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RESUMO
Este estudo avaliou a morfologia de superficie e resisténcia de unido ao

microcisalhamento entre a ceramica refor¢ada por leucita IPS Empress Esthetic (Ivoclar-
Vivadent) e o cimento resinoso Variolink II (Ivoclar-Vivadent), em diferentes tempos de
condicionamento da cerdmica, com e sem aplicacdo do adesivo apds o uso do silano.
Setenta e dois discos ceramicos (6mm de diametro x 2mm de espessura) foram
confeccionados, embutidos em resina e divididos em 12 grupos (n=6), definidos pelo
tempo condicionamento com acido fluoridrico 10% e aplicagdo ou nao de adesivo apos o
uso do silano: G1 e G7 - 10s de condicionamento acido, G2 e G8 -20s; G3 e G9-40s; G4
e G10-60s; G5e Gl1 —120s e G6 e G12 — 60 + 60s. O silano foi aplicado em todos os
grupos e metade dos grupos (de G7 a G12) receberam uma camada do adesivo (Scotchbond
MP — 3M/ESPE). Molde de elastomero com dois orificios cilindricos (1,2mm de didmetro
x 2mm de altura) foi adaptado sobre a superficie da ceramica para a constru¢do de dois
cilindros por amostra, totalizando 12 cilindros por grupo. Para tal, os orificios foram
preenchidos com o cimento resinoso (Variolink II), fotoativados por 40 s e submetidos ao
ensaio de resisténcia de unido ao microcisalhamento a velocidade de 0,5mm/min. € o
padrao de fratura foi analisado. Os dados foram submetidos a Andlise de Variancia e ao
teste de Student-Newman-Keul (p<0,05). A topografia e a interface de unido foram
avaliadas em MEV. A resisténcia de unido ao microcisalhamento (MPa) foi 19,4+3,5 (G1),
22.3+5,1 (G2), 22,243,2 (G3), 17,8+2,1 (G4), 15,343,0 (GS), 14,3+1,8 (G6) para os grupos
tratados com silano, e 17,4+4,8 (G7), 21,3£2,1 (G8), 21,1£2,3 (G9), 24,7+£5,8 (G10),
20,4+2,2 (G11) e 18,5+4,6 (G12) para os grupos tratados com silano + adesivo. Houve
reducdo de falhas adesivas e aumento das mistas com o aumento do tempo de
condicionamento para os grupos tratados com silano e equilibrio da falhas adesivas e
mistas para os grupos tratados com silano + adesivo, exceto para os grupos G11 e G12
onde houve predominancia de falhas mistas. Pouca alteragdo na topografia de superficie foi
detectada nas amostras condicionadas por 10s, canais apresentando sulcos profundos
puderam ser notados em praticamente toda a extensdo das superficies ceramicas re-
condicionadas (60+60s — G6 e G12). Espagos nao-preenchidos ao longo da interface
ceramica-cimento resinoso foram detectados em intensidade crescente a partir de 60s de

condicionamento, quando apenas o silano foi aplicado, enquanto um preenchimento
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homogéneo, caracterizado por intimo contato com a ceramica pode ser percebido quando o
adesivo foi utilizado, exceto para o grupo recondicionado — G12.
Palavras-chaves: ceramicas vitreas, leucita, cimentos resinosos, microcisalhamento,

caracterizacao de superficie.
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ABSTRACT

This study evaluated the influence of etching times on surface/interface
morphology and micro-shear bond strength to Empress Esthetic leucite-reinforced glass
ceramic (Ivoclar-Vivadent), with or without application of an unfilled resin after silane.
Ceramic discs were divided into 12 groups (n = 6), defined by the etching time with 10%
hydrofluoric acid: G1 and G7 - etching for 10s, G2 and G8 - 20 s; G3 and G9 - 40 s; G4
and G10 - 60 s; G5 and G11 — 120 s and G6 and G12 — 60 + 60s. Half of the groups (G7 to
G12) received a layer of unfilled resin (Scotchbond MP/ 3M ESPE) after silane coupling.
Micro-shear bonding test using Variolink II resin cement (Ivoclar-Vivadent) was
performed, and data submitted to two-way ANOVA and Student-Newman-Keuls’ test (p <
0.05). Evaluation of the etching pattern and bonding interfaces was conducted by Scanning
Electron Microscopic (SEM). Means micro-shear bond strengths (MPa) were 19.443.5
(G1), 22.3£5.1 (G2), 22.243.2 (G3), 17.8+£2.1 (G4), 15.3£3.0 (GS5), 14.3£1.8 (G6) for
groups treated with silane, and 17.4+4.8 (G7), 21.3£2.1 (G8), 21.1+£2.3 (G9), 24.7£5.8
(G10), 20.4£2.2 (G11) e 18.5+4.6 (G12) for groups treated with silane and unfilled resin.
Poor etching topography was detected on 10s etched surfaces, whereas fissures forming
deep grooved channels were extensively observed in 120s and 60+60s ceramics surfaces.
Unfilled spaces underlying the ceramic-resin cement interface were detected when only
silane was applied. Fully completion of the irregularities on 60s and 120s samples were
detected using the unfilled resin, although this material was unable to completely fill the
irregularities on 60+60s (G12) ceramic. When only silane was applied, the 60s and the
groups etched for longer periods (120 and 60+60s — G5 and G6) showed lower bond
strengths, but when both silane and unfilled resin were applied, all etching times generally
showed similar values. The etching protocol influenced the surface/interface topography
and bond strength to ceramic. The application of unfilled resin was able to infiltrate all
unfilled spaces beneath the ceramic-resin cement interface detected when only silane was
applied, except on the re-etched (60+60s — G12) ceramic.

Key-words: vitreous ceramics, leucite, microshear, resin cements, surface characterization.
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INTRODUCAO

Ceramicas odontologicas tém sido largamente utilizadas como materiais
restauradores na Odontologia devido a crescente demanda por estética satisfatoria,
biocompatibilidade e desempenho mecanico compativel com as condi¢des bucais (Albakry
et al., 2004). Desde a introdugdo até os dias atuais, os materiais ceramicos tém evoluido
muito quanto a sua composicdo e diferentes métodos de processamento, podendo ser
classificadas em: vitreas (dissilicato de litio, leucita e feldspaticas), a base de alumina
(6xido de alumina) e a base de zirconia (policristais de zirconia estabilizados por 6xido)
(Conrad et al., 2007).

