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Objectives: The aim of this study was to assess the shear bond strength (SBS) of zirconia
ceramic to composite resin with various surface treatments following pressure changes.

Materials and Methods: Totally, 135 zirconia blocks were prepared by computer-aided
design/computer-aided manufacturing technology. The samples were divided into 9
groups (n=15). Three surface treatments including sandblasting, tribo-chemical
preparation, and laser application were used. For each method, 45 samples were
considered and tested under different pressure conditions. Z-Prime Plus primer was used
for bonding of all samples to composite cylinders. All specimens were stored in water for
24 h, underwent thermocycling, and were then placed in a pressure chamber under
normal-, high-, and low-pressure conditions. Then, the SBS test was performed for each
sample. Data were analyzed by two-way and one-way ANOVA (a=0.05).

Results: The SBS was significantly higher in sandblasting and tribochemical preparation
compared with laser irradiation (P<0.05). There was no statistically significant difference
in SBS of sandblasting and tribochemical preparation methods (P>0.05). Sandblasting,
tribochemical preparation, and laser methods did not show a significant difference in SBS
at different pressures (P>0.05).

Conclusion: Sandblasting and tribochemical preparation yielded a higher SBS than laser.
Different pressures had no effect on SBS, irrespective of surface preparation method.
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implant abutments, and fixed partial
Today, demand for dental ceramics, dentures [1,10,11]. Due to the advances in
especially in the anterior region, has the applications of zirconia and its non-
increased [1]. Zirconia-based ceramic reactivity, it is now one of the attractive

crowns are widely used in dentistry because
of their excellent esthetics, biocompatibility,
chemical durability, and high strength [2-5].
Thus, zirconia ceramics are widely used for
the fabrication of crowns in comparison with
other ceramic types such as feldspathic
ceramics [6-9]. Zirconia is used in
orthodontic brackets, endodontic posts,

areas of dental research [12,13]. There are
several types of zirconia, but only three of
them are used in dentistry, the most
common type of which is yttria-stabilized
zirconia [10,14]. The commonly used
bonding techniques for other types of
ceramics have not been successful for
zirconia [15]. Thus, many attempts have
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been made to improve the zirconia ceramic
bonding, and resin bond strength to zirconia.
In general, two objectives can be pursued to
improve the resin-zirconia bond strength:
the first one is to improve the mechanical
bonding techniques, and the second one is to
use monomers that can chemically bond to
the zirconia surface. Various methods can be
used to roughen the zirconia surface and
enhance the mechanical bonding to zirconia
such as surface roughening by milling,
sandblasting, and tribochemical prep-
aration, as well as using different types of
lasers [16]. Surface grinding is a method
commonly used to roughen the surface and
improve the mechanical bonding. There are
many methods for grinding, which include
using abrasive papers or discs, sandblasting
with alumina (Al203) particles or modified
particles with a size of 50-250um, and
grinding [16].

The use of tribochemical silica coating is a
common technique for coating of metal alloy
surfaces and dental ceramics by silica [17].
In the tribochemical technique, the ceramic
surface is sandblasted by silica-coated
alumina particles. These particles cover the
surface with silica. This process not only
prepares the surface of the material for the
application of silane, but also provides a
suitable micromechanical  attachment
[17,18].

Application of high-power lasers is one of
the recent techniques to create surface
porosities in ceramics and prepare them for
bonding. Today, laser applications in
dentistry are increasing, and they can be
applied for surface treatment of the new
generation of ceramic surfaces such as
zirconia [19,20]. Er:YAG lasers are
commonly used more than other types of
lasers for preparation of restoration
surfaces, as well as enamel and dentin
[21,22]. Primers that contain the MDP
monomer are used to provide a chemical
bond to zirconia. The MDP monomer is
capable of increasing the bond strength by
creating a chemical bond. It has been
revealed that mechanical surface treatment
alone is not sufficient, and it is necessary to
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combine a mechanical surface treatment
with application of primers containing MDP
monomer to obtain a high bond strength to
zirconia surfaces. Another unique feature of
zirconia is that it can be transformed into a
crystalline  structure under different
conditions; if this process is not controlled,
zirconia restoration failure and loss of
superficial bonding may occur [23-25]. Also,
the atmospheric pressure variations can
further decrease the bond strength [26].
Therefore, the purpose of this study was to
assess the shear bond strength (SBS) of
zirconia ceramic to composite resin, using
various conditioning techniques, followed
by pressure changes.

