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ABSTRACT

Objective: to evaluate the effect of aluminum
oxide sandblasting (AOS), argon plasma application
(APL) and their combination (AOS+APL) on the
shear bond strength (SBS) of dual-cure resin
cement (Panavia F 2.0, Kuraray Noritake) to two
zirconia-based ceramics (Lava, 3M ESPE and Katana,
Kuraray Noritake). Material and Methods: One
hundred twenty zirconia plates (13 mm in length
X 5 mm in width X 1 mm in thickness) were
prepared and treated according to the following
treatments: 1- AOS, 2- APL,3- AOS+APL and 4-
no treatment (control). After treatments, resin
cement cylinders (1.4 mm in diameter x 1 mm in
height) bonded to zirconia surface were obtained by
filling up the silicon matrix. The shear bond test was
performed following storage of the samples for 24
hours and one year. Bond strength values were
recorded in MPa and the data were analyzed by
three-way ANOVA and Tukey post-hoc test (preset
alpha of 0.05). Results: In general, AOS and AOS
+APL showed the higher SBS. After one-year storage,
SBS of the resin cement to the Katana zirconia did
not reduce, regardless of the zirconia surface
treatment. Conclusion: AOS alone was able to
increase the SBS of the resin cement to both zirconia
ceramics compared to control and SBS remained
stable after one year depending on type of zirconia
ceramic.
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RESUMO

Objetivo: avaliar o efeito do jateamento de dxido de
aluminio (AOS), aplicacdo de plasma de argonio (APL)
e sua combinacdo (AOS + APL) na resisténcia ao
cisalhamento (SBS) do cimento resinoso dual (Panavia
F 2.0, Kuraray Noritake) a duas ceramicas a base de
zirconia (Lava, 3M ESPE e Katana, Kuraray Noritake).
Material e Métodos: Cento e vinte placas de zirconia
(13 mm de comprimento X 5 mm de largura X 1 mm
de espessura) foram preparadas e tratadas de acordo
com os seguintes tratamentos: 1- AOS, 2- APL, 3- AOS
+ APL e 4 - sem tratamento (controle). Apos realizados
os tratamentos, com a utilizacdo de uma matriz de
silicone (1,4 mm de didmetro x 1 mm de altura) foram
confeccionados cilindros de cimento resinoso na superficie
da zirconia. O teste de cisalhamento foi realizado apds o
armazenamento das amostras por 24 horas e um ano. Os
valores de resisténcia de unido foram registrados em MPa
e os dados foram analisados por ANOVA de trés fatores e
teste post-hoc de Tukey (alfa de 0,05). Resultados: Em
geral, AOS e AOS + APL apresentaram a maior SBS. Apds
um ano de armazenamento, o SBS do cimento resinoso
para a zirconia Katana néo reduziu, independentemente
do tratamento da superficie da zirconia. Conclusao: AOS
isoladamente foi capaz de aumentar a SBS do cimento
resinoso para ambas as zirc6nias em comparacdo com
o controle e a SBS permaneceu estdvel apds um ano,
dependendo do tipo de zirconia.
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INTRODUCTION
Y ttria-stabilized tetragonal zirconia
polycrystals  (Y-TZP) have  gained

prominence in the field of Dentistry because
of their favorable mechanical and aesthetic
properties that enable this material to be used
appropriately as an alternative for indirect
restorations with metallic infrastructure.
However, its molecular structure and
composition does not allow good adhesion to
the resin cements without treatment of their
surfaces [1]. Some studies have suggested
combining micromechanical retention and
chemical bonding in order to provide efficient
adhesion of resin cements to zirconia ceramics.
For the traditional ceramics, the hydrofluoric
acid etching that aims to dissolve the glassy
phase and create microporosities does not
promote the same results for Y-TZP, because
zirconia ceramics contain only crystalline phase
without the glassy phase [2].