A associacdo de diferentes composi¢des ceramicas com técnicas laboratoriais
avangadas tem resultado em materiais com propriedades mecanicas e estéticas aprimoradas.
Dentre esses materiais, o sistema ceramico IPS Empress (Ivoclar Vivadent, Schaan,
Liechtenstein), processada por termo-prensagem e que tem a leucita como fase cristalina de
reforco. Recentemente, o sistema ceramico IPS Empress foi substituido no mercado pelo
sistema ceramico IPS Empress Esthethic, que apresenta na sua composi¢ao tamanho médio
de cristais de leucita, distribuidos de maneira mais homogénea pela fase vitrea (Ivoclar-
Vivadent, 2004).

A possibilidade de provocar modificagcdes nas superficies ceramicas por meio
condicionamento acido aumentando dessa forma a superficie de contato, melhorou a
interagdo com o material de fixacdo, possibilitando procedimentos de cimentagao de maior
efetividade (Hussain et al., 1979). Além disso, associado a aplicagdo do silano, possibilitou
também a realizagdo de reparos intra-bucais dos materiais ceramicos (Blatz et al., 2003). O
condicionamento com acido fluoridrico consiste em protocolo de pré-tratamento bem
estabelecido das superficies ceramicas (al Edris et al., 1990). A leucita (K,0.A1,03.4S10,),
que ¢ o componente cristalino principal da ceramica IPS Empress e IPS Empress Esthetic,
destaca-se da matriz vitrea circundante apds o condicionamento, produzindo sulcos e
depressoes retentivas ao longo da superficie, semelhantes a “colméia de abelha” (Borges et
al., 2003). A quantidade e o tamanho das irregularidades geradas em diferentes ceramicas
tém sido associados com o tempo de condicionamento acido (Chen et al., 1998, Canay et
al., 2001; Shimada et al., 2002; Kukiattrakoon & Thammasitboon, 2007) formulacao
(Canay et al., 2001) e concentracao do acido (Canay et al., 2001; Barghi et al., 2006).



O condicionamento 4acido altera topografia de superficie interferindo na adesao
a ceramica. Para que o aumento da superficie de contato gerado pelo condicionamento seja
otimizado, o agente usado na cimentagdo da peca ceramica deve apresentar capacidade
suficiente de molhamento para preencher todas as irregularidades (Jardel er al., 1999b;
Jardel et al., 1999a; Oh et al., 2002).

Embora, a maioria dos fabricantes recomende a aplicagdo do cimento resinoso
diretamente sobre a superficie interna da peca ceramica, apoés aplicacdo do silano, ¢é
questionavel se o cimento resinoso seria capaz de molhar adequadamente a superficie
preenchendo todas as irregularidades oriundas do condicionamento. Além disso, ¢
necessario considerar que a superficie interna das restauragdes cerdmicas ¢ comumente
irregular. Dessa forma, ¢ possivel que a aplicacdo de uma resina sem carga com baixa
viscosidade e maior capacidade de molhamento poderia melhorar a adaptacdo ao longo da
interface cimento-ceramica, porém esse efeito ainda ndo esta bem estabelecido.

Assim, estudos objetivando analisar a relag@o entre as diferentes topografias de
superficie provenientes de condicionamentos distintos e as caracteristicas da interface
ceramica-cimento resinoso ou ceramica-adesivo podem ser importantes para predizer o
comportamento de restauragdes ceramicas apos processo de cimentagao.

A proposicdo desde estudo entdo ¢ avaliar a resisténcia de unido ao
microcisalhamento entre o cimento resinoso Variolink II e a cerdmica IPS Empress
Esthetic, nas seguintes variaveis:

e Submetida a diferentes periodos de condicionamento: 10s, 20s, 40s, 60s,

120s e 60+60s (recondicionamento);

e Com ou sem o uso do adesivo apds a aplicagdo do silano;

Foi intengao avaliar também:

e As caracteristicas morfoldgicas das superficies condicionadas e a interface

criada como substrato envolvido;

e Analise do padrao de fratura.

A hipotese testada foi que tempos de condicionamentos maiores promoveriam

superficies mais irregulares e aumento nos valores de resisténcia de unido da ceramica.



CAPITULO UNICO

Bond Strength and Surface/Interface Morphology of
Luting Polymers and Glass Ceramic Etched for Different Periods
Introduction

Dental ceramics are being widely used as restorative materials in dentistry due
to increasing demands for esthetics, biocompatibility and mechanical performance to
withstand the oral conditions (1). Combination of different ceramics compositions and
novel laboratory techniques has resulted in materials with improved mechanical properties
and enhanced esthetics (2). One of these materials is the IPS Empress (Ivoclar Vivadent,
Schaan, Liechtenstein), a hot-pressed leucite-reinforced glass ceramic with properties well-
reported in literature (3-6). However, there are few studies evaluating the Empress Esthetic
ceramic (7-9), which was recently introduced presenting finer leucite grains distributed in a
more homogeneous way than its predecessor, Empress (10).

The surface modification susceptibly by means of acid etching results in
increased contact surface, improves the interaction between ceramic and resin cement,
allowing more effective luting procedures. This concept first reported by Hussain (11), in
1979, was extended to repair fractured ceramic restorations in the mouth (12). Hydrofluoric
(HF) acid etching is a well-accepted pre-treatment that produces an irregular surface
topography on ceramic (13). The main crystalline component of Empress Esthetic is leucite
(K»20.Al1,03.4S810,), which is displaced from the surrounding glassy matrix when etched
and, in this way, producing retentive microchannels along the surface (14). The number
and size of such irregularities, in leucite based materials or other etching susceptible
ceramics, have been associated with the etching time (15-17), acid formulation and dilution
of acid solution (18, 19).

