond/
Variolink |l
(G5)

1-Acid etching of enamel with 37% phosphoric acid (15s) and washing with distilled water for 15s;
2-Application of two consecutives layer of adhesive system on enamel; 3-mild air stream;

4- Adhesive layer was the applied in ceramic surface; 5-Mix of the resin cement pastes (base+catalyst for
15s); 6- Resin cement application in ceramic surface and enamel; 7-Light curing for 40 s.

Tetric N-Bond/
Tetric N-Flow
(G6)

1-Acid etching of enamel with 37% phosphoric acid (15s) and washing with distilled water for 15s;
2-Application of two consecutives layer of adhesive system on enamel; 3- mild air stream;

4- Adhesive layer was the applied in ceramic surface; 5-Application of the flowable resin composite; 6- Light
curing for 40 s.
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Microshear bond strength test

Another forty-eight human incisors were selected, cleaned and stored in a
0.2% thymol solution at 4° C for 1 week. The buccal surface was ground flat using
silicon carbide abrasive papers of increasing grit, #400 and #600 #1200
(Carborundum, Saint-Gobain Abrasives Ltda, Guarulhos, Brazil), under water
cooling to obtain a flat enamel surface (6mm?). These teeth were observed using
a stereomicroscope (Leica Microsystems, Heerbrugg, Switzerland) at 25x
magnification to guarantee enamel integrity.

The specimens were randomly divided info six experimental groups (n=8)
according to the resin luting systems evaluated as previous described before
(Table 2).

The microshear bond test was determined using two cylinders of a leucite
glass-ceramic (IPS Empress Esthetic) with 1-mm diameter, 2-mm thick, the
cylinders were etched for 20 seconds using a 10% hydrofluoridric (FGM Dental
Materials, Joinville,SC, Brazil), followed by the application of a silane agent (RelyX
Ceramic Primer, 3M ESPE, St Paul, MN, USA) application for 60 s and dry. All
specimens were bonded to the enamel surface previous prepared, according
to the experimental groups following the manufacturer’s instructions (Table 2).
For all cylinders, the adhesive area was delimited using adhesive tape to avoid
the overflow of luting agents beyond the ceramic luting area (0,78 mm3).

Two ceramic cylinders were cemented on each tooth crown, and 24
hours after the bonding procedure, one of the cylinders ceramics randomized
was submitted to microshear bond strength test using a thin metal wire (0.2 mm
thick) in a universal testing machine (EZ-Test, Shimadzu Corp., Japan) at a 0.5
mm crosshead speed. The quantitative values were converted into MegaPascal
(MPa) by considering bonding surface area of the resin cements. MTBS (MPa) =
Maximum load (N)/Bonding surface area of the resin cement (mm?2). The
remaining cylinder was submitted to AAA before bond strength test.

After microshear bond strength, the failure patterns were evaluated using
a stereomicroscope (40x magnification, SMZ-10, Nikon; Tokyo, Japan), to
determine the mode of failure, which was classified into three types: A- adhesive

failure; B- ceramic cohesive; C- mixed failure.
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Degree of conversion test

For the measurement of absorption spectrums for uncured resin cement,
the material was inserted in the circular matrix and covered by polyester matrix
between two glass plates and the spectrum were recorded with 32 scans at a
resolution of 4cm in the 1590 a 1660cm band. After the IR spectral scans, a
ceramic disk was placed over the polyester matrix. The material was light-cured
for 40 seconds through the ceramic with the halogen light Demetron LC (SDS
Kerr, Middleton, USA). Specimens were stored at 37°C, 100% relative humidity for
24 hours. The absorption spectrums for polymerized material were obtained as
describe above.

Remaining unconverted double bonds were calculated using the
standard method for monitoring the change in the ratio of aliphatic C = C
absorption at 1638 cm' to aromatic carbon-carbon absorption at 1608cm-!
between cured and uncured specimens according to the following equation:
DC= 100 x [1- (C/U)], where C and U are reasons of intensity between aliphatic
and aromatic C = C absorptions, after and before the polymerization,
respectively. The percentage of carbonic double linking that did not react
during the polymerization reaction is determined. The DC is deftermined by the
subtraction of the residual percentage of aliphatic C = C from 100%.

STATISTICS ANALYSES

For color stability and degree of conversion the statistical analyses was
performed using one-way ANOVA and Tukey's test. The microshear bond
strength values were subjected to two-way split-spot ANOVA and Tuke's test.

