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Introduction

Objectives The aim of this study was to evaluate the bonding strength of self-adhesive
luting cement to zirconia under different surface treatments.

Materials and Methods Thirty-two zirconia samples were randomly divided into
eight experimental groups based on the surface treatment employed (Control: no sur-
face treatment; PMM: wear with diamond bur; JAT: blasting with glass beads; PMA: wear
with a medium-roughness milling machine; Primer: primer application on the surface
without treatment; PMM +Primer: PMM treatment plus primer application; |JAT+Prim-
er: JAT treatment plus primer application; and PMA+Primer: PMA treatment plus prim-
er application). Cement cylinders were built on the ceramic surfaces, and the groups
were subdivided according to the storage time employed (i.e., 24 hours or 60 days).
After storage, the samples were subjected to microshear testing.

Statistical Analysis The Kruskal-Wallis test followed by the Dunn test was employed
for comparison between the groups (p < 0.05).

Results The PMM group yielded the optimal results and the mean values increased
after both storage times following the primer application. The Control, PMA, and AT
groups gave similar results after 24 hours, while the |JAT group gave superior results
following primer application over this storage time. After 60 days of storage, all groups
gave improved results following chemical treatment with a primer.

Conclusion It was concluded that mechanical preparation using the diamond bur
followed by primer application significantly improved the bond strength between the
ceramic and the luting cement.

variations in zirconia have been developed, with each new
material intended to improve upon the quality of previous

Zirconia is fully biocompatible and is used quite often in the
medical field (for auditory, finger and hip prostheses) and
in dentistry. Zirconia-based ceramics are among the most
resistant aesthetic materials commonly used in indirect sin-
gle-unit restorations, fixed partial dentures, indirect resto-
rations, and more recently, monolithic restorations.! Several
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versions. Recently, the use of monolithic yttria-stabilized
tetragonal zirconia polycrystal (Y-TZP) for indirect resto-
rations has been developed to overcome the problems of
veneered zirconia fixed dental prostheses.? The high resis-
tance of such ceramics can be attributed to the improved
mechanical properties of Y-TZP.! Zirconia is a polymorphic
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material that exists in nature in three forms, namely the
monoclinic, tetragonal, and cubic forms. Upon the addition
of yttrium oxide (yttria), zirconium oxide particles are stabi-
lized in the tetragonal phase at room temperature. However,
the tetragonal-to-monoclinic phase transformation can still
occur when the Y-TZP ceramic is subjected to stimuli, such as
oral masticatory forces, exposure to different temperatures,
pH changes, and oral microorganisms.>

In addition, the Y-TZP ceramic exhibits a high crystalline
content and the absence of a glass phase, which renders adhe-
sion to this material a challenge. Thus, the adhesion of resin
cement to high strength zirconia ceramics is difficult, and
acid etching or silanization cannot be expected to improve
adhesion because the ceramics are resistant to inert acids.*
Indeed, as even the use of hydrofluoric acid is unable to pro-
mote micromechanical retention or render the surface chem-
ically active,> several methods have been examined to pro-
mote stable bonding between ceramics and resin cements.®’

In this context, several surface treatment methods
have been proposed, including abrasion by air-blasting
with aluminum oxide and silica particles, laser irradia-
tion by erbium-doped yttrium aluminum garnet (Er:YAG),
neodymium-doped yttrium aluminum garnet (Nd:YAG), or
carbon dioxide, silica coating or silanization, and the use of
phosphate acid monomers.®° However, many of these treat-
ment methods are complex due to requirements for specialist
equipment or technical expertise. These methods are usually
expensive and can cause damages to the infrastructure of the
prosthesis, in addition to promoting the phase transformation
to the less stable monoclinic phase.

The development of alternative and more facile mechan-
ical treatments for application to zirconia surfaces would
therefore be desirable to increase the bonding strength to res-
in cement and for the widespread application in routine oral
rehabilitation treatments. Thus, the use of diamond burs on
the inner surface of the pre-sintering zirconia infrastructure
would be an attempt to improve the mechanical retention of
the resin cement without causing phase transformation in
the zirconia.

