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RESUMO

O objetivo neste estudo foi investigar o efeito de diferentes tratamentos de
superficie, fadiga mecanica e termociclagem na resisténcia da unido a microtragao
da ceramica IPS e.max (lvoclar) e do cimento resinoso de ativacdo dupla.
Métodos: 18 blocos de ceramica (10 mm de comprimento x 7 mm de largura x 3
mm de espessura) foram confeccionados e divididos em 6 grupos (n=3): Grupos 1,
2 e 3 — jateamento por 5 segundos com particulas de éxido de aluminio de 50um;
Grupos 4, 5 e 6 — condicionamento com acido hidrofluoridrico a 10% por 20
segundos. O silano Rely X Ceramic Primer foi aplicado sobre todos os espécimes
e seco por 5 minutos. Apds, os blocos de ceramica foram unidos a blocos de
composito restaurador Tetric N-Ceram (lvoclar-Vivadent) com cimento resinoso
RelyX ARC (3M ESPE), sob carga estatica de 500 gf por 2 minutos. O excesso de
cimento foi removido com micropincel e fotoativado por 160 segundos (40 s cada
face) com um aparelho de LED (UltraLume 5, Ultradent). Os espécimes dos
grupos 1 e 4 foram armazenados em agua destilada a 37°C por 24 h. Nos grupos
2 e 5, os espécimes foram submetidos a 3.000 ciclos térmicos entre 5°C e 55°C.
Para os grupos 3 e 6, os espécimes foram submetidos ao ensaio de fadiga
mecénica por 100.000 ciclos com 2 Hz. Os espécimes foram seccionados
perpendiculares a area de unido para obtencao de palitos com area seccional de
1mm? (25 palitos por grupo) e submetidos ao ensaio de resisténcia de unido a
microtragdo em maquina de teste universal (EZ Test - Shimadzu) com velocidade
de 0,5 mm/min. Foi utilizado para verificar o padrao de fratura uma lupa
estereoscopica (Olympus) com aumento de 40x. Os dados foram submetidos a
Analise de Variancia de 2 fatores e ao teste de Tukey (p<0,05). Os valores de
resisténcia de unido a microtragéo (MPa) foram: 26,9 + 6,9, 22,2+ 7,8 e 21,2 £ 9,1
para os Grupos 1a3e350+9,6,24,3+89¢e23,9+6,3 paraos Grupos4ab6.0
grupo controle submetido ao teste de fadiga e termociclado mostrou
predominancia de padrao de fratura adesiva para o tratamento de superficie com
acido hidrofluoridrico a 10% e padrbes adesiva e mista para tratamento de

superficie com 50um de oxido de aluminio. Concluindo a fadiga e a termociclagem
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diminuiram significantemente a resisténcia de unido a microtragdo para ambos os
tratamentos de superficie das ceradmicas comparada ao grupo controle.
Condicionamento com acido hidrofluoridrico a 10% aumentou a resisténcia de
uniao a microtragao para o grupo controle.

Palavras Chave: Ceramica, Acido Fluoridrico, Jateamento.



ABSTRACT

The aim of this study was to investigate the effect of surface treatments,
mechanic fatigue and thermocycling tested on the microtensile bond strength of the
ceramic IPS e.max Press (lvoclar Vivadent) luted with dual-cured resin cement.
Eighteen ceramic bars (10mm length x 7mm width x 3.0mm thickness) were
fabricated, and divided into 6 groups (n=3): Groups 1, 2 and 3 - air particle abraded
for 5 s with 50um aluminum oxide particles; Groups 4, 5 and 6 — acid etched with
10% hydrofluoric acid for 20 s. Coupling agent silane was applied on to all bond
surface specimens and allowed to dry for 5 s and the ceramic bars were bonded to
a block of composite resin Tetric N-Ceram (lvoclar-Vivadent) with Rely X ARC (3M
ESPE) resin cement and placed under a 500 g static load for 2 min. The cement
excess was removed with a disposable microbrush and 40 s light-activation (four
activations) were performed using a LED curing unit (UltraLume LED 5, Ultradent).
The specimens of the groups 1 and 4 were stored in distilled water at 37°C for 24
hours, groups 2 and 5 were submitted to 3,000 thermocycles between 5°C and
55°C and groups 3 and 6 submitted to a fatigue test for 100,000 cycles with 2 HZ.
Specimens were sectioned perpendicular to the bonding area to obtain 1mm?
sectional area beams (25 beams per group) and submitted to a microtensile bond
strength test in a universal testing machine (EZ Test - Shimadzu), at a crosshead
speed of 0.5mm/min. The fracture specimens were observed under optical
microscopy (Olympus) at a 40x magnification. Data were submitted to ANOVA and
Tukey’s test (p<0.05). Results: The microtensile bond strength values (MPa) were:
26.9+6.9,22.2+7.8and 21.2+9.1for G1-G3 and 35.0 + 9.6, 24.3 + 8.9 and 23.9
t+ 6.3 for G4-G6. The control group, fatigue tested and thermocycled groups
showed a predominance of failure adhesive for surface treatment with 10%
hydrofluoric acid and adhesive and mixed for surface treatment with 50 pm Al;Os;.
In conclusion the fatigue and thermocycling decreased significantly the
microtensile bond strength for both ceramic surface treatments compared to
control groups. Etching with 10% hydrofluoric acid increased the microtensile bond
strength for the control group.

Key words: Ceramic; Hydrofluoridric Acid; Air abrasion.
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INTRODUCAO GERAL

As ceramicas odontolégicas sao usadas rotineiramente como materiais
restauradores estéticos na Odontologia devido as propriedades mecanicas
satisfatorias, como alta resisténcia a compressao, estabilidade quimica, baixa
condutibilidade elétrica, difusibilidade térmica, translucidez, fluorescéncia,
biocompatibilidade, propriedades estéticas favoraveis e coeficiente de expansao
térmica similar a estrutura do dente (Sherrii & O’Brien, 1974; Oilo, 1977;
Anusavice, 1996; Della Bona, 1996; van Noort, 2002; Borges et al., 2003). Apesar
de ser friavel e propensa a propagacgao de trincas, a ceramica tem proporcionado
nova filosofia na Odontologia estética atual, substituindo as restauragdes
metalicas, as quais podem apresentar aparéncia escura e opaca, com dificuldades

em reproduzir a cor real do dente (Chaiyabutr et al., 2008).