The etching procedure might also interfere with the surface topography after
etching and the bonding to ceramic as well. To take fully advantage of the increased energy
on etched ceramic surfaces, the luting agent needs sufficient wettability to completely
infiltrate the irregularities (20-22). Most manufacturers recommend the use of resin
cements directly on the internal ceramic surface after application of a silane coupling agent.
However, it remains questionable whether the silane coupling agent and the luting material

would be able to properly wet the ceramic surface and fill up all irregularities when



increased etching times are used, especially considering that the internal surfaces of
indirect restorations are commonly irregular. It is possible that the use of an unfilled resin
would be able to improve the adaptation of the substrates along the ceramic-polymer
interface, and so the bonding ability, but these effects are not completely comprehended.
The purpose of this study was to evaluate the bond strength of a dual-cured
resin luting agent to a hot-pressed leucite-reinforced glass ceramic after different etching
times, either using or not a bonding resin after silane application. This study also
characterized the morphology of the etched surfaces and the interfaces created between the
substrates involved. The hypothesis tested was that longer etching times would create more

surface irregularities and increase the bond strength to ceramic.

Materials and Methods
Ceramic specimens

Ceramic discs, with 6 mm in diameter and 1 mm in thickness of leucite-
reinforced glass ceramic Empress Esthetic, shade ETC2, were made in accordance with the
manufacturer instructions. Seventy-two patterns were made with organic wax (Thowax;
Yeti Dentalprodukte, Engen, Germany), invested with phosphate-based material (Esthetic
Speed; Ivoclar Vivadent) and heated at 850°C for 1 h in a ceramic oven (Austromat M;
Dekema Dental-Keramikofen, Freilassing, Germany). The ceramic was then heat pressed
into the molds, using the EP600 furnace (Ivoclar Vivadent). Afterwards, the ceramic
samples were embedded in epoxy resin and wet-polished with 400-, 600- and 1200-SiC

abrasive papers in order to create a smooth, flat surface.

Etching protocol and surface treatment

In order to evaluate the effect of different conditioning protocols, the ceramic
specimens were divided into 12 groups (n= 6), defined by the etching protocol using 10%
hydrofluoric acid (Cond AC; FGM, Joinville, SC, Brazil): G1 and G7 - etching for 10s, G2
and G8 - 20 s; G3 and G9 - 40 s; G4 and G10 - 60 s; G5 and G11 — 120 s and G6 and G12
— 60 + 60s. After etching, the ceramic was rinsed with air/water spray for 20 s and dried
with air for 10 s. For the re-etched group, rinsing and drying were performed before the

second acid exposure. A silane coupling agent (RelyX ceramic primer; 3M ESPE, St. Paul,



MN, USA) was applied on the surfaces using a cavity brush (CaviBrush; FGM, Joinville,
SC, Brazil) and gently air-dried to a thin layer for 60 s. In half of specimens of each group,
a thin layer of unfilled resin (Scotchbond Multi-Purpose; 3M ESPE) was applied using a
cavity brush (CaviBrush; FGM). This adhesive system was selected due its low viscosity,

filler absence and because it is gold standard reference in dentistry literature.

Bond strength and failure analysis

In order to obtain specimens for the micro-shear bond strength test, the
experimental set-up shown in Figure 1 was carried out. Elastomeric molds with 0.5 mm-
thick, each with two cylinder-shaped orifices (1.2 mm in diameter), were placed onto the
ceramic surfaces, allowing delimitation of the bonding area. For the groups in which the
bonding resin was applied, photo-activation was performed for 20 s using a quartz-
tungsten-halogen curing unit (XL2500; 3M ESPE, 700 mW/cm?), with the light guide tip
positioned over the mold surface. Thereafter, equal volumes of base and catalyst pastes of
Variolink II dual-cured resin luting agent (Ivoclar-Vivadent), shade A3, were mixed for 15
s; the material was used to fill the orifices, and a transparent polyester strip was placed over
the filled mold. A constant and uniform 250 g cementation load was then applied for 2 min
using a custom-made device. The luting agent was photo-activated for 40 s (XL2500; 3M
ESPE, 700 mW/cm?), with the light guide placed over the polyester strip, and the samples
were stored in distilled water at 37°C, for 24 hours.

All resin cylinders were checked with digital caliper (Starret, Itu, SP, Brazil)
and under magnification (40x): those presenting flaws, irregularities, bonding defects or
dimensional alteration were eliminated. For the micro-shear test, a thin steel wire (0.2 mm
in diameter) was looped around each cylinder and aligned with the bonding interface. The
test was conducted on a mechanical testing machine (model 4411; Instron Inc., Canton,
MA, USA), at a crosshead speed of 0.5 mm/min until failure. Bond strength values were
calculated in MPa. For each group, 12 resin cylinders were tested, 2 per ceramic disc. Bond
strength data were submitted to two-way analysis of variance (ANOVA etching protocol
vs. surface treatment) and to test non-linear regression analyze was used Student-Newman-
Keuls’ test (P < .05). The fractured specimens were examined under optical microscopy at

a 40x magnification. Modes of failure were classified as follows: adhesive failure (Mode



1), cohesive failure within ceramic (Mode 2), or mixed failure involving bonding agent,

luting material and ceramic (Mode 3).

SEM evaluation

Representative samples of each etched surfaces were coated with gold and
examined by SEM (LEO 435 VP; LEO Electron Microscopy Ltd., Cambridge, UK).
Additionally, for observation of the bonding interfaces, two etched/silanated ceramic discs
were bonded to each other using a layer of luting agent, either using the bonding resin or
not. The same luting load was used, and light-activation was performed for 40 s from each
side of the bonded discs. The specimens were then cut perpendicularly at their center and
embedded in epoxy resin (Buehler, Lake Bluff, IL, USA). After 24 h, the cut surfaces of
the specimens were wet-polished with 600, 1200 and 2000-grit SiC papers and with 3, 1
and 0.5 pm diamond polishing compounds (Metadi II; Buehler). Debris was ultrasonically
removed for 5 min between each polishing step. The specimens were coated with gold and
the cross-section profiles examined under SEM, focusing on the depth of etching,
micromechanical entanglement, integrity, homogeneity and continuity along the bonding

interface.