Studies have shown that the sandblasting
with aluminum oxide abrasive particles creates
roughness on the Y-TZP ceramic [3] and when
compared to other types of treatments, such as
laser irradiation [4] better bonding is obtained.
Although these methods yield satisfactory
results, the mechanical stress caused by the
sandblasting with abrasive particles produces
surface defects following the repetitive impacts
of the aluminum oxide particles [5]. Thus,
the damage generated may be detrimental in
the long-term and the fatigue resistance of
zirconia-based ceramics may decrease after
sandblasting [6], as demonstrated by Zhang et
al. [7], in which sandblasting reduce zirconia
flexural strength by up to 30% compared to
well-polished specimens.

A possible alternative would be the use of
plasma generated from argon gas. Plasma acts
by changing the functional groups on different
treated surfaces torender an inactive (nonpolar)
material reactive (polar), without its structural
properties being impaired [8]. The application
of plasma increases the surface energy of the
treated substrate, favoring molecular chemical

interactions and consequently has the ability
to promote better adhesion results between
Y-TZP and resin cements [9,10]. In order to
test the ability of argon plasma to improve the
bond strength, this study evaluated the effect
of sandblasting with aluminum oxide, argon
plasma application and their combination on
the shear bond strength of resin cement to two
Y-TZP ceramics. Additionally, to estimate the
bonding durability of resin cement to treated
zirconia; samples were testedafter water-
storage for 24 hours and one year. The null
hypotheses were that (1) argon plasma alone or
combined with sandblasting would not improve
the bond strength when compared to untreated
zirconia and (2) the water-storage for one year
would not reduce the bond strength.

MATERIAL AND METHOD

Materials and Experimental groups

Sixteen experimental groups were
formed according to two Y-TZP ceramics
investigated (Katana, Kuraray Noritake Dental
Inc., Tokyo, Japan and Lava, 3M ESPE, St.
Paul, MN, USA), two storage times of the
specimens in water (24 hours and 1 year) and
four surface treatments of the zirconia, which
were:

e None (control)
* Argon plasma application( 30 seconds)

e Aluminum oxide sandblasting (20
seconds)

* Aluminum oxide sandblasting + argon
plasma application

Sample preparations

Sixty Katana plates and 60 Lava plates
with dimensions 13 mm long X 5 mm wide X 1
mm thick were used. The plates were obtained
from CAD/CAM disks, which were cut with a
diamond disk (Buehler) and flattened with
600-grit SiC abrasive paper before sintering.
The zirconia plates were randomly divided
into 16 groups (n = 15).
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Sandblasting was performed for 20
seconds, using and 50 um aluminum oxide
abrasive particles and microetcher intraoral
sandblaster (Danville Materials, Inc., San
Ramon, CA, USA). Argon plasma treatment
used was the Surface plasma tool model SAP
- Lab applications (Surface — Engineering and
Plasma Solution Ltda, Campinas, SP, Brazil).
Argon was used as the working gas (Praxair
4.8, White Martins Gases Ind. S.A., Rio de
Janeiro, RJ, Brazil), with an output of 1.0 liter
per minute.

After surface treatments or not
(control), two cylindrical silicon matrices were
positioned on the zirconia surfaces. The dual-
cure resin cement (Panavia F 2.0, Kuraray
Noritake Dental Inc., Tokyo) was manipulated
according to the recommendations of its
manufacturer and applied into the hole of the
matrices using an explorer probe # 5 (Hu-Friedy
Mfg.Co. LLC, Chicago, IL, USA). Afterwards,
the resin cement was photoactivated for 20
seconds with a light-curing unit (860 mW/cm?,
Valo, Ultradent Products Inc., South Jordan,
UT, USA). The matrices were removed and two
resin cement cylinders with dimensions of 1.4
mm in diameter and 1mm in height (bonding
area of 1.53 mm2 on the zirconia surface).
The zirconia plates with the two resin cement
cylinders were stored in deionized water at
370C for 24 hours.

