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Study of the effectiveness of primers, plasma and their
combination on bond strength of a resin cement to zirconia

Abstract: The aim of this study was to
evaluate the shear bond strength of a du-
al-cure resin cement (Panavia F, Kuraray)
to two zirconia ceramics (Lava, 3M ESPE
and Katana, Kuraray Noritake) with pri-
or application a coupling agent (Z-Prime
Plus, Bisco or Monobond Plus, Ivoclar
Vivadent), argon plasma or a combination
of coupling agent and plasma. Zirconia
plates with 13-mm length, 5-mm width,
and 1-mm thickness approximately were
used. The zirconia surfaces were abrad-
ed with Al,O, sandpaper (#600-grit) and
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treated in accordance with each experi-
mental group (untreated, coupling agent
and/or plasma). Cylindrical-shaped spec-
imens were prepared on treated zirconia
surface using silicone matrix with internal
dimensions of 1.4-mm diameter and 1-mm
height. The shear test was carried out in
a testing machine after 24 hours and one
year of water storage of specimens. Bond
strength data values were expressed in
MPa and values, analyzed by three-way
ANOVA and Tukey’s test (5%). Although the
non-use of coupling agents and plasma

How to cite: Mendonga BC, Negreiros WM, Ambrosano GMB, Giannini M. Study of the effectiveness of primers, plasma and their combina-

tion on bond strength of a resin cement to zirconia. J Clin Dent Res. 2016 Oct-Dec;13(4):88-94.

Submitted: October 07, 2016 - Revised and accepted: November 16, 2016.

DOI: http:/ /dx.doi.org/10.14436 / 2447-911x.13.4.088-094.0ar

Contact address: Marcelo Giannini. Av. Limeira, 901, Areido - Piracicaba/SP - CEP: 13.414-903

©Dental Press Publishing - J Clin Dent Res. 2016 Oct-Dec;13(4):88-94

1) Universidade de Campinas, Faculdade de Odontologia de
Piracicaba (Piracicaba/SP, Brazil).

2) Universidade de Campinas, Programa de Pés-graduagao em
Materiais Dentérios (Piracicaba/SP, Brazi).

3) Universidade de Campinas, Departamento de Odontologia Social,
Biostatistics Division (Piracicaba/SP, Brazil).

4) Universidade de Campinas, Departamento de Odontologia

Restauradora, Operative Dentistry Division (Piracicaba/SP, Brazil).

showed higher bond strength values, the
adhesion reduced after one year. The use
of Z-Prime Plus with or without plasma ap-
plication did not reduce the bond strength
after one year, but the bond strengths
were lower than those obtained with the
use of resin cement alone without previous
treatment of zirconia. Plasma did not in-
crease the bond strength to zirconia. Thus,
for the adhesion to zirconia, the use of res-
in cement only was enough to obtain ad-
equate bond strength results. Keywords:
Zirconium. Plasma gases. Shear strength.

» The authors report no commercial, proprietary or financial inter-
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INTRODUCTION

The increase in the demand for indirect res-
torations made in pure ceramics has boosted
the development of zirconia ceramics (Y-TZP),
which have gained great prominence in Dentist-
ry due to its favorable mechanical and aesthetic
properties and because they offer a wide variety
of clinical applications.! However, its molecular
structure does not allow appropriate adhesion
of resin cements? without a surface treatment.

Obtaining reliable adhesion to ceramics re-
quires surface treatments based on physical
retention, by sandblasting, and chemical bond-
ing of the ceramic/substrate, through silanes
and/or primers. Many studies have described
that sandblasting with aluminum oxide parti-
cles can increase the roughness of the zirco-
nia, which in turn increases its surface area
and facilitates the micromechanical bonding of
the resin to the zirconia surface.®* After sand-
blasting, it is interesting to create some type of
chemical bonding by using primers with phos-
phate monomers, such as 10-MDP (10-metac-
ryloyloxydecyl dihydrogenphosphate). These
monomers, like silanes, are bifunctional mol-
ecules that react at one end to zirconia oxides
and, on the other, have groups that copolymer-
ize with the resin matrix of the cements.®

When air abrasion with aluminum oxide parti-
cles is associated with a phosphate ester (10-MDP)
monomer, adequate bond strength results have
been obtained, especially when stored for a long
period in water.® Air abrasion is also indicated to
clean and activate the surface of the zirconia,®
increasing its surface energy and consequent-
ly promoting a better wetting of the primers.®
Subsequently, it is followed by the use of resin
cement. Thus, for efficient adhesion, it is nec-
essary to combine the micromechanical reten-
tion and the chemical bonding of the adhesive

material (adhesive and resin cement) to the zir-
conia ceramic.’