Results

Results for micro-shear bond strength are shown in Table 1. The factors
‘surface treatment’ (silane or silane + unfilled resin) and ‘etching periods’ were both
significant (p < 0.001), and so was their interaction (p < 0.001). Overall, the 60+60s (G6
and G12), 120s (G5 and G11) and 10s (Gl and G7) groups showed significantly lower
bond strengths than the other groups (p < 0.01), while the samples treated with silane +
unfilled resin showed overall bond strength significantly higher than the groups treated
only with silane (p < 0.001). When only silane was applied, the groups etched for 10 — 40 s
showed significantly higher bond strengths than the other groups (p < 0.017). In addition,
the 60 s samples (G4) showed significantly higher bond strength than the 60+60s samples
(G6) (p = 0.05), while the 120 s (G5) group showed intermediate results. On the other

hand, when both silane and unfilled resin were applied, all etching times showed similar



results among them (p > 0.062), except for the 60 s (G10) group, which presented
significantly higher bond strength than all the other protocols (p < 0.022).

With regard to the comparison between the surface treatments, significantly
higher bond strengths were observed for the 60 s (G10), 120 (G11) and 60 + 60 s (G12)
groups for application of both silane and unfilled resin in comparison with same etching
times treated only silane (p < 0.004). Results for the non-linear regression analyses are
shown in Figure 2. The regression model was significant for the application of only silane
(R* = 0.927; p = 0.019), showing that an increase in the etching time might predict an
increase in bond strength up to a certain level, after which increased etching times might
generate decreased bond strengths. For the application of silane and unfilled resin, the
model was not significant (R> = 0.829; p = 0.245); the results were homogeneously
distributed among groups, showing no trends in bond strength for increased etching times.

The distribution of failure modes among groups is shown in Figure 3. For the
ceramic group treated either only with silane or with silane + unfilled resin, a decrease in
adhesive failures and increase in mixed failures was observed with increased etching time.
When comparing the different surface treatments, a decrease in adhesive failures was
detected for the 10 and 20 s treated with both silane and unfilled resin (G7 and GS)
compared with only silane (G1 and G2). SEM pictures of acid-etched surfaces are shown in
Figure 4. For the 10 s ceramic (Figure 4A), poor dissolution of the vitreous phase was
observed, with little exposure of the leucite crystals. For the 20 s ceramic (Figure 4B),
greater dissolution of the vitreous phase surrounding the leucite crystals was observed,
although remnants of unsolved vitreous phase were still present. For the ceramic etched for
40 s, the extent of dissolution was greater than for 20 s, causing extrusion of the crystals by
detachment.

In Figure 4D, for the ceramic etched for 60 s, in addition to increased
dissolution of the vitreous phase, fissures forming deep grooved channels were observed
for the first time; these fissures have limited extension and depth though, and do not
intercommunicate among them. On the other hand, for the 120 s sample (Figure 4E),
intercommunication of the fissures, and increased extent and depth of the galleries, were

observed. The pattern of deep grooved channels formation is observed in even higher



frequency and magnitude for the 60 + 60 s ceramic (Figure 4F), and the
intercommunication of the fissures is extensive.

SEM pictures of the cross-section profiles of the bonding interfaces are shown
in Figure 5. The samples etched by times under 60 s showed a fully completion of the
retentions created by acid etching, as shown in Figure 5A, even when only silane was
applied. For the ceramic etched for 60 s treated only with silane, the luting agent was
generally able to penetrate the irregularities, although unfilled spaces were sometimes
detected on ceramic (arrows on Figure 5B). For the 120 s ceramic (Figure 5C) treated with
only silane, the presence of discontinuation along the bonding interface was more frequent
and more extensive.

On the other hand, the unfilled spaces on the ceramic etched for 60 s were
completely infiltrated when the unfilled resin was applied over silane (Figure 5D).
Likewise, the unfilled resin was able to infiltrate the irregularities on the 120 s ceramic
(arrow on Figure 5E), contrasting with the profile when only silane was applied (pointer on
Figure 5E); the higher magnification in Figure S5E shows the fully infiltration of the unfilled
resin on the 120 s ceramic. In contrast, even the unfilled resin was unable to completely
penetrate the irregularities on the 60 + 60 s ceramic (Figure 5F); the severity of the etching
can be noted on the higher magnification, where a fracture portion of the ceramic involved

by the resin cement was detected.

Discussion

The results of the present study showed that, in general, the group etched by 10
s showed similar bond strengths to the groups etched for 20-60 s. Although short etching
times may not provide sufficient retention for micromechanical interlocking (15), it did not
interfere on bond strength values. However, it has been shown that excessive conditioning
times decrease bonding ability to ceramic (15), as the 120 s and 60 + 60 s groups generally
showed lower bond strengths than the 60 s group. Therefore, the tested hypothesis must be
rejected. Indeed, the regression analysis showed than the increase in bond strength with
increased etching time might occur only up to a certain level, after which increased etching
times might decrease bond strengths. This might be explained by uncontrolled crystalline

residue being deposited on the general ceramic surfaces (23, 24), and the higher depth of



dissolution promoted by the increased etching times, associated with the poor penetration
of the resin cement due to its high viscosity.

The cross-section profiles of the 120 s and 60+60 s groups confirm insufficient
penetration of the resin cement into the irregularities; the deep grooved channels are not
fully infiltrated, leaving voids subjacent the ceramic-resin cement entanglement (Fig.
SE/SF). It is known that ceramics are brittle and do not resist to tensile stress (25, 26) and
that the presence of unfilled areas may decrease the mechanical strength of the material
(27). This mechanism can be explained by two main mechanisms: 1: the sharp geometry of
the unfilled channels may serve as spot for stress concentration, and 2: the fragile void area
underneath the cement-ceramic entanglement may also concentrate stress when submitted
to mechanical loading. For the 120 s group, the grooved channels were observed in less
frequency and magnitude than the re-etched (60 + 60 s) samples. It, which might be
explained by limited interaction of the etchant due to a combination of buffering effect and
dilution of the HF by the crystalline residue during the longer exposure. When the ceramic
was re-etched, the new HF solution has low initial pH, increasing the aggressiveness of the
etching and the extent of dissolution.