Com a finalidade de melhorar as propriedades mecanicas e estéticas
diferentes formulagdes e procedimentos técnicos tem sido desenvolvidos. Essas
Ceramicas podem ser classificados em: vitreas (feldspatica, leucita e dissilicato de
litio), & base de zircénia (policristais de zircénia estabilizados por itrio) e & base de
alumina (éxidos de alumina) (Conrad et al., 2007). Dentre os sistemas ceramicos
disponiveis no mercado a alguns anos destacam- se o Impersaal, IPS Empress
Esthetic, OPC, IPS Empress 2, Finesse, In Ceram alumina, In Ceram Zirconia, In
Ceram Spineel, Procera AllCeram, Procera All Zircon, Cercon, Lava, Vison
Esthetic, Cerec, Vita PM9 (Seghi et al., 1990; Dong et al., 1992; Panzera, 1997;

Beshinidt & Strub, 1998; Holland et al, 2000). Novos sistemas tem sido



introduzidos no mercado, como o IPS e.max Press, IPS e.max Ceram, IPS e.max
ZirCAD, IPS e.max CAD (Madina et al., 2009).

O procedimento de unido entre a ceramica odontolégica e a estrutura dental
é fator importante para conseguir boa resisténcia e longevidade da restauracéo e,
dependendo da ceramica utilizada, a fixagdo pode ser realizada pela técnica
adesiva ou convencional. Na superficie do esmalte e da dentina, a técnica de
cimentagdo adesiva consiste no condicionamento acido e aplicacdo de resina
fluida e fixagdo com cimento resinoso (Buonocore, 1955; Brudevold et al., 1956;
Fusayama et al., 1979). A difusdo e polimerizacdo do mondémero do adesivo no
interior das areas desmineralizadas da estrutura dentaria proporciona uniao
micromecanica pela formagdo da camada hibrida (Nakabayashi et al., 1982).

Na superficie interna da restauragdo de cerémica, diferentes tratamentos
tém sido introduzidos com a finalidade de melhorar a unido entre o cimento
resinoso e a ceramica. A cerdmica deve ser susceptivel a tratamentos da
superficie interna, com a finalidade de promover reten¢des micromecanicas, para
gue a acao dos agentes resinosos na ceramica tenha a mesma efetividade que na
estrutura dental.

As ceramicas vitreas podem ser cimentadas adesivamente, porém
necessitam de tratamentos em sua superficie. Os métodos mais utilizados séo o
condicionamento com acido hidrofluoridrico e o jateamento com particulas de
oxido de aluminio (Ayad et al., 2008, Borges et al., 2003). A aplicacao de &cido
hidrofluoridrico possibilita modificagbes na matriz da ceramica, aumentando a
superficie de contato com o adesivo e melhorando a interagdo com o material de

cimentagao (Hussain et al., 1979). O condicionamento acido promove modificagao
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topografica na superficie da ceramica, interferindo no nivel de adesao cimento x
ceramica e consequentemente criando espagos para a penetragdo do cimento
(Naves et al., 2010).

A ceramica IPS e.max Press pode ser adesivamente cimentada, sendo
assim o procedimento de condicionamento com acido hidrofluoridrico € usado
para criar rugosidade na area de superficie da ceramica, com a finalidade de
promover maior resisténcia de unido entre a ceramica e o cimento resinoso. O
acido hidrofluoridrico remove parcialmente a matriz de vidro e a segunda fase
cristalina, criando irregularidades dentro dos cristais de dissilicato de litio do
sistema ceramico IPS e.max Press para unido. (Borges et al., 2003; Spohr et al.
2003; Salvio et al., 2007). Outro tratamento recomendado para a superficie da
ceramica é o jateamento da superficie com particulas de 6xido de aluminio (Kato
et al., 2000; Sen et al., 2000; Haselton et al., 2001).

Entretanto, em alguns sistemas ceramicos nao € possivel realizar o
tratamento de superficie, em fungao desses sistemas possuirem alto conteudo de
carga (cristais de alumina e zirconia). Desse modo, o condicionamento acido n&o
é eficiente necessitando de outro tratamento como o jateamento com particulas de
oxido de aluminio. Apesar desse tratamento ser menos efetivo, ele remove as
fases mais fracas da ceramica, criando superficie irregular para possibilitar a
interagdo mecanica do cimento resinoso com a ceramica (Panah et al., 2007).

Além dos tratamentos de superficie das cerdmicas, o uso de substancias
guimicas como o silano, um mondmero composto de radicais organicos reativos e
grupos monovalentes hidrolisaveis, promove uniao quimica entre a fase inorganica

da ceramica e o material resinoso aplicado sobre a superficie da ceramica
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condicionada. (Roulet et al., 1995; Chen et al., 1998; Kamada et al., 1998; Borges
et al., 2003; Spohr et al., 2003).

Para fixagao da ceramica ao dente é necessaria a utilizagao de cimentos. O
cimento forma uma camada intermediaria unindo a estrutura do dente hibridizada
e a superficie tratada da cerédmica odontologica. Dessa forma, as for¢as aplicadas
na superficie da restauracdo ceramica sao gradualmente transferidas para a
estrutura do dente através do cimento sem provocar fraturas na restauragao
ceramica ou do dente. Esse fato € importante em restauragdes confeccionadas
principalmente com ceramica feldspatica, pois a concentracdo de tensdes na
superficie promove fratura da ceramica devido a menor resisténcia as tensdes de
tracao (Burke, 1995; Groten & Probster, 1997).

Os cimentos mais utilizados para fixacdo das restauragcdes ceramicas sao
os cimentos a base de resina composta (Kamer et al., 2000), sendo esse um dos
responsaveis pelo sucesso clinico das restauragdes ceramicas. Desse modo, é
necessario que eles possuam eficiéncia para garantir unido efetiva entre a
estrutura dental e a restauragdo ceramica, proporcionando boa adaptagao
marginal (Rosenstiel et al., 1998, Heintze, 2007). Dentre os cimentos resinosos, o
Variolink 1l e o RelyX ARC, apresentam resisténcia de unido adequada e valores
de dureza superiores aos de ativagdo quimica (Fonseca et al., 2004; Abo-Hamar
et al., 2005, De Munck et al., 2004, Gerth et al., 2006). A reagcédo de presa ocorre
por polimerizagao de radicais livres que pode ser iniciado pela agdo da luz visivel
ou por oxi-reducédo. De acordo com Spohr et al. (2003), a opgéo de escolha do

cimento, para cada condicao clinica, deve ter como base as caracteristicas fisicas,



biolégicas e de manipulagcdo do cimento frente aos fatores relacionados ao
remanescente dentario preparado e a ceramica a ser cimentada.

