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A presente Tese é composta por dois artigos cientificos. O artigo 1 foi submetido
ao periddico Odontology e esta formatado de acordo com as normas deste periodico. O
artigo 2 estd em processo de traducdo para o inglés e sera submetido posteriormente a

um periddico de divulgacao internacional.
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ARTIGO 1

Bond to zirconia ceramic: evaluation of different primers and a universal adhesive

Abstract

The aim of the study was to evaluate the effect of a universal adhesive and different
primers on the bond strength to zirconia ceramic. Seventy-five zirconia ceramic samples
were obtained and divided into five groups (n=15): G1 — Scothbond Universal (SBU);
G2 —silane + SBU; G3 - Signum Zirconia Bond; G4 - Z-Prime Plus; G5 - MZ Primer.
A cone of composite resin was built. The specimens were stored in 100% relative
humidity with distilled water at 37°C for 48 h, and then submitted to a tensile bond
strength test in a universal testing machine at a crosshead speed of 0.5 mm/min. The
type of failure that occurred during the debonding procedure was analyzed. The mean
results of the bond strength test (MPa) followed by the same letter represent no
statistical difference by ANOVA and Tukey’s post-hoc test (p<0.05): G2=27.55°
(£6.99), G4=23.71% (+5.65), G1=22.64% (+5.67), G5=13.64° (+5.49), G3=7.54° (+4.75).
G2 and G4 exhibited predominantly cohesive failure in the resin composite cone. G1
and G5 had predominantly mixed failures, and G3 exhibited only adhesive failures. The

SBU and Z-Prime Plus provided higher bond strength to zirconia ceramic.

Key words: adhesive systems; bond strength; primers; zirconia ceramic



Introduction

For indirect restorations, different luting techniques can be employed, and the literature
has shown that the use of adhesive techniques provides an increase in fracture resistance
of teeth [1,2]. Traditionally, the adhesive technique is the combination of an adhesive
system with resin cement.

The process of bonding silica-based ceramics to resinous materials has been well
established. One of the most effective treatment is hydrofluoric acid etching associated
with silane application [3,4]. Both have the ability to increase the wettability of the
resinous material on the surface of the ceramic [5]. The micromechanical bond is
achieved by the penetration of the adhesive on the surface irregularities caused by acid
etching. The chemical bond is achieved by silane, which promotes the bond between Si-

containing surfaces and organic polymeric materials [6-8].

Regarding the zirconia ceramic, neither etching with hydrofluoric acid nor silane
application are effective [9], as this ceramic consists of Yttrium-stabilized tetragonal
zirconia polycrystals (Y-TZP) and has no silica in its composition [10-12]. Thus,
various surface treatments have been proposed for zirconia ceramic, such as aluminum
oxide sandblasting [9], tribochemical silica coating [13], and a selective infiltration-
etching technique [14]. Primers containing functional monomers have also been
developed which promote bonding to metal oxides such as zirconia [15-18]. The
association of methods has shown better bond strength results than their separate use.
Thus, aluminum oxide sandblasting followed by the application of zirconia primers, as

well as tribochemical silica coating followed by silanization, are the two most popular



methods for bonding to zirconia ceramic [17,19]. However, the most suitable clinical

protocol is still under discussion for zirconia ceramic [18].

A new category of adhesive systems, known as universal adhesives, was launched
with the aim of technical simplification. These adhesive systems may be used as self-
etch adhesives, etch-and-rinse adhesives, or as self-etch adhesives on dentin and etch-
and-rinse adhesives on enamel (selective enamel etching). In addition, these adhesives
can be applied on the surface of different restorative materials [20]. The universal
adhesives contain carboxylate and/or phosphate monomers, such as 10-MDP, and some
of them contain silane [20]. A representative of this category is Scothbond Universal
(SBU), which contains various components, such as silane and 10-MDP monomers,

which bond chemically to metal ions [21].

The possibility of using a universal adhesive on zirconia ceramic could eliminate
the use of specific primers for zirconia. Furthermore, it is important that an adhesive has
a similar or better capacity in comparison with primers for zirconia. Among the primers
for zirconia ceramic, different products are available. Studies have been developed to
compare the bond strength of universal adhesives and primers for zirconia [19,22-24].
However, more studies regarding the bond capacity of SBU to zirconia ceramic are
needed to validate the technical simplification declared by the manufacturer, especially
with a tension methodology that is different from the testing applied by the other

studies.

Therefore, the present study has the aim to evaluate the effect of universal
adhesive and different primers on the bond strength to zirconia ceramic. This study was
conducted with the hypothesis that there is no difference in bond strength to zirconia

ceramic when universal adhesive and different primers are used.
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Materials and Methods

Seventy five 75 samples of zirconia ceramic (Talmax, Curitiba, PR, Brazil) were made
(Table 1). The samples had thickness of 3 mm, with a smaller base 6 mm in diameter
and a larger base 8 mm in diameter (Figure 1a). These samples were prepared in a

dental laboratory.