Although the 120 s and 60 + 60 s periods are not indicated for ceramic
cementation, these procedures might occur in clinical situation when the clinician increases
the conditioning time seeking for increased retention, accidentally apply the HF to the
restorative ceramic excessively, more than once, or when the laboratory technician
previously etches the ceramic and the clinician is not advised. Nonetheless, the present
results also showed that when the unfilled resin was used, the bond strengths tended to be
similar among the etching times, and that higher bond strengths were observed for the 60 s,
120 s and 60 +60 s groups for application of both silane and unfilled resin in comparison
with only silane. Organo-silane coupling agents are bi-functional molecules with one end
of the molecule capable of reacting with inorganic surface of ceramic and the other with the
organic resin (28). Notwithstanding, silane forms merely a thin layer on the ceramic surface
(18), being unable to strengthen the etched structure by itself. The use of only silane might
be effective in situations where the luting agent has proper viscosity to infiltrate all the

irregularities caused by HF.



On the other hand, the low-viscosity unfilled resin can both infiltrate the etched
surface and entangle the ceramic substrate, reinforcing its structure after polymerization
(29). With regard to the failure analysis, an increase in mixed failures was observed with
prolonged conditioning times when only silane was used. For increased etching times, the
depth of dissolution is higher, and consequently the penetration of the luting material into
the ceramic substrate, although not complete, is also higher, so there is an enhanced
interlocking between these two substrates, generating failures involving both. When silane
and unfilled resin were applied, the failures tended to be similar among groups, which
might be explained by the better wetting of the unfilled resin onto the etched surface,
infiltrating the irregularities created even by prolonged acid exposure times. The SEM
images of the cross-sections showed complete penetration of the irregularities by the
unfilled resin, even for the 120 s group, although the re-etched ceramic still presented voids
not infiltrated by the unfilled resin. The severity of the re-etching procedure was clearly
identified by a fracture portion of the ceramic involved by the resin cement in Figure 5F; at
least theoretically, the alteration of the ceramic surface was so great that the collapse of the
structure was easy to occur.

The results of the present study have clinical implications. While lower bond
strength was generally observed for 10 s ceramic, the 120 s and 60 + 60 s procedures
promoted in-depth dissolution that the resin luting agent itself was unable to completely
infiltrate. Nonetheless, the present results also showed that the application of a low-
viscosity unfilled resin over silane might overcome the poor infiltration of the resin cement
on the over-etched ceramic, and enhance the bond strength even for the re-etched group.
The internal surfaces of indirect restorations are not well-polished as were the specimens
used in this study, and this might create an even worst scenario for penetration of the resin
cement. Therefore, application of unfilled resin after silane should be encouraged in
clinical practice. Notwithstanding, other variables should be evaluated in order to have the
application of unfilled resin as a protocol for adhesive luting of all-ceramic restorations,
such as different cementation loads and different viscosities of the luting agent. Moreover,
a non-solvated bonding resin was used in the present study, and different results could be
obtained if solvated adhesive systems were tested, since it is unknown whether the solvent

would interfere or not with the silane layer.
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Conclusions

Within the limitations of this in vitro study, it can be concluded that different
etching protocols might influence the etching pattern and bond strength to leucite-
reinforced glass ceramic. While lower bond strength was generally observed for the 10 s
group, the 120 s and 60 + 60 s procedures promoted increased depth of dissolution in the
ceramic surface, at which the resin luting agent was unable to fully infiltrate. However, the
application of unfilled resin was able to infiltrate all irregularities on the 120 s etched

ceramic, while also increasing the bond strengths for increased etching times.
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Table 1. Bond strength means in MPa (standard deviations) for all groups

Surface treatment

Etching protocol
Silane Silane + Unfilled resin

10s (G1) 19.4 (3.5) & (G7) 17.4 (4.8) *°
20s (G2)22.3 (5.1) ** (G8)21.3 (2.1) AP
40 s (G3)222(3.2) (G9) 21.1 (2.3) AP
60 s (G4) 17.8 (2.1) B® (G10) 24.7 (5.8) **
120 s (G5) 15.3 (3.0) B (G11)20.4 (2.2)**

60 + 60 s (G6) 14.3 (1.8) P* (G12) 18.5 (4.6) *°

Means followed by distinct capital letters in the same line, and small letters in the same column, are
significantly different at p < 0.05.
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Legends to Illustrations

(6)
elastomer mold
@=1.2mm glass slab microshear test
=1.
7 0.5mm-thick ’r (4)

‘ polyester strip

ceramic specimen

| ceramic disc

{ epoxy resin

>~ PVC tube

Fig. 1 — Experimental set-up of the study. After conditioning the ceramic using different
protocols, (1) silane was applied to ceramic surface, and for half of specimens the unfilled
resin was applied after silane; (2) elastomeric mold with cylinder-shaped orifices
positioned onto the surface, and photo-activation of the unfilled resin for 20 s; (3) orifices
filled with dual-cured resin cement; (4) polyester strip and glass slab placed over the filled
mold; (5) cementation load applied for 2 min; (6) photo-activation of the resin cement for
40s, (7) samples were positioned on the mechanical testing machine and submitted to

micro-shear testing.
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Fig. 2 — Distribution of failure modes (%) among groups. A decrease in adhesive failures
and increase in mixed failures was observed with increased etching times, irrespective of

the surface treatment after etching.
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Fig. 3 — Non-linear regression plots with etching time as a dependent variable. The
regression model was significant for the application of only silane, showing that an
increase in the etching time might predict an increase in bond strength up to a certain level,

after which increased etching times might generate decreased bond strengths. For the

application of silane and unfilled resin, the model was not significant.
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Fig. 4 — SEM images of acid-etched surfaces (2000x magnification). For the 10s etched

ceramic (A), poor dissolution of the vitreous phase was observed, with little exposure of
the leucite crystals. High dissolution of the vitreous phase surrounding of the leucite
crystals, causing extrusion of the crystals by detachment, was observed for the 20 s (B) and
40 s etched ceramics (C), although the extent of dissolution was greater for the 40 s
specimen. For the 60 s group (D), in addition to dissolution of the vitreous phase, fissures
forming deep grooved channels are observed for the first time; these fissures have limited

extension and depth, and do not intercommunicate with the others; on the other hand, for
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the 120 s sample (E), intercommunication of the fissures, and increased extent and depth of
the galleries, were observed. The pattern of deep grooved c formation is observed in even
higher frequency and magnitude for the re-etched (60 + 60 s) ceramic (F), and the

intercommunication of the fissures is extensive.

