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RESUMO

Objetivo: Este estudo avaliou a influéncia do jateamento com particulas de O,Alz e
de diferentes soluc¢des na resisténcia ao cisalhamento entre um cimento resinoso e a
ceramica de zirconia (Y-TZP). Materiais e método: Blocos de zircdnia sinterizados
(N = 180) (Lava, 3M ESPE), com dimensoes finais de 5,25 x 3,74 x 4,5 mm foram
incluidos em resina acrilica, polidos e aleatoriamente distribuidos em 18 grupos (n =
10), de acordo com os fatores: "solugdo" (8 niveis) e "jateamento” (2 niveis): Ctr
(controle sem tratamento), AP- Alloy Primer/Kuraray, MP- Monobond Plus/lvoclar,
MZP- Metal zircbnia Primer/lvoclar, MZ- MZ Primer/Angelus, Rex- Relyx Primer para
Ceramica/3M ESPE, Sg- Signum Zircbnia Bond/Kulzer, SbU- Scotchbond Adesivo
Universal/3M ESPE e ZP- Z Prime Plus/Bisco. As mesmas solugdes também foram
utilizadas ap0s o jateamento da zircénia: Ctr.S, AP.S, MP.S, MZ.S, ReX.S, Sg.S,
SbU.S e ZP.S(* S = jateamento). Anteriormente ao Jateamento os bloco de zirconia
foram submetidos a limpeza em ultrassom por 5min (Vitasonic, Alemanha). Os
grupos ".S" foram jateados com Al203 (110um, 2,5 bar, 20s a 10 mm), com o auxilio
de um microjateador (Bioarte, Brasil) e outra limpeza ultrassénica foi realizada.
Depois de secos, as solugbes foram aplicadas de acordo com as recomendacdes
dos fabricantes. Cilindros do cimento resinoso (Rely X ARC, 3M ESPE) foram
colados e polimerizados na superficie da zirconia com auxilio de um molde de
silicone (@ = 3,5, altura= 3 mm). Todas as amostras foram armazenadas em agua
destilada (60 dias a 37° C), e depois submetidas ao teste de cisalhamento
(Imm/min). Os dados foram analisados pela analise de variancia (dois- fatores) e
teste de Tukey (a=5%). Resultados: "Os fatores “jateamento com OLAl;" (p =
0,0001) e "solugédo" (p=0,0001) afetou significativamente a resisténcia de unido
(ANOVA). Todas as amostras dos grupos Ctr, Ctr.S, Rex, MZ.S e MZP, MZP.S
mostraram uma falha prematura (descolamento). Assim, ndo foram incluidos na
analise estatistica. Além disso, o0 jateamento aumentou a resisténcia de unido (com:
110.78" MPa; sem: 70.92°% MPa) e a solucdo SbU (142.91* MPa) promoveu maior
adesdo entre cimento resinoso/ceramica. O MP (100.15” MPa), AP (90.03° MPa),
ReX (34.03% MPa) e MZ (23.66° MPa), e foi semelhante ao Sg (131.78% MPa) e ZP
(113.37°° MPa) (Tukey). Conclusao : Jateamento com O,Al; seguido pela aplicacdo
de solu¢gBes aumentou a resisténcia de unido a zircbnia, com excec¢do do SbU, que
apresentou o maior valor de resisténcia de uniao .

Palavras-chave: aderéncia, O0xido de aluminio, forca de cisalhamento, zirconia

tetragonal estabilizada com itria.