In the present study, a = 0.05 was considered as the level of significance.
RESULTS
Color Stability

The results of one-way ANOVA showed no significant differences between
the tested luting systems (p=0,4494). The results of Tukey's test are present in table
3. The accelerated aging fest led to color changes in all the evaluated luting

systems. The AE> 3.3 were considered clinically unacceptable because were
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detectable by the human eye?!,

Table 3: Mean values of the color stability (AE) of the materials evaluated.

Luting Systems N Means (SD) Tukey

Tetric N-Bond/Variolink Veneer 8 9.338 (3.504) a
Single Bond 2/RelyX ARC 8 8.313 (3.622)
Tetric N-Bond /Tetric N-Flow 8 7.875 (2.763)
Tetric N-Bond /Variolink Il 8 7.438 (2.644)
Single Bond 2/RelyX Veneer 8 6.863 (3.052)
8 6.113 (3.779)

0O O O O O

Single Bond 2/Filtek Z350 XT Flowable

Microshear bond strength

The ANOVA showed significant differences for the factors “luting systems”
(p< 0.0001) and “artificial aging” (p< 0.0001); the interaction between these
factors was not significant (p= 0.8687). The results of the Tukey's test are presented
in Tables 4 and 5 respectively. The luting systems SB/ARC and TB/VAR showed the
statistically significantly highest mean microshear bond strength. SB/FFL and
TB/TFL were statistically similar and showed the statistically significantly lowest
enamel bond strength means. TB/VVE and SB/RVE presented intermediate bond
strength means. Accelerated artificial aging decreased the bond strength
values for all luting systems tested.

Different types of fractured surface of each group are revealed in table 6.
According to the data, most adhesive failures are observed in SB/RVE, TB/VVE,
SB/FFL and TB/TFL groups and most cohesive failure in ceramic occur in SB/ARC
and TB/VAR groups.

Table 4: Mean microshear bond strength and standard derivation in MPa.

Luting Systems N Means (SD) Tukey
Single Bond 2/RelyX ARC 16 32.9 (7.6) a
Tetric N-Bond /Variolink Il 16 28.5 (6.7) a
Tetric N-Bond/Variolink Veneer 16 18.5 (5.5) b
Single Bond 2/RelyX Veneer 16 18.1 (4.8) b
Single Bond 2/Filtek Z350 XT Flowable 16 12.1 (3.0) c
Tetric N-Bond /Tetric N-Flow 16 10.0 (1.6) c

Means followed by different letters represent significantly different.
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Table 5: Mean microshear bond strength after artificial aging independently of

luting systems.

Aging Test N Means (SD) Tukey
Without Aging test 48 22.1 a
With Aging test 48 18.0 o)

Means followed by different letters represent significantly different.
Table 6é: The frequencies and percentage of failure patterns.

Luting Systems Adhesive Ceramic Mixed
Failure Cohesive Failure
Single Bond 2/ RelyX ARC 4 (25%) 10 (62,5%) 2 (12,5%)
Tetric N-Bond/ Variolink I 4 (25%) 10 (62,5%) 2 (12,5%)
Tetric N-Bond/ Variolink Veneer 10(62,5%) 4 (25%) 2 (12,5%)
Single Bond 2/ RelyX Veneer 8 (50%) 6 (37,.5%) 2 (12,5%)
Single Bond 2/ Filtek Z350 XT Flowable 8 (50%) 4 (25%) 4 (25%)
Tetric N-Bond/ Tetric N-Flow 12 (75%) 4 (25%) 0

Degree of Conversion

Degree of conversion data the one-way, the ANOVA showed significant
statistically differences among the luting materials tested. The results of Tukey's
test are present in table 7. The material RelyX ARC showed the statistically
significantly highest means for degree of conversion. Variolink Il, RelyX Veneer
and Filtek Z350 XT Flowable presented intermediate values with difference
statistically between each other. The material Variolink Veneer and Tetric N-Flow
showed the statistically significantly lowest degree of conversion means.

Table 7: Values of the Degree of conversion (DC) of the materials evaluated.

Luting Systems N Means (SD) Tukey
Relyx ARC 10 81.20% (4.38) a
Variolink Il 10 59.99% (1.37) b
Relyx Veneer 10 54.00% (1.82) C
Filtek 2350 XT Flowable 10 51.70% (2.39) d
Variolink Veneer 10 49.04% (1.26) e
Tetric N-Flow 10 48.70% (0.93) e
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DISCUSSION

The hypothesis tested in this study was rejected since the flowable
composite proved to be inferior behavior to the resin cements, although the
degree of conversion was similar to those of the light-cured resin cement.