Clinicamente quando as restauragdes ceramicas sao cimentadas e
expostas ao meio bucal, fator como fadiga pode influenciar nas propriedades
fisicas e mecanicas. Mesmo com o desenvolvimento e o aprimoramento efetuados
ao longo dos anos para a confecgdo das coroas de ceramicas, elas estao
constantemente sujeitas a fadiga e fraturas. O processo de fadiga desenvolve e se
instala em fendas microscoépicas, promovendo areas de concentragdes de tensdes
(Callister, 2002). Com as variagdes térmicas e a carga atuando continuamente
sobre as fendas microscopicas, fracassos totais podem ocorrer no material com o
tempo (Smyd, 1961; Wiskott et al., 1995). As variagbes térmicas e a resisténcia a
fadiga proporcionarao detalhes que podem facilitar o entendimento das falhas das

restauracdes ceramicas durante o uso (Borges et al., 2009).

Embora a maioria das pesquisas avalie o tratamento interno da superficie
da cerdmica com acido hidrofluoridrico, o jateamento com particulas de éxido de
aluminio, pode ser viavel. Além disso, pouco se sabe sobre o comportamento da
unido ceramica/cimento resinoso submetido a fadiga ou ciclagem térmica. Desse
modo, seria viavel a realizacdo de estudos para verificar o comportamento da
unido ceramical/cimento resinoso apos ensaios de fadiga e ciclagem térmica, com
diferentes tratamentos da superficie da ceramica.

Portanto, o objetivo neste estudo foi avaliar a resisténcia de unido a
microtracao da ceramica IPS e.max Press a base de dissilicato de litio fixada com

cimento resinoso RelyX ARC, nas seguintes variaveis:



1 — Tratamentos da superficie: jateamento com particulas de 6xido de
aluminio (50 pm) e condicionamento com acido hidrofluoridrico 10%.

2 — Ciclagem térmica (3000 ciclos);
3 — Fadiga mecéanica (100.000 ciclos)

A hipdtese testada foi: (1) o tratamento de superficie da ceramica nao
afetaria a resisténcia de uniao a microtracao; e (2) a fadiga mecanica e a ciclagem

térmica n&o afetariam a resisténcia de unido a microtragdo da ceramica.



O presente trabalho é apresentado no formato alternativo de dissertacao de
Mestrado de acordo com as normas estabelecidas pela deliberacdo 002/06 da
Comissao Central de P6s-Graduagao da Universidade Estadual de Campinas. O

artigo referente ao Capitulo unico foi submetido ao peridédico Operative Dentistry.



Effect of surface treatments, thermocycling and loading on the

Bond between a ceramic and a resin cement

Short Title: Surface treatment on bond strength to ceramic

Clinical Relevance

The acid etched with 10% hydrofluoridric acid increased the bond strength
between IPS e.max Press ceramic and resin composite Tetric N-Ceram fixed with
dual cure RelyX ARC. However, the fatigue and thermocycling decreased the bond

strength for both ceramic surface.

SUMMARY

Objectives: The aim of this study was to investigate the effect of two surface
treatments, fatigue and termocycling on the microtensile bond strength between
the ceramic IPS e.max Press (lvoclar) and a dual-cured resin cement. Methods:
Eighteen ceramic bars (10 mm length x 7 mm width x 3.0 mm thickness) were
fabricated, and divided into 6 groups (n=3): Groups 1, 2 and 3 - air particle abraded
for 5 s with 50um aluminum oxide particles (AOP); Groups 4, 5 and 6 — acid etched
with 10% hydrofluoric acid (HF) for 20 s. Coupling agent silane was applied onto all
specimens and allowed to dry for 5 s and the ceramic bars were bonded to a block
of composite Tetric N-Ceram (lvoclar-Vivadent) with RelyX ARC (3M ESPE) resin
cement and placed under a 500 g static load for 2 min. The cement excess was
removed with a disposable microbrush and, in the interface, 40s light-activation
(four activations) were performed at right angles using a LED curing unit
(UltraLume LED 5, Ultradent). The specimens of the groups 1 and 4 were storaged

in distilled water at 37°C for 24 hours, groups 2 and 5 were submitted to 3,000



thermocycles between 5°C and 55°C and groups 3 and 6 submitted to a fatigue
test for 100,000 cycles with 2 HZ. Specimens were sectioned perpendicular to the
bonding area to obtain 1mm? sectional area beams (25 beams per groups) and
submitted to a microtensile bond strength test in a testing machine (EZ Test), at a
crosshead speed of 0.5mm/min. Data were submitted to ANOVA and Tukey’s test
(p=0.05). Results: The microtensile bond strength values (MPa) were: 26.9 * 6.9,
22.2 £+ 7.8 and 21.2 £ 9.1 for G1-G3 and 35.0 £ 9.6, 24.3 + 8.9 and 23.9 + 6.3 for
G4-G6. The control group, fatigue tested and thermocycled showed a
predominance of adhesive failure. The fatigue and thermocycling decrease
significantly the microtensile bond strength for both ceramic surface treatments
compared to control groups. Etching with 10% hydrofluoric acid increased the

microtensile bond strength for the control group.

INTRODUCTION

Ceramics are used for dental restorations and have excellent properties,
such as chemical stability, biocompatibility, low thermal conductivity, high
compressive strength, electrical condutibility, thermal diffusivity, translucence,
fluorescence and a coefficient of thermal expansion similar to that of tooth
structure.™ However, they are brittle, a property that can be attributed to the
presence of microcracks on the surface of the ceramic, making the material
susceptible to fracture during the luting and under occlusal force.?* To surrogate
this lack the ceramic was associated with a metal substructure, and the system has
served dentistry for about 50 years. Despite the high fracture resistance of
traditional metal ceramic crowns”®, limitations are imposed on the systems because
the metal core can reduce the translucency and affects the esthetics of the

restorations



In the poist years, several technological advances have led to the
development of new materials such as glass-infiltrated, heat-pressed and copy-
milled ceramics, exhibiting high strength.