Fig. 5 - SEM images of the cross-section profiles of the bonding interfaces (C: ceramic;
RC: resin cement and UR: unfilled resin). The 10 s sample (A) showed a fully completion

of the, even when only silane was applied. For the ceramic etched for 60 s and treated only
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with silane, the luting agent was generally able to penetrate the irregularities, although
unfilled voids were sometimes detected on ceramic (arrows in B). For the 120 s ceramic
sample treated with only silane (C), the presence of discontinuation along the bonding
interface was more frequent and more extensive. On the other hand, the unfilled voids on
the ceramic etched for 60 s were completely infiltrated when the unfilled resin was applied
over silane (D). Likewise, the unfilled resin was able to infiltrate the irregularities on the
120 s etched group (arrow on E), contrasting with the profile when only silane was applied
(pointer on E); the higher magnification in Figure E shows the fully infiltration of the
unfilled resin on the 120 s sample. In contrast, even the unfilled resin was unable to
completely penetrate the irregularities on the re-etched (60 +60 s) ceramic (F); the severity
of the etching can be noted on the higher magnification, where a fracture portion of the

ceramic involved by the resin cement was detected.
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CONSIDERACOES GERAIS

Objetivando analisar a influéncia de diferentes tempos e protocolos de
condicionamento acido nas caracteristicas de superficie da ceramica, a analise realizada
neste estudo mostrou que condicionamento por periodos a partir de 60 segundos, podem
interferir negativamente nos valores de resisténcia de unido, quando da utilizagdo do
cimento resinoso sem camada prévia de adesivo hidrofobo. De um lado, condicionamento
por 10 segundos ndo foi capaz de promover alteragdo significativa na topografia da
superficie da ceramica, resultando em superficie pouco irregular, incapaz de gerar interface
ceramica-polimero imbricada mecanicamente de maneira efetiva, fato esse que resultou em
padrao de falha predominantemente adesiva, nao interferindo, entretanto, nos valores de
resisténcia de unido. J& nos grupos 60, 120 e 60 + 60 segundos, foi notada a formagao de
sulcos estreitos e profundos na superficie da ceramica, que parecem ter dificultado o acesso
do cimento resinoso. Esses sulcos profundos apresentaram caracteristicas crescentes de
severidade com o aumento da exposicdo ao acido, sendo menos rasos e pronunciados no
grupo 60 segundos, enquanto mais pronunciados e interconectados no grupo 60 + 60
segundos. Tais caracteristicas corroboram com o decréscimo na resisténcia de unido, para o
fator silano + cimento resinoso, ¢ com a predomindncia de falhas mistas e coesivas em
ceramica, para ambos fatores, silano + cimento resinoso e silano + adesivo + cimento
resinoso.

A relagdo entre superficie de contato, viscosidade do material utilizado para
cimentacdo e a presenca das descontinuidades na interface de unido ja foi relatada na
literatura. Em 2007, Van Noort estabeleceu relagdo entre viscosidade do agente de
cimentacdo e energia de superficie do substrato. O autor relatou que quanto menor a
viscosidade do cimento e maior a energia de superficie do substrato, menor sera a
possibilidade do nao preenchimento de pequenas e estreitas reentrancias, evitando assim a
incorporagdo de ar na interface, que promoveria formacdo de éarea concentradora de
tensdes. Entretanto, até o presente momento, ndao existem relatos na literatura
correlacionando diferentes tempos de condicionamento e materiais para cimentagdo
apresentando diferentes viscosidades.

Cimentos resinosos sdo compoésitos com quantidade reduzida de carga

inorganica, caracteristica essa que, em alguns casos, associada a diferentes concentragdes
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de mondmeros diluentes, possibilita a redugao da viscosidade deste material (Van Noort,
2007). Por sua vez, adesivos sem carga e hidréfobos desenvolvidos para serem aplicadas
sobre a camada de adesivo hidrofilo apresentam viscosidade ainda menor que as dos
cimentos. Esses adesivos sem carga compdem agentes de unido utilizados na hibridizagao
de tecidos dentais, por “técnica umida de 3 passos”, apresentam em sua composi¢ao
monomeros com baixo peso molecular (Van Landuyt et al., 2007). As propriedades
reologicas desse material mostraram-se eficientes para o fim avaliado nesse estudo. O
adesivo sem carga e hidrofobo mostrou-se capaz de preencher as superficies condicionadas
com acido fluoridrico por tempos mais longos, de maneira mais efetiva que o cimento
resinoso.

Os resultados do presente estudo mostraram também que ndo apenas o tempo
de condicionamento, mas o nimero de vezes que a superficie € condicionada pode afetar a
unido a ceramica. Quando somente o silano foi aplicado na superficie da ceramica, os
grupos condicionados por 60, 120 e 60 + 60 segundos apresentaram resisténcias de unido
significativamente menores que os grupos condicionados por 20 e 40 segundos. Além
disso, o grupo re-condicionado, 60 + 60 segundos, tratado apenas com silano mostrou a
menor resisténcia de unido de todos os grupos, e quando tratado com silano + adesivo, ndo
se conseguiu restabelecer valores de resisténcia de unido como nos demais grupos.

Embora o re-condicionamento nao seja indicado para cimentacdo de
restauracdes ceramicas, isso pode ocorrer nas seguintes condi¢des: quando o clinico aplica
o acido fluoridrico mais de uma vez acidentalmente sobre a superficie interna da ceramica,
ou quando o técnico em protese dentaria realiza o condicionamento da superficie interna da
estrutura ceramica e por alguma falha na comunicagdo entre laboratorio e clinico, o

condicionamento ¢ realizado novamente.
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CONCLUSAO

Dentro das limitagdes desse estudo in vitro, pode-se concluir que diferentes
periodos de condicionamento podem influenciar no padrdo de condicionamento e na
resisténcia de unido a ceramica vitrea reforgada por leucita. Entretanto, a aplicagdo de
adesivo foi capaz de infiltrar as irregularidades, promovendo aumento da resisténcia de
unido a ceramica dos grupos 60 segundos e 120 segundos. Para o alto grau de erosdo
quimica provocado pelo re-condicionamento (60 + 60 segundos), esse aumento ndo foi
notado. Esses achados sugerem que o aspecto observado de “colméia de abelha” nos
tempos de 20 e 40 segundos parecem ser mais facilmente penetrados pelo cimento
resinoso, € que sulcos e canais estreitos e profundos gerados pelos tempos maiores de
condicionamento sé foram corretamente preenchidos pela resina sem carga.