The study showed that all resin materials presented color change after
accelerated artificial aging. The color change of resin materials induced by UV
iradiation has been related to chemical alterations in the activators, initiator
systems, and the resin cement composition itself. Degradation of residual
aromatic amine and oxidation of residual unreacted carbon-carbon double
bonds also result in the changes in color?!. In addition, the monomers contained
in the resin matrix may of these resin materials influence on staining?'. The
presence of UDMA can contribute to a reduction in the concentration of
TEGDMA, which is the monomer that release higher quantities of monomers into
aqueous environments?2, added to this is the monomer responsible for higher
rates of water sorption in resin-based materials due to its hydrophilic ether
linkages?. If the matrix is hydrophilic, increased water sorption occurs, resulting in
a more white and opaque shade?4, The replacement of TEGDMA for UDMA may
improve color stability?®, Compared with BIS-GMA, UDMA appears to be less
susceptible to staining?.

RelyX ARC and RelyX Veneer contains BIS-GMA and TEGDMA, Variolink Il is
composed of BIS-GMA, TEGDMA and UDMA, Variolink Veneer contains UDMA
and decamethylene dimethacrylate, Tetric N-Flow contains BIS-GMA and
TEGDMA and Filtek Z350 XT Flowable is basically composed of BIS-GMA, TEGDMA
and BIS-EMA. The results showed that the monomers contained in the resin matrix
might not influence in the staining. All the materials tested showed clinically
visible color changes, the AE values ranging among 6,11 to 9,33 greater than 3,3
were considerable clinically perceptible, based on a previous report 2,

Previous investigations have shown that light-cured resin materials as
Variolink Veneer and RelyX Veneer, claims to be amine reduced, thus, it is
expected to be more color stable. In this study, its AE was in the same range
compared to the others cements. The light-cured resin cements should receive

enough light energy to be polymerized efficiently?s. The polymerization can also
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influence on color change, because it quantities residual monomers available to
form colored degradation products?s, similar AE values of the light-cured resin
materials and the dual-cured resin cements were found regardless the degree of
conversion.

The degree of conversion of a resin material depends on factors such as
the chemical structure of the monomers, the curing conditions, including light
intensity and photo-initiator concentration?. The light intensity that reaches dual-
cured cements is an extremely important factor to ensure an effective
polymerization?. Dual-cured resin cements need to be light-cured to ensure
satisfactory polymerization; they have a chemical activator to complete the
reaction’s. The dual-cured resin cement relyX ARC evaluated in this study
showed higher degree of conversion values than the others materials.

The accelerated artificial aging significantly affects the bond
performance of the luting systems, once a decrease on microshear bond
strength values was found after aging compared to the groups tested 24 hours
after bonding procedures. This can be justified because the water uptake and
hygroscopic expansion may have an adverse impact on the longevity of the
cementing systems??. Study have reported that smaller interface bonding area
(1.0 mm?2) as used in this study may allow higher water-ion diffusion through the
hybrid layers, thus accelerating the bond degradation3®. Another possible
explanations can be afttributed to stress concentration in the resin-filler interface
during the temperature variation, which can cause loss of filler particles and
exposure of the resin matrixd'. Accelerated artificial aging with temperature
changes can cause dimensional changes of the material, forming fracture lines
in the bonding interface and in the resin cement line. This may lead to fractures
in the material, decreasing the bond strength of the composite restoratives!.

The mechanical properties of resin materials are influenced by type and
composition of the resin matrix, filler type and curing modes2. The dual-cured
resin cements RelyX ARC and Variolink Il presented the highest microshear bond
strength values. When light is attenuated by the presence of an indirect
restoration, the self-curing reaction present in the dual materials contributes to

the resin material polymerization, allowing the chemical components to react!s,
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The light cured resin cements Variolink Veneer and RelyX Veneer
presented statistically similar microshear bond strength values. The light flux that
reaches the material after passing through the laminate veneer is decreased; as
the light-cured resin materials depends on the irradiance, the mechanical
properties of these materials can be most affected than the dual-cured resin
materials33.

The flowable resin composite resin used for luting ceramic veneers
presented lower microshear bond strength values than the others luting systems
tested; these flowable materials present high polymerization shrinkage?®4, which
can induce stress in the bond interface and enhancing the development of
cracks as found in the results of this study.

