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Low-Fusing Porcelain Glaze
Application on 3Y-TZP Surfaces can
Enhance Zirconia-Porcelain Adhesion

Ligia Tiaki Yamamoto', Vinicius Anéas Rodrigues’, Lucio Strazzabosco
Dornelles?, Marco Antonio Bottino’, Luiz Felipe Valandro?, Renata Marques
de Melo'

The aim of this study was to assess whether surface treatment improves zirconia-porcelain
adhesion. The 3Y-TZP blocks were cut into squares, then polished and sintered. The
zirconia surface treatments were performed as follows: no treatment (C); tribochemical
silica coating (TBS); glaze application + hydrofluoric acid etching (GA); glaze application
+ hydrofluoric acid etching + silanization (GAS); deposition of silica nanofilm (NF). After
treatments, veneering porcelain cylinders (3.3 x 3.3 mm) were built up on all specimens
and fired. Then the specimens were subjected to thermal cycling (6000 cycles), and
subjected to shear test. Fractures were analyzed by stereomicroscopy and SEM. Data were
statistically analyzed by 1-way ANOVA and Tukey's test (5%). Zirconia-porcelain bond
strength was affected by the ceramic surface treatments (p=0.0001). GA (19.5+3 MPa)
and GAS (16.2+4 MPa) recorded the highest bond strength values, while control group
had the lowest bond value (10.1+4 MPa). Adhesive failure of the samples predominated.
Therefore, glaze application as 3Y-TZP treatment before veneering porcelain stratification
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may enhance zirconia-porcelain adhesion.

Introduction

The esthetics of veneering porcelain and the strength
of the zirconia frameworks appears to be a successful
combination for bilayered metal-free restorations. However,
clinical failures of these kinds of restorations range between
13.0% at 3 years and 15.2% at 5 years (1-5).

Failuresin porcelain can be caused by several conditions,
such as the ceramic surface finishing, surface grinding,
and inappropriate cementation technique. In bilayered
restorations, the residual stress due to differences in
thermal expansion coefficients of zirconia and veneer
porcelain and the low thermal diffusivity of zirconia can
also lead to failure (debonding) at the porcelain-zirconia
interfaces (6-9).

Therefore, many studies have been carried out in an
effort to improve the bond strength of the zirconia-
porcelain interface with different zirconia surface
treatments to reduce the amount of chipping and/or
delamination of porcelain material veneered on yttrium-
stabilized polycrystal zirconia (3Y-TZP) (10-13).

With tribochemical silica coating by air-abrasion of
silica-coated aluminum oxide particles, a silica coating
is created on the surface, and roughness is increased
(14). Another method is the application of a thin layer
of low-fusing porcelain glaze on the zirconia, creating a
graded interlayer between the zirconia/porcelain® being
an effective way to cope with the problem of deleterious

strength, nanofilm.

delamination (8).

Another possibility is silica nano-films obtained by
sputtering. The deposition process consists of accelerating
argon ions against the silica target, depositing the ejected
material onto the substrate (zirconia surface), with the
Si0, thin film is deposited by the magnetron sputtering
PVD process, where the 3Y-TZP blocks and the silicon
dioxide target are positioned in a vacuum chamber. After
presputtering, the substrate holder is placed over the target,
thus initiating the deposition process, controlling the time
required for exposure of the substrate to the plasma to
the desired film thickness. Such treatments on 3Y-TZP
can create a more gradual interface between zirconia
and ceramics, preventing andfor diminishing porcelain
delamination and chipping (13).

Thus, the development and evaluation of new zirconia
surface conditionings for zirconia-porcelain bond
improvement are important for reducing the failures of
restorations with 3Y-TZP frameworks veneered by porcelain.
As suggested in other studies (8,12), a continuous effort
for the improvement of the global mechanical behavior of
porcelain-zirconia restorative systems is necessary.