Although these methods have satisfacto-
ry results in relation to Y-TZP'® zirconia, abra-
sion with aluminum oxide particles can create
defects in zirconia, making its longevity less
reliable." Thus, avoiding sandblasting with
aluminum oxide may be advantageous for the
elimination of deleterious effects on zirconia.'
Due to this problem, a possible alternative is
the use of plasma generated from argon gas.
Plasma treatment using argon, an inert gas, has
been widely used to modify biomaterials sur-
face. When electronically activated in a plasma
state, it consists of several energetically and
chemically reactive species, including high en-
ergy electrons, electronically excited neutrons,
and free radicals. The reactive species pro-
duced by argon plasma can chemically modify
the surface of the substrate without affecting
the properties of the material body."™ Thus, the
application of the plasma increases the surface
energy of the treated substrate, favoring the mo-
lecular chemical interactions and, consequently,
has the capacity of promoting better adhesion
results between zirconia and the resin cement.™

In view of the above, this study aimed at in-
vestigating a protocol that has not yet been de-
scribed in the literature, which consists of apply-
ing argon plasma over the adhesive previously
applied to the zirconia. The hypothesis is that
the application of plasma to the zirconia sur-
face, which is little reactive, could promote bet-
ter chemical adhesion. Thus, this study aimed
at evaluating the effect of primers and of argon
gas plasma application on these primers as a
potentiator of adhesion between zirconia and
resin cement, by changing the zirconia surface
energy and promoting better chemical interac-
tion between zirconia and the primers.
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MATERIAL AND METHODS * Application of plasma to zirconia + resin
Material cement.

Table 1 shows the materials used in this proj- e Application of Monobond Plus + resin
ect. The experimental groups of this study were cement.
formed according to the materials (two zirconia * Application of Z-Prime Plus + resin ce-
ceramics: Lava and Katana), specimens storage ment.
time in water (24 hours and 1 year) and zirconia e Application of Monobond Plus + plasma +
surface treatment (six types), which were: resin cement.

* Application of resin cement without zirco- e Application of Z-Prime Plus + plasma +

nia treatment (Control). resin cement.

Table 1: Composition and manufacturers of the materials tested in this study.

MATERIAL COMPOSITION MANUFACTURER
Katana (zirconia) 94.4% zirconium oxide, 5.4% yttrium (Y,0,), 0.2% other Kuraray Nor;;apl; Dental Inc.,
LAVA L . 3M ESPE,
(zirconia) 99% zirconium oxide USA
Monobond Plus Alcoholic solution of silane methacrylate, phosphoric acid Ivoclar Vivadent,
(primer) methacrylate and sulphide methacrylate Liechtenstein
Z-Prime Plus . Bisco Inc.,
i 10-MDP (<10%); Ethanol (<80%) USA
Paste A: 10-MDP; hydrophobic aromatic dimethacrylate; hydrophobic
dimethacrylate; dimethacrylatealiphatic hydrophil; silanized colloidal
Panavia F Sllfees EEmanee uenes il Kuraray Noritake Dental Inc.,
(resin cement) Paste B: hydrophobic dimethacrylate; hydrophobic aliphatic methac- Japan
rylate; hydrophilic dimethacrylate; silanized barium glass; catalysts;
accelerators; pigments

©Dental Press Publishing - J Clin Dent Res. 2016 Oct-Dec;13(4):88-94
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Preparation of specimens and
application of resin cements

Sixty Katana plates (Kuraray Noritake) and sixty
Lava plates (3M ESPE) with dimensions of 13mm
long, 5mm wide, and 1Tmm thick were used.
These plates were obtained from ingots of indus-
trial manufacturing, sectioned with a diamond disk
(Buehler) and sintered in the laboratory to reach
the measurements necessary for the study, and
included in epoxy resin. The specimens had their
surfaces standardized with #600-grit sandpaper
until a flat surface was obtained. Then the plates
were sandblasted with aluminum oxide for 20 sec-
onds, followed by cleaning in ultrasonic bath with
distilled water for 5 minutes. The plates were ran-
domly divided into 12 groups (n=10) as previously
described (two zirconia and six treatments).