The highest failure pattern with microshear bond strength was adhesive
with TB/VVE (62,5%). SB/RVE (50%), SB/FFL (50%) and TB/TFL (75%). As for SB/ARC
(62,5%) and TB/VAR (62,5%). Most ceramic cohesive failure was observed for
dual-cured cements. It might be related to the following findings investigated in
the present study with the microshear bond strength results. Dual-cured resin
luting agents associate some of the desirable characteristics of light-cured luting,
their chemical components seem to ensure complete polymerization when light
intensity is aftenuated by restorative material and tooth substratess, Dual-cured
resin cements shown superior mechanical properties, compared to the others
luting systems'2, this can explained by the results of failure patterns. Lower bond
strength of the light-cured luting systems compared to the dual-cured luting
systems in this study may be an explanation for the most adhesive failure of the
light-cured luting systems groups. Methodological limitations for in vitro studies
are inherent in the assessment of clinical performance of materials thus more in
vivo studies are necessary to help clarify the better luting systems indicated to

laminate veneers.

CONCLUSIONS
Thus, with the limitations imposed by the experimental design used in the current
study, the following conclusions can be drawn: 1- Light or dual-cured materials,

have unacceptable color stability after artificial aging; 2- Dual-cured resin
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cement showed the highest means for degree of conversion; 3- After the
accelerated artificial aging, the microshear bond strength values decreased for
all luting materials tested and the resin cements Variolink II and RelyX ARC
showed higher microshear bond strength values than the other tested luting

systems.
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CONCLUSAO

Como conclusdo geral de que pode haver uma relacdo direta entre o grau de
conversdo e o microcisalhamento pois os cimentos duais apresentaram maior
grau de conversdo e maior resisténcia a unido. Em relacdo & estabilidade de
cor todos os materiais avaliados apresentaram grande alteracdo da cor original
apos o envelhecimento artificial, o que pode prejudicar a estética das facetas

laminadas em cer@mica apds um periodo de tempo.
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METODOLOGIA ILUSTRADA

APENDICE

1-Materiais e Métodos

Para o desenvolvimento desse estudo foram utilizados os materiais dcido
fosforico a 37% (3M/ESPE) (Fig. 1), os sistemas adesivos Single Bond 2 (3M/ESPE) e
Tetric N-Bond (lvoclar-Vivadent) (Fig. 2), o agente silano RelyX Ceramic Primer
(BM/ESPE) (Fig. 3), dcido fluoridrico 10% (FGM)(Fig. 4) e os agentes cimentantes
RelyX ARC (3M/ESPE), RelyX Veneer (3M/ESPE), Filtek Z350 XT Flowable (3M ESPE),
Variolink Il (lvoclar-Vivadent), Variolink Veneer (Ivoclar-Vivadent) e Tetric N-Flow

(Ivoclar-Vivadent) (Fig. 5).

Delineamento Experimental:

Unidades Experimentais: - 96 incisivos humanos
- 60 discos de material de cimentacdo
Fator em estudo:

Agentes de cimentacdo e sistemas adesivos em seis niveis:
» Cimento resinoso Rely X Veneer- Sistema Single Bond 2 (3M ESPE );

» Cimento resinoso Rely X ARC- Sistema Single Bond 2 (3M ESPE);
» Resina composta Filtek Z350 XT Flowable- Single Bond 2 (3M ESPE);

» Cimento resinoso Variolink Veneer- Sistema adesivo Tetric N-Bond (lvoclar-

Vivadent);

» Cimento resinoso Variolink II- Sistema adesivo Tetfric N-Bond (Ivoclar-

Vivadent);

» Resina composta Tetric N-Flow- Sistema adesivo Tetric N-Bond (lvoclar-
Vivadent).

Varidaveis de resposta:
v'  Estabilidade de cor através de colorimetro

v Grau de conversdo

v' Resisténcia ao Microcisalhamento em Mega Pascal
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- Materiais e Métodos -

Fig. 1 Fig. 2
Acido Fosfoérico a 37%. Sistemas adesivos Single Bond 2 e Tetric N-Bond.

Ceramic
Primer

[ 2721

Fig.3 Fig.4
Agente Silano RelyX Ceramic Primer. Acido Fluoridrico a2 10%.