The clinical success of the ceramic restorations depends on a number of
factors, such as the cementation procedure and composition of the ceramic
material. Different ceramic surface treatments have been introduced to improve
resin bonding to ceramic. The ceramic IPS e.max Press may be adhesively
cemented, but when the retentive area is small, retention may be inadequate.
Bonding of the resin cement to the tooth is ensured by acid etching of enamel or
dentin, and by the use of a dentin adhesive.® Techniques for bonding to ceramic
IPS e.max Press take advantage of the formation of chemical bonds and
micromechanical interlocking at the resin-ceramic surface. Etching procedure with
hydrofluoric acid is used to create a rough surface in the ceramic bonding area to
enhance the bonding between ceramic and resin cement. Hydrofluoric acid remove
the glass matrix and the second crystalline phase, thus creating irregularities within
the lithium disilicate crystals of the IPS e.max Press for bonding.>’® Another
treatment recommended for ceramic surface is mechanical procedures such as
airborne particle abrasion with 50-um aluminum oxides particles.”"" After, the
ceramic surface must be coated with suitable silane, forming chemical bonds
between the inorganic phase of the ceramic and the organic phase of the resin

cement 1214
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Clinically, when ceramic restorations are cemented and exposed to the oral
environment, factors that could result in fatigue may influence their physical and
mechanical properties. Fatigue fracture is a form of failure that occurs in structures
with microscopic cracks subjected to dynamic and fluctuating stresses.'® Continued
load during chewing results in stress concentration, and thermal variations induce
a fatigue and these cracks propagate and weaken the restoration. Catastrophic
fracture results from a final loading cycle that exceeds the load-bearing capacity of
the remaining sound portion of the material.'®"” Thermal variations and fatigue
resistance evaluation of dental ceramic could provide a more detailed
understanding of failure in clinical use.'®

Therefore, the aim of this study was to investigate the effect of two surface
treatments, fatigue and thermocycling on the microtensile bond strength of the
ceramic IPS e.max Press luted with dual-cured resin cement. The hypotheses
tested were: (1) the surface treatments do not affect the microtensile bond strength
of the ceramic; and (2) the fatigue and thermocycling do not affect the microtensile

bond strength of the ceramic.
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MATERIAL AND METHODS

Table 1 — Material, compositons and manufactures

MATERIAL

MANUFACTURES

COMPOSITION

Feldspatic ceramic IPS
E.max Press

Ivoclar vivadent, Schaan,
Liechtenstein

LOT: K33870

Highly reinforced by
glass-ceramic
lithium disilicate

Dual- cured resin cement
Relyx ARC

3M ESPE Dental, St. Paul,
MN, USA

LOT: GFHL

Bis GMA, TEGDMA
infiltrated with
ceramics treated
with silicon and
functionalized
polymer
dimethacrylate

10% hydrofluoric acid

Dentsply, Petrépolis, RJ,
Brasil

LOT: L305134C

10% hydrofluoric
acid

Air particle abraded 50um
Al,O3

(Bio-arte Equipamento
Odontolégico Ltda, Séo
Carlos, SP, Brazil)

LOT: 168729

Particle 50um Al;,O3

Ceramic Specimens

Eighteen rectangular bars (10 mm length x 7 mm width x 3.0 mm thickness)
of IPS e.max Press ceramic (lvoclar vivadent, Schaan, Liechtenstein), shade LT
D3 were fabricated, in accordance with the manufacturer’s instructions. Wax
patterns rectangular were obtained, sprued and attached to a muffle base with a
surrounding paper cylinder. The wax patterns were invested with phosphate-based

material (IPS PressVest Speed; Ivoclar vivadent), and the wax was eliminated in
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an automatic furnace (Vulcan A-550; Degussa-Ney, Yucaipa, CA, USA) at 850° C
for 1 h. The IPS e.max Press ceramic ingots were pressed into the molds in an
automatic press furnace (EP 600, Ivoclar vivadent). After cooling, the specimens
were divested and submitted to wet polishing with 600- and 1200-grit SiC abrasive

paper (Norton S.A., S&o Paulo, SP, Brazil) to obtain a flat surface.

Surface Treatments

The specimens were randomly divided into six group (n=3): Groups 1, 2 and
3 — the surface test of the ceramic blocks were air particle abraded with 50 ym
Al,O3 particles (AOP) (Bioart, Sdo Carlos, SP, Brazil) for 5 seconds under 2 bars
pressure, with a sandblasting device (Microetch, Bioart) held 10 mm from the
ceramic surface. Specimens were then rinsed, cleaned ultrasonically in distilled
water for 20 minutes and dried with compressed air; and, Groups 4, 5 and 6 — the
surface test of the ceramic blocks were etching with 10% hydrofluoric acid (HF)
(Dentsply, Petropolis, RJ, Brazil) for 20 seconds, followed by distilled water rinsing
for 1 minute. Specimens were then rinsed, cleaned ultrasonically in distilled water
for 20 minutes and dried with compressed air. One layear of silane coupling agent
(RelyX Ceramic primer; 3M ESPE, St. Paul, MN, USA) was applied onto all

ceramic specimens and allowed to air dry for 5s.
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Bond Strength Testing

In order to obtain specimens for the microtensile bond strength test,
rectangular blocks (10 mm length x 7 mm width x 3.0 mm thickness) of composite
Tetric N-Ceram (lvoclar vivadent, shade A3) were fabricated. The composite
(Tetric N-Ceram) was bulk inserted into a elastomer mold (Express STD, 3M
ESPE, St. Paul, MN, USA) and a poliester strip was seated onto the composite
surface, and pressed manually using a microscope slide to remove composite
excesses. The composite was light-activated for 80 s from the top surface using a
LED source (UltraLume 5, Ultradent, South Jordan, UT, USA) with irradiance of
1100 mW/cm?. One coat of Single Bond Adhesive (3M ESPE) was applied onto all
composite blocks, air dried for 5 seconds, and light-activated for 10 s (UltraLume
5). A dual-cured resin luting agent (RelyX ARC, 3M ESPE) shade A3, was
manipulated according to the manufacturer’s instructions and applied to the
ceramic surface. The ceramic bars were bonded to a block the composite Tetric N-
Ceram and placed under a 500 g static load for 2 min, and the excess cement was
removed with a disposable microbrush. Light-activation was performed for 40 s
(four activation) at right angles using a LED source (UltraLume LED 5, Ultradent),
with a final 40 s exposure from the top surface.