Sendo assim, mesmo necessitando de estudos adicionais que avaliem outras
variaveis dentro desta mesma linha de pesquisa, este estudo sugere o uso de fina camada de

resina sem carga de baixa viscosidade posteriormente a silanizagdo da ceramica.
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APENDICE
METODOLOGIA ILUSTRADA
Confecciao dos espécimes ceramicos

Considerando que o sistema Empress utiliza a técnica da cera perdida, foi
utilizada material de moldagem a base de silicone de adi¢do (3M Express, 3M ESPE, St.
Paul, MN, USA) como molde para confeccao dos padrdes de cera. O material de moldagem
foi manipulado seguindo as recomendagdes do fabricante e vertido dentro de um cilindro
de PVC % (Tigre S/A, Rio Claro, SP) com 10 mm de altura. Em seguida, o material
contido dentro do cilindro foi posicionado sobre uma matriz metalica com dimensdes de 6
mm de diametro por 1 mm de altura. Apds a completa polimerizagdo do material, o molde
foi separado da matriz metalica com auxilio de instrumento ndo-pontiagudo.

Setenta e dois padrdes de cera, seis para cada grupo (n=06), foram
confeccionados com cera organica (Thowax; Yeti Dentalprodukte, Engen, Alemanha)
aquecida em lamparina a alcool e vertida nos moldes previamente confeccionados. Apos o
completo resfriamento da cera, os excessos foram removidos e as dimensdes dos padrdes
aferidas com paquimetro digital (S235, Sylvac, Switzerland). Os discos devidamente
finalizados foram entdo conectados a canais de alimentagdo de cera (sprues). Os discos
conectados aos sprues foram afixados no cilindro do anel fornecido pelo fabricante, que
consiste em uma base plastica e um cilindro formador do conduto de alimentacdo
padronizado para acomodagao das pastilhas, além do émbolo. Uma folha de papel especial
(IPS Empress Paper Ring) foi adaptada a base do anel e a parte superior do anel de inclusdao
adaptada ao topo da lamina de papel (Figura 1A).O revestimento aglutinado por fosfato
Esthetic Speed (Ivoclar Vivadent) foi proporcionado na relacdo pé/liquido 200g para 35
mL de liquido de revestimento e 23 mL de 4dgua destilada. O revestimento foi espatulado
mecanicamente a vacuo (Multivac 4, Degussa Huls, Alemanha) por 60 s, e vertido dentro
do anel (Figura 1B) com auxilio de vibrador mecanico. Apos a presa do revestimento, o
anel de papel, o formador do conduto e as bases foram removidos. Em seguida, a confecg¢ao
dos corpos-de-prova foi procedida da seguinte forma:

1 — os blocos de revestimento juntamente com o émbolo de 6xido de aluminio
(12 mm de diametro x 37 mm de altura) foram levados ao forno elétrico (Austromat M;

Dekema Dental-Keramikofen, Freilassing, Alemanha) (Figura 1C) pré-aquecido, elevando
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a temperatura do forno em 3°C/min até 850°C e mantendo por 90 min para eliminagéo da
cera e expansao do revestimento;

2 — o bloco de revestimento foi removido do forno e dois lingotes da ceramica
IPS Empress Esthetic (Ivoclar-Vivadent) foram posicionados no conduto juntamente com o
émbolo de 6xido de aluminio, levados ao forno EP 600 (Ivoclar Vivadent) (Figura 1D), e
mantidos por 20 min a 920°C. Decorrido esse tempo, foi aplicada pressdo de 5 bar por 15
min;

3 — apds o bloco de revestimento atingir a temperatura ambiente, o émbolo de
oxido de aluminio foi removido e, com auxilio de um disco de carbureto de silicio, o bloco
de revestimento foi cortado ao meio. Os corpos-de-prova foram desincluidos utilizando o
aparelho Oxyker Dry (Manfredi) com particulas de vidro com 50 pm de diametro
utilizando uma pressao de 4 bar para remocao bruta do revestimento e 2 bar para remocao
do revestimento proximo das amostras, seguido da remoc¢do do conduto de alimentacdo

com disco de diamante (KG Sorenesen, Barueri, SP).

Figura 1 — A: Caracteristicas do anel para inclusdo. B: Revestimento sendo vertido dentro do anel.

C: Forno para pré-aquecimento (Austromat M). D: Forno para termo-inje¢do (EP 600).
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Protocolo de condicionamento

O condicionamento da superficie ceramica foi realizado com solug¢ao de acido
fluoridrico 10% (Cond AC; FGM, Joinville, SC, Brasil) (Figura 2) sendo aplicada sobre a
superficie ceramica (Figura 2) com auxilio de pincel para cavidade (CaviBrush; FGM,
Joinville, SC, Brasil), apds os diferentes tempos analisados (Tabela 1). Em seguida, as
amostras foram lavadas com jato de dgua/ar por 10 segundos e secas com jato de ar por 10
segundos. Para o grupo recondicionado, novo condicionamento foi realizado apds o
procedimento de lavagem e secagem. O objetivo desse novo condicionamento foi simular

uma situagdo clinica onde por algum motivo a mesma pega ceramica tenha sido

condicionada duas vezes.

Figura 2 - Acido fluoridrico a 10% e disco ceramico incluido em tubo de PVC com resina epoxy.

Tabela 1 - Protocolos de condicionamento das superficies ceramicas.

Protocolo de Condicionamento

Tratamento da superficie

10,20 40s

60s

120 s

(60 + 60 s)

Acido Fluoridrico por 10 ou 20 ou 40 s
seguido de lavagem (10s) e secagem
(10s);

Acido Fluoridrico por 60s, seguido de
lavagem (10s) e secagem (10s);

Acido Fluoridrico por 120s, seguido de
lavagem (10s) e secagem (10s);

Acido Fluoridrico por 60s, seguido de

lavagem (10s) e secagem (10s) e novo

condicionamento com &cido fluoridrico
por 60s.
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Tratamento da superficie

Apds o condicionamento com acido fluoridrico, duas camadas do agente de
silaniza¢do Scotchbond ceramic primer (3M ESPE, St. Paul, MN, EUA) (Figura 3) foi
aplicado utilizando pincel para cavidade (CaviBrush; FGM), seguido de secagem com jato

de ar por 60 s.