MATERIALS AND METHODS

In this in vitro experimental study, 135
zirconia discs (DD Cube X2; Dental Direkt
Materials, Germany) were fabricated with 8
mm diameter and 5mm thickness. The
zirconia blocks were prepared based on the
manufacturer’s  instructions using a
computer-aided design/computer-aided
manufacturing system (Versamill 5x200;
Axsys Dental Solutions, Wixom, USA), and
then sintering was performed. Sub-
sequently, all specimens were mounted in
self-cure acrylic resin (Meliodent, Heraeus
Kalzer Dental Ltd.,, Hanau, Germany). The
blade of the cutting machine for all samples
was completely parallel to the bonded
surface at the interface of the cylinder and
ceramic.

Surface treatments:

The samples were randomly divided into
three equal groups for the three surface
treatments. For sandblasting of ceramic
surfaces, 50-pym aluminum oxide particles
(Danvile Materials, San Roman, USA) were
used. Sandblasting was performed in a
direction perpendicular to the disc surface at
a distance of 10mm and at 2 bar pressure for
10s. It is noteworthy that the same
conditions were considered for tribo-
chemical silica coating technique, but the
silica-coated particles (Cojet SandTM Sand;
3M ESPE, St. Paul, MN, USA) were used. The
Er:YAG laser (Deka, Italy) with 2940nm
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wavelength was used according to the
following parameters: output power of 2W,
pulse repetition rate of 20 Hz, energy density
of 100m] and 60s laser radiation time for
each sample. The laser beam was aligned
perpendicular to the zirconia disc surface at
5mm distance. The entire surface of the
specimens was scanned manually with the
laser beam while being cooled with water
and air. After preparing the surfaces, Z-
Prime Plus (Bisco, Schaumburg, USA) primer
was applied for bonding to composite resin.
For preparation of the composite cylinders,
glass tubes were used with an internal cross
sectional area of 5mm [27]. The tubes were
filled with Z350 XT composite resin (3M,
Unitek, CA, USA). The bonding of composite
cylinders to the zirconia surfaces was
performed using Variolink N (Ivoclar
Vivadent, Liechtenstein, Germany) resin
cement. One operator performed all the
procedures.

Thermocycling:

All specimens were thermocycled in a
thermocycler (Dorsa, Tehran, Iran) for 1000
cycles at 5-55°C with 20s of dwell time in
each water bath and 20s of transfer time.
Then, the specimens were stored in an
incubator (Pars Azma, Tehran, Iran) at 37°C
and 100% humidity for 24h. After these
steps, the samples were randomly divided
into three equal groups and subjected to
three types of pressure conditions: I: low
pressure (vacuum), II: normal pressure (1
atm) and III: high pressure (2atm).

SBS test:

The SBS of zirconia to composite was
measured using a universal testing machine
(Instron Z020; Zwick Roell, Ulm, Germany).
The load was applied at a crosshead speed of
0.5 mm/min to the zirconia-composite
interface. Load was applied until fracture,
and the load at fracture was recorded in
Newtons (N). The SBS values were reported
in megapascals (MPa).

Statistical analysis:

The Kolmogorov-Smirnov test was used to
assess the normal distribution of the data. In
addition, the Levene's test was used to
assess the equality of variances.
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Comparisons of different pressures were
done for each surface treatment method
using one-way ANOVA (a=0.05).