The smaller diameter of the samples was fixed to a utility wax plaque. A metal
matrix was positioned on the wax and the sample was kept centralized in the matrix
(Figure 1b). Then, the matrix was filled with self-cured acrylic resin (Jet Classico, Sdo
Paulo, SP, Brazil) (Figure 1c). In the sequence, the surface of the samples was polished
with 600- and 1200-grit silicon carbide abrasive papers in a polishing machine (DPU-
10, Panambra, Sdo Paulo, SP, Brazil) under water. The surface of the zirconia ceramic
samples was sandblasted with 50 pum aluminum oxide for 5 s (Figure 2a), followed by
rinsing with air and water spray for 30 s. The samples were cleaned ultrasonically in
isopropyl alcohol for 4 min and dried with air. The luting materials used are shown in
Table 1. The zirconia samples were divided into five groups, and they underwent the

luting procedures described in Table 2.

A metallic split cylinder, 4 mm high with a 3-mm-diameter orifice at the bottom
and 5-mm-diameter orifice at the top, was placed against the adhesive or primer applied
on the surface of the samples. The composite resin Empress Direct was inserted in the
interior of the orifice in two increments to form an inverted cone of composite resin
(Figure 2b), which provided a grip for the clutch used in the tensile bond test (Figure

2c). Each increment was light-cured for 20 s with the curing unit Radii Cal (SDI,
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Bayswater, Vic, Australia) with a light intensity of 1,000 mW/cm?. The light intensity

was controlled by a radiometer (LED Curing Radiometer, Demetron, USA).

The specimens were stored in 100% relative humidity with distilled water at
37°C for 48 h. The specimens in each group (n=15) were submitted to tensile bond
strength tests in a universal testing machine (EMIC DL-2000, Séo José dos Pinhais, PR,
Brazil) at a crosshead speed of 0.5 mm/min. The tensile bond strength values in MPa

were calculated from the peak load at failure divided by the specimen surface area.

After the tensile bond strength tests, the fractured surfaces of the specimens were
visually examined with a stereomicroscope (Olympus Corp., Tokyo, Japan) at x20 to
classify the type of failure that occurred during the debonding procedure. The failures
were classified as follows: a) adhesive: rupture in the interface between the ceramic and
the adhesive or primer; b) cohesive: cohesive failure in the ceramic or in the composite

resin cone; ¢) mixed (adhesive and cohesive failure).

Tensile bond strength values were submitted to the Shapiro-Wilk normality test.
As there was normality in the values of bond strength, the data were analyzed by

ANOVA and Tukey’s test. P<0.05 was considered significant.

Results

Group 2 (27.55 MPa) obtained the highest mean bond strength, which was not
significantly different from group 4 (23.71 MPa) and group 1 (22.64 MPa). An
intermediate value was obtained for group 5 (13.64 MPa), differing significantly from

the other groups (p<0.05). Group 3 (7.54 MPa) had the lowest mean, differing



12

significantly from the other groups (p<0.05). Groups 2 and 4 exhibited predominantly
cohesive failure in the resin composite cone. Groups 1 and 5 had predominantly mixed
failures (adhesive and cohesive failure in the composite resin cone), and group 3
exhibited only adhesive failures (Table 3). Figure 3 shows images of adhesive failure,

cohesive failure and mixed failure that occurred in the specimens.

Discussion

The hypothesis was rejected because the study showed differences in the bond strength
to zirconia ceramic with the application of zirconia primers and the SBU. Only the Z-
Prime Plus primer did not differ significantly from the SBU alone or associated with

silane.

The SBU has Bis-GMA and HEMA in its composition, as well as 10-MDP
monomer, polyalkenoic acid copolymer, dimethacrylate resin, filler, ethanol, water,
initiators, and silane. The 10-MDP monomer has great affinity to metal oxides such as
zirconium dioxide (ZrO;) [19,22,25]. This monomer has effective bonding between the
MDP acidic groups (phosphoric acid) and the oxide layer of the zirconia, improving the
bond strength between zirconia ceramic and resinous substrate [26,27]. Therefore, the
presence of the 10-MDP monomer favored the bond between SBU and zirconia

ceramic. The results for the SBU corroborate those of another study [19].

The present study also evaluated the application of silane before the SBU.
Silane coupling agents are usually monomeric species, such as MPS (3-
methacryloxypropyltrimethoxysilane), in which silicon is linked to reactive organic
radicals and hydrolysable ester groups. The reactive organic groups become chemically

bonded to the resin molecules, such as Bis-GMA and HEMA monomers present in the
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adhesives, resin cements. Hydrolysable monovalent groups bond chemically to silicon
contained in the glassy matrix of the ceramics [28]. Zirconia ceramic contains
zirconium oxide and not silicon, and the chemical bonding does not occur. So, the
application of silane before the SBU did not significantly influence the bond strength
values for the zirconia ceramic. However, although there was no significant difference
between group 1 and group 2, the bond strength value was higher when the silane was
applied prior the SBU, and a greater degree of cohesive failure in resin composite cone
occurred. This may be related to the physical effect of silane, which improves the
wettability of the ceramic surface, allowing greater contact between the adhesive and
the ceramic [5,6]. This surface wettability promoted by the silane must have contributed
to the bond strength values, regardless its incorporation into the adhesive or separate

application.