-
. e—

[ £° Variolink® I Base | T

RelyX™ ARc

£R
Adhetive Resin Comy
Tomsgaret () e | (8

- Filtek™ Z350 XT

Fig. 5
Agentes cimentantes Rely X ARC, Variolink II, RelyX Veneer, Variolink Veneer, Filtek Z-350 XT Flowable e Tetric N-
Flow.
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2- Preparo dos dentes:

Para este estudo, foram utilizados 96 incisivos humanos. Os dentes foram
submetidos a raspagem manual com cureta periodontal Gracey 5-6, (Trinity
®)(Fig. 6) para remocdo de debris orgdnicos, e polidos com taca de borracha
(Mlcrodont) e pasta de pedra pomes e dgua (Fig. 7). Em seguida, esses dentes
foram armazenados em solucdo de 0,2% de timol por uma semana até o
momento da sua utilizacdo.

Para avaliacdo da estabilidade de cor 48 incisivos humanos foram
submetidos & desgastes na face vestibular com profundidade de 0,6 mm
simulando um preparo para faceta laminada, com ponta diamantada #2135
(KG Sorensen) em alta rotacdo refrigerada acoplada em uma mdquina de
preparo (Fig. 8), a cada 5 preparos a ponta diomantada foi descartada. O
acabamento do preparo foi realizado com ponta diamantada#2135 FF (KG
Sorensen). Apods o preparo da face vestibular os incisivos foram divididos, por
sorteio, nos grupos experimentais de acordo com os sistemas de fixacdo.

Grupos Experimentais

G1: Cimento resinoso fotopolimerizdvel RelyX Veneer (3M ESPE) em associacdo
com o sistema adesivo Single Bond 2 (3M ESPE),

G2: Cimento resinoso dual RelyX ARC (3M ESPE) em associacdo com o sistema
adesivo Single Bond 2 (3M ESPE),

G3: Resina composta Filtek 2350 XT Flowable (3M ESPE) em associa¢cdo com o
sistema adesivo Single Bond 2 (3M ESPE),

G4: Cimento resinoso fotopolimerizdvel Variolink Veneer em associacdo com o
sistema adesivo Tetric N-Bond (lvoclar-Vivadent),

G5: Cimento resinoso dual Variolink Il em associacdo com o sistema adesivo
Tefric N-Bond (lvoclar-Vivadent),

Gé: Resina composta Tefric N-Flow em associacdo com o sistema adesivo Tetric
N-Bond (lvoclar-Vivadent).

3 — Moldagem e cimentacdo dos incisivos

Finalizado os preparos foi realizada a moldagem dos elementos dentais
utilizando para isso o Impregum (3M ESPE, St Paul, MN, EUA) e obtidos modelos

em gesso especial tipo IV, e confeccionadas facetas laminadas com cerdmica

28



nMateriais

IPS Empress Esthetfic na cor ET1 (Fig. 9) com 0,6mm de espessura (Fig. 10). As
facetas foram cimentadas nos preparos, para isto, receberam tratamento
superficial com dcido fluoridrico 10% por 20 segundos (FGM) (Fig. 11), uma
camada de silano RelyX Ceramic primer (3M ESPE, St Paul, MN, EUA) (Fig. 12) e

cimentacdo de acordo com as instrucdes do fabricante descritos na tabela 1.
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Tabela 1 - Tabela com descricdo das instrucdes do fabricante para cada sistema de fixacdo.

Cimento
Resinoso

RelyX
Veneer

RelyX ARC

Filtek 72350
XT
Flowable

Variolink
Veneer

Variolink |l

Tetric N-
Flow

Sistema
Adesivo

Single
Bond 2

Single
Bond 2

Single
Bond 2

Tetric N-
Bond

Tetric  N-
Bond

Tetric N-
Bond

Protocolo de Cimentacdo

Condicionamento do elemento dental por 15s, lavagem e aplicacdo de duas camadas consecutivas
do adesivo por 15 s, secar por 5 s para evaporar o solvente. Aplicar uma fina camada do adesivo
sobre a faceta. Aplicacdo do cimento diretamente na peca protética, colocacdo da peca em
posicdo e fotoativacdo por 40 s.

Condicionamento do elemento dental por 15s, lavagem e aplicacdo de duas camadas consecutivas
do adesivo por 15 s, secar por 5 s para evaporar o solvente. Aplicar uma fina camada do adesivo
sobre a faceta. Dispensar o cimento e espatular por 10 s na proporcdo de 1:1, aplicar sobre a peca
protética e fotoativacdo por 40 s.