Afterwards, the specimens of groups 1 and 4 were stored in distilled water
at 37° C for 24 hours (Control Groups). The specimens of groups 2 and 5 were
stored in distilled water at 37°C for 24 hours, followed by 3,000 thermocyclings
(MSCT 3 - Marnucci ME, Sao Carlos, SP, Brasil) between 5 and 55°C (dwell time of

30 seconds). After, stored in distilled water at 37°C for 24 hours.The specimens of
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groups 3 and 6 were submitted to a fatigue test 100,000 cycles (ER37000 -
ERIOS, Sdo Paulo, SP, Brasil) that consisted of cyclic loading with a 8-mm
diameter stainless steel ball with load of 80 N in a wet environment prior to
microtensile bond testing. The cyclic loading had a force profile in the form of a

sine wave at 2 Hz.

After, the specimens were sectioned perpendicular to the bonding interface
area to obtain beams with bonding area of 1 mm? using a water-cooled diamond
blade (EXTEC Corporation, Enfield, CT, USA) in a low speed saw machine (Isomet
1000, Buehler, Lake BIluff, IL, USA). The cross-sectional area of the bond interface
of each beam was measured with a digital caliper (Mitutoyo Corporation, Tokyo,
Japan). Each beam was fixed to the grips of a microtensile device with a
cyanoacrylate adhesive (Zapit, Dental Ventures of America Inc., Corona, CA, USA)
and the microtensile bond test was conducted in a testing machine EZ Test (EZS,
Shimadzu, Toquio, Jap&o) at a crosshead speed of 0.5 mm/min until failure. Bond
strength values was calculated and the data supplied in MPa. An average of twenty
five beams were obtained for each group. Microtensile bond strength data were
submitted to two-way ANOVA and multiple comparations were performed using the

Tukey’s post-hoc test (p<0.05)
Failure Analysis

The fracture specimens were observed under optical microscopy (Olympus)
at a 40X magnification. The mode of failure was classified as follows: adhesive

(Mode 1), cohesive within ceramic (Mode 2), cohesive within composite (Mode 3) e
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mixed, involving cement, ceramic and composite (Mode 4). The surfaces treated
by etching with 10% hydrofluoric acid, air particle abraded with 50 um Al,O3
particles and without treatments were gold coated with a sputter coater (Balzers-
SCD 050, Balzers Union, Aktiengeselischaft, Furstentun, Liechtenttein) for 180 s at
40 mA. They were then mounted on coded brass stubs, and examined using
scanning electron microscopy (SEM; LEO 435 VP, Cambridge, England), operated

at 20 Kv, by the same operator.

RESULTS
Bond strength testing and Failure Analysis

The mean values of the microtensile bond strength are shown in Table 1.
For the control group, the bond strength of the specimens etched with 10%
hydrofluoric acid (HF) was significantly higher than the air particle abraded with 50
um Al,O3 (AOP) (p<0.05). For the fatigue tested group, no statistical difference
was found between the specimens etched with 10% hydrofluoric acid and air
particle abraded with 50 ym Al,O3 (p=0.05). Similar results were observed for the
thermocycled group.

For all treatments the microtensile bond strength of the control group was
significantly higher than fatigue and thermocycled (p<0.05). No statistical difference
was found between fatigue tested and thermocycled groups (p=0.05).

The distribuition of failure modes is shown in Table 2. The control group,

fatigue and thermocycled showed a predominance of failure adhesive for surface
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treatment with 10% hydrofluoric acid and adhesive and mixed for surface treatment

with 50 ym Al;Os.

DISCUSSION

The clinical success of the ceramic restoration depends on the quality and
durability of the bond between the ceramic and the resin cement. The quality of this
bond is determined by the bonding mechanisms that are controlled in part by the
specific surface treatment used to promote micromechanical or chemical retention
to the ceramic substrate.’® The micromechanical retention of the ceramic surface
plays an important role for bonding with resin luting cement®. Morphology
modification on the ceramic surface may be performed to promote better bond
strength.” After surface treatment the resin cement is applied onto the ceramic
surface and the penetration of the cement and polymerization is responsible for the
bonding. 2%’

In the present study, two ceramic surface treatments were evaluated. The
results indicate that the first hypothesis was accepted in part. The etching
procedure with 10% hydrofluoric acid resulted in the highest tensile bond strength
with statistically significant difference when compared with air particle abraded with

50 ym Al,O4 for the control group. No statistical difference was found after fatigue

and thermocycling.

The difference in tensile bond strength can be explained on the basis of
morphology created by air particle abrasion and etched specimens. Etching with

10% hydrofluoric acid of ceramic surface promoted dissolution in the glassy matrix
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of the specimens to the depth of a few microns, as a result, the lithium disilicate
crystal protrudes from the glass matrix. Elongated crystals and shallow
irregularities were clearly observed (Fig 2) when compared to surface to surface
without surface treatment (Fig 1). The change in the surface morphology treated
with  10% hydrofluoric acid, increased the surface area and facilitates the
penetration and retention of resin cement into the micro-retentions of the treated
surface.”®?? It has been shown that this treatment has an efficient result for other
kind of dental ceramics.>”®1219202 The |owest mean tensile bond strength was
obtained for specimens air abraded with 50 um Al;O3 in the control specimens. The
present results indicate that this treatment can not provide a mechanically retentive
surface as efficient as etching with hydrofluoric acid. This treatment promoted
morphologic alteration of the ceramic surface by increasing the number of pits per
unit area, resulting in an increase in the number of potential retention areas and
surface area (Fig 2). Salvio et al., Spohr et al., Ayad et al. and Attia et al. also
demonstrated that there is a decrease in shear bond strength when the ceramic
surface was air abraded with 50 ym Al,Os; in relation the ceramic surface etched
with 10% hydrofluoric acid. However, Panah et al. showed no significant difference
between ceramic surface etched with 10% hydrofluoric acid and air abraded with
50 um Al,Os.