RESULTS

In this study, a total of 15 samples were
evaluated in each of the groups. Table 1
demonstrates the mean SBS of the different
groups.

Table 1. Mean shear bond strength (MPa) and
standard deviation values in the different
groups (n=15)

Normal 6.96 2.29
Sand-blast High 6.66 1.67
Low 6.75 1.68
Normal 4.83 2.00
Laser High 4.16 1.16
Low 4.23 1.34
Normal 8.10 2.42
Tribochemical High 6.94 1.66
Low 6.76 1.59

SBS: shear bond strength; SD: standard deviation

The mean SBS in sandblasting, tribo-
chemical preparation, and laser groups was
separately compared wunder different
pressures. No significant difference was
found in SBS at different pressures in any of
the three surface treatment groups (P>0.05).
The results of the current investigation
revealed that the effect of surface treatment
on SBS was significant (P<0.001), but the
effect of pressure change on this variable
was not significant (P>0.05).

Based on the findings of the present study,
there was a significant difference in SBS
between laser surface treatment and
sandblasting (P<0.001). In addition, the SBS
in the laser surface treatment group was
significantly different from that of the
tribochemical preparation group (P<0.001).
We did not observe a significant difference
between the sandblasting and tribochemical
preparation groups (P=0.640, Table 2).
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Table 2. Effects of surface treatment on shear bond strength

Tribochemical
Sandblast

Laser
Tribochemical Laser

-0.476 0.38 0.640
2.402 0.38 <0.001
2.878 0.38 <0.001

According to the findings, no significant
difference was found in SBS between different
pressures (P>0.05). Evaluation of the
interaction effect of each pressure (normal,
high, and low) and surface treatment
(sandblasting, tribochemical preparation, and
laser) on SBS indicated that under normal
pressure, the SBS was higher in the
sandblasting and tribochemical preparation
groups than laser (P<0.05). However, the SBS
was not significantly different between the
sandblasting and tribochemical preparation
groups (P>0.05). The results at high and low
pressures were similar to those under normal
pressure (Table 3).

DISCUSSION

In the recent years, use of zirconia ceramic in
dentistry, especially for the fabrication of
crowns, has widely increased due to its
unique mechanical properties. The main
problem with the application of zirconia is
lack of a strong bond between the cements
and zirconia [2-9]. Also, atmospheric
pressure variations can further decrease the
bond strength. Therefore, this study
evaluated the changes in pressure as a factor
that can affect the bond strength.

According to the findings of the present
study, the sandblasting group exhibited no
difference in SBS under normal, high and low
pressures. The same findings were obtained
in the tribochemical preparation and laser
preparation groups.

Among the surface treatment methods,
sandblasting and tribochemical preparation
methods yielded higher SBS than laser, and
no difference was found between them in
terms of SBS.

In the current study, the effects of pressure
(normal, high, and low) and surface
treatment  (sandblasting, tribochemical
preparation, and laser) on SBS were
investigated. The results showed that under
normal pressure, SBS was higher in the
sandblasting and tribochemical preparation
groups compared with the laser group;
however, there was no difference between
the  sandblasting and  tribochemical
preparation groups. Findings at high and low
pressures were similar to normal pressure. In
the present investigation, efforts were made
to identify the confounding factors and
standardize the conditions such as composite
type, environment, and surface treatment
conditions in each group.

Table 3. Interaction effect of pressure and surface treatment on shear bond strength

Tribochemical

Tribochemical

Tribochemical

Sandblast
Normal Laser
Tribochemical Laser

. Sandblast
High Laser
Tribochemical Laser

Sandblast
Low Laser
Tribochemical Laser

-1.133 0.088
2.133* 0.002
3.267* <0.001
-0.287 0.664
2.553* <0.001
2.840* <0.001
-0.007 0.992
2.520* <0.001
2.527* <0.001
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Therefore, the differences can be attributed
to the type of surface treatment and
atmospheric pressure. In this study, we used
Z-Prime Plus which is a resin primer
containing MDP monomer. According to the
results of previous studies, MDP-containing
monomers such as Z-Prime Plus can
chemically bond to zirconia surface [27-30].
For zirconia surface sandblasting, 50pm
alumina particles were used at 10mm
distance from the surface for 10s. Zirconia
surface sandblasting may cause cracks in the
zirconia; therefore, most studies applied 50
um alumina particles to prepare the surface
[31,32]. However, there were differences in
the duration of sandblasting and the distance
from the ceramic surface.