The Z-Prime Plus is a primer based on 10-MDP and carboxylic acid. A study
using secondary ion mass spectrometry indicated the formation of a chemical bond (Zr-
O-P) between zirconia ceramic and 10-MDP-containing zirconia primer [25]. This
affinity is explained by the capacity of the phosphate group to react with zirconium,
forming zirconium phosphate, where each phosphate group is bound to three zirconium
atoms (tridentate bridging mode) or to one zirconia atom (tridentate chelating mode),
conferring a thermally and hydrolytically stable interface [29]. The other monomers
contained in the primer, such as the carboxylic acid monomer, cooperate in the bond
process [12]. The results obtained with Z-Prime Plus are consistent with the findings in
the study of Seabra et al. (23), which found no significant difference in the bond
strength to the zirconia ceramic treated with Z-Prime Plus and the universal adhesives

All Bond Universal and SBU. Pereira et al. [22] also found no difference in bond
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strength for the groups wherein the zirconia was sandblasted with aluminum oxide and

treated with Z-Prime Plus and the SBU.

Although there was no significant difference between groups 1, 2 and 4, the
failures were predominantly cohesive in the composite resin cone in groups 2 and 4, and
there were more mixed failures in group 1 with a decrease in the bond strength values.
Mixed failure is characterized by the sum of the adhesive failure (between the resinous
material and the ceramic substrate) and the cohesive failure in the composite resin cone.
Therefore, the bond capacity of the materials used in groups 2 and 4 exceeded the
cohesive strength of the composite resin cone. Thus, the methodology employed in the
present study had the limitation of being able to evaluate the bonding interface when the
bond strength values were high, preventing the definition of which treatment is the most
effective, i.e., the SBU adhesive system associated with the silane or the Z-Prime Plus

primer.

MZ Primer had an intermediate bond strength value. Z-Prime Plus, Signum
Zirconia Bond and SBU have the 10-MDP monomer as the main component, and MZ
Primer has a dicarboxyl monomer (PMDM). Pilo et al. [29] evaluated the changes in the
surface chemistry of zirconia ceramic induced by two primers for zirconia, one with
PMDM (Danville Z Bond) and the other with 10-MDP (Z-Prime Plus). While the
primer with 10-MDP formed an amorphous thick film of zirconium phosphate salt, the
primer with PMDM formed a thinner film of zirconium carboxylate salt, which is more
sensitive to hydrolysis. According to the authors, the differences in the film-forming
properties and water solubility between the carboxylate and phosphate salts may affect

the strength and the durability of adhesive resin interfaces with zirconia ceramic. It is
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believed that this explains the lower values of bond strength obtained with MZ Primer

when compared to Z-Prime Plus and SBU.

Signum Zirconia Bond had the lowest bond strength mean. Although this primer
has 10-MDP in its composition, this material did not have the same bonding ability
compared with the SBU and Z-Prime Plus. This finding does not corroborate the study
of Maeda et al. [30], which found higher bond strength to zirconia using the Signum
Zirconia Bond primer in association with the resin cements Panavia F, NX3, seT and
Multilink compared with the Z-Prime Plus. According to the authors, in addition to the
effect of 10-MDP, the MMA found in Signum Zirconia Bond sets primary links with
methacrylates present in the resin cement, resulting in increased bond strength. In
addition, this study showed that the combination of primers for zirconia and resin
cements significantly affected the bond strength to zirconia ceramics [30]. In the present
study, a composite resin was used instead of a resin cement to bond to the primer. Thus,
the hypothesis that the composite resin does not favor a bond to the Signum Zirconia
Bond as much as that obtained with a resin cement, such as Panavia F [30], cannot be

ruled out.

High bond strength is important for clinical success in restorations luted
adhesively. The good results of universal adhesives can represent a significant
improvement in luting zirconia ceramic restorations. Thus, clinicians can use the same
adhesive and the same protocol on the tooth and the surface of the restorations.
However, the present study tested the samples after 48 h of storage, which corresponded
to a short time period and it did not allow for the evaluation of the bond stability.
Regarding silane, it is not yet clear whether its effects are durable over time [8]. The

problem with silane is its hydrolytic instability over time, which is caused by hydrolysis
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due to the rupture of the Si-O bond. In addition to this, the SBU contains water and
hydrophilic monomer (HEMA), which may contribute to the process of hydrolysis and
reduction of the bond strength over time [31]. Pereira et al. [22] observed a decreased
the bond strength of SBU to zirconia ceramic after 60 days of storage in water
compared with Signum Zirconia Bond and Z-Prime Plus primers. According to the
authors, it is possible that the water absorption of SBU adhesive resulted in decreased
adhesion as a consequence of hydrolytic degradation after aging. Thus, it is important to
evaluate the bond strength after longer storage periods to check the stability of the
hydrolytic degradation of the universal adhesives and primers applied on ceramic and

composite resin substrates.