Abstract

Purpose : This study evaluated the influence of air-particle-abrasion and different
solutions application on the shear bond strength of resin cement to zirconia ceramic
(Y-TZP). Materials and method: Sintered zirconia blocks (N=180) (Lava, 3M ESPE),
with final dimensions of 5.25 x 3.74 x 4.5 mm, were embedded in acrylic resin,
polished and randomly distributed among 18 groups (n=10), according to the factors:
"solution” (8 levels) and *“air-particle-abrasion” (2 levels): Ctr (control without
treatment), AP- Alloy Primer/Kuraray, MP- Monobond Plus/lvoclar, MZP- Metal
ZircOnia Primer/lvoclar, MZ- MZ Primer/Angelus, ReX- Relyx Ceramic Primer/3M
ESPE, Sg- Signum Zirconia Bond/Kulzer, SbU- Scotchbond Universal/3M ESPE and
ZP- Z Prime Plus/Bisco. The same solutions were also used after zirconia
sandblasting: Ctr.S, AP.S, MP.S, MZ.S, ReX.S, Sg.S, SbU.S and ZP.S (*S =
sandblasting). Prior sandblasting, the zirconia/acrylic resin assemblents were
ultrasonic cleaned for 5min (Vitasonic, Germany). The “.S” groups were air abraised
with Al,O3 particles (110um, 2.5 bar, 20s at 10mm), with an assistance of a chairside
air-abrasion device (Bioart, Brazil) and another ultrasonic cleaned was performed.
After dry the solutions were applied according to the manufactors” recommendations.
The resin cement (Rely X ARC, 3M ESPE) cylinders were bonded and polymerized
to zirconia surface, with the aid of a silicone mold (& = 3.5, height = 3 mm). All
samples were stored in distilled water (60 days at 37° C), and after were subjected to
shear test (1 mm/min). Data were analyzed by ANOVA (e-way) and Tukey test
(a=5%). Results : “Air-particle abrasion” (p=0.0001) and “solution” (p=0.0001) factors
significantly affected the bond strength (ANOVA) All samples of the groups Ctr, Ctr.S,
ReX, MZ.S and MZP, MZP.S showed premature failure (debonding). Thus, they were
not included in the statistical analysis. In addition, air-abrasion increased the bond
strength (With: 110.78" MPa; Without: 70.92% MPa) and the solution SbU (142.91%
MPa) promoted higher adhesion between ceramic/resin cement than MP (100.15
MPa), AP (90.03° MPa), ReX (34.03% MPa) and MZ (23.66° MPa), and was similar to
Sg (131.78% MPa) and ZP (113.37° MPa) (Tukey). Conclusion : Air-abrasion with
110 um AlLO; followed by solutions application increased the bond strength to
zirconia, except for SbU, that presented the highest value of bond strength.

Keywords: adhesion, aluminum oxide, shear strength, ytria stabilized tetragonal
zirconia.



LISTA DE ABREVIATURAS E SIGLAS

Y-TZP = Zirconia tetragonal parcialmente estabilizada por itria

PPF = Protese parcial fixa

IE = Infraestrutura

CAD = Computer Aided Design, unidade computadorizada acessoria
CAM = Computer Aided Machine, unidade fresadora acessoria

Mo = Fase monoclinica

Te = Fase tetragonal

MDP = Monémero 10-metacriloxidecil dihidrogénio fosfato

bis-GMA = Bisfenol A-glicidil metacrilato

VBATDT= 6-(N-(4-vinylbenzyl) propylamino) — 1, 3, 5 — triazine- 2, 4 - dithione
MMA= Metacrilato de metila

mm = Unidade de comprimento, milimetro

MEV = Microscopia eletronica de varredura

SIE = Selective infiltration etching (ataque por infiltragéo seletiva)

n° = Numero

Gr = Grupo

Tab= Tabela

Fig= Figura

EUA = Estados Unidos da América

Al,03= Oxido de aluminio

ZrO,= Oxido de zirconio
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1. INTRODUCAO

Originaria do grego “keramos”, a palavra ceramica, significa matéria
gueimada. A ceramica é descrita como material inorganico, ndo metalico, fabricado a
partir de matérias primas naturais cuja composicao basica é: argila, feldspato, silica,
caulim, quartzo, filito, talco, calcita, dolomita, magnesita, cromita, bauxito, grafita e
zirconita®?. De acordo com a quantidade de cada um desses constituintes, bem
como da agregacdo de outros produtos quimicos inorganicos a composi¢do pode
apresentar-se de forma variada, o que resulta numa grande variedade de ceramicas,
desde simples vasos de barro até as ceramicas odontoldgicas®.

Um dos primeiros registros na literatura do uso das ceramicas na
odontologia restauradora data do ano de 1794, quando o francés Alexis Duchateau
observando a durabilidade e resisténcia do material ao manchamento e a abrasao
quando utilizados em utensilios domésticos, substituiu suas proteses totais
confeccionadas com dentes de marfim por préteses de ceramica®.

A ceramica odontolégica apresenta propriedades o6ticas e durabilidade
guimica, que Ihe confere aparéncia semelhante ao dente natural, sendo denominada
de “porcelana dental’. Elas também se caracterizam por possuirem
biocompatibilidade, natureza refrataria, inércia quimica, friabilidade e baixa
resisténcia a tracdo. Além dessas propriedades, possuem excelente estética e
dureza, tornando-as amplamente aceitas tanto pelo profissional quanto pelo paciente
da sociedade moderna, e possibilitando o rapido desenvolvimento deste material no
contexto cientifico, preconizando avancos na odontologia®.

