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Resumo
Introdução: Apesar de ser uma das cerâmicas mais estudadas atualmente, a zircônia ainda não possui um protocolo 
bem definido para uma cimentação adesiva. Objetivo: Avaliar a influência de diferentes tempos de condicionamento 
e concentrações do ácido fluorídrico (AF) na superfície da zirconia e na resistência de união entre uma cerâmica 
Y-TZP vitrificada e um cimento resinoso. Material e método: Os tratamentos de superfície foram: jateamento com 
óxido de alumínio revestido com sílica (Co); aplicação de glaze + condicionamento com AF 5% por 5s (G5-5s), 
10s (G5-10s) ou 20s (G5-20s); aplicação de glaze + condicionamento com AF 10% por 5s (G10-5s), 10 (G10-10s) ou 
20s (G10-20s). Em seguida, cilindros de cimento (3,3 × 3,3mm) para teste de cisalhamento foram feitos em todos 
os espécimes. Os espécimes foram submetidos a 6000 ciclos térmicos antes do teste de adesão. As fraturas foram 
analisadas por estereomicroscópio. Os dados foram analisados   estatisticamente por Kruskal-Wallis e Dunn (5%). 
Amostras extra de cada grupo foram feitas para realização de perfilometria e microscopia eletrônica de varredura 
(MEV). Resultado: A resistência de união zircônia-cimento foi afetada pelos tratamentos de superfície (p = 0,001). 
Os grupos G10-5s (2,71 MPa) registraram os maiores valores de resistência de união, seguidos pelos Co (2,05 MPa), 
enquanto os grupos G5 apresentaram o menor valor de união. Falhas adesivas foram predominantes. As análises por 
imagem revelaram que os grupos G5 parecem ser menos rugosos quando comparados aos grupos tratados com AF 10%. 
A criação de poros na superfície vítrea (glaze) ocorreu apenas quando foi utilizado AF 10%. Conclusão: A aplicação 
de camada de vidro de porcelana de baixa fusão foi capaz de superar o jateamento e obter uma maior adesão adesiva 
ao cimento resinoso, no entanto, somente quando foi utilizado 10% de HF por um intervalo de 5 segundos. 

Descritores: Zirconia; glaze; adesão; tratamento de superfície.

Abstract
Introduction: Despite being one of the most studied ceramics today, zirconia still does not have a well-defined adhesion 
protocol. Objective: Evaluate the influence of different etching times and hydrofluoric acid (HF) concentrations on the 
zirconia surface and bond strength between a vitrified Y-TZP ceramic and a resin cement. Materials and method: The zirconia 
surface treatments were: sandblasting with silica-coated alumina (Co); glaze application + 5% HF etching for 5s (G5-5s), 
10s (G5-10s) or 20s (G5-20s); glaze application + 10% HF etching for 5s (G10-5s), 10 (G10-10s) or 20s (G10-20s) . 
Then, cement cylinders (3.3 × 3.3 mm) were built up for shear bond test on all specimens. The specimens were subjected 
to 6000 thermal cycling before the test. Fractures were analyzed by stereomicroscope. Data were statistically analyzed 
by Kruskal-Wallis and Dunn statistical tests (5%). Extra samples of each group were made to obtain profilometry and 
scanning electron microscopy (SEM). Result: Zirconia-cement bond strength was affected by the ceramic surface 
treatments (p = 0.001). G10-5s (2.71 MPa) recorded the highest bond strength values, followed by the Co (2.05 MPa) 
while G5 groups had the lowest bond value. Adhesive failure of the samples predominated. The image analysis revealed 
G5 groups seem to have a lower roughness when compared to groups treated by 10% HF. The creation of pores in the 
low-fusing porcelain glass layer surface occurred only when 10% HF was used. Conclusion: The low-fusing porcelain 
glass layer application was able to overcome the sandblasting and obtain a greater adhesive bond to the resinous cement, 
however, only when 10% HF was used for an interval of 5 seconds. 

Descriptors: Zirconia; glaze; adhesion; surface treatment.
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INTRODUCTION

Among dental ceramics, zirconia has the greatest fracture 
toughness and flexural strength1. In addition, this material has the 
“transformation toughening” mechanism, in which its grains turn 
from a tetragonal to monoclinic phase, with volumetric expansion, 
to prevent crack propagation2.

However, the adhesion between this dental ceramic and the 
tooth, one of the decisive factors for achieving longevity of the 
restoration3-5 it is not established and it is a critical factor6 because 
the hydrofluoric acid (HF) have almost no effects on zirconia due 
to the fact that this material is highly crystalline, without a vitreous 
content4,7-12.