The next step in the specimen production was
the preparation of the zirconia plates for the appli-
cation of the resin cement. Two cylindrical silicon
matrices were positioned on treated or untreat-
ed (control) surfaces. The resin cement was then
handled according to the manufacturer’s recom-
mendations and applied inside the matrices with
a #5 exploratory probe (Hu-Friedy). The resin ce-
ment was light-activated for 20 seconds with a Valo
light-curing unit (1000 mW /cm?, Ultradent Products
Inc.) and the matrices were removed, exposing
the two resin cement cylinders (1.4-mm diameter,
1-mm height), with a bonding area of 1.53mm?
on the zirconia surface. The zirconia samples with
the two cylinders of resin cement attached to its
surface were stored in deionized water at 37°C for
24 hours. One cement cylinder was tested after this
time and the other, after one year of storage in wa-
ter, which was replaced every 15 days.

Shear testing
Each resin cement cylinder was positioned
on the test device attached to the universal test

machine (EZ-Test, Shimadzu). The loading was ap-
plied at the base of the resin cement cylinder with
a steel wire (0.7-mm diameter) at a 0.5mm/min
speed, until failure.

The value of each specimen and the bond
strength data in kilogram-force (KgF) were con-
verted into MegaPascal (MPa), tabulated and sub-
mitted to statistical analysis. The analysis of the
results for bond strength values was conducted
using the three-way analysis of variance (ANOVA),
with factorial design of 2 x 6 x 2 (zirconia X treat-
ment X evaluation time) using the Minitab Statis-
tical software (Minitab Inc., State College). With
the identification of at least one significant sta-
tistical difference between the groups, the Tukey
test was applied (a=0.05).

RESULTS

Table 2 shows data for the bond strength of
resin cement to zirconia plates, according to each
experimental group. There was no statistical dif-
ference in the bond strength means when both
zirconias (Lava and Katana) were compared, re-
gardless of the use of argon plasma and the eval-
uation time (p<0.05). Regarding the test after
24 hours, the Monobond Plus primer produced
higher bond strength for Katana zirconia, when
compared to the use of Z-Prime Plus without the
use of plasma (p>0.05), but did not differ from
the control group (p<0.05). Plasma application in
combination with the use of the Monobond Plus
primer decreased the bond strength for both zir-
conias (p>0.05). The application of only the ar-
gon gas plasma (without primers) in the zirconia
did not show statistical difference in comparison
with the control group (p<0.05).

After one year of storage of the specimens,
the Z-Prime Plus Primer produced lower bond
strength for Lava zirconia, when compared to the
use of Monobond Plus (p>0.05). The use of argon
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Table 2: Mean of bond strength (standard deviation) between resin cement and zirconia as a function of plasma used, treatments and
evaluation times (in MPa).

TIME PLASMA ZIRCONIA RO MONOBOND PLUS Z-PRIME
PRIMER
Lava $24.2 (6.3) Aa $%22.2 (11.9) Aa 3.7(2.4)Ba
Without
Katana $16.9 (7.2) ABa $%21.0 (10.7) Aa 9.5 (6.3) Ba
24 hours
Lava $15.0 (10.3) Aa 6.7 (5.5) Aa 5.2 (4.9) Aa
With
Katana $16.4 (10.7) Aa 4.9 (4.5) Ba 6.2 (3.2) ABa
Lava 8.6 (6.2) ABa *15.2 (8.9) Aa 2.8 (3.1)Ba
Without
Katana 10.3 (7.6) Aa 6.0 (7.5) Aa 6.4 (5.7) Aa
1 year
Lava 6.5 (5.6) Aa 2.5(2.5) Aa 2.8 (2.7) Aa
With
Katana 8.6 (9.0) Aa 3.3(3.0) Aa 4.4 (2.9) Aa

Means followed by distinct letters (upper case - row, comparing treatments for the same zirconia, within the same evaluation time,
with or without plasma application) (lower case - column, comparing the zirconia within each time, with or without plasma) differ
from each other (p < 0.05). * Differ from the plasma group in the same conditions of treatments (p < 0.05). $ Differ from the time 24

hours in the same conditions of treatments (p < 0.05).

gas plasma over primers previously applied to zir-
conia did not show statistical difference in com-
parison with the control group (p<0.05).