A variable that can contribute to failure of a ceramic is the oral environment.
It is known that the oral environment is able to induce physicochemical alterations
to this the dental materials.?® Mechanical fatigue test and temperature change of

materials provide conditions for the degradations in the aqueous environment.
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The air abraded with 50 um Al,Os3 has its own faults and surface defects that
can compromise the strength of the crown. However, the role of airbrade particle
the long term strength of dental ceramics under cyclic loading, relevant to a dentist,
was largely ignored. A recent study on the strength of three Y-TZP dental ceramics
suggests that the relative importance of these effects depends on the material
microstructure as well as on the severity of the airbrade particle. This raises
questions concerning the underlying nature of the airbrade particle-induced flaws.
Clearly, the flaws must be more severe than those associated with the
microstructure. Previous studies indicate that sandblast flaws have the nature of
true microcracks. Cyclic loading further exacerbates microcrack extension by some
mechanical degradation process, most likely by continual reduction of friction at
microcrack walls in repeated shear sliding. In some cases, depending on the
structure of ceramics, the blasting can generate compression surface, through the
induction of cargo, thus opening the microcracks and inducing changes in the
tetragonal monoclinic phase, thus causing premature failure that occurs in the long
term, ceramics treated with air abraded with 50 ym Al,O3>"

In the present study, when the fatigue test and thermal cycling were
evaluated. The results indicate that the second hypothesis was not accepted. The
groups etched with 10% hydrofluoric acid and air abraded with 50 ym Al,O3
submitted to fatigue test and thermal cycling, decreased the tensile bond strength
with statistically significant differences compared to the control groups. Fatigue is
explained by the development of the characteristics of materials alterations in
areas of stress concentration with continued load."” Probably, when the specimens

were submitted to a cycling loading under wet conditions, the propagation of small
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cracks in the interface between ceramic surface and the resin luting agent might
have a significantly effect on the bond strength reduction.

In this study the effect of thermocycling on microtensile bond strength has
been determined. Kamada et al. related that the durability of the bond strength
between silinated ceramic surface and the resin cement decresead with
thermocycling and water storage. Oyafuso et al. showed decreasing in resistance
to frature after both ceramic-gold and ceramic-Ti cp combinations submitted to
thermocycling and mechanical cycling. Different studies have demonstrated that,
depending on silane type used, thermocycling might have a significant effect on
bond strength reduction between the resin and ceramic interface.?’** The degree
of hydrolysis is responsable for the silane products efficacy; the higher the degree
of hydrolysis, the better the bond provided by silane coupling agent.>* The
permeability of the silane take place because of the hydrolysis of the Si-O bonds at
the ceramic-silane interface by the water absorption.** This may also be
responsable for the level of degradation and the bond strength between the
ceramic-resin interface during thermocycling. Salvio et al. reported that the
Monobond S (lvoclar vivadent, Schaan, Liechtenstein) silane followed by RelyX
ARC resin cement was partially efficient in water storage conditions, since the
mean bond strength decreased after 1 year. On the other hand, Spohr et al.
showed that Scotchbond Ceramic Primer (3M ESPE) followed Single Bond
adhesive system and Rely X ARC resin cement was effective after thermocycling
procedure. However, in their study the specimens were submitted to 500

thermocycles.
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Besides, another factor is the reduction in the mechanical properties of the
resin cement when submitted to a fatigue test and thermocycling. The reduction of
mechanical properties of the resin cement is probably a result of a continuous
action of water in the interface ceramic-resin cement. The mechanism of water
transport and its effects in the mechanical properties of polymers depend on
several factors.>*>® Monomer amount and compositions varies according to the
specific applications and manufacturer’s goals37 and variability will define the

chemical stability of resin in a specific environment.*®

The sensibility of resin based
materials to water depends on the degree of monomer conversion®, degree of
polymer cross-linking, volume fraction of intrinsic nanometer sized pores, and
quantity as well as presence of fillers.® Besides, increasing the ratio of TEGDMA
and UDMA to BisGMA caused an increasing to susceptibility to water sorption.*>*!
Perhaps the presence of the TEDGMA in the resin cement used in the present
research may have contributed to the acceleration of water sorption and affected
the mechanical properties of the resin cement during a fatigue test and
thermocycling.

The mode of failure did not correlate directly with the bond strength results,
as can be seen in Table 2. Even though the control group showed bond strength
higher then fatigued and termocycled for both treatments, adhesive mode was
predominant. It could be explained by the fact that microtensile test evaluates a
small area and the resin cement was much more bonded with the resin composite

then the ceramic, even though the bond with the ceramic material has chemical

union. Hence, more detailed exams would clarify better the failure at microscope
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view and chemical composition. Thus, a closer evaluation as SEM and EDS on the
debonded surface could bring more information.

The present research evaluated one silane agent and one resin cement
associated with a silicate based ceramic. Further studies should be conducted
evaluating different brands and ceramics. The results showed the efficiency of the
surface treatment with 10% hydrofluoric acid for the di-silicate ceramic if compared
to air abrasion with 50 um Al,O3. However, the present results could bring attention
when appling the di-silicate based ceramic, to select the better option aiming a long

term success of the restoration.

CONCLUSION
Within the limitations of the study the following conclusions can be drown:
1 — The fatigue and thermocycling decreased significantly the microtensile

bond strength for both ceramic surface treatments compared to control groups.

2 — The surface treatments with 10% hydrofluoric acid showed higher
microtensile bond strength values than specimens treated by air particle abrasion

with 50 um aluminum oxide particles for the control group.

3 — The control group, fatigue tested and thermocycled showed a

predominance of adhesive failure.
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Table 1 — Microtensile bond strength Means-MPa (Standard Deviations) for all
groups.

Bond Strength (MPa)
Surface Treatments

Control Group  Fatigue Tested  Thermocycled

10% hydrofluoric acid (HF)  35.0 (9.6) Aa  23.9(6.3)Ba  24.3(8.9)B,a

50 ym Al,O3 (AOP) 26.9(6.9)Ab 21.2(9.1)B,a 22.2(7.8)B,a

Means followed by distinct capital letters in the same line, and small letters in the column, are significantly
different at (Tukey’s test, p<0.05).

Table 2 — Failure Modes Analysis of the debonded specimens (%) among groups.

Mode 1 Mode 2 Mode 3 Mode 4
HF AOP HF AOP HF  AOP HF AOP
Control Group 47 53 5 0 24 0 24 47
Fatigue Tested 52 73 0 18 11 0 37 9
Thermocycled 80 91 0 9 5 0 15 19
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Figure 1 - SEM morphological aspect of ceramic surface without additional
treatment (x10000).

Mag = 10.00 KX Detector = SE1
EHT =10.00 kV Date :16 Dec 2010

Figure 2 — SEM morphological aspect of ceramic surface treated with 10%
hydrofluoric acid for 20 seconds (x10000).
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Figure 3 - SEM morphological aspect of ceramic surface air particle abraded for 5

s with 50um aluminum oxide particles (x10000).
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CONCLUSAO GERAL

Dentro das limitagdes do estudo pode ser concluido que:

1 — A fadiga e termociclagem diminuiram significativamente a resisténcia a unido

para ambos os tratamentos de superficie em relagdo ao grupo controle.