There are few studies in the literature comparing the
application of glaze to 3Y-TZP and veneering porcelain
with the purpose of enhancing the adhesion between these
materials. Thus, this work aimed to evaluate the effects
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of different zirconia surface conditioning applications on
zirconia/porcelain bond strength. The null hypothesis was
that there would be no differences in zirconia/porcelain
bond strength via conventional ceramic treatments,
treatment with silica-based nanofilm and the treatment
with low-fusing porcelain glaze applications.

Material and Methods
Specimen preparation

3Y-TZP zirconia blocks (40 x 19 x 15.5 mm; In-Ceram
YZ, Vita) were sectioned by means of a cutting machine
diamond wheel (Isomet 1000, Buehler, Lake Bluff, IL, USA)
into a square shaped specimens, which were polished with
#180-, 400-, 800- and 1200-grit silicon carbide papers
under water cooling and cleaned in distilled water in an
ultrasonic bath for 5 min. Then, the specimens were sintered
in a furnace (Zyrcomat T, Vita Zahnfabrik, Bad Sickingen,
Germany) according to the manufacturer's directions. The
final dimensions of the blocks were 12 x 7.5 x 1.6 mm.

Surface treatment

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

C group (control): No treatment was applied to the
ceramic surface.

TBS group: The zirconia was airborne-particle-abraded
with 30 pm aluminum oxide particles (Rocatec™ Soft, 3M
ESPE, Seefeld, Germany) at 2.5 bar pressure and a distance of
10 mm for 10 s. Subsequently, a layer of silane (Monobond
Plus, 3M, ESPE) was applied onto the surface for 1 min.

GA group (glazing + hydrofluoric acid): Vita Glaze
Akzent powder and liquid (VITA AKZENT, Vita Zahnfabrik)
were mixed and a slurry was applied to the delimited
bonding area by the silicon matrix, with the help of a
brush and a first sintering was performed according
to the manufacturer's instructions. Then 10% hydrofluoric
acid (Dentsply, Petropolis, Brazil) was applied for 1 min,
after which the surface was cleaned by air-water spray
and gently dried.

GAS group (glazing + hydrofluoric acid + silane): The
same procedure as in the GA group was performed. A layer
of silane (Monobond Plus; 3M, ESPE) was then applied
for 1 min.

NF group (nanofilm): A 5-nm layer of silica-based
nanofilm was applied at the Magnetism and Magnetic
Materials Laboratory, UFSM (Santa Maria, Brazil), by means
of the magnetron sputtering PVD process, as follows: the
3Y-TZP blocks and the silicon dioxide target were positioned
in a vacuum chamber. The atmosphere inside the chamber
was pumped down to 1027 Torr. Argon gas was admitted
into the chamber at a flow rate of 20 sccm, with the pressure
maintained at 5.2 mTorr. Presputtering of the target was

544

performed, after which the substrate holder was placed
over the target, thus initiating the deposition process. The
deposition process consisted of accelerating argon ions
against the silica target, depositing the ejected material
onto the substrate (zirconia surface) located in front of the
bombarded target. Time of deposition was 90 s.

Veneering Porcelain Application

After the zirconia surface treatment, veneering
porcelain cylinders were built up using a silicone template.
The porcelain powder (VITA VM9 3M2 Base Dentine; Vita
Zahnfabrik) was mixed with modeling liquid (Modelling
Liquid; Vita Zahnfabrik) and the cylinder was constructed
(3.3 mm in diameter and 3.3 mm in height) on the 3Y-TZP
conditioned surface. The set was then sintered in a porcelain
furnace (VITA VACUMAT 6000MP) and a first sintering was
performed, according to the schedule recommended by
the manufacturer: pre-drying at 500 °C for 6 min, heating
to 910 °C at a rate of 55 °C/min, kept under vacuum for
1 min, cooled down to 800 °with the oven completely
closed, cooled down to 600 °C with the oven 25% open
and finally cooled down to room temperature with the
oven completely open.

Aging Procedures

After porcelain firing, the specimens were subjected to
thermal cycling for 6.000 cycles at 55 °C (+2 °) and 5 °(+2
°C) with 30 s immersion baths and transfer time from one
bath to another was 2 s.