DISCUSSION

This study used a resin cement containing
the 10-MDP monomer (Panavia F), which is
able to produce adequate adhesion to zirconia,
even in the absence of sandblasting, plasma
application or primers. For this reason, little

©Dental Press Publishing - J Clin Dent Res. 2016 Oct-Dec;13(4):88-94

influence of these treatments was identified.
The chemical bonding occurs between the
phosphate grouping of the cement and the ox-
ides of the restorative material.®

According to previous studies, it is recom-
mended to pretreat the zirconia surface with
primers containing 10-MDP, such as Monobond
Plus and Z-Prime Plus, as they increase the bond
strength of the resin cement to the prosthetic
restorative material. The use of primers and
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cements both containing the 10-MDP monomer
in its composition supposedly, according to the
literature, should further increase the adhesion
of the resin cement to zirconia ceramics.'

In addition, in the literature there are studies
that have proved that plasma actually influences
the adhesion of the resin cement to the zirconia,
and that the aluminum oxide sandblasting or the
treatment with primers do not enhance this adhe-
sion when the plasma is used previously. On the
other hand, when the plasma is not applied, these
other surface treatments are important to achiev-
ing adequate adhesion (sandblasting and primer
application of 10-MDP).™

In this study, plasma application was not able
to increase bond strength, neither with sandblast-
ing nor with prior application of primers. The use
of plasma tends to reduce the angle of contact
and thus increase the adhesion of materials ap-
plied to the plasma-treated surface. Since zir-
conia is partially stabilized by yttrium (Y-TZP), it
contains important metal oxides for the plasma to
act favorably, resulting in quantitative /qualitative
changes in the chemical bonds with those met-
al oxides and the 10-MDP monomer.™ However,
in this study, the protocol used did not produce
favorable results compared to the other types of
performed treatments.

Sandblasting with aluminum oxide has been
the most appropriate procedure to obtain ad-
equate adhesion in cases of zirconia prosthe-
sis cementation, and it was performed in all
samples of this study. Sandblasted surface
presents micro-roughness that retains the
resin-based material and promotes a better
micro-mechanical interaction between the res-
in cement and the zirconia. Considering that
professionals are more familiar and have easi-
er access to sandblasting with aluminum oxide

abrasive particles, this protocol has been wide-
ly used for the surface treatment of acid-re-
sistant ceramics, such as zirconia. In addition,
aluminum oxide sandblasting is also effective
for cleaning the ceramic surface contaminated
with saliva and other residues.'®

Some studies have shown that the same sur-
face energy found on zirconia surfaces sandblast-
ed with aluminum oxide was found in zrconia
treated with plasma application for 10 seconds.™
Thus, the application of plasma increases the ad-
hesion to zirconia in the same way as the sand-
blasting, but does not alter its crystalline structure,
as the latter does."” The combination of these two
types of treatments together, and their advantages
over adhesion should be further studied.

A study showed that the combination of sili-
catization, silanization and cementation with ma-
terials containing the 10-MDP monomer provides
high values of bond strength for “acid-resistant
ceramics”, so it is not necessary to apply plasma
or primers to increase these values. In addition,
the sandblasting of the part tends to improve even
more the results, since it creates micro-rough-
nesses that facilitate the wetting of the surface.™

Thus, although the bond strength results re-
ported in the literature are not directly compa-
rable —due to differences in the experimental
methodologies used —, it can be concluded that
the previous zirconia treatment with aluminum
oxide blasting presented favorable results to zir-
conia bond strength to the resin cement, and
that the protocols chosen for use with the argon
gas plasma and primers (Monobond Plus and
Z-Prime Plus) were not suitable for improving
bond strength. Therefore, it is necessary to car-
ry out more detailed studies, to define the most
suitable protocol to be used in the cementation
of zirconia parts.
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CONCLUSION

The present results suggest that:

e The bond strength produced by the appli-
cation of the resin cement directly into the
zirconia without the use of primers, with or
without argon gas plasma, presented reduc-
tion after one year, for both zirconia.

e Plasma application only, without prim-
er application, did not increase the bond
strength of resin cement to zirconia (Kata-
na and Lava), for both tests: after 24 hour
and after one year of storage.
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e The combination of primer and argon gas
plasma application reduced the bond
strength.

* The use of Monobond Plus without plasma
application was the primer that promoted
higher bond strength of resin cement to
zirconia, in the two evaluation times.
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