De acordo com a sua fase cristalina, a classificacdo atual das ceramicas
dentais é: feldspatica, reforgcada com leucita, dissilicato de litio, aluminizada infiltrada
por vidro, alumina densamente sinterizada e ceramicas a base de zirconia®.

As ceramicas a base de 6xido de zirconio tém sido bastante estudadas
em virtude de suas excelentes propriedades mecanicas, que Sa4o muito superiores
em relacdo as demais ceramicas odontolégicas®. Garvie, em 1975, sugeriu a
denominacdo de “aco ceramico”, devido as altas propriedades mecanicas da
zirconia’. Segundo Xible et al®, a ceramica policristalina a base de zircénia
tetragonal parcialmente estabilizada por itrio (Y-TZP) € composta de dioxido de
zirconio (ZrO,) exibindo uma estrutura polimérfica, que pode se apresentar em
diferentes fases cristalinas, de acordo com a temperatura: monoclinica, tetragonal ou

cubica.



Com o objetivo de estabilizar a fase cubica ou tetragonal na temperatura
ambiente, o oxido de itrio € adicionado na zirconia pura, gerando um material
polifasico conhecido como zirconia estabilizada. A estabilizagédo na fase tetragonal é
responsavel pela alta tenacidade & fratura de Y-TZP®. Este tipo de ceramica foi
inicialmente empregado na Medicina, pelos ortopedistas, devido ao sucesso com as
suas propriedades e biocompatibilidade’®. Na Odontologia pode-se destacar a
viabilidade de uso das ceramicas a base de Y-TZP na confecc¢éo de infra-estrutura
de prétese parcial fixa, nicleos intrarradiculares**?, bem como para confeccdo de
pilares para préteses sobre implantes’.

As ceramicas de Y-TZP sao comercialmente apresentadas apenas na
forma de blocos, os quais, quando para confeccéo de infraestruturas de PPFs ou de
copings podem ser fresados por um sistema computadorizado denominado
Computer Aided Design - Unidade Computadorizada Acessoria/Computer Aided
Machine - Unidade Fresadora Acessoria (CAD/CAM) ou por um Pantdgrafo, o qual
utiliza um sistema de fresagem manual para confeccéo das IEs.

Apesar da zircbnia possuir excelentes caracteristicas, dentre elas: alta
resisténcia, dureza, modulo de elasticidade e estética favoravel a denticéo
biolégica® °, a literatura tem demonstrado que a uni&o entre o agente cimentante e
a ceramica de Y-TZP pode ser considerada ineficiente’**®, fato que limita a sua
indicacao clinica, principalmente nos casos onde 0s preparos protéticos estdo curtos
ou com acentuada expulsividade, como nos casos de proteses parciais adesivas
(inlay bridge).

Entdo, diversos procedimentos clinicos e laboratoriais tém sido utilizados
para melhorar a unido entre as ceramicas de Y-TZP e o cimento resinoso, como o
jateamento com diversos tipos de particulas ou a aplicacdo de solu¢des especificas
(primers), a fim de tratar as superficies a serem cimentadas'®*%.

A técnica de jateamento com particulas de 6xido de aluminio € preconizada por
varios autores, devidos aos bons resultados de adesdo. Contudo, a maioria dos
estudos n&o apresentam investigacées em longo prazo'®?%. O jateamento além de
de remover a contaminacdo, promover um grau aceitavel de rugosidade as
ceramicas policristalinas aumentando a area de contato e energia de superficie,
resultando em melhoe molhamento e maior angulo de contato®?*. Tal tratamento de
superficie se completa com aplicacdo de solu¢cdes no substrato ceramico. O

monomero acido funcional Mondémero, como o 10 metacriloxidecil dihidrogénio



fosfato (MDP) promove uma unido estavel com a zirconia, devido a capacidade de
reacdo quimica com o didxido de zirconia>.

Ha certo consenso na literatura acerca das vantagens e indica¢fes da
cimentacdo adesiva, que tem mostrado capacidade de conferir maior longevidade
em tais restauracdes, por reforcar a estrutura e aumentar a resisténcia a fratura. A
literatura ja demonstrou que as técnicas de cimentagdo convencional ndo promovem
valores de adesao suficientes. Dentre as vantagens, citam-se melhor selamento de
possiveis falhas da superficie interna, provocadas pela abrasdo das particulas apés
o jateamento®.