Condicionamento do elemento dental por 15s, lavagem e remocdo do excesso de umidade com
algoddo Umido, aplicar duas camadas consecutivas do adesivo por 15 s, secar por 5 s para evaporar.
Aplicar uma fina camada do adesivo sobre a faceta. Colocar a resina flow diretamente sobre a peca
protética, insercdo da peca em posicdo e fotoativacdo cada face por 40 s

Condicionamento do elemento dental por 15s, lavagem e aplicacdo de duas camadas consecutivas
do adesivo por 15 s, secar por 5 s para evaporar. Aplicar uma fina camada do adesivo sobre a
faceta. Aplicar uma camada do cimento no elemento dental, insercdo da peca em posicdo e
fotoativacdo por 40 s.

Condicionamento do elemento dental por 15s, lavagem e aplicacdo de duas camadas consecutivas
do adesivo por 15s, secar por 5 s para evaporar o solvente. Aplicar uma camada do adesivo sobre a
faceta. Dispensar o cimento e espatular por 10 s na proporcdo de 1:1. Colocar diretamente sobre a
peca protética, insercdo da peca em posicdo e fotoativacdo por 40 s.

Condicionamento do elemento dental por 15s, lavagem e aplicacdo de duas camadas consecutivas
do adesivo por 15 s, secar por 5 s para evaporar o solvente. Aplicar uma camada do adesivo sobre a
faceta. Colocar a resina flow diretamente sobre a peca protética, insercdo da peca e fotoativacdo
por 40 s.
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- Materiais e Métodos -

Fig.6 Fig.7
Limpeza dos incisivos humanos com curetas Limpeza com tacas de borracha montadas em contra-angulo em
periodontais. baixa rotacao.

4

Fig.8
Simulacio do preparo de faceta com profundidade de 0,6 mm com ponta diamantada #2135 seguindo a angulacio do incisivo
humano.

Fig.9 Fig.10
Facetas laminadas confeccionadas com ceramica IPS Empress Mensuracgio da espessura da faceta laminada com especimetro
Esthetic. ' 0,6 mm.

Fig.11 Fig.12

Tratamento superficial da faceta laminada com écido fluoridrico Aplicacdo da camada de silano RelyX Ceramic Primer.
a 10% por 20 segundos. 31



4 - Avdliacdo de cor inicial

As observacdoes dos padroes Opticos foram obtidos a partir de
espectrofotébmetro Easyshade Advance (VITA, Alemanha) (Fig. 13) acoplado a
uma cabine de luz (MM-1eUV/Dé5). O espectrofotbmetro foi calibrado
conforme recomendacdes do fabricante do aparelho (Fig. 14). Para
padronizacdo do ponto de mensuracdo da cor foi confeccionado uma matriz
com material de moldagem um silicone de adicdo Express XT Putty Soft (3M
ESPE) com um orificio com dimensdes compativeis a ponta ativa do
espectrofotdmetro realizando assim a mensuracdo sempre na mesma drea (Fig.
15).

Todos os corpos-de-prova foram submetidos a uma andlise cromdatica
inicial (Fig. 16), com a avaliacdo de cor calculada atfravés do Sistema CIE
L*a*b*, estabelecido pela Comission Internacionale de I'Eclairaga — CIE. Este
consiste de dois eixos a* e b*, que possuem dangulos retos e representam a
dimensdo da tonalidade ou cor (a*: proporcdo vermelho-verde; b*: proporcdo
amarelo-azul). O terceiro eixo € o briho, representado pela letra L*. Este é
perpendicular ao plano a*b* (Fig. 17). Apds a andlise inicial, as amostras foram

submetidas ao envelhecimento.

5 — Envelhecimento Artificial Acelerado

As amostras foram submetidas ao envelhecimento por luz, foram
expostos a uma irradiacdo controlada de luz ultravioleta emitida por uma fonte
de luz UV-B no comprimento de onda de 310 nm pelo periodo de 4h, alternado
por ciclos de condensacdo de agua por 4h, d temperatura constante de 50°C
(ASTM, 2006), totalizando 300h em uma mdaquina de intfemperismo natural EQ-UV
(Equilam, Diadema, SP, Brasil) (Fig. 18). Apds a realizacdo do envelhecimento
acelerado por luz as amostras foram armazenadas em estufa a 37°C e

submetidos a nova avaliagcdo de cor.