Few studies have investigated the surface treatment of
zirconia ceramic before sintering.'®'?> Thus, the aim of this
study was to evaluate several surface roughening treatments

Table 1 Compositions of the materials

(i.e., diamond bur abrasion, glass bead blasting, and mechan-
ical milling) and the use of a ceramic primer on the surface
of a Y-TZP ceramic, on the bond strength of a self-adhesive
resin cement after 24 hours and 60 days of storage. The null
hypothesis is that different mechanical and chemical surface
treatments would not influence the bonding strength to zir-
conia ceramics.

Materials and Methods

The materials used throughout this study are outlined in
=Table 1.

Sample Calculations

The sample calculations were based on the probability dis-
tributions of family F, with a delineation of repeated families,
and with interaction within and between the factors. The
effect size employed was 0.15, in addition to a type 1 error
(a) of 0.05, and an analysis power of 0.95, which guaran-
teed a minimum of 162 specimens. A total of 192 specimens
were prepared (12 per experimental group). The samples
were calculated using the GPower software (version 3.1.9.2—
University of Diisseldorf, Diisseldorf, Germany).

Zirconia Specimen Preparation
Thirty-two  blocks of zirconia (Zr0,.Y,0,) exhibit-
ing a polycrystalline tetragonal structure (ICE Zirkon
Translucent—Zirkonzahn SRL; Gais, Italy) and measuring
10 x 10 x 3 mm, were prepared by means of virtual planning
using the Zirkonzahn Frasen software, version 2.0.9. (Zirkon-
zahn SRL, Gais, Italy) and employing the dimensions specified
by the M5 milling machine software with 5+1 axes and two
motors (Zirkonzahn SRL, Gais, Italy). Six cementation sites
were determined on each ceramic block (=Figs. 1 and 2).

After milling and preparation of the surfaces according to
the experimental groups, the ceramic blocks were sintered in
a Zirkonofen 600 oven (Zirkonzahn SRL, Gais, Italy) at 1550°C
for 12 hours.

The zirconia blocks were embedded in acrylic resin Vipi
Flash (Vipi, Sdo Paulo, Brazil) in PVC tubes (2 cm diameter,
3 cm height). The ceramic block was then cleaned by means

Commercial name

Composition

Manufacturer and batch number

ALO

ICE Zirkon Translucent 505

zr0,,Y,0

273

si0,, Fe,0

273

Na,O

Zirkonzahn SRL
Gais, Italy
ZB4119Q and ZB3264L

Monobond Plus

Alcoholic solution of silane methacrylate, phosphoric acid meth-
acrylate, and sulfide methacrylate.

Ivoclar Vivadent
AG, Schaan, Liechtenstein

T21454
Relyx U 200 Base paste: silane-treated glass powder, 2-propenoic acid, 3M-ESPE
2-methyl Tm1-[1- (hydroxymethyl)-1,2-thanodly] ester, trieth- St. Paul, Minnesota, United States
ylene glycol dimethacrylate (TEGDMA), silane-treated silica, 526524

glass, sodium persulfate and t-butyl per-3,5,5-trimethylhexa-
noate. Catalyst paste: silane-treated glass powder, substituted
dimethacrylate, silane-treated silica, sodium p-toluenesulfon-
ate, 1-benzyl-5-phenyl-baric acid, calcium salts, 1,12-dodecane
dimethacrylate, calcium hydroxide, and titanium dioxide.
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Fig. 1 Virtual planning of the blocks in Y-TZP. Y-TZP, yttria-stabilized
tetragonal zirconia polycrystal

of ultrasonication in distilled water for 30 minutes prior to
drying under a jet of air.

Experimental Groups

All samples were randomly divided into eight experimental
groups based on the surface treatment employed. Each group
was then divided into two subgroups according to the aging
time employed, that is, 24 hours or 60 days (n = 12), as out-
lined in =Table 2.