Visando avaliar a influéncia de utilizagdo de primer para tratar a superficie
da zirconia quando do uso de cimentos resinosos, Dias de Souza et al. 2011%,
constataram uma maior resisténcia na unido entre zircOnia e cimento resinoso
quando da utilizacdo de um primer, mesmo apos envelhecimento dessas amostras.

Behr et al 2011%" estudaram a resisténcia ao cisalhamento de amostras
que foram jateadas com particulas de 6xido de aluminio previamente a cimentacao,
e submetidas 24 horas e 90 dias de armazenamento. Os valores acima de 10 Mpa
foram considerados clinicamente suficientes, e as médias obtidas ultrapassaram
esse valor.

O procedimento de cimentacdo € imprescindivel para efetividade e
longevidade na unido da zircbnia com o substrato dentério. Considerando-se que

ocorre degradacdo do material em ambientes imidos e em baixas temperaturas®®%.

Ademais, é importante haver uma coeréncia entre o tratamento de superficie e o
cimento resinoso, a fim de que ndo haja maior possibilidade de infiltracdo, pela
diminuicdo da resisténcia adesiva®.

Em nosso estudo, buscou-se aumentar consideravelmente o tempo de
envelhecimento, 60 dias, a fim de mimetizar as degradac¢fes hidroliticas as quais tal
unido é submetida quando em condi¢cées do meio bucal.

Neste sentido, a proposta do presente estudo foi avaliar a influéncia de
diferentes solu¢des, com ou sem jateamento com Oxido de aluminio, na resisténcia
de unido entre um cimento resinoso e uma ceramica de Y-TZP, verificar o efeito do
tipo de solucdo nessa resisténcia de unido e avaliar pela MEV e Esteriomicroscopio
os tipos de fratura provenientes das falhas da unido entre um cimento resinoso e a

Y-TZP.
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ABSTRACT

Purpose : This study evaluated whether universal primers alone could deliver similar level of
adhesion of resin cement to zirconia ceramic when compared to their application in
conjunction with air-borne particle abrasion. Material and methods: Sintered zirconia blocks
(N=160) (Lava, 3M ESPE), (5.25 x 5.25 x 3 mm°®) were embedded in acrylic resin, polished
and randomly distributed into 16 groups (n=10 per group), according to the factors:
"Universal primer” (8 levels) and *“air-particle abrasion” (2 levels): Ctr (control without
application of n universal primer), AP- Alloy Primer (Kuraray), MP- Monobond Plus (Ivoclar),
MZP- Metal Zirconia Primer (lvoclar Vivadent), MZ- MZ Primer (Angelus), Sg- Signum
Zirconia Bond (Kulzer), SbU- Singlebond Universal (3M ESPE) and ZP- Z Prime Plus
(Bisco). The universal primers were also used after air-abrasion (A) of zirconia composing
the following groups: Ctr-A, AP-A, MP-A, MZP-A, MZ-A, Sg-A, SbU-A and ZP-A. Air-abrasion
was achieved using Al,O; particles (110 pym, 2.5 bar, 20 s at 10 mm) in a chairside air-
abrasion device. After ultrasonic cleaning again, universal primers were applied according to
each manufacturer’'s recommendation. The resin cement (RelyX ARC, 3M ESPE) were built
incrementally and photo-polymerized on the zirconia surface using a silicone mold (&=3.5,
height=3 mm). All specimens were stored in distilled water (60 days at 37'C) and then
subjected to shear bond strength test (SBS) in a Universal Testing Machine (1 mm/min). On
a separate set of zirconia specimens, contact angle measurements were made using the
sessile drop technique with a goniometer after the application of universal primers on control
and air-abraded zirconia surfaces. Data (MPa) were analyzed using one-way ANOVA and
Tukey's, and Student’s T-tests (alpha=0.05). Results : When universal primers were used
alone, SbU presented significantly higher mean SBS (19.49+5.84) that those of other primers
(0-9.93+6.61) (p=0.001). When air-abraded, the groups AP-A (14.06+6.05)%°, MP-A
(15.8545.41)*, ZP-A (16.91+7.25)®, SG-A (19.1+2.06)%, SbU-A (11.99+1.45)° showed
significant difference (p=0.03). Adhesive performance of all universal primers was enhanced
after the air-abrasion, with the exception of the SbU and MZ primers. After air-abrasion,
contact angle measurements were lower for the each primer (Without air-abrasion: 28.92-
83.94; With air-abrasion: 27.16-63.01), except for MZP. Conclusion : Air-abrasion with 110
pm Al,O3 followed by universal primer application increased the bond strength of tested resin
cement to zirconia, with the exception of SbU and MZ.

