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Universal Bonding on Shear Bond Strength of Zirconia
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ABSTRACT
Aim: The purpose of this study was to investigate the effect of
Erbium-doped yttrium aluminium garnet laser laser (Er: YAG
laser), sandblast and several universal bonding on the shear
bond strength of zirconia ceramic to composite resin.
Materials and methods: In this experimental study, 96 Y-TZP
disks were used. They were divided into six groups based on
surface preparation: 1-Er: YAG laser + single bond universal/
3M, 2-Er: YAG laser + all bond universal/bisco, 3-Er: YAG laser
+ G-premio bond/GC, 4-sandblast + single bond universal/3M,
5-sandblast + all bond universal/bisco, 6-sandblast + G-Premio
bond/GC; in the next step, composite discs were cured on the
surface of the zirconia discs and their shear bond strength was
evaluated using a mechanical test machine (universal testing
machine).
Results: Two-way ANOVA showed that the surface preparation had a significant statistical effect on shear bond strength
(p< 0.001). There was no association between these two variables with regards to the interaction of bonding and surface
preparation (p = 0.064). Tukey’s test showed that the shear
bond strengths in the sandblast type group did not differ significantly between the groups according to the type of universal
bonding, as well as in the Er: YAG laser treated group by type
Universal bonding which was not significantly different between
the groups of single bond universal and all bond universal, but
there was a significant difference between the groups in terms
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of single bond universal and G-Premio, as well as all bond
universal and G-Premio.
Conclusion: Based on the results, the preparation of Er:YAG
laser is a more appropriate method for increasing bond strength
when compared with sandblasting, and among the universal
bonding, G-Premio is also more suitable for this purpose.
Clinical significance: The present data indicate that bond
strength of laser preparation and G-Premio adhesive might be
reliable for clinical application
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INTRODUCTION
In clinical conditions, as a result of insufficient strength
of conventional ceramics and alumina base ceramics,
ceramic with zirconia bases was introduced for the
purpose of making all-ceramic restorations. Ceramicbased on zirconia is used for ceramic restorations
because of its chemical stability, biocompatibility, proper
compression strength, appropriate esthetic, reconstruction normal dental appearance and thermal expansion
coefficient similar to hard tissues of the tooth.1 Because
of the instability of pure zirconia, this material is used
in the four-dimensional crystalline phase, which is partially stabilized with Yttrium oxide.2,3 The adhesion of
zirconium restorations also has disadvantages in terms
of band. One of these disadvantages is the need for resin
cements containing monomer phosphate to cement
ceramic restorations with zirconia bases.3
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In earlier studies, it was found that indirect all-ceramic
restorations require a durable and stable bond between
cement and ceramic for long-term efficacy.4,5 The use
of resin cements for bonding restoration to teeth, also
provides restorative bond strength to the teeth in addition to improving retention and resistance to fracture of
the restoration and increasing the marginal adaptation.
If proper bonding between the restoration and tooth is
not established, the retention and resistance reduces and
leads to failure of the restoration, and with reduction of
the marginal adaptation, the probability of secondary
caries is also increased.6
Creating a micromechanical bond between the composite resin and ceramic zirconia requires the creation
of internal surface roughness of ceramic to increase the
surface available for penetration of the resin. In the case
of Yttria stabilized tetragonal (Y-TPZ) zirconia ceramics,
surface preparation with conventional methods, such as
hydrofluoric acid etching, is often a dysfunctional method
due to the lack of a glass phase in the structure of this
material.4-6 In studies on reinforcing the shear bond of
zirconia ceramic to resin composites, results have shown
that sandblasting, lasers and universal bonding can be
used to strengthen the bond.7
Erbium lasers were introduced as an alternative to
conventional mechanical tools for cutting dental surfaces
in dentistry. These lasers can absorb radiation energy at a
range of 2.6 and 3 μm, which is the strongest water absorption range and the most important component of hard
dental tissues.8,9 One of the family members of Erbium
lasers, Er: YAG, is the mild infrared waves of this laser that
has a significant abrasion effect on hard dental tissue.10
The energy released by this laser is well absorbed by
hydroxyapatite and is more effective in removing dental
hard tissues than other laser systems. This kind of laser
is used for the removal of caries and cavity preparation
and provides conditions for proper bonding.11
Sandblasting is another method for strengthening
bond strength (air abrasion by aluminum oxide). It
increases the bonding surface and surface roughness, and
forms undercut on the ceramic surface.12,13 In this method,
high-speed particles of aluminum remove weak ceramic
phases and create surface irregularity that increase the
surface and strengthen the bonding.14
Another major change that occurred during the
Adhesive Dentistry century was the use of bonding
systems. In this context, a substance called bonding
agent which can connect two surfaces to each other, resist
the separation of these two surfaces and transfer forces
through the bond, is used. The use of a type of bonding
system, called universal bonding, is one of the newest
techniques used. The difference between this type of
bonding system and previous techniques is that in this

system, all components are in a bottle, and can be used
with total etch and self-etch systems.15,16
Therefore, the present study aimed to investigate
the effect of Er: YAG laser, sandblasting and single bond
universal/3M bonding, All-bond universal/Bisco and
G-premio bond/GC on the shear bond strength of zirconia ceramic to composite resin.