Despite the limitations of this in vitro study, it can be concluded that the isolated
application of silane prior to the adhesive was irrelevant in zirconia ceramic; and the
Scotchbond Universal and Z-Prime Plus provided higher bond strength values to

zirconia ceramic.
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Table 1 - Materials and their composition and manufacturer
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Material

Composition

Manufacturer

Zirconia ceramic

Talmax, Curitiba,

(Talmax) ZrO, (main component), Y203 (12%), Al,03 PR, Brazil
(1 %), SiO, (0,02 %), Fe,03 (0,02 %), Na,O (
0,02%), HfO, (12%)
Scothbond Universal | Organophosphate monomer (10-MDP), 3M/ESPE, St.
) dimethacrylate resins (Bis-GMA, etc.), Paul, MN, USA
(adhesive system) HEMA, Vitrebond copolymer, filler, ethanol,
(SBU) water, initiators, silane
RelyX Ceramic 3-methacryloxypropyltrimethoxysilane 3M/ESPE, St.
Primer (silane) (MPS), ethyl alcohol, water Paul, MN, USA

Signum Zirconia

Zirconia Bond | (part I): Acetone, 10-MDP,
acetic acid

Heraeus Kulzer,
Hanau, Germany

Bond Zirconia Bond Il (part 11): MMA, Diphenyl
(2,4,6-trimethylbenzoyl) phosphinoxide
Organophosphate monomer (10-MDP), _
Z-Prime Plus | carboxylic acid monomer, other monomers Bisco, Schaumburg,
IL, USA
PMDM, HEMA-p, methacrylate acid, benzoyl | Angelus, Londrina,
MZ Primer peroxide, acetone PR, Brazil

HEMA: 2-Hydroxyethyl methacrylate; Bis-GMA: Bisphenol-A glycidyl methacrylate;

10-MDP: 10-Methacryloyloxydecyl

dimethacrylate

dihydrogen phosphate; PMDM: Pyromellitic
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Table 2- Luting procedures in the zirconia ceramic samples

Groups Luting procedures
A thin layer of the adhesive was applied, gently air-
Group 1-SBU dried for 5 s and light-cured for 10 s with the light

unit LED Radii Cal.

Group 2 - Silane + SBU

A layer of the silane RelyX Ceramic Primer was
applied and gently air-dried for 5 s. The adhesive
SBU was applied as described for group 1.

Group 3 - Signum Zirconia
Bond (S2)

A layer of the Signum Zirconia Bond part | was
applied and gently air-dried for 5 s. Then, a layer of
Signum Zirconia Bond part 11 was applied and light-
cured for 40 s with the light unit LED Radii Cal.

Group 4 - Z-Prime Plus (ZP)

A layer of Z-Prime Plus was applied, gently air-
dried for 5 s, and light-cured for 40 s with the light
unit LED Radii Cal.

Group 5 - MZ Primer (MZ)

A layer of MZ Primer was applied, gently air-dried
for 5 s, and light-cured for 40 s with the light unit
LED Radii Cal.

SBU — Scothbond Universal
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Table 3 — Mean tensile bond strength (MPa), standard deviation and failure types in the

zirconia ceramic groups

Groups Bond strength means Failure types
(MPa) and standard
deviations

Group 2 — Silane + Scothbond 27.55 (+6.99) - 13 cohesive in

Universal composite resin cone
- 2 mixed*

Group 4 — Z-Prime Plus 23.71 % (5.65) - 11 cohesive in
composite resin cone
- 4 mixed*

Group 1 — Scothbond 22.64 ° (+5.67) - 6 cohesive in

Universal composite resin cone
- 9 mixed

Group 5 — MZ Primer 13.64 ° (+5.49) - 12 mixed*
- 2 cohesive in
composite resin cone
- 1 adhesive

Group 3 — Signum Zirconia 7.54 ¢ (+4.75) - 15 adhesive

Bond

Medians followed by different letters in the columns differ significantly according to Tukey’s test at a significance

level of 5%.

*Mixed failure: adhesive and cohesive in the composite resin cone.
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Figure 1: a) zirconia sample; b) metal matrix positioned on the wax and the sample

centralized in the matrix; c) the matrix filled with self-cured acrylic resin.
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Figure 2: a) sandblasting of the zirconia sample; b) specimen with the inverted cone of

composite resin; ¢) specimen positioned for the tensile bond test.
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Figure 3: Stereomicroscope images of the failures occurred in the composite resin

specimens: a) Adhesive failure (x10): A - adhesive; b) Mixed failure (x20): A —
adhesive; CR — cohesive in composite resin cone; ¢) Cohesive failure (x20): CR —

cohesive in composite resin cone.
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ARTIGO 2

Os adesivos universais sdo tao eficientes quanto um primer para a

adesdo a zirconia?