Key words: Adhesion, aluminum oxide, shear bond strength, wettability, yttria stabilized

tetragonal zirconia



Introduction
Zirconia is a polycrystalline ceramic free of silica with higher chemical stability and resistance
to corrosion. This ceramic presents high mechanical resistance, radiopacity and
biocompatibility but clinical failures such as debonding,” and chipping® could limit its
indication especially for resin-bonded fixed dental prosthesis (RBFDP).

It is generally accepted that air-borne particle abrasion procedures followed by silane
application increases adhesion of resin cements to zirconia compared to other surface

conditioning methods.*®?

This method coupled with resin cement containing 10-
methacryloxydecyl dihydrogen phosphate monomer (MDP) delivers satisfactory adhesion
results.® However, air-abrasion procedures and the related deposition parameters may cause
phase transformation from tetragonal to monoclinic, which may be detrimental for the
durability of this ceramic.'®** Hence, the use of other methods, without air-abrasion such as
etchable glaze layer application®** or the use of universal primers? on the cementation
surface of zirconia FDPs were suggested. The primers used for zirconia are typically either
based on y-methacryloxypropyltrimethoxysilane (MPS),> MDP or a combination of them both
creating covalent bond between the crystalline ceramics and the resin cement.*? In addition,
some universal primers also contain methacrylate monomers, fillers and solvents in their
composition affecting their wettability properties.”? Currently, clinicians are under the
dilemma of whether or not to air-abrade zirconia due to possible damaging effect of particles.

The objectives of this study therefore were to evaluate whether universal primers or
silanes alone could deliver similar level of adhesion of resin cement to zirconia ceramic when
compared to their application in conjunction with air-borne particle abrasion. The hypotheses
tested were that a) the use of universal primers would increase adhesion and wettability of
resin cement to zirconia and b) that all universal primers would perform similar in terms of

adhesive strength.

Materials and Methods

The materials used in this study and their respective chemical compositions and
manufacturers, are presented in the Table 1.

Specimens, Bonding Procedures and Testing

Zirconia blocks (N=160) (Lava, 3M ESPE, Seefeld, Germany) (5.25 x 5.25 x 3 mm?®) (Lava,
3M ESPE, Seefeld, Germany) were cut from pre-sintered blanks, ground finished using
silicon carbide papers of #600 to #800, (3M, St. Paul, USA) and sintered in a specific furnace
(Lava Furnace 200, 3M ESPE) according to the manufacturer’'s recommendations. These as-
sintered blocks were embedded in acrylic resin (Classic, Sdo Paulo, Brazil), ground finished
again using silicon carbide papers of #600 to #2000 (3M) and polished with polishing paste
with a particle size of 10 um (Diamond Excel, FGM Dental Products, Joinville, SC, Brazil).
Specimens were then ultrasonically cleaned in isopropyl alcohol for 5 minutes (Ultrasonic

Cleaner, Cristéfoli, Campo Mourdo, Parana, Brazil) The blocks were randomly allocated into



16 experimental groups, according the factors: "Universal primer/silane” (8 levels) and “air-
particle abrasion" (2 levels) (Table 2).

Air-abrasion was achieved using Al,Os particles (110 um, 2.5 bar, 20 s at 10 mm) in a
chairside air-abrasion device (Bio-Art, Sao Paulo, Brazil) attached to a metallic device. The
specimens were again ultrasonically cleaned in isopropyl alcohol for 5 minutes. After
ultrasonic cleaning, universal primers/silanes were applied according to each manufacturer’s
recommendation (Table 2). Control group received no primer.

The resin cement (RelyX ARC, 3M ESPE) were built incrementally in 3 layers and photo-
polymerized on the zirconia surface using a silicone mold (4=3.5, height=3 mm). Each
cement layer was photo-polymerized for 40 s (Radii Cal, SDI, Bayswater, Victoria, Australia)
(light intensity=600mW/cm?).

All specimens were stored in distilled water (60 days at 37'C) and then subjected to shear
bond strength test (SBS) in a Universal Testing Machine (1 mm/min) (Autograph AG-X
10KN, Shimadzu, Kyoto, Japan).

Failure Analysis

After debonding, failure types were analyzed (x100) using a stereomicroscope (Stemi 2000-
C, Carl Zeiss, Jena, Germany). Failure types were classified as follows: PTF: Pre-test
failures during aging; AD: Adhesive failure; CCer: Cohesive failure in the ceramic; CRes:
Cohesive failure of resin cement and MIX: Mixed failure (adhesive failure together with
cohesive failure in the cement).