Shear Bond Strength Test

Each specimen was embedded in acrylic resin with the
adhesive interface perpendicular to the horizontal plane.
Shear bond tests were performed in a universal testing
machine (EMIC DL 1000, Sio José dos Pinhais, PR, Brazil)
with a metallic device used to position the specimen in the
machine. A 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
(¢=0.5 mm) until debonding.

Failure Mode Evaluation

The fractured surfaces were analyzed by stereomicroscopy
(Discovery V20; Carl-Zeiss, Gottingen, Germany) at 50x
magnification and some specimens were selected for
analysis by scanning electron microscopy (SEM) (Inspect
S50, FEl, Hillsboro, OR, USA).

Statistical Analysis

Statistical analysis was performed with MiniTab 16
software (MiniTab Inc., State College, PA, USA). Mean and
standard deviation (SD) values of shear bond strength were



analyzed with 1-way ANOVA and Tukey's test. p values less
than 0.05 were considered statistically significantin all tests.

Results

One-way ANOVA showed that the zirconia-porcelain
bond strength was affected by the ceramic surface
treatments (p=0.0001). The highest bond strength values
were obtained in the groups that utilized glaze and
hydrofluoric acid (GA and GAS), while the lowest bond
strength value was observed in the control group (Table 1).

Failure mode analysis showed adhesive failure
predominated (mainly adhesive within the zirconia)
(91.66%). Mixed failures (predominantly cohesive within
the porcelain) were observed in 8.33% of the samples,
and no mainly cohesive failure was found. Representative
micrographs of the failures are shown in Figure 1.

SEM images showed the morphological differences on
the surface of the zirconia core after surface treatments
(Fig. 2).

Discussion

Asreported in the literature, the most recurrent problem
of zirconia-porcelain restorations is the occurrence of
chipping or delamination in veneering porcelain. Surface
treatments have been studied on zirconia to improve bond
compatibility between the two ceramics and appear to
be important to improving bond strength (13,15-19). The
present work found that porcelain glaze application on the
zirconia core before veneering porcelain cylinder build-up
promoted zirconia-porcelain bond improvements, while the
untreated group showed the lower bond strength result.

In this study, we found that the application of the
glaze + hydrofluoric acid and glaze + hydrofluoric acid
followed by silane (GA and GAS groups, respectively) to the
zirconia surface before the application of the veneering
porcelain improved bond strength. The high bond strength
between the zirconia and the veneering porcelain when
glaze was applied to the zirconia surface may be due to
porosity created after hydrofluoric acid treatment, which

Table 1. Means (+SD) in MPa for all groups

Groups n Mean+SD*
Control (C) 10 10.1x4¢
Tribochemical silica coating (TBS) 7 12.4x4 5b¢
Glaze + HF (GA) 10 19.5+32
Glaze + HF + Sil (GAS) 10 16.2+42b
Nanofilm (NF) 11 12.0+3.5b¢

Different letters indicate no statistically significant difference (Tukey’s
test; p<0.05).
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allowed for a better micromechanical interlocking between
the materials (10). Glazing the zirconia surface before
the application of the porcelain may be analogous to the
application of a wash dentin layer, as suggested by the
manufacturer, which improves the interaction with zirconia
and at the same time increases its wettability to receive the
porcelain layers. This can be explained by the interdiffusion
of glass on zirconia before veneering porcelain as shown
in Raman spectra where some chemical elements such as
silicon, sodium, aluminum and potassium diffused in the
zirconium dioxide layer. This is possible because of defects
in the crystalline solid (20).

Airborne particle abrasion with silica-coated aluminum
oxide is considered an excellent treatment to improve the
bond strength between zirconia and resin cement, through
the creation of micromechanical retention on the zirconia
surface (21,22). Aluminum oxide particles coated with silica,
30 microns at 2.5 bar pressure were chosen due to less
damage, leading to minor phase transformation (14,23).
In this work, silica deposition may not have been adequate
to optimize adhesion, since it may have melted due to the
high temperature of porcelain sintering. In addition, this
procedure can induce micro-cracks at the inter-granular
level, which may impair restoration longevity. In comparison
it with glaze application, the latter does not resultin surface
damage and improves adhesion between the ceramics by
siliceous oxides present in the composition.