Cementation Procedure
Six 5/32-inch latex matrices (1 mm height, 1.6 mm internal
diameter, Morelli, S3o Paulo, Brazil) were used for preparation
of the resin cement cylinders. The matrices were stabilized
on the ceramic blocks and fixed with cyanoacrylate-based
glue (SuperBonder, 3M, Sao Paulo, Brazil) in the cementation
sites employed for the microshear strength test.
Subsequently, the matrix holes were filled using RelyX
U200 self-adhesive resin cement (3M ESPE, St. Paul, Minne-
sota, United States), the latex matrix was covered with a poly-
ester strip, and a cover glass was placed on top. The resulting
assembly was maintained under digital pressure for 30 sec-
onds to remove any excess resin cement. Finally, photoactiva-
tion was performed using a Bluephase G2 curing unit (Ivoclar
Vivadent; AG, Schaan, Liechtenstein) at 1200 mW/cm? for
30 seconds.

Microshear Tests

Prior to carrying out the microshear tests, all samples were
stored in distilled water at 37°C for either 24 hours or 60 days
according to their experimental groups. The microshear
test was performed using an EMIC DL 200MF universal test
machine (Sdo José dos Pinhais, SP, Brazil). Each specimen
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Fig. 2 The milling block prepared according to the virtual planning.

was positioned in a metal device on the machine, and a NiCr
orthodontic wire (0.25 mm circular section, Morelli, Sdo
Paulo, Brazil) was looped around the base of each cylin-
der prior to subjecting the specimen to a crosshead speed
of 1T mm/min until failure. The microshear bond strength
(MPa) was then calculated as follows:

Rc=F/A

where Rc is the microshear strength, F is the applied force,
and A is the bond area.

Statistical Analysis

The data were submitted to statistical analysis using Bioestat 5.3
software (Mamiraua Institute, AM, Brazil, 2007). Initially, the
data were submitted to the Shapiro-Wilk test. As the data did
not adhere to the normality curve, the Mann-Whitney U test
(p < 0.05) was employed for comparison between two groups,
while for other comparisons, the Kruskal-Wallis variance test
was used, followed by the Dunn test to analyze the interactions
between groups (p < 0.05).

Results

The mean values and standard deviations of the microshear
bond strengths determined for the various experimental
groups are listed in =Table 3. As indicated by the results, prim-
er application following storage for 60 days improved the bond
strength independent of the mechanical conditioning tech-
nique employed. In contrast, improved bond strengths were
only observed for the JAT and PMM groups following primer
application and 24 hours storage.

Although no statistically significant differences were
observed after 24 hours storage for the samples receiving no
primer application, after 60 days, the PMM group showed
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Table 2 Experimental groups

Group Surface treatment Storage
Control Untreated surface 24 h
60d

PMM Mechanical preparation for 5 seconds. The Pre-sintered surface was worn with a 3101F 24 h
diamond bur (KG Sorensen, Sdo Paulo, SP), using a contra angle low speed handpiece under 60 d
refrigeration and light manual pressure to standardize the roughness of the surface

JAt Blasting: The post-sintered surface was worn by blasting using 100 pm glass microspheres 24 h
(calcium carbonate and quartz) at an angle of 90°and at a 5 mm distance and 60 Ib pressure ¢4,
for 10 seconds

PMA Automatic mechanical preparation with a milling machine: The pre-sintered surface was worn | 24 h
with 5+1 axes and two motors (Zirkonzahn Gais), and the surface roughness was determined 60 d
using Zirkonzahn Frésen software, version 2.0.9

Primer Primer application (Monobond Plus, Ivoclar Vivadent) on the untreated ceramic surface: 24 h
Active application was performed for 5 seconds using a microbrush on the surface, with a 60 d
waiting time of 60 seconds and removal of excess primer using an air jet

PMM + primer | Treatment of PMM + primer application (Monobond Plus, Ivoclar Vivadent): Active application | 24 h
was performed for 5 second using a microbrush on the surface, with a waiting time of 60 d
60 second and removal of excess PMM and primer using an air jet

PMM + primer | Treatment of the JAT Group + primer application (Monobond Plus, Ivoclar Vivadent): Active 24 h
application was performed for 5 second using a microbrush on the surface, with a waiting 60 d
time of 60 second and removal of excess reagents using an air jet

PMM + primer | Treatment of WFP + primer application (Monobond Plus, Ivoclar Vivadent): Active application |24 h
was performed for 5 second using a microbrush on the surface, with a waiting time of 60 d
60 second and removal of excess reagents using an air jet