Therefore, it was necessary to develop some different surface 
treatments options to zirconia, trying to promote micro retentions 
and/or make the surface chemically reactive to an adhesive system12. 
These surface treatment options were sandblasting with aluminum 
oxide particles13, laser irradiation14, sandblasting with aluminum 
oxide coated by silica particles3,15, the use of metal primers10,13,14, 
plasma selective infiltration15 and a low-fusing porcelain glass layer 
application16-19 was tried.

This last surface treatment referred as vitrification aims to 
enrich the surface with silicon oxides and allow hydrofluoric 
acid (HF) etch to selectively attack this glass layer and change its 
topography, providing areas for mechanical retention. In addition, 
this etching would increase the ceramic surface energy and its 
adhesive potential, a necessary condition to obtain a stable and 
durable bonding of the resin cement to the substrate5,7,13,20. The silane 
is also applied to ensure a chemical bond, similar to what happens 
in the glass- ceramic adhesion process12,20.

However, the numbers of layers, the ideal HF concentration 
and etching time on this surface is not yet defined. Thus, this 
research aimed to evaluate the influence of different etching times 
and some hydrofluoric acid concentrations on the etching process 
and bond strength between a vitrified Y-TZP ceramic and a resin 
cement. The null hypotheses were: (1) the low-fusing porcelain glaze 
application would not influence the bond strength to the Y-TZP 
ceramic, (2) the HF concentration and (3) the etching time of the 
experimental groups would not alter this result.

MATERIAL AND METHOD

Specimen Preparation

Some Y-TZP zirconia blocks (IPS e.max® ZirCAD - Ivoclar-Vivadent, 
Schaan, Liechtenstein) were sectioned in a cutting machine 
diamond wheel (Isomet 1000, Buehler, Lake Bluff, IL, USA) into 
a square specimens, which were polished with #180, 400, 600 and 
1200 grit silicon carbide papers under water cooling. After this, 
they were cleaned in distilled water for 5 min in an ultrasonic 
bath18. Then, the specimens were sintered in a furnace (Zyrcomat 
T, Vita Zahnfabrik, Bad Sackingen, Germany) according to the 
pre-defined manufacturer’s directions. The final dimensions of the 
blocks were 12 × 12 × 1.5 mm16.

Surface Treatment

The sintered blocks were randomly assigned to seven groups 
(n = 10) according to surface treatment, as follows:

Co (control): The sandblasting with silica-coated alumina was 
performed by Rocatec Soft (3M ESPE, St. Paul, Minnesota, USA) at 
a distance of 10mm between the zirconia surface and the apparatus 
tip (Dento-PrepTM, RØNVIG A / S) with a 45º slope, at 2.8 bars 
of pressure for 15s.

G5-5s: glaze spray (VITA AKZENT Plus, Vita Zahnfabrik, 
German) was applied twice and sintered according to the 
manufacturer’s guidelines. Subsequently, the glazed surface was 
etched with 5% hydrofluoric acid gel (HF) (5% Condac Porcelana 
FGM, Pinheiros, SP, Brazil) for 5 seconds, rinsed with air-water 
spray, and dried. Finally, the samples were cleaned in a sonic bath 
(five minutes in distilled H2O).

G5-10s: glaze spray was applied twice, sintered, etched with 5% 
HF for 10 seconds, rinsed with air-water spray, dried and cleaned 
in a sonic bath (five minutes in distilled H2O).

G5-20s: glaze spray was applied twice, sintered, etched with 5% 
HF for 20 seconds, rinsed with air-water spray, dried and cleaned 
in a sonic bath (five minutes in distilled H2O).

G10-5s: glaze spray was applied twice, sintered, etched with 10% 
HF for 5 seconds, rinsed with air-water spray, dried and cleaned 
in a sonic bath (five minutes in distilled H2O).

G10-10s: glaze spray was applied twice, sintered, etched with 
10% HF for 10 seconds, rinsed with air-water spray, dried and 
cleaned in a sonic bath (five minutes in distilled H2O).

G10-20s: glaze spray was applied twice, sintered, etched with 
10% HF for 20 seconds, rinsed with air-water spray, dried and 
cleaned in a sonic bath (five minutes in distilled H2O).

After conditioning the Y-TZP bonding surface, all blocks were 
fixed in a cylinder fulfilled by acrylic resin with the adhesive interface 
perpendicular to the horizontal plane. All of the specimens were 
submitted to silanization for five minutes (RelyX Ceramic Primer).

A pilot was performed by applying only once the glaze spray 
in each sample. However, when this was done all samples failed 
prematurely to the shear bond test. For this reason, the double 
application of the same was done.