2 — O condicionamento com acido fluoridrico 10% aumentou a resisténcia de

unido a microtragéo para o controle em relagéo ao jateamento com Al;Os.
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MATERIAL E METODO

MATERIAL

Neste estudo foram empregados os seguintes materiais conforme Quadro

Quadro 1 — Materiais utilizados no estudo e os respectivos fabricantes.

MATERIAL

FABRICANTE

Ceramica feldspatica IPS E.max
Press

Ivoclar vivadent, Schaan,
Liechtenstein

Cimento resinoso de presa dual
Relyx ARC

3M ESPE Dental, St. Paul, MN, USA

Acido fluoridrico 10%

Dentsply, Petropolis, RJ, Brasil

Acido fosfdrico 37%

Dentsply, Petropolis, RJ, Brasil

Particulas de 6xido de aluminio 50um

(Bio-arte Equipamento Odontoldgico
Ltda, Sdo Carlos, SP, Brazil)

RelyX Ceramic Primer (Silano)

3M ESPE Dental, St. Paul, MN, USA

Adesivo Single Bond 2

3M ESPE Dental, St. Paul, MN, USA

Composito Resinoso Tetric N- Ceram

Ivoclar vivadent, Schaan,
Liechtenstein
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METODO

Confeccao dos espécimens em ceramica

Foram confeccionadas 18 espécimes com a cerdmica IPS E.max Press
(Ivoclar Vivadent AG, Schaan, Liechtenstein), com 10 mm de comprimento, 7 mm
de largura por 3 mm de espessura obtidos em uma matriz de silicone de adigdo. A
cera tipo Il (Thowax) foi liquefeita e vertida no interior da matriz de silicone, para
confecgao dos padrdes em cera. Apos, o conduto com 3mm de didmetro por 4mm
de comprimento foi fixado no padrao de cera e adaptado num cilindro plastico
(Figuras 1A e 1B) . Em seguida, foi adaptado na base plastica do cadinho um anel
de silicone (lvoclar vivadent). O padrao de cera foi incluido com revestimento a
base de fosfato IPS PressVest Speed (lvoclar vivadent), na propor¢ao de 200g de
po para 27mL de liquido proprio do material e 27mL de agua destilada e
espatulado mecanicamente a vacuo na maquina Multivac 4 (Degussa, Hanau,
Germany) por 2 minutos (Figuras 2A e 2B). Ap6s a presa, o cilindro de silicone, o

formador do conduto e a base foram removidos.

Figura1— A: Padrdo de cera fixado na base formadora do cadinho. B: Base e

anel de silicone.
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Figura 2 — A: Incluséo do padr&o de cera com revestimento. B: Anel completo de

revestimento.

Apds a presa, o bloco de revestimento (Figura 3A) foi levado ao forno
elétrico (7000-5P; EDG Equipamentos e Controles Ltda.) na temperatura de
850°C, e mantido por 90 minutos para eliminagao da cera (Figura 3B). Decorrido o
periodo de aquecimento, o bloco foi removido do forno e 2 pastilhas da ceramica
IPS E.max Press (lvoclar vivadent, cor LT) (Figura 4A), foi posicionada no
conduto, juntamente com o émbolo de 6xido de aluminio e levado ao forno EP600
(Ivoclar Vivadent). O conjunto foi mantido por 20 minutos a 915°C, seguido de uma
pressdo de 5 bar por 15 minutos (Figura 4B). Quando o bloco de revestimento
atingiu a temperatura ambiente, os espécimes foram removidos seccionando o
bloco de revestimento ao meio com disco de carburundum (KG Sorensen, Cotia,
SP, Brasil). Posteriormente, os espécimes foram removidos com jateamento com
particulas de 6xido de aluminio 100 um (Oxyker Dry; Flli Manfredi), com pressao
inicial de 4 bar e posteriormente 2 bar para remogao do revestimento proximo dos
espécimes. A seguir, os espécimes foram limpos por 20 minutos utilizando o ultra-

som, seguido de lavagem em agua corrente, secagem com jato de ar. O conduto
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de alimentagao foi removido com disco diamantado (KG Sorensen) e submetido

ao acabamento com ponta cilindrica de diamante.

Figura 3 — A: Bloco de revestimento. B: Bloco de revestimento e embolo no interior
do forno elétrico.

Figura 4 — A: Pastilha da ceramica IPS E.max Press. B: Injecdo da ceramica
utilizando o forno EP 600.

Em seguida, a superficie a ser avaliada foi submetida ao acabamento com
lixas de carbeto de silicio granulagéo 180, 320, 400, 600 e 1200 (Norton S.A., Séo
Paulo, SP, Brasil) (Figura 5), sob constante refrigeracao a agua e limpas em ultra-
som por 20 minutos e novamente levados ao forno para o glazeamento, a

temperatura final de 769° C, sem vacuo.
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Figura 5 — Polimento das amostras com lixas de carbeto de silicio.

Para cimentacao dos blocos ceramicos foram confeccionados 18 blocos de
resina composta Tetric N-Ceran (lvoclar Vivadent, Schaan, Liechtenstein), nas
mesmas dimensodes dos blocos ceramicos. Estes blocos foram confeccionados em
matrizes de silicone por adigcdo preenchidos em incrementos de 1,5 mm, sendo
cada um deles fotoativado por 40 s com o aparelho UltraLume LED 5 (Ultradent,
South, Jordan, UT, USA) com irradiancia de 1.100 mW/cm?. Apos a confeccdo, os
blocos foram condicionados com acido fosférico 35% (3M ESPE) (Figura 6A),
lavados por 20 segundos e secos por 30 segundos. Em seguida, foram aplicadas

duas camadas do adesivo Single Bond (3M ESPE, St Paul, MN) (Figura 6B).

Figura 6 — A: Condicionamento com acido fosférico 35%. B: Aplicagcao do adesivo

Single Bond.
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Os blocos de cerdmicas foram separados em 6 grupos (n=3) conforme

Quadro 2:

Quadro 2 — Divisdo dos grupos, conforme o tratamento de superficie e a

subdivisdo em ensaio de envelhecimento.