Shear bond strength test

The zirconia plates were fixed to shear
device using cyanoacrylate-based glue (Super
Bonder, Loctite/Henkel Ltda, Diadema, SP,
Brazil), which was coupled to the universal
test machine (EZ-Test, Shimadzu, Kyoto,
Japan). The loading was applied to the base
of the resin cement cylinders with a blade-
shaped device at a speed of 0.5 mm/min until
fracture. One cylinder of the resin cement

was tested after 24 hours and the other after
one year of storage in water. This water was
replaced every 15 days. The value of each
specimen was obtained in kilogram-force
(KgF) and was converted into MegaPascal
(MPa). Shear bond strength data were
analyzed by three-way (factors under study:
Treatment, Type of zirconia and Evaluation
time)analysis of variance (ANOVA; repeated
measures approach) and Tukey post-hoc test
(preset alpha of 0.05).

RESULTS

Means and standard deviations of shear
bond strength obtained are presented in
Table 1.Three-way ANOVA showed that bond
strength results were influenced significantly
by the treatmentused (p < 0.0001), type of
zirconia (p < 0.0001) and storage period
(p < 0.0001). Also, the double interactions
“treatment vs type of zirconia” and “type of
zirconia vs storage period” were significant (p
= 0.0009 and p < 0.0001, respectively).

For Lava zirconia at 24 hours, Tukey’s
post-hoc test revealed that sandblasting
resulted in higher bond strength than control
and plasma application. The combination
between plasma and sandblasting did not differ
from the control, sandblasting and plasma
application alones. All these bond strengths
significantly reduced after one year and the
comparison among group kept the same.

For Katana zirconia at 24 hours, control
and plasma application showed lower bond
strengths than those obtained for sandblasting
and its combination with plasma. After one
year, no reduction in bond strength of resin
cement to Katana was observed and the
differences among groups also kept the same
at one year.
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Table 1- Mean (SD) of bond strength versus material, treatment
and time (in MPa)

Time
Material Treatment
24 hours 1year
None(control)  132(36) Ab 54(18)Bb
Plasma 123(38) Ab 74(40)Bb
Lava Sandblasting 194(39) Aa *91(7.3)Ba
Sandblasting + ¥
Plasma 16,3 (6.6) Aab 75(23) Bab
None (control) 9.8(4.0)Ab 93(35)Ab
Plasma 103(4.7) Ab 74(40) Ab
Katana Sandblastng ~ 196(23)Aa  195(73)Aa
Sandblasting +
Plasma 195(51) Aa 177(62) Aa

Means followed by different letters (capital letters compare
time within the same treatment and lower case letters compare
treatments within the same time) differ among them (p =< 0.05).
* Differ from Katana for the same treatment and time (p = 0.05).

DISCUSSION

The null hypothesis stating that the
treatments with argon plasma application or
combined with aluminum oxide sandblasting
would not improve the bond strength of the
resin cement to zirconia was rejected, because
the bond strength obtained by the combination
of sandblasting and plasmawas higher than
that ofcontrol for Katana zirconia, although
the treatment with plasma only did not differ
from untreated zirconia ceramics. The second
hypothesis was also rejected, because the bond
strength of the resin cement to Lava zirconia
decreased after one year.

Studies that evaluate the bond strength of
adhesive materials to zirconia have suggested
that their stable monoclinic phase has little
adhesiveness. It known that when the zirconia
surface is treated withaluminum oxide abrasive
particles, a surface roughnesswith micro-
retentions is created, which increases the
superficial area for bonding of resin cement to
zirconia[11].Also, if different zirconia surface
pre-treatments are compared, it can be noted that
higher bond strength occurred when zirconia
was treated with aluminum oxide sandblasting

compared to other types of treatment, such as
laser irradiation, silica coating or etchings[4].

In this study, the combination of
sandblasting and argon plasma application
provided adequate bond strength results, but
did not differ statistically from treatment with
only sandblasting. Thus, to simplify the zirconia
treatment before bondingonly sandblasting
would be necessary. Although the sandblasting
method has satisfactory results for bonding
zirconia, the mechanical stress caused by the
aluminum oxide sandblastingcan produces
surface defectsdue to the repetitive impacts of the
abrasive particles [5]. Therefore, the damages
generated by sandblasting can be harmful in the
long term, compromising the fatigue resistance
and flexural strength of zirconia ceramics [7,12].