Cement Application

A cement was mixed (RelyX ARC, 3M ESPE, St. Paul, Minnesota, 
USA) and applied using a syringe (Centrix Syringe system, Dentsply 
Detrey, Konstanz, Germany) inside two silicon matrix (3mm 
internal diameter by 2mm) by block that had been placed on the 
ceramic surface, totaling twenty adhesive interfaces per group to 
be tested. The resin cement was light-cured for 40 seconds (Valo, 
Ultradent, South Jordan, USA). After luting, all samples were 
stored in distilled water (Olidef, Ribeirão Preto, São Paulo, Brazil) 
at 37 °C for 24 hours. Next, the silicon matrices were removed with 
blades (Becton Dickinson, New Jersey, USA), obtaining the final 
specimens for the research18.
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Aging Procedure

After the luting process, all the specimens were subjected to 
thermal cycling aging for 6.000 cycles (Nova Ética, São Paulo, SP, 
Brazil) at 55 °C (± 2°) and 5°(± 2 °C) with 30s immersion baths 
and transfer bath time was 2s18.

Shear Bond Strength Test

Shear bond tests were performed in a universal testing machine 
(EMIC DL 1000, Sao Jose dos Pinhais, PR, Brazil). A 10 kgf load 
was applied to the adhesive interface at a constant crosshead speed 
of 1.0 mm/min. The specimens were subjected to shear stress by 
steel wire orthodontic (ϕ = 0.5 mm) until debonding18 (Figure 1).

Failure Analysis

The fractured surfaces were analyzed by stereomicroscope 
(Discovery V20; Carl-Zeiss, Gottingen, Germany) at 20x magnification. 
The failures were classified as adhesive, cohesive or mixed failure.

Surface Characterization

One of the extra samples was also examined in a digital optical 
profilometer (Wyko, Modelo NT 1100, Veeco, Tucson, USA) 
connected to a computer with image software (Vision 32, Veeco, 
Tucson, USA) to perform surface micrographs (qualitative analysis 
of three-dimensional geometry).

The same samples were then cleaned with 70% alcohol (Alves 
Santa Cruz Ltda. - Guarulhos, São Paulo, Brazil), dried and metallized 
(EMITECH SC7620), receiving a thin layer (12nm) of gold alloy. 
They were examined using a scanning electron microscope (SEM; 
INSPECT S50, FEI, Czech Republic) to obtain mapping, backscattered 
electron detector (BSE) and conventional SEM images.

Statistical Analysis

To evaluate the surface treatment influence on bond strength, 
the data were submitted to Kruskal-Wallis and Dunn statistical 
tests. The significance level for all tests was 95%.

Figure 1. For the samples preparation, the pre-sintered YTZ-P zirconia blocks were sliced with a thickness of 2mm (A). These slices were polished 
and sintered (B). After the surface treatments, they were individually included in acrylic resin (C). After the resin cure, the cementation process 
started (D), for the subsequent execution of the shear bond test (E).
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Table 1. Dunn test results for bond strength values (MPa) 

n Mean ± Std Deviation

Co 16 2.05 ± 0.82 B

G5-5s 8 0.26 ± 0.07 CD

G5-10s 9 0.11 ± 0.08 D

G5-20s 6 0.18 ± 0.13 D

G10-5s 8 2.71 ± 0.61 A

G10-10s 7 0.54 ± 0.08 C

G10-20s 16 2.03 ± 0.88 B

Different letters indicate a significant difference between groups.

Figure 2. Microscopy in a stereomicroscopy (20x magnification) after 
the shear test indicating the adhesives failure, in which the cement was 
released from YTZ-P ceramic.

Figure 3. Micrographs (1000x) and 3D images of the surface roughness 
after the surface treatments. (A, B) Control group; (C, D) G5-5s; (E, F) 
G5-10s; (G, H) G5-20s; (I, J) G10-5s; (K, L) G10-10s; (M, N) G10-20s. 
The groups with the low-fusing porcelain glass layer etched with 10% HF 
have a rougher surface in the 3D images and the scanning microscopes 
show the creation of pores (pointed by the arrows) that can help in 
the micromechanical retention of the ceramic to the resin cement.

RESULT

Shear Bond Strength Test and Failure Mode

The Kruskal-Wallis test revealed a significant interaction of the 
surface treatment (p = 0.001). Using Dunn’s test (p ≤ 0.05), it was 
possible to verify that bond strength mean values of the G10-5s 
group were statistically higher, followed by Ro and G10-20s. 
G10-10s and G5 groups had the lower bond strength results. Pre-test 
failures occurred in all groups, reducing the “n” of each of them 
(Table 1). They were characterized by cement detachment during 
thermocycling. Stereomicroscopic analysis revealed complete 
adhesive failures (100%) (Figure 2).