RESUMO

O objetivo do trabalho foi comparar a resisténcia de unido a cerdmica de zirconia de
quatro adesivos universais e um primer para zircOnia. Setenta e cinco amostras de
zircdnia foram confeccionadas e incluidas em resina acrilica. A superficie das amostras
foi polida com lixas de carbeto de silicio nas granulaces 600, 800 e 1.200 e jateadas
com éxido de aluminio 50 um por 5 s. As amostras foram divididas aleatoriamente em
cinco grupos (n=15): G1 — Single Bond Universal (SBU); G2 — All Bond Universal
(ABU); G3 — Peak Universal Bond (PUB); G4 — Ambar Universal (AU) e G5 — Z-Prime
Plus (ZP). Um cone de resina composta foi construido, atraveés de uma matriz, sobre o
material adesivo aplicado na superficie das amostras. Os corpos de prova foram
armazenados em agua destilada a 37°C por 24 h, sendo submetidos ao teste de
resisténcia de unido a tracdo em méaquina de ensaio universal EMIC com velocidade de
0,5 mm/min. Os tipos de falhas foram classificados em adesiva, coesiva ou mista. Os
valores de resisténcia de unido foram submetidos & anélise de varidncia (ANOVA),
seguido do teste de Tukey (0=0,05). Médias de resisténcia de unido (MPa) seguidas de
letras distintas diferem estatisticamente entre si: G5=21,12°, G1=20,55°, G4=19,12%,
G2=14,22°, G3=8,45°. As falhas foram predominantemente mistas no G1, G4 e G5, e
predominantemente adesivas no G2 e G3. Os adesivos SBU e AU obtiveram resisténcia
de unido comparavel ao ZP.

Palavras-chave: adesivo universal, resisténcia de unido, primer para zirconia
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ABSTRACT

The aim of the study was to compare four universal adhesives and a primer on the bond
strength to zirconia ceramic. Seventy-five zirconia ceramic samples were obtained and
embedded in acrylic resin. The surface of the samples was polished with 600-, 800- and
1200-grit silicon carbide abrasive papers, and sandblasted with 50 um aluminum oxide
particles for 5 s. The samples were divided into five groups (n=15): Single Bond
Universal (SBU); G2 — All Bond Universal (ABU); G3 — Peak Universal Bond (PUB);
G4 — Ambar Universal (AU) e G5 — Z-Prime Plus (ZP). A cone of composite resin was
built on the adhesives and primer applied. The specimens were stored in distilled water
at 37°C for 24 h, and then submitted to a tensile bond strength test in a universal testing
machine at a crosshead speed of 0.5 mm/min. The type of failure that occurred during
the debonding procedure was classified as adhesive, cohesive or mixed. The values of
bond strength were analyzed by analysis of variance (ANOVA) followed by Tukey’s
test (¢=0.05). Means of bond strength (MPa) followed bg/ the distinct letters represent
statistical difference: G5=21,12°, G1=20,55°, G4=19,12%, G2=14,22", G3=8,45". The
failures were predominantly mixed in G1, G4 and G5, and predominantly adhesive in
G2 and G3. SBU and AU adhesives obtained bond strength comparable to ZP.

Key-word: universal adhesive, bond strength, zirconia primer
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INTRODUCAO

Houve um aumento significativo no interesse pela cerdmica de zircGnia nos
ultimos anos, com um grande impacto na area de prétese e implantodontia. Devido as
suas propriedades mecénicas, biocompatibilidade e propriedades épticas, a zirconia foi

eleita como uma alternativa as proteses metaloceramicas.’

A zircbnia é uma ceramica policristalina sem nenhum componente vitreo.
Adicéo de dxidos estabilizadores, como 6xido de itrio a zircbnia pura, permite a geracdo
de materiais multifasicos conhecido como zirconia parcialmente estabilizada por itria,
que possui propriedades mecanicas superiores.> Quando uma trinca se inicia na
superficie da ceramica de zirconia, a concentracdo de tensdo na ponta da trinca, que
existe em nivel atdbmico, causa alteracdo do cristal tetragonal para monoclinico, o que
gera expansdo volumétrica. Nas proximidades da trinca o resultado é uma tensdo
compressiva que protege a ponta da trinca de se propagar e aumenta a tenacidade de
fratura. Frente a isto, a alta resisténcia mecéanica da zircénia pode ser considerada a

principal vantagem dentre as ceramicas de uso na Odontologia.