Contact Angle Measurement

On a separate set of zirconia specimens of each group, contact angle measurements were
made at room temperature (25°C). For this, the sessile drop technique (One Attension, Biolin
Scientific Inc., Stockholm,
Sweden) was used with a goniometer (Theta Lite Il, Biolin Scientific Inc.). After the
application of universal primers, a drop of distilled water was applied on the ceramic surface
by a syringe and contact angle was measured for 10 seconds (30 frames per second).
Statistical Analyses

The means of each group were analyzed by 1-way analysis of variance (ANOVA) in two sets
of group (with and without air-abrasion), with shear bond strength as the dependent variable
and universal primers as the independent factors (Statistix 8.0 for Windows, Analytical
Software Inc, Tallahassee, FL, USA). P values less than 0.05 were considered to be
statistically significant in all tests. Multiple comparisons were made by Tukey's adjustment

test and Student’s t-test.

Results
While all specimens of groups Ctr and Ctr.A showed PTF failures during the specimen
preparation, the specimens of the groups MZ-A, MZP and MZP-A presented PTFs during

aging. PTFs were considered as 0 MPa.



When universal primers were used alone, SbU presented significantly higher mean SBS
(19.4945.84) that those of other groups (0-9.93+6.61) (p=0.001) (Table 3). When air-
abraded, the groups AP-A (14.06+6.05)°, MP-A (15.85+5.41)®, ZP-A (16.91+7.25)*, SG-A
(19.1+2.06)%, SbU-A (11.99+1.45)° showed significant difference (p=0.03). Adhesive
performance of all universal primers was enhanced after the air-abrasion, with the exception
of the SbU and MZ (Table 4).

Besides the PTFs, AD failure types were more frequently experienced followed by MIX
failures (figure 1).

After air-abrasion, contact angle measurements were lower for the each primer (Without
air-abrasion: 28.92-83.94; With air-abrasion: 27.16-63.01), except for MZP (Table 4).

Discussion
Since durable adhesion between zirconia and resin cements is still a clinical challenge, the
present study evaluated adhesion to this ceramic after application of universal
primers/silanes with or without incorporation of air-particle abrasion. The use of almost all
primers improved the adhesion between resin cement and zirconia, compared to the
untreated control group. In addition, air-particle abrasion increased the adhesion and
wettability for the majority of universal primers. Therefore, the first hypotheses could be
accepted. Yet, with and without air-abrasion, universal primers/silanes showed significant
difference in terms of adhesion. Thus, the second hypothesis is rejected. Although adhesion
studies on zirconia often indicates favorable results with the use of silica-coated alumina
particles followed by silanization, in this study, only alumina particles were used in order to
eliminate the possible additional effect of silica particles and siloxane bonds formed through
silane on zirconia.>® Air-particle abrasion with alumina particles increases the surface
roughness, modifying the surface energy and wettability of the ceramic, improving the
micromechanical retention. Indeed, this surface conditioning increased the adhesion almost
two fold even after aging, with the exception of SbU which was a one-component primer
based on MDP, dimetacrylate, HEMA, Vitrebond copolymer, filler, ethanol, water, initiators,
silane. Possibly the water absorbtion of this primer resulted in decreased adhesion as a
consequence of aging. Thus, it has to be noted that even though air-abrasion procedures
may increase adhesion, hydrolytic degradation after aging may surpass the advantage
gained from micromechanical retention. On the other hand, the high incidence of PTFs with
MZ and MZP that contain practically no MDP, clearly indicates the necessity of this monomer
for better conditioning of zirconia for either cementation or repair. Yet, the absence of
cohesive failures in the zirconia substrate and the high incidence of adhesive failures, truly
denote poor quality of adhesion to zirconia with or without air-abrasion.

In general, surface wettability of the universal primers increased after air-particle

abrasion, characterized by reduction in the contact angle measurements. This property may



be of importance for microleakage between the resin material and zirconia but did not

essentially contribute to improved bond strength.

Conclusions

1. Air-abrasion with 110 um Al,O; followed by universal primer application increased the
bond strength of tested resin cement to zirconia, with the exception of SbU and MZ primers.
2. Adhesive failures were more commonly observed in all groups.