Table 3 Mean values and standard deviations of the micro-shear bond strength (MPa) for the experimental groups according to

the surface chemical treatment

Aging time Surface treatment p-Value
Without primer With primer
24 h Control 6.00 (1.62) 6.50 (1.40) 0.5708
PMA 6.22 (0.67) 7.31(2.37) 0.5205
JAT 3.89(0.91) 13.26 (2.68) 0.0002°
PMM 9.82(1.03) 20.26 (2.21) 0.0002°
60d Control 0.38 (0.44) 6.85 (4.71) 0.0002°
PMA 0.14(0.11) 2.39(2.30) 0.0002°
JAT 0.11(0.09) 6.91 (3.01) 0.0002°
PMM 3.14(0.86) 8.86 (2.40) 0.0002°
aStatistically significant differences, p < 0.05.
a significantly higher bond strength than the other groups Discussion

(~Fig. 3).

Furthermore, similar bond strengths were exhibited by
the JAT, PMA, and Control groups following primer appli-
cation and 24 hours storage, although these values were
lower than those of the PMM group. After 60 days storage,
lower values were obtained for the PMA group, and those
of the PMM and Control groups were statically superior.
Moreover, the JAT group presented similar results to all
other groups following primer application and 60 days
storage (=Fig. 4).

To improve the bond strengths of the Y-TZP ceramic resto-
rations, a range of mechanical and chemical surface treat-
ments have been proposed. Importantly, we note that the null
hypothesis was rejected, as we clearly confirmed that the com-
bination of mechanical treatment and chemical conditioning
with the Monobond Plus primer improved the bond strength
of the Rely X U200 resin cement to the ceramic structure.

In our study, the storage/aging method consisted of
immersion in distilled water, with thermocycling being

European Journal of Dentistry Vol. 13 No. 2/2019
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Fig. 3 Variation in the mean values of the microshear bond strengths (MPa) of the experimental groups without primer application upon
variation in the pre-test storage time. *No statistically significant differences were found (p > 0.05). Different letters represent statistically

significant differences for analysis at the same storage times (p < 0.05).
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Fig. 4 Variation in the mean values of the microshear bond strengths
(MPa) of the experimental groups with primer application upon vari-
ation in the pre-test storage time. Different letters represent statis-
tically significant differences for analysis at the same storage times
(p <0.05).

avoided due to a greater correlation between the storage fail-
ure at 100% humidity and a stable temperature (r = -0.4) than
following thermocycling (r = -0.15)." In the case of thermo-
cycling, a large number of cycles (100,000) were suggested
to produce a significant effect on the bonding surface, with
this number of cycles representing approximately 3 months
storage at 100% relative humidity.’*'* Considering the time
required to carry out such large numbers of cycles and the
equipment required for this purpose, storage in distilled
water proves to be of great value due to its positive results
and facile applicability.

As previously mentioned, the highest bond strength was
achieved for the PMM mechanical treatment group, which
employed the diamond bur abrasion method. During this
process, the rotation employed, diamond tip granulation,
the manual pressure exerted, and the presence or absence
of refrigeration must be carefully considered.” As such,
although this process may be beneficial for bonding the resin
cement to the ceramic, it may also lead to excessive stress

European Journal of Dentistry Vol. 13 No. 2/2019

concentration and phase transformation of the Y-TZP ceram-
ics. In our case, the PMM group received treatment with a
thin diamond bur, mounted at a contra angle low speed
handpiece under refrigeration. This setup was based on pre-
vious studies that demonstrated that these characteristics
are necessary for greater control of the abrasion, reducing
defect formation, and lowering the risk of phase transforma-
tion.'s8 [t should also be noted that mechanical treatment
with diamond burs can cause microstructural changes in the
Y-TZP ceramic, resulting in the formation of three well-de-
fined layers, namely the crystallized surface zone (10 mm to
20 nm particle diameter), the plastically-deformed zone, and
the tetragonal-to-monoclinic phase transformation zone."?

Considering that zirconia exhibits a monoclinic phase up
to 1170°C and a tetragonal between 1170 and 2370°C,?° sin-
tering at 1550°C following diamond bur abrasion can result
in reversal of the possible transformation to the monoclinic
phase caused by tensions generated during the mechanical
treatment. This, in turn, can restore stability to the structure
without interfering with the abrasion-induced roughness,
thereby justifying such a surface treatment.