6 - Avaliacdo final de cor

A avaliacdo final de cor foi realizada dentro dos mesmos parémetros e

condicoes descritos para a realizacdo da leitura inicial.
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- Materiais e Métodos -

Fig.13 Fig.14

Aparelho espectrofotometro Easyshade Advance (VITA) Calibracao realizada conforme recomendacoes do
fabricante acoplando o aparelho ao bloco branco no
interior do dispositivo e entao acionando o aparelho

Fig. 15 Fig. 16
Matriz confeccionada para padroniza¢ao da leitura de Corpos-de-prova sendo submetidos a analise cromatica
cor com o espectrofotometro

Fig. 17
Visor do espectrofotometro durante a leitura com as diferentes coordenadas L*,a* e b*.
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7 — Andlise da Alteracdo de cor:

A estabilidade de cor foi analisada pela formula e calculada pela
diferenca (AE) entre as coordenadas obtidas das amostras antes e apds o
procedimento de envelhecimento. A classificacdo adotada para os valores de
AE foi aquela determinada pela National Bureau of Standards (NBS) que
considera: valores de 0,0 a 0,5 — alteragcdo extremamente leve; 0,5 a 1,5 -
alteracdo leve; 1,5 a 3,0 — alteracdo perceptivel; 3,0 a 6,0 — alteracdo
marcante; 6,0 a 12,0 — alteracdo exiremamente marcante; 12,0 ou mais -
alteracdo para outra cor (Mutlu-Sagesen et al., 2005).

A mudanca total de cor, AE, € comumente usada para representar uma
diferenca de cor e é calculada a partir da formula:

AE =  (AL¥)2 + (AQ*)2 + (Ab*)2

8 — Preparacdo das amostras para o teste de Microcisalhamento:

Para avaliacdo da resisténcia de unido outros 48 incisivos humanos foram
submetidos & raspagem manual com cureta periodontal e polidos com taca de
borracha como descrito anteriormente. Foram incluidos em resina de
poliestireno e sua face vestibular foi planificada com lixas de carbeto de silicio
(Carborundum, Saint-Gobain Abrasivos LTDA, Guarulhos, SP, Brasil), com
granulacdes 400, 600 e 1200 acopladas em politriz mecdnica (Maxi Grind, SGo
Paulo, SP, Brasil), sob constante irrigacdo a dagua (Fig. 19) e distribuidos nos
grupos experimentais.

Deu-se inicio aos procedimentos de cimentacdo que foram realizados
em blocos ao acaso.

Apds a planificacdo, foi delimitada na superficie vestibular dos incisivos,
uma drea para adesdo, para evitar o extravasamento do adesivo/cimento,
através de fita adesiva com perfuracdo central com 1 mm de didmetro (Fig.
20). Em seguida, os cilindros de cer@mica IPS Empress Esthetic, previamente
confeccionados em laboratério de protese, foram cimentados na superficie
dental (Fig. 21). Para isto, em todos os grupos os cilindros receberam em uma
das extremidades tratamento superficial com condicionamento com dcido

fluoridrico a 10% por 20 segundos (FGM) (Fig. 22) e posteriormente, foi aplicado
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o agente de silanizacdo RelyX Ceramic Primer (3M ESPE) agindo por 60
segundos (Fig. 23) e a seguir o mesmo foi dispersado com jato de ar por 5
segundos.

Iniciou-se os procedimentos de cimentacdo para cada grupo seguindo
os protocolos preconizados pelos fabricantes de cada um dos sistemas vide
tabela 1. Todos os dentes receberam condicionamento com dcido fosforico
Scotchbond (3M ESPE) (Fig. 24) por um periodo de 15 segundos (Fig. 25),
aplicacdo do sistema adesivo de acordo com o agente cimentante utilizado
(Fig. 26) e fotoativagcdo (Fig. 27) com aparelho Demetron LC (SDS Kerr,
Middleton, USA).

Apss cimentacdo dos dois cilindros cer@micos sobre a superficie dental
(Fig. 28) as amostras foram armazenadas por 24 horas em estufa a 37°C e o
primeiro cilindro cer@mico foi levado & maqguina de ensaio universal EZ-L Test &
velocidade de 0,5 mm/minuto. Para isto o corpo-de-prova foi alojado
horizontalmente numa luva metdlica, com 20,5 mm de didmetro interno por 20
mm de altura, fixada ao mordente inferior da mdquina de ensaio universal. No
mordente superior foi fixada a extremidade do dispositivo utilizado para o
carregamento axial, um fio ortoddntico de 0,3mm de didmetro por 5 mm de
comprimento formando uma al¢ca que envolvia o cilindro de cer@mica aderido
a superficie de esmalte, para realizar o esforco de tracdo, resultando em
cisalhamento (Fig. 29).