3. Air-abrasion improved wettability of zirconia.

Clinical Relevance

Except Scotchbond Universal, all universal primers showed increased bond strength of
RelyX ARC to zirconia compared to control group and the results increased even further after
air-abrasion. Scotchbond Universal may not necessitate air-abrasion when used in
combination with this cement, providing that aging in water decreased its adhesion. The use

of universal primers alone could not completely substitute air-abrasion in bonding to zirconia.
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Tables:
: : " Batch
Brands Material Chemical Composition Manufacturer
number
Zirconia (52% to 59%), oxygen (26% to
34%), Hafnium (3% to 5%), traces of
Y-TZP alumina, silica and sodium (0.8% to 3M ESPE,
Lava® ceramics 1.63%), pigments for coloring shading Seefeld, 391266
blocks infrastructure: iron (0.2% to 1.6%), Germany
magnesium (0.2% to 0.4%), traces of
erbium 66, cerium and praseodymium
Aluminum Alurminum Polidental Ltd,
oxide ide (110 Sao Paulo, 21567
w110y %€ (110pm)  particles of aluminum oxide (110 pm) SP, Brazil
bis-GMA, TEGDMA, silica and zirconia
™ i
N o SeEe T awesee
ARC polymerized : » Seefeld, N303733 e
) persulfate, glass powder, substituted
resin cement . . Germany
dimethacrylate, sodium p-toluene N389041
sulfinate, calcium hydroxide
PA_"Oy MDP, VBATDT, acetone . E“ragay’ 0420AA
fimer Metal Primer OKYy0, Japan
Angelus,
MZ Primer Primer for P-HEMA, methacrylate acid, PMDM, Londrina, PR, 23942
metal, zirconia Brazil

and alumina

Benzoyl peroxide, acetone



Metal/

Phosphonic acid acrylate, dibenzoyl

Ivoclar

Zirconia Pr.lmer.f or peroxide, Methylisobutylketon, tert- Vivadent, P86951
Primer Zirconia butylalcohol Schaan,
y Liechtenstein
Ivoclar
Monobond Universal MDP, y-MPTS, Vivadent, P20536
Plus Primer sulfide methacrylate, ethanol _ Schaan, _
Liechtenstein
Signum Primer for Bond I: Acetone, MDP, acetic acid; Bond H;Jlazz:s
Zirconia o [I: Methyl methacrylate, diphenyl(2,4,6- ’ 010132
Bond Zlreonia trimethylbenzoyl)phosphinoxide Hanau,
Germany
7 Prime Primer for MDP, BPDM, HEMA, ethanol Bisco,
Plus zirconia, metal Schaumburg, 1200005007
and alumina IL, USA
- MDP, dimetacrylate, HEMA, Vitrebond 3M ESPE,
Primer for ,
Scotchbond zirconia, metal copolymer, filler, ethanol, water, Seefeld, 458640
Unlver§al alumina and initiators, silane Germany
Adhesive .
silane
bis-GMA: 2,2-bis[4(2-hydroxy-3-methacryloyloxy-propyloxy)-phenyl]-propane; TEGDMA: triethylene-

glycoldimethacrylate; MDP: 10- Metacriloiloxdecil dihydrogen phosphate; VBATDT: 6-(4- vinylbenzyl-n-propyl)

amino-1,3,5-

triazine-2,4-dithione;

PMDM:

bis(2-Methacryloyloxyethyl)

Pyromellitate;

y-MPTS:  3-

(trimethoxysilyl)propyl methacrylate; BPDM: Biphenyl dimethacrylate; HEMA: 2-hydroxyethyl methacrylate.

Table 1. Brands, types, chemical compositions, manufacturers and batch numbers of the
materials used in this study.

Groups
Air -abrasion Primer Application protocol
Without With
Ctr Ctr-A i
AP AP-A Alloy Primer Apply one drop / wait for 10 s /

gently air-dry for 5 s



MZ

MP

MzZP

Sbu

SG

ZP

MZ-A

MP-A

MZP-A

SbU-A

ZP-A

Apply one drop / wait for 180 s /
MZ Primer
gently air-dry for 5 s

Apply one drop / wait for 60 s /

Monobond Plus gently air-dry for 5 s

Metal/Zirconia Primer Apply one drop / wait for 180 s /
strongly air-dry for 5 s
Apply one drop / agitate for 20 s /
Scotchbond Universal Adhesive gently air-dry for 5 s/ photo-
polymerize for 20 s

Apply one drop from bottle 1 / wait
for 60 s/ gently air-dry for 10 s/
Apply one drop from bottle 2 /
photo-polymerize for 40 s

Signum Zirconia Bond

Apply one drop / wait for 10 s/
Z Primer
gently air-dry for 5 s

Table 2. Experimental groups according to the factors “air-particle abrasion”, “primer” and

application protocol of primers according to each manufacturer’s instruction.