Particle blasting on the zirconia surface is also commonly
employed in attempts to improve bond strengths.'? Although
previous studies have reported that the particle size does
not interfere with the micromechanical retention of the res-
toration,?'?* we found that in the JAT group, which received
blasting with 100 um glass particles, low bond strengths sim-
ilar to those of the control group were obtained. It is there-
fore possible that the particle size has a negative effect on
the bond strength, as larger particles can cause excessive
roughness on the zirconia surface. This can then generate
tension in the modified region, in addition to an increase in
porosity, which causes a reduction in the cohesive strength
of the ceramic and also in the strength of the resin cement.?*
Furthermore, it was previously reported that mechanical
treatment by blasting with glass particles less than 50 pm
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(Cojet; 3M -ESPE St. Paul, Minnesota, United States) promot-
ed micro-retentions on the surface, which resulted in a great-
er susceptibility to silane conditioning.?

In addition to particle blasting, we also evaluated the
influence of mechanical conditioning using the milling
machine employed for the preparation of the zirconia cop-
ings (Zirkonzahn Gais, Italy). This could be considered a sim-
plified surface treatment, as it could be performed during the
milling process. However, similar results to the control group
and the particle-blasted group were obtained in the absence
of a primer, while in the presence of a primer, the results
were not superior to those obtained for any other treatment
method examined.

Previous studies have also reported improved bond
strengths through a combination of mechanical and chemical
conditioning of the ceramic surface, and in particular where
solutions containing phosphate monomers are employed for
chemical conditioning.?>-?” Thus, we herein employed Mono-
bond Plus primer for chemical conditioning. This primer
is composed of the phosphate monomer 10-methacryloy-
loxydecyl dihydrogen phosphate and the 3- (trimethoxysi-
lyl) propyl methacrylate monomer, where the synergism
between the two monomers increases the bond strength
between zirconia and the resin cement.® Indeed, we found
that primer application was beneficial in terms of the micro-
shear strength for the majority of samples following 24 hours
and 60 days storage. This can be accounted for by considering
that at the bonding interface between the Y-TZP ceramic and
the resin cement, the phosphate monomers bind to the zirco-
nium oxide layer via Van der Waals interactions or hydrogen
bonds, which likely improve the wettability and chemical
affinity of the Y-TZP ceramic, thereby promoting bonding to
the self-adhesive resin cement.

Although several studies have reported promising results
following surface conditioning of the Y-TZP ceramic, the pro-
posed methodologies are often complex, in addition to being
expensive and promoting tensions within the material, which
can ultimately lead to failure in the adaptation of the pros-
thetic and subsequent bond instability.®!*?® Our proposed
ceramic surface roughening method based on diamond bur
abrasion therefore proved to be an interesting alternative, as
it is a simple and inexpensive technique. Indeed, our results
confirmed that the diamond bur abrasion of Y-TZP ceramics
during the pre-sintering period improved bond strengths.
Furthermore, the combination of this method with the appli-
cation of a primer would be expected to increase the clinical
success rate for this type of restoration. We also note that
following a 60 days aging period, the bond strengths of the
PMM and Control samples that had been subjected to chemi-
cal conditioning were superior to those of the PMA group and
similar to those of the JAT group.

Although laboratory tests cannot reproduce clinical con-
ditions exactly, they are a major analysis parameter, because
efficient in vitro performance may imply effective clinical
performance. The results of this study therefore indicate
that PMM surface preparation may provide greater mechan-
ical strength in the oral environment after long periods, as
those samples exhibited higher bond strength values after

24 hours storage than the other groups with previous chem-
ical conditioning. However, randomized clinical trials will be
needed to evaluate this surface treatment under more realis-
tic conditions.

Conclusion

Based on the results of the present study, the use of primer
improved the bond strength of the JAT and PMM groups after
24 hours and in all groups after 60 days.

The association of chemical conditioning and surface
preparation after 24 hours of storage significantly improved
the bond strength values only for the PMM group.

After 60 days of storage, the JAT group showed similar
values among all groups, while the comparison between the
other groups revealed higher values for the JAT and PMM
groups and lower values for the PMA group.
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