With regard to the silane use, although it is part of a
protocol related to resin bonding to zirconia, our belief was
that the polymeric molecules would partially evaporate and
the remaining silica would assist adhesion. This assumption
was not confirmed though.

The advantages of the nanofilm technique include
fast and controlled silica deposition at low temperature,
compared with low fusing glass application. In addition, the
thickness and chemical composition of the film can also be
controlled. Another positive factor of the nano-coatingisits
nanometer thickness (13,19)- A previous study showed that
nanofilm could be a favorable alternative to the deposition
of silica on the Y-TZP (13), promoting high bonding strength
among ceramics. The disadvantage of this technique is
the requirement for specific equipment, whereas GA, GAS
and CJ groups require only routine laboratory equipment.
Our results showed that this method did not improve the
bonding between the materials, probably as a result of
changes in the film at high temperatures.

In terms of bond test, as it is known, the shear test is a
simple test to evaluate bond strength between substrates
and adherents (for instance, ceramic/ceramic or ceramic/
cement interfaces), but it presents limitations as the
inhomogeneous stress distribution and high percentages
of cohesive failures, therefore it has been criticized in the
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literature (24-27). In spite of that, considering that the was not considered. To minimize the limitations in stresses
Y-TZP substrate that has a high crystalline content and distribution at bond interfaces, we used steel wire, which
is very hard, the obtaining of sticks for microtensile test leads to better stress distribution during the shear test (24).

Figure 1. Failure analysis. In all groups there
was exposure of the zirconia surface. In GA and
GAS, glaze was seen surrounding the failure.
White arrows indicate zirconia. Black arrows
indicate remaining porcelain.

Figure 2. Micrographs after zirconia surface
treatments and before veneering porcelain
application. In TBS, the topographical changes
made by silica air-abrasion on the zirconia
surface are seen. In GA and GAS, a glass layer
and some irregularities (arrows) are depicted.
For silica nanofilm, no zirconia surface
alteration can be noted, even that the nanolayer
coats the surface.




Further studies should consider the inclusion of a wet
environment and fatigue when porcelain-zirconia crowns
are tested.

In conclusion, the application of a layer of porcelain
glaze is a viable alternative for improving the zirconia-
porcelain adhesion.

Resumo

0O objetivo do estudo foi avaliar o efeito de tratamentos de superficie
para melhora a unido entre zirconia-porcelana. Os materiais testados
foram 3Y-TZP e VM9. Os blocos de 3Y-TZP foram cortados em quadrados,
polidos e sinterizados. Os tratamentos de superficie foram: Rocatec soft e
aplicacio desilano (TBS), vitrificagdo e acido fluoridrico (GA), vitrificacéo,
acido fluoridrico e aplicagdo de silano (GAS), deposi¢do de nanofilme de
silica (NF) e auséncia de tratamento (C). Apds os tratamentos, cilindros
de porcelana foram construidos sobre as amostras e sinterizados. Apos
a sinterizacdo da porcelana, todas as amostras foram submetidas a
ciclos térmicos (6000 ciclos). Em seguida, os espécimes foram acoplados
em uma maquina de ensaio universal e foi realizado o teste de micro
cisalhamento a uma velocidade de 1,0 mm/min. As fraturas foram
analisadas por estereomicroscopio € MEV. Os dados foram submetidos
a ANOVA 1fator e teste de Tukey (5%). A resisténcia de unifo zirconia-
porcelana foi afetado pelos tratamentos de superficie de cerdmica
(p=0,0001). GA e GAS registraram os maiores valores de resisténcia de
unido, os valores mais baixos de resisténcia de unido foram observados
no grupo C (auséncia de tratamento) (19,5 + 3, 16,2 + 4% e 10,1 + 4°
respectivamente). Houve predominancia de falhas adesivas. Portanto, a
vitrificacdo pode ser considerada uma opg¢do para aumentar a resisténcia
de unido entre zirconia-porcelana.
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