Apesar das vantagens de resisténcia da cerdmica de zirconia, a cimentacdo adesiva
é um desafio, pois o condicionamento com &cido fluoridrico nem a aplicagdo de silano
sd0 efetivos® uma vez que esta ceramica néo apresenta silicio em sua composicdo.>®
Portanto, diferentes tratamentos de superficie tém sido propostos, como jateamento com
6xido de aluminio,* jateamento de 6xido de aluminio revestido com silica,” e
condicionamento por infiltragdo seletiva.® Somado a isto, estudos tém mostrado que o
uso de mondmeros funcionais favorece a unido a zirconia, sendo desenvolvidos primers

especificos com estes mondmeros para esta ceramica.®**
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Apesar de ainda ndo haver um protocolo clinico padréo para a adesdo a zirconia,*?
0 jateamento de 6xido de aluminio revestido com silica seguido de silanizacdo, assim
como o jateamento com Oxido de aluminio seguido da aplicacdo de primers especificos

para zirconia tém sido os dois métodos mais difundidos.***?

Uma nova alternativa para promover a adesdo a ceramica de zirconia sdo 0s
sistemas adesivos universais. Estes adesivos podem ser utilizados tanto na estrutura
dentéria como na superficie de diferentes materiais restauradores.’* Os sistemas
adesivos universais contém monoémeros de carboxilato ou monémeros fosfatados, como

0 10-MDP, que se une quimicamente a fons metalicos.™

Portanto, o objetivo do estudo foi avaliar a resisténcia de unido de diferentes
sistemas adesivos universais a cerdmica de zircdnia em compara¢do com um primer
especifico para zircénia. Este estudo foi realizado sob a hipdtese nula de que a

resisténcia de unido obtida pelos adesivos universais ndo difere do primer para zirconia.
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As amostras em ceramica de zirconia foram confeccionadas pelo laboratoério de

CAD/CAM da empresa Talmax. A Tabela 1 mostra os materiais utilizados neste estudo.

Tabela 1: Materiais utilizados, composicgéo, lote e fabricante.

mondmero acido carboxilico
(BPDM), HEMA, etanol

Material Composicgéo Lote Fabricante
Resina Composta bis-GMA, UDMA, - 3M/ESPE, St.
Z350 ] Paul, MN, EUA
TEGDMA, e bis-EMA
Zirconia ZrO, Componente principal, - Talmax, Curitiba,
o Y,05 4-6%, Al,O3< 1%, SiO, PR, Brasil
ICE Transltcida max. 0.02%, Fe,05 méx. 0.01%,
Na,O méax. 0.04%
Single Bond 10-MDP mon6mero fosfato, 612979 3M/ESPE, St. Paul,
) copolimero Vitrebond, HEMA, MN, EUA
Universal BisGMA, dimetacrilatos
resinosos, particulas de carga,
silano, iniciadores, etanol, agua
All Bond Universal 10-MDP monémero fosfato, 1600003762 Bisco,
HEMA, BisGMA, etanol, agua, Schaumburg, EUA
iniciadores
Peak Universal Alcool etilico, 2-hidroxietil BCX5K Ultradent, Utah,
) ) ) EUA
Bond Metacrilato, acido metacrilico, A
cloro-hexidinadi (acetato)
Ambar Universal 10-MDP mondmero fosfatado, 280716 FGM, Joinville,
mondmeros metacrilicos, SC, Brasil
fotoiniciadores, coiniciadores,
estabilizante, nanoparticulas de
silica e etanol
Z-Prime Plus 10-MDP mondmero fosfatado, 1700000580 Bisco,

Schaumburg, EUA

Fonte: Informac6es fornecidas pelos fabricantes.
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Foram confeccionadas 75 amostras de zirconia com 3 mm de espessura, 6 mm
de didmetro na base menor e 8 mm de didmetro na base maior. O menor didmetro foi
fixado contra uma placa de cera utilidade e uma matriz metalica foi posicionada, de
modo que amostra ficasse centralizada. Em seguida, foi vertida resina acrilica

autopolimerizavel.

As superficies das 75 amostras foram polidas com lixas de carbeto de silicio nas
granulacdes 600, 800 e 1.200, Em seguida, foram jateadas com éxido de aluminio 50
um por 5s, e lavadas com spray de ar e dgua. As amostras foram limpas em cuba
ultrassénica com agua destilada por 5 min e secas com jatos de ar, sendo entéo divididas

aleatoriamente em 5 grupos com 15 amostras cada (n=15):

GRUPO 1 — SINGLE BOND UNIVERSAL (SBU): uma camada do adesivo foi
aplicada, seguido de leve jato de ar e fotopolimerizacdo por 20 s com unidade
fotoativadora Radii Cal (SDI, Bayswater, Vic, Australia) com intensidade de 1.000

mW/cm?.

GRUPO 2 — All Bond Universal (ABU): uma camada do adesivo foi aplicada, seguido

de leve jato de ar e fotopolimerizacéo por 20 s.

GRUPO 3 — Peak Universal Bond (PUB): uma camada do adesivo foi aplicada, seguido

de leve jato de ar e fotopolimerizagdo por 20 s.

GRUPO 4 — Ambar Universal (AU): uma camada do adesivo foi aplicada, seguido de

leve jato de ar e fotopolimerizacéo por 20 s.
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GRUPO 5 — Z-Prime Plus (ZP): uma camada do primer foi aplicada, seguido de leve

jato de ar e fotopolimerizagéo por 40 s.