A resisténcia de unido ao microcisalhamento, em Mega Pascal (MPa), foi
calculada apds a mensuracdo da drea adesiva com um paqguimetro digital
(Starrett), de acordo com a férmula matemdtica. pela seguinte férmula:
Rc= Forca (Kgf) x 0,098/Area (cm?)

Onde: Rc é a resisténcia ao cisalhamento; F € a forca aplicada e A drea
de unido.

Apds o ensaio de resisténcia do primeiro cilindro cerdmico cimentado o
ciindro remanescente foi submetido ao envelhecimento por luz conforme
citado anteriormente e apds o envelhecimento também submetido a méquina
de ensaio universal e obtido o valor de resisténcia apds o procedimento de

envelhecimento.
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9- Padrdo de fratura:

A andlise do padrdo de fratura foi realizada apds o ensaio de
microcisalhamento, a superficie dental foi analisada em Lupa estereoscodpica
(SMZ-10, Nikon; Toquio, Japdo) com aumento de 40x. Os padrdes de fratura

foram classificados em: falha adesiva, falha coesiva em cer&mica e falha mista.

10- Teste de grau de conversdo (DC):

Para a mensuracdo do grau de conversdo dos agentes de fixacdo sem o
adesivo (n=10), das amostras polimerizadas nesta metodologia, foi necessdrio a
obtencdo do espectro de absorcdo dos materiais ndo polimerizados. O
espectro dos matericis ndo polimerizados foi aferido diretamente apds a
manipulacdo do mesmo. Enquanto que para os materiais polimerizados as
amostras foram confeccionadas a partir de uma matriz de 1 mm de espessurq,
cobertos por matriz de poliéster entre duas placas de vidro, sob um peso de 1
kg para assegurar a compactacdo do material e polimerizados através de um
disco de cer@mica de 0,6 mm de espessura com o aparelho aparelho
Demetron LC (SDS Kerr, Middleton, USA) por 40 segundos.

Os espectros de absorcdo das amostras ndo polimerizadas foram obtidos
através do espectrébmetro Spectrum 100 FTIR/UATR (Perkin EiImer, EUA) (Fig. 30)
pelo método de absorbdncia, na regido entre 650 a 4000cm-’, com 32
varreduras e 4cm”! de resolucdo. Para andlise do espectro dos compdsitos a
base de metacrilato, foi considerado o intervalo de 1590 a 1660cm-!, para
observacdes em 1608 e 1638cm-’, sinalizando, respectivamente, as ligacoes
vinilicas aromdaticas do bisfenol e dlifdticas do grupamento funcional
metacrilato. Apds a andlise inicial, foram mensurados os dados das amostras
polimerizadas, utilizando-se os mesmos critérios para as amostras ndo
polimerizadas. O DC (%) foi calculado a partir da seguinte equacdo: DC = 100 x
[1- (Rpolimerizado/Rnao-polimerizado)], NA qual R representa a razdo enfre o pico de

absorbéncia em 1638 cm' e em 1608 cm-'.
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- Materiais e Métodos -

Fig. 18
Maquina de Intemperismo natural

Fig. 20
Delimitaciao para protecao da area de adesao

Fig. 22
Tratamento superficial do cilindro com
acido fluoridrico
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Fig. 19
Planificacao da porcao superficial de esmalte da face vestibular com
lixas de carbeto de silicio sob constante irrigacao a agua

Y 24

Cilindros de ceramica IPS Empress Esthetic

Fig. 23

Posteriormente ao tratamento do cilindro com acido fluoridrico foi
realizada aplicaciao do agente de silanizacao RelyX Ceramic
primer.



- Materiais e Métodos -

lj‘ig. 24
Acido Fosforico a 37 %

&
7 ¥ 3
x v .
Fig.25 Fig. 26 Fig. 27
Condicionamento com acido fosforico Aplicacio do sistema adesivo na area Fotoativacao do sistema adesivo
por 15 segundos na area delimitada delimitada
¥ny
Fig. 28 Fig. 29
Cilindros cimentados sobre a superficie Amostra acoplada a maquina universal para realizacio
dental

do teste de resisténcia a unidao

TS ——
Fig. 30

Os espectros de absorcao das amostras foram obtidas através do espectrometro Spectrum 100 FTIR/UATR .
Vista aproximada da obtencao do espectro das amostras polimerizadas na matriz.
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