Tratamento de

Grupos . Envelhecimento
Superficie
Grupo 1 Nenhum
Jateamento com 6xido . ..
Grupo 2 Ciclagem Mecanica

de aluminio 50 um

Grupo 3 Ciclagem Térmica

Grupo 4 Nenhum

G 5 Acido Hidrofluoridrico " Mecani
rupo 210 % Ciclagem Mecanica

Grupo 6 Ciclagem Térmica

Tratamentos de superficie da ceramica

Dezoito blocos de ceramica foram separados em 6 grupos (n=3), de acordo
com tratamento de superficie:

- Jateamento com particulas de oOxido de aluminio — sobre uma das
superficies do bloco de ceramica foi realizado o jateamento, com particulas de
oxido aluminio com 50 ym, utilizando jateador Microjato Plus (BioArt) (Figura 7A)
com pressao de 2 bar por 10 segundos, a distancia de 10 mm (Figura 7B). Os

blocos foram lavados em ultra-som por 20 minutos com agua destilada.
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- Condicionamento com &acido fluoridrico 10% — sobre uma das superficies
dos blocos de cerémica foi aplicado um gel de acido hidrofluoridrico a 10% por 20
segundos (Figuras 8A e 8B), lavadas por 1 minuto e limpos em ultra-som por 20

minutos com agua destilada.

Figura 7 — A: Aparelho para jateamento (BioArt). B: Jateamento com particulas

de 6xido de aluminio 50 ym.

Figura 8 - A: Acido Hidrofluoridrico 10%. B: /»licacdo do acido hidrofluoridrico por
20 segundos.
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Procedimento de cimentacao

Apés a limpeza e secagem, duas camadas do agente de silanizagao
Ceramic Primer (3M ESPE) foram aplicadas por 20 segundos utilizando
microbrush e, apos 1 minuto a superficie foi seca com jato de ar por 30s (Figura 9
Ae B).

Em seguida, um volume padronizado (10 uL) de cimento resinoso RelyX ARC
(RelyX ARC, 3M ESPE) (Figura 10A) foram aplicados sobre o centro da superficie
dos blocos ceramicos (Figura 10B) e colocado o bloco de resina composta,
mantendo sob pressao constante de 500gf por 2 minutos (Figura 11A). Apds
remogao do excesso de agente cimentante utilizando microbrush, cada interface
do conjunto ceramica/resina composta foi irradiado por 40 segundos com o
aparelho UltraLume LED 5 (UltaLume LED 5, Ultradent, South Jordan, UT, USA),

com irradiancia de 1100mW/cm?, totalizando 160 segundos (Figura 11B).

Figura 9 — A: Silano Ceramic Primer. B: Aplicagao do silano por 1 min.
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Figura 10 — A - Proporcionamento do cimento. B - Aplicagao do cimento na

ceramica.

Figura 11— A - Aplicacdo de carga estatica de 500gf por 2 minutos. B -

Fotoativacdo por 40s em cada face.

Ensaio de envelhecimento
As amostras de ceramica foram separadas em 6 grupos conforme o tipo de

envelhecimento a que foram submetidos

Controle (sem tratamento)

Os blocos ceramica/resina composta dos grupos (1 e 4) foram armazenados

em agua destilada a 37" C por 24h.
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Ciclagem mecanica

ApoOs armazenagem em agua destilada a 37°C por 24 horas, os blocos
ceramica/resina composta dos grupos (2 e 5) foram submetidos a ciclagem
mecanica na maquina ER37000 (ERIOS, Sao Paulo, SP, Brasil) (Figura 12). Uma
extremidade esférica de 8 mm de didmetro, acoplada a maquina de ensaio de
fadiga, foi posicionada no centro do bloco ceramico e os blocos foram submetidos
a 100.000 ciclos em maquina de ciclagem mecanica com carga de 80 N, com uma

forca sinosoidal com 2 HZ de carga.

Figura 12 — Maquina de ciclagem mecanica.

2.4.3 — Ciclagem térmica

ApoOs armazenagem em agua destilada a 37°C por 24 horas, os blocos
ceramica/resina composta dos grupos (3 e 6) foram submetidos a 3.000 ciclos
térmicos na maquina MSCT 3 (Marnucci ME, Sao Carlos, SP, Brasil) (Figura 13)

com temperatura entre 5°C e 55°C, com banho de 30s em cada temperatura.
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Figura 13 — Maquina de ciclagem térmica.

Preparacao dos espécimes e ensaio de microtracao

Apds, o ensaio de envelhecimento, os espécimes foram seccionados em
cortadeira metalografica Isomet 1000 (Buehler, Lake Bluff, lllinois, USA) (Figura
14A) utilizando um disco dupla-face (Dia. Wafer Blade, Extec Corp., Enfield, CT,
USA) sob refrigeracdo de agua. Inicialmente, os blocos foram fixados em uma
base de acrilico com cera pegajosa. Os blocos foram seccionados nos planos X e
Y com angulo de 90° entre os cortes de modo a obter espécimes em forma de

palito, com aproximadamente 1mm? de area da interface adesiva (Figura 14 B).
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Figura 14 — A: Amostra fixada na placa de acrilico e submetida ao corte na
cortadeira Isomet. B:- Especimens apos o corte com palitos obtidos

de 1mm>.

Em seguida, os palitos foram fixados com adesivo de cianoacrilato em gel
(Super Bonder Gel, Loctite Ltda, Sdo Paulo, Brasil), em dispositivo para
microtragdo, mantendo a interface adesiva livre. Este dispositivo foi fixado na
maquina de ensaio EZ Test (EZS, Shimadzu, Toéquio, Japao), com velocidade
constante de 0,5 mm/min, até ocorrer fratura (Figuras 15A e 15B). A média dos
palitos resultara no valor de resisténcia de unido de cada amostra. Um total de 25
palitos foi obtido por grupo. A resisténcia de unido de cada grupo foi calculada em

(MPa), e submetida a Analise de Variancia e ao teste de Tukey (5%) e estatistica.

o g -

Figura 15— A — Maquina de ensaio de microtracdo Easy test B — Corpo—de—

prova fixado no dispositivo para realizagdo do ensaio.
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Analise de fratura

A superficie de fratura das amostras foram observadas num
estereomicroscépio (Olympus, Tokio, Japan) com 40X de aumento. O padrao de
fratura foi classificado em: adesiva (Modo 1), coesiva na ceramica (Modo 2),
coesiva no composito (Modo 3) e mista, envolvendo cimento resinoso, ceramica e

resina composta (Modo 4).

Em seguida, uma amostra representativa de cada tratamento de superficie
foi coberta com liga de ouro para analise da superficie em MEV operando a 15 kV

(JSM 5600LV — Jeol Inc., Peabody, MA, EUA).
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