Uma peca bipartida foi posicionada sobre o material adesivo aplicado na
superficie da ceramica. Esta peca apresentava um orificio conico invertido com 3 mm
de diametro inferior, 5 mm de didmetro superior e 4 mm de altura. No interior do
orificio foram aplicados dois incrementos de resina composta Z350, sendo cada
incremento fotoativado por 20 s. Em seguida, a matriz foi removida, e foram obtidos
corpos de prova constituidos de um cone invertido em resina composta sobre a

superficie da ceramica de zirconia.

Os corpos de prova foram armazenados em agua destilada a 37°C por 24 h em
estufa de cultura (FANEM, Sdo Paulo, SP, Brasil). Decorrido o periodo de
armazenagem, os corpos de prova foram submetidos ao teste de resisténcia de unido a
tracdo em maquina de ensaio universal EMIC DL-2000 (EMIC, Séo José dos Pinhais,
PR, Brasil) com velocidade de 0,5 mm/min. Os valores de resisténcia de unido a tracao

serdo obtidos em megapascal (MPa).

Apbs o teste de resisténcia a tracdo, os corpos de prova foram analisados em
lupa monocular (Telelupa, Sdo Paulo, SP, Brasil) com aumento de 20 vezes para
determinar o tipo de falha. A classificacdo estipulada para avaliar o tipo de falha foi a

seguinte:
- Adesiva: rompimento na interface substrato-adesivo;
- Coesiva: rompimento ao nivel da cerdamica ou da resina composta;

- Mista: presenca de falha adesiva e falha coesiva.
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Os resultados obtidos no teste de resisténcia de unido a tracdo foram submetidos
ao teste de normalidade Shapiro Wilk. Em seguida foi aplicada analise de variancia

(ANOVA), seguido do teste de Tukey, ao nivel de significancia foi de 5%.
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RESULTADOS

A maior média de resisténcia de unido foi obtida para o Z-Prime Plus (21,12
MPa), ndo diferindo estatisticamente do Single Bond Universal (20,55 MPa) e o0 Ambar
Universal (19,12 MPa). O adesivo Ambar Universal ndo diferiu estatisticamente do All
Bond Universal (14,22 MPa) (p>0,05). A menor média foi obtida para o Peak Universal

Bond (8,45 MPa), diferindo estatisticamente dos outros adesivos (p<0,05).

Os corpos de prova do Z-Prime Plus, Single Bond Universal e Ambar Universal
tiveram falhas predominantemente mistas. As falhas do All Bond Universal foram
predominantemente adesivas, e do Peak Universal Bond foram todas adesivas (Tabela
2).

Tabela 2 — Médias de resisténcia de unido a tracdo (MPa), desvios-padrdo e tipos de

falha obtidos nos diferentes grupos.

Grupos Médias de Resisténcia Tipos de falha
de unido (MPa) e
desvios-padréo

G5 - Z-Prime Plus 21,12% (#5,35) - 02 adesivas

- 05 coesivas no cone
de resina composta

- 08 mistas

G1 - Single Bond Universal 20,55% (+4,57) - 03 adesivas

- 05 coesivas no cone
de resina composta

- 07 mistas

G4 - Ambar Universal 19,12%°(+5,81) - 03 coesivas no cone
de resina composta - -
12 mistas

G2 - All Bond Universal 14,22° (+4,67) - 09 adesivas
- 06 mistas

G3 - Peak Universal Bond 8,45° (+3,66) - 15 adesivas

Médias seguidas de letras distintas diferem estatisticamente entre si pelo teste de Tukey ao nivel de significancia de
5%.



37

DISCUSSAO

De acordo com os resultados obtidos, a hipdtese nula foi parcialmente aceita,
pois dos quatro adesivos universais testados, apenas dois (Single Bond Universal e

Ambar) ndo diferiram estatisticamente do primer para zirconia.

O Z-Prime Plus é um primer que foi desenvolvido para ser aplicado sobre a
ceramica de zirconia, ceramica de alumina e metal, e contém 10-MDP e &cido

carboxilico. O estudo de Chen et al.*®

mostrou a formacdo de uma unido quimica (Zr-O-
P) entre a cerdmica de zircbnia e o primer contendo 10-MDP. Esta unido ocorre pela
capacidade do grupo fosfato de reagir com a zirconia, formando fosfato de zirconia, em
que o grupo fosfato estd unido a trés atomos de zircbnia ou a um atomo de zircdnia,
conferindo uma interface estavel termicamente e hidroliticamente.” Os outros
mondmeros contidos no primer, como o &cido carboxilico, cooperam no processo de

unido.'® Estudos mostraram que este primer é efetivo sobre a ceramica de zirconia*®*°

€,
desta forma, foi escolhido como padréo-ouro no presente estudo para ser parametro de

comparacao da resisténcia de unido com os adesivos universais.