Figura 3 - Silano e disco ceramico incluido em tubo de PVC com resina epoxy.

Em metade das amostras, fina camada de adesivo (Scotchbond Multi-Purpose;
3M ESPE, St. Paul, MN, USA) foi aplicada com auxilio de um pincel para cavidade
(CaviBrush; FGM) em area previamente delimitada por fita adesiva com orificios de 1,2
mm de diametro e pelo molde de elastdmero. O material foi fotoativado por 20s, com a
fonte de luz halégena quartzo-tungsténio (XL2500; 3M ESPE, com 700 mW/cm?). A ponta
da unidade foi posicionada sobre o molde de elastomero, abrangendo a area dos dois
orificios, possibilitando a fotoativagdo em um unico momento (Figura 4). O mesmo molde

foi posteriormente utilizado para a confec¢do dos cilindros de cimento resinoso.

Figura 4 - Foto-ativacdo do adesivo sem carga através do molde de elastomero.
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Confecciao das amostras para o ensaio de resisténcia de uniao

Apds o preparo da superficie, volumes iguais de pasta base e catalisadora do
cimento resinoso de dupla-ativacdo (Variolink II; cor A3, Ivoclar Vivadent, Schaan,
Liechtenstein) foram misturados sobre bloco de papel impermeavel por 15s (Figura 5 A e
B). Apds a manipulacao, o cimento foi colocado nos orificios (1,2 mm de didmetro x 2,0
mm de altura) do molde elastomérico. Uma tira de poliéster e uma lamina vitrea foram
utilizadas para garantir a padroniza¢do dimensional dos cilindros. Sobre eles foi aplicada
uma carga constante e uniforme de 250g durante 2 min. usando dispositivo para
padronizador a carga (Figura 5C). O material foi fotoativado durante 40s (XL2500; 3M
ESPE, com 700 mW/cm®) removidos da matriz (Figura 5D) e armazenado em agua

destilada por 24hs (Figura 6).

Figura 5 - A: Cimento resinoso de dupla ativacdo. B: Manipulacdo do cimento resinoso. C:
Aplicagdo da carga para cimentagdo em dispositivo padronizador de carga. D: Molde elastomérico

e corpos-de-prova confeccionados.
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Figura 6 — Esquema experimental do estudo. Apods condicionamento da cerdmica utilizando
diferentes protocolos, (1) silano foi aplicado a superficie ceramica, e em metade das amostras resina
sem carga foi aplicada apoés o silano; (2) molde de elastdmero com orificios cilindricos foi
posicionado sobre a superficie, seguido da fotoativagdo da resina sem carga por 20 seg.; (3)
orificios foram preenchidos com cimento resinoso dual; (4) tira de poliéster ¢ lamina de vidro foram
colocadas sobre o molde preenchido; (5) carga de cimentacdo foi aplicada por 2 minutos; (6)
fotoativagdo do cimento resinoso por 40 seg.; (7) amostras foram posicionadas em dispositivo na

maquina de ensaio mecanico e submetidas ao teste de microcisalhamento.

Apds a confecgdo, todos os cilindros foram observados em lupa esteroscopica
para verificar se existia a presenca de descontinuidades na interface com a ceramica.
Aqueles que apresentaram falha foram descartados. Para ensaio de resisténcia de unido por
microcisalhamento um fino fio de aco-inox (0,2mm de diametro) foi posicionado em volta
de cada cilindro, alinhado de forma justaposta a interface de unido (Figura 6). O ensaio foi
realizado em maquina para ensaio mecanico (model 4411; Instron Inc., Canton, MA, USA)
a velocidade de 0,5mm/minuto até ocorrer falha. Para cada grupo avaliado, 12 cilindros

foram testados, dois em cada disco ceramico.
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Figura 7 - Amostra posicionada para o ensaio de resisténcia de unido por microcisalhamento.

Os dados de resisténcia de unido ao microcisalhamento foram submetidos a
analise de varidancia ANOVA two-way (protocolo de condicionamento x tratamento de
superficie) e teste Student-Newman-Keuls (p<0,05). Os corpos-de-prova fraturados foram
examinados em microscopio Optico em aumento de 40x. Os padrdes de falha foram
classificados em: falha adesiva (tipo 1), falha coesiva na ceramica (tipo 2) ou falha mista

envolvendo agente de unido, cimento resinoso e ceramica (tipo 3).

Tipo 11 Tipo 111

Figura 8 — Classificagdo dos padrdes de fratura: falha adesiva (tipo 1), falha coesiva na ceramica

(tipo 2) ou falha mista envolvendo agente de unido, cimento resinoso e cerdmica (tipo 3).

Analise em Microscopia Eletronica de Varredura (MEYV)

Amostras representativas das superficies condicionadas foram cobertas com
ouro e examinadas em microscopio eletrdnico de varredura (LEO 435 VP; LEO Electron
Microscopy Ltd., Cambridge, UK). Para analise das interfaces de unido, dois discos

condicionados/silanizados foram unidos um ao outro usando uma fina camada de cimento
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resinoso, apos aplicagdo ou ndo de camada de resina sem carga. A mesma carga para
cimentacao foi utilizada e a fotoativacdo foi realizada por 40s em cada lado dos discos
aderidos. ApoOs 24 horas, os corpos-de-prova foram cortados perpendicularmente a
interface de unido e incluidos em resina epoxy (Buehler, Lake Bluff, IL, USA). As
superficies seccionadas foram polidas com lixas de carbeto de silicio 600, 1200 e 2000,
seguidos de pastas dimantadas de 3, 1 e 0,5 um (Metadi II; Buehler), com agua destilada.
Debris foram removidos com ultrasom durante 5 minutos apos cada passo de polimento.
Apds recobrimento com ouro, as amostras foram entdo avaliadas em MEV, focando-se em
profundidade de condicionamento, imbricagdo mecanica, homogeneidade e continuidade

ao longo da interface de unido.

700

cimento mW/cm?2
l ceramica / resinoso
"\ adesivo _

24h
H,0 dest.

ceramica

Figura 9 — Esquema da confeccdo das amostras para obtengdo do perfil da interface de unido

polimero-ceramica.
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