An alternative to the sandblasting would
be the use of non-thermal plasma generated
from argon gas. Plasma acts by changing the
functional groups on different treated surfaces,
so that a material in a state of chemical (apolar)
equilibrium can become reactive (polar), without
its structural properties being impaired [13].
The application of the plasma has the objective
of increasing the surface energy of the treated
substrate, favoring the molecular chemical
interactions and, consequently, the ability to
promote better bond strength results between
zirconia and resin cement [14,15]. It has been
seen in the literature that the plasma application
can be performed from various techniques and
a study showed an increase in the adhesive
capacity of zirconia-treated surface compared
to aluminum oxide sandblasting, when it was
subjected to an argon gas plasma treatment for
20 minutes [1].The plasma application time in
this study was 30 s, maybe it was too short to
increase the bond strength of resin cement to
zirconia ceramics compared to longer times of
plasma application.The composition of the gas
can also vary andinfluence the results, asthe
combination of argon gas with oxygen in plasma
application have been shown to be very effective
in increasing the bond strength of resin cements
to zirconia, when compared to treatment with
pure argon gas [6].

278

Braz Dent Sci 2019 Apr/Jun;22(2)



Mendonca BC et al.

Effect of aluminum oxide sandblasting, plasma application and their

combination on the bond strength of resin cement to zirconia ceramics

In this study it was used alO-MDP
(10-methacryloyloxyydecyl dihydrogen
phosphate)-based resin cement, which has
presented the best bond strength results to
zirconia[16,17,18,19].10-MDPis an adhesion
promoter monomer able to bond to the
ceramics oxides that is the main characteristic
Y-TZP zirconias. There are different chemical
states of the 10-MDP bonds with zirconia by
ionic and hydrogen bonding between them.
Also, specific concentration of 10-MDP seems
important to improve the bond strength to
zirconia [18]. However, in this study, the
bond strength 10-MDP-based resin cement to
Lava zirconia decreased after one year, even
using this adhesive cementing system, with
sandblasting and/or plasma applications.This
decrease in bond strength may be more relevant
in the cases of using resin cements without
10-MDP monomer[20].A previous application
of 10-MDP-based primers or plasmamight be
beneficial for increasing the bond strength of
resin cement to zirconia [14,15, 21, 22, 23].

Two types of Y-TZP ceramics weretested
in this study: Lava (3M Qral Care) and
Katana (Kuraray Noritake Dental). The few
compositional differences between Lava and
Katana zirconia ceramics reflected in the
few differences in the bond strength results
between them. Lava contains99% zirconium
oxide and 1% other components, while Katana
presents94.4% zirconium oxide,5.4% yttrium
and 0.2% other components. At 24 hours,
no statistical difference between the zirconia
ceramics was observed. However, after storage
for one year, the bond strength of resin cement
to zirconia reduced for the groups, in which
Lava zirconiawassandblasted or combined with
plasma. Unlike the Lava, the bond strength to
Katana that was sandblasted or sandblasted +
plasma kept stable after one year, remaining
with bond strength values close to 20 MPa.
Because Katana zirconia and Panavia F 2.0 resin
cement were developed by the same company,
the interaction between the zirconia and resin
cement seemed effective and more lasting.  The
aging method used in this study only considered
the hydrolytic degradation, since no loading

and other types of external chemical challenges
were applied to the samples. Also, the zirconia
bond strength results of this study were specific
for the resin cement used, since MDP-based
resin cements produce greater bond strength to
zirconia than other types of luting materials.
The type of zirconia might produce variable
results, although little difference between Lava
e Katana zirconia was observed in this study.
Regarding plasma technology, the use of
plasma generator equipment is simple and for
clinical use in dentistry, it has a handpiece that
facilitates the plasma application. The need for
a source of argon gas, cost and maintenance
may limit its wide use.

CONCLUSION

Higher Y-TZP zirconia ceramic bond
strengths of resin cement were found when
zirconia was sandblasted or combined with
argon plasma.Bond strength results following
one-year water storage did not change for
Katana zirconia.
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