Different lasers are used to prepare the tooth
or restoration surfaces. However, the
mechanism of action for all of them is to
roughen the surface. Er:YAG laser is the most
common type of laser used for this purpose
[20,33]. In the present study, Er:YAG laser
was also used for surface treatment. The
reaction between the water in the surface of
the ceramic and the laser beam causes small
explosions and evaporation at this level, and
this process eliminates the material from the
surface, leading to subsequent roughening of
the surface. Most studies have demonstrated
that the SBS generated by sandblasting is
higher [34]; while, another study reported
that the bond strength of Er:YAG laser was
much greater than that caused by
sandblasting [35]. In this study, in line with
most other studies [8,9,18], the SBS of
sandblasting and tribochemical preparation
groups was significantly higher than that of
Er:YAG laser group.

In a similar study, Tanis and Akcaboy [34]
examined the effect of surface treatment in
presence of MDP monomer on SBS of zirconia
surface to cement. Unlike our study, their
study was conducted only under normal
pressure conditions (latm). However, the
results of their study were similar to the
results of our study; they indicated that
tribochemical silica coating was a favorable
technique for a strong bond between zirconia
and resin cement. MDP monomer was capable
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of enhancing the bond strength of sandblasted
zirconia.

Yi et al. [36] compared the effect of
sandblasting and tribochemical preparation
and found that Z-Prime Plus treatment after
air-abrasion process produced higher SBS than
the group without the Z-Prime Plus after
tribochemical process. In the present study, Z-
Prime Plus treatment after tribochemical
process produced higher SBS than Z-Prime Plus
treatment after air-abrasion process; although
this difference was not significant. Yassaei et al.
[37] assessed the SBS of orthodontic brackets
bonded to porcelain using Er:YAG laser in
comparison with hydrofluoric acid. They
indicated that Er:YAG laser as a favorable
method was capable of bonding orthodontic
brackets to porcelain surfaces. The groups
received 1.6, 2, 3.2 and 4W Er:YAG laser in their
study. They initially observed that the ceramic
surface was burned using Er:YAG laser with 4W
power and therefore it is not suitable for
surface treatment. In the present study, Er:YAG
laser was used with a power of 2W. The results
of their study showed that the highest bond
strength belonged to the sandblasting group,
which was consistent with the results of the
present study. In a study by Topcuoglu et al,
[38] 3W laser with 20Hz frequency was used.
The results of this study revealed that
sandblasting created the highest bond strength
amongst the tested surface treatment methods,
which is consistent with the present study
results. It was also shown that laser alone
cannot be a suitable method for surface
treatment, because all samples that underwent
laser preparation were debonded during the
thermocycling process. Also, laser was able to
create a proper bond strength, which could be
due to the use of MDP-containing monomers
resulting in creation of a chemical bond. The
aforementioned study indicated that the
primer used did not contain MDP. The results
also demonstrated that the use of laser after
surface sandblasting not only does not increase
the bond strength, but also decreases the bond
strength due to the removal of surface
roughness caused by sandblasting. In the
current study, this surface treatment (use of
laser after sandblasting) was not performed.
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CONCLUSION

Under the limitations of this study, our
results indicated greater SBS of zirconia
ceramic to composite following sandblasting
and tribochemical preparation of zirconia
surface compared with Er:YAG laser
irradiation. But different pressures had no
significant effect on SBS.
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