As médias de resisténcia de unido dos adesivos universais Single Bond
Universal e Ambar Universal ndo diferiram estatisticamente do Z-Prime Plus. Os trés
materiais apresentam o mondmero 10-MDP na sua composicdo, que se une

quimicamente & zirconia,*>'%%°

0 que favorece o aumento da resisténcia de unido entre a
ceramica de zirconia e o material adesivo.??* Os resultados obtidos com o Z-Prime
Plus séo consistentes com outros estudos que ndo encontraram diferenga significativa na

resisténcia de unido a zirconia tratada com Z-Prime Plus e o adesivo Single Bond

Universal.”>? Portanto, a presenca do 10-MDP na composicéo do Z-Prime Plus, Single
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Bond Universal e Ambar Universal favoreceram a unido desses materiais a ceramica de

zircOnia.

O adesivo All Bond Universal também apresenta 0 monémero 10-MDP na sua
composicdo. No entanto, este adesivo obteve médias de resisténcia de unido
estatisticamente inferiores aos outros materiais que também possuem este monémero.
Apesar de ndo se ter informacdo completa da porcentagem de cada componente nos
adesivos, uma das possiveis explicacbes para a menor média do All Bond Universal

possa estar relacionada & menor quantidade de 10-MDP presente no adesivo.?*

O adesivo Peak Universal Bond ndo apresenta o 10-MDP na sua composicéo,
assim como nenhum mondmero que tenha capacidade de unido a zirconia. Este fato
contribuiu para a menor média de resisténcia de unido a zirconia. Isto evidencia a
importancia de alguma unido quimica a esta ceramica, uma vez que 0s tratamentos com
acido fluoridrico e jateamento com 6xido de aluminio ndo sdo efetivos como sobre as

ceramicas a base de silicio ou ceramicas vitreas.*

O adesivo Single Bond Universal também contém silano na composicdo. O
silano é um agente de ligacdo monomérico, em que o silicio esta ligado a radicais
organicos reativos e grupos monovalentes hidrolizaveis. Os grupos organicos reativos se
unem quimicamente as moléculas de resina, como o Bis-GMA e HEMA presente nos
adesivos. Os grupos monovalentes hidrolisaveis se unem quimicamente com o silicio
contido na matriz de vidro das ceramicas.?® A ceramica de zirconia ndo contém silicio e,
portanto, o silano contido no adesivo ndo tem capacidade de realizar a unido quimica.
No entanto, o silano também tem efeito fisico, aumentando a molhabilidade da

superficie da ceramica, permitindo maior contato entre o adesivo e a ceramica.?®?’ Este
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efeito fisico do silano contido no Single Bond Universal pode ter contribuido para os

valores de resisténcia de unido a zirconia.

No procedimento de cimentacdo de uma restauracdo, duas interfaces de uniéo se
formam que é a interface dente-material adesivo e a interface material restaurador-
material adesivo. No caso em que a fixacdo de uma restauragdo depende muito mais da
adesdo do que dos principios de retencdo e estabilidade mecénica, elevados valores de
resisténcia de unido sdo importantes para 0 sucesso clinico, pois permitem a
manutencdo da restauracdo no preparo dentario. Os resultados de resisténcia de unido de
dois adesivos universais (Single Bond Universal e Ambar Universal) foram
comparaveis ao primer especifico para zircénia (Z-Prime Plus). Isto representa uma
informac&o importante para o clinico, uma vez que o profissional pode usar 0 mesmo

adesivo na estrutura dentaria e na superficie da restauracao.

Para o Z-Prime Plus, Single Bond Universal e Ambar Universal, que tiveram
maiores valores de resisténcia de unido, as falhas foram predominantemente mistas.
Falha mista é caracterizada pela presenca de falha adesiva (entre o material resinoso e a
zirconia) e falha coesiva no cone de resina composta. Também ocorreram falhas
coesivas no cone de resina composta, pois a unido ao substrato excedeu a resisténcia
coesiva da resina composta. Para o All Bond Universal e Peak Universal Bond as falhas
foram predominantemente adesivas, 0 que evidencia que estes adesivos proporcionaram

menor resisténcia de unido a zirconia.

Uma das limitacBes do presente estudo foi o fato de avaliar a resisténcia de

1.2° observaram

unido apos 24 horas, e ndo apos periodos de armazenamento. Pereira et a
a reducdo da resisténcia de unido do Single Bond Universal a zirconia apds 60 dias de

armazenamento em agua comparado ao Z-Prime Plus. Possivelmente a absorcdo da
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agua por parte do adesivo resultou na reducdo da unido como consequéncia da
degradacdo hidrolitica.® Portanto, a avaliacdo ap6s armazenamento seria importante

para verificar a estabilidade da uni&o.

CONCLUSAO

Os adesivos Single Bond Universal e Ambar Universal obtiveram resisténcia de
unido estatisticamente comparavel ao Z-Prime Plus sobre a ceramica de zircénia quando

avaliado ap6s 24 h de armazenamento.
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