Groups Pre-test Failures (n=10) Shear Bond Strength p value

(SD) (MPa)

Ctr 10 0

MZP 10 0

MZ 0 5.10 (3.90)®

AP 0 5.76 (2.66)° 0.001*

MP 1 6.21 (2.88)°

ZP 0 8.06 (3.86)°

SG 0 9.93 (6.61)°

Sbu 0 19.49 (5.84)"

Ctr-A 10 0

MZP-A 10 0



MZ-A

AP-A

MP-A

ZP-A

SG-A

SbU-A

10

0
14.06 (6.05)*
15.85 (5.41)%*
16.91 (7.25)*
19.10 (2.96)*

11.99 (1.45)°

0.039*

Table 3. Number of pre-test failures (debonding) and mean shear bond strength (Standard

deviations) (MPa) for the experimental groups. Same uppercase capital letters for non air-

abraded group and same uppercase small letters for air-abraded groups do not show

significant difference (*p<0.05).

Shear Bond strength (MPa)

Contact angle (degrees)

Pl Without p-valle Without
With APA With APA
APA APA

Ctr 0 0 - 40.39 35.50
AP 5.76 (2.66)  14.06 (6.05) 0.001* 63.61 55.51
MP 6.21(2.88)  15.85 (5.41) 0.000* 51.59 27.16
MZP 0 0 - 28.92 31.84
MZ 5.10 (3.90) 0 - 31.77 27.31
SG 9.93 (6.61) 19.10 (2.96) 0.000* 83.94 63.01
ShuU 19.49 (5.84) 11.99 (1.45) 0.001* 70.05 44.68
ZP 8.06 (3.86) 16.91 (7.25) 0.004* 55.15 37.42




Table 4. Mean shear bond strength (standard deviations) (MPa) for primers with and without
air particle-abrasion (APA) and contact angle measurements with and without air-abrasion
(*p<0.05).
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Fig. 1 Distribution of failure types (%) in each experimental group. PTF: Pre-test failures
during aging; AD: Adhesive failure; CCer: Cohesive failure in the ceramic; CRes: Cohesive
failure of resin cement and MIX: Mixed failure (adhesive failure together with cohesive failure

in the cement).



3. CONSIDERACOES GERAIS

A utilizacdo da cerdmica na odontologia € uma realidade devido as
qualidades ja consagradas. Atualmente o uso da ceramica a base de Oxido de
zirconio Y-TZP tem sido bastante estudadas e utilizadas para confec¢céo de coopings
ou estruturas de proteses parciais fixas e proteses sobre implante. ceramicas
odontoldgicas, tais como: alta Apresenta excelentes propriedades mecanicas, bem
superiores as demais resisténcia, dureza, baixo médulo de elasticidade e estética
favoravel.

A inexisténcia de um protocolo de unido consagrado na literatura € um
fator limitante para utilizacdo da ceramica de Y-TZP, em situagbes de preparos
protéticos curtos e com expulsividade acentuada. Ademais, a zircbnia é uma
ceramica policristalina acido resistente, que ndo se enquadra aos tratamentos

utilizados na cimentacdo de ceramicas vitreas.

Dentre os varios tipos de tratamentos de superficie existentes, que visam
melhorar a resisténcia de unido entre a superficie ceramica e o agente cimentante, o
jateamento com particulas de 6xido de aluminio associadas a aplicagdo de primers
contendo MDP, possuem a capacidade de reagir € unir-se aos 0xidos que compdem

a estrutura dessa ceramica, apresentando bons resultados.

Além da necessidade de obtencéo de resisténcia de unido adequada, a
permanéncia dessa propriedade frente as alteracbes de temperatura, presenca de
umidade e fadiga mecanica sdo de suma importancia para indicacdo de uso com
adequada vida clinica. Logo, protocolos de envelhecimento que mimetizem as
condigbes do meio bucal a fim de possibilitar analises da real influéncia sobre a

durabilidade da unido desta interface, precisam ser realizados.



4. CONCLUSOES

1. O jateamento com particulas de 6xido de aluminio com 110 um seguido de
aplicacao do primer universal aumentou a resisténcia de unido de cimento resinoso
testado para zirconia, com excec¢ao da Scotchbond Universal Adesivo e MZ primer;

2. As falhas mais comumente observadas em todos o0s grupos foram
Adesivas; e

3. O jateamento com particulas de 6xido de aluminio melhorou molhabilidade

de zirconia.
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