Surface Analysis

The profilometry analysis showed that the groups etched by 
5% HF seem to have a lower roughness when compared to groups 
treated by 10% HF. In the SEM images, it can be noticed that the 
creation of pores in the low-fusing porcelain glass layer surface 
occurred only when 10% HF was used.
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DISCUSSION

As mentioned, the goal of this study was to evaluate the 
influence of different the etching times and the hydrofluoric acid 
concentrations on the etching process and bond strength between 
a vitrified Y-TZP ceramic and a dental resin agent, without 
MDP (10-methacryloyloxydecyl dihydrogen phosphate). In this 
research, the application of the double low-fusing porcelain glass 
layer followed by the 10% HF etching was more effective for bond 
strength than the control group, which leads to the negation of the 
first null hypothesis.

This fact can be a good thing, because despite airborne particle 
abrasion for densely sintered all-ceramic restorations improve 
micromechanical retention by means of surface roughening 
(Figure  3)21, such processes can create cracks on restoration 
surface and decrease its strength to some extent13. Although only 
G10-5s presented better results than control, the thin glass layer 
applied to the zirconia surface presents as an advantageous and 
non-destructive treatment that enriches the surface with silicon 
oxides, which facilitates chemical bonding by the silane application5,13. 
In addition, the vitrification allows HF etching of the glass layer, 
which modifies the surface topography and creates micromechanical 
retentions7,13,21. This surface treatment was proof efficient even by 
fatigue survival tests19.

The data also showed that the 5% HF etching of the low-fusing 
porcelain glass layer generated almost null bond strength, lower 
than the control group and those conditioned with 10% HF, except 
for G10-10s, which presented values similar to G5-5s, leading to 
the partial negation of the second null hypothesis. This may have 
happened because of the lower surface roughness observed when the 
conditioning is performed with 5% HF (Figure 3), which resulted in 
a lower micromechanical retention. According to some authors1,12, 
the micromechanical retention is more favorable for adhesion of 
the luting material to the Y-TZP than the chemical bond that is 
created due to the increase of silica on the treated surface.

This low concentration of HF did not even allow conditioning 
time to influence surface properties, unlike when 10% HF was 
used. In the G10 groups, it was noticed that a shorter conditioning 
time (5s) produced a better resistance to adhesion, which leads 
us to partial acceptance of the third null hypothesis. Differently 
from that of Wandscher et al.22, however, these studies can not be 

compared due to the different design of the specimens and the use 
of different luting agents.

Failure analysis indicated that these were always adhesive 
(Figure 2), independently of the groups, and the zirconia blocks 
were adhesive and cement free. This has also been observed in 
other studies3,10,23. These failures may be associated with several 
factors: thermal expansion difference between the materials23,24, 
processing techniques, phase transformation and factors related 
to the adhesive system24. The adhesive system used in this research 
does not have MDP, which is a monomer designed to bond to metal 
oxides such as zirconium. This may explain our low bond results, 
which, despite being close to that found by Wandscher et al.22, are 
lower than the ones that used MDP adhesive systems1,12,23.

Another factor that may be responsible for the low values of 
bond strength found is thermocycling. In this research, the number 
of 6000 thermal cycles was adopted, a quantity also used by other 
researchers13, who had also reported reduced union strength 
or premature failure due to thermocycling. The combination of 
hydrolytic degradation, diffusion of water into the interfacial layer and 
thermal irradiation during thermal cycles favors this degradation13. 
With this, it is observed that zirconia and its adhesive interface are 
sensible to aging. According to Ntala et al.5, even cemented parts 
with adhesive systems that have MDP have their adhesion reduced 
after thermocycling, but the presence of this phosphate monomer 
would generate conditions capable of better supporting this aging.

From the analysis performed, the application of double low-fusing 
porcelain glass layer followed by the 10% HF etching seems to be 
a path to obtain adhesion to Y-TZP ceramics, with G10-5s being 
the group with best results. However, this laboratorial research has 
limitations and other protocols have yet to be evaluated, such as 
application of powder/liquid glaze by brush technique, in order to 
obtain better standardization of the glaze application, which does 
not seem to be guaranteed with the spray application.

CONCLUSION

The double low-fusing porcelain glass layer application was able 
to overcome the sandblasting and to obtain a greater adhesive bond 
to the resinous cement, however, only when 10% HF was used for 
an interval of 5 seconds.
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