MATERIALS AND METHODS
In this experimental study, 96 Y-TZPs (VITA YZ GmbHGermany) were used. Discs with a diameter of 6 mm and
a thickness of 2 mm were prepared by a copy milling
technique using a milling machine and following the
manufacturer’s instructions. Subsequently, they were
divided into six groups based on surface preparation:

Group 1
Surface preparation with Laser Er: YAG (FOTONA,
Slovenia): 16 samples with an Er: YAG laser was used at
a wavelength of 2940 nm, frequency of 15 Hz, energy of
200 mj and a power of 3 W. The pulse duration was 230
μs.17 One layer of single bond universal (3M ESPE, St,
Paul, MN, USA) was applied on the samples, rubbed for
20s, and thinned with a gentle flow of water-air syringe
for 5s, and cured with a light device LED (Kerr, CA, USA)
with intensity of 1200 mW/cm2 for 10 seconds.

Group 2
Surface Preparation by Er: YAG laser: 16 samples were
used with aEr: YAG laser, with a wavelength of 2940 nm,
frequency of 15 Hz, energy of 200 mj and a power of 3
W. The pulse duration was 230 μs. Two layers of all bond
universal (Bisco, Schaumburg, IL, USA) were rubbed for
10-15s on each layer, and the layers were not cured. Then
thinned with a gentle flow of water-air syringe for 10s
and cured with a light device LEDs with an intensity of
1200 mW/cm2 for 10 seconds.

Group 3
Surface Preparation by Er: YAG Laser: 16 samples with
Er: YAG lasers with the aforementioned characteristics in
G1. One layer of G-Premio bonding (GC, Tokyo, Japon)
was applied on the samples and rubbed for 10s, thinned
with a gentle flow of water-air syringe for 5s, and cured
with a light device LED with an intensity of 1200 mW/
cm2 for 10 seconds.

Group 4
Surface preparation by sandblasting (Renfert GmbH,
Germany). A total of 16 samples were obtained in this
group. Sandblasting was done using 25 μm aluminum
oxide particles for 10 seconds on a surface with a distance
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of 3 mm and a pressure of 30 psi.18 In the next step,
one layer of single bond universal (3M ESPE, St, Paul,
MN, USA) was applied on the specimens, rubbed for
20 seconds and thinned with a gentle flow of water-air
syringe for 5 seconds, and cured with a light device LED
with 1200 mW/cm2 intensity for 10 seconds.

Group 5
Surface preparation by sandblast. A total of 16 samples
were obtained in this group. Sandblasting was done with
the aforementioned characteristics in G4. Then, two layers
of all bond universal (Bisco, Schaumburg, IL, USA) were
rubbed on each layer for 10 to 15 seconds on the specimens and was not cured between layers and thinned with
a gentle flow of water-air syringe for 10 seconds with air
and was cured with the light device LEDs with intensity
of 1200 mW/cm2 for 10 seconds.

Group 6
Surface preparation by sandblast. A total of 16 samples
were obtained in this group. Sandblasting was done with
the aforementioned characteristics in G4, and then one
layer of G-Premio bonding (GC, Tokyo, Japon) was placed
on samples for 10 seconds and thinned with a gentle
flow of water-air syringe for 5 seconds and cured with
a light device LED with an intensity of 1200 mW/cm2
for 10 seconds. In the next step, nano-hybrid composite
resin disks, Z250xt were made (3M ESPE, St, Paul, MN,
USA) with a diameter of 3 mm and a thickness of 2 mm
by compressing the composite into a transparent plastic
mold on the slab Glass then cured on the surface of zirconia for 40 seconds using a light device with an intensity of
1200 mw/cm2. In the next step, shear bond strength was
determined by Universal testing machine with a loading
speed of 0.5 mm/min and compared with each other.17

Scanning Electron Microscope (SEM) Method
First, the samples were prepared in small dimensions and
bonded using a two-way carbon-conductive adhesive on
a stub. Then, placed inside the ION SPUTTERING device
for 2 minute in order to form gold coats on the surface and
become conductive. Finally, the samples were put in the
SEM machine, JEOL model JSM-840A, for imaging with
application of 15 Kev voltage, and images were taken by
different magnification.

Statistical Analysis
Analysis was performed by Statistical Package for the
Social Sciences (SPSS)-16 software. For comparison
between the groups and considering that two surface
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preparation factors (Er: YAG laser and Sandblast) and universal bonding are independent variables, and to compare
the mean shear bond strengths of the groups, two-way
ANOVA and the Tukey complementary comparison
were used. It should be noted that a normal distribution
test was first performed using the Kolmogorov-Smirnov
method. The significance level in all the tests was less
than 0.05.

RESULTS
Evaluation of the Strength According to the Type
of Surface Preparation
Descriptive results regarding the shear bond strengths are
presented in Table 1. The highest level of strength was
observed for the G-Premio and laser group (25.58 ± 4.82)
and the lowest was observed for the group prepared with
Sandblast and all-bond universal (18.48 ± 3.20).

Two-way Analysis of Variance
According to the results in Table 2, surface preparation
had a statistically significant effect on the shear bond
strength (p < 0.001), and the laser-treated group had a
higher shear bond strength as compared to the sandblasting group. Type of bonding had a significant statistical
effect on shear bond strength (p = 0.048). Also, the interaction between bonding and surface preparation showed
no association between these two variables (p > 0.05).
Table 1: Descriptive results of the shear bond strength of
composite resin of the studied groups
Groups
Single bond
universal + Laser
All bond universal
+ Laser
G-premio + Laser
Single bond
universal +
sandblast
All bond universal +
sandblast
G-premio +
sandblast

Standard
Average deviation Minimum Maximum
20.60

5.23

14.27

31.87

21.09

4.21

12.77

29.28

25.58

4.82

16.24

31.83

19.18

4.38

15.42

34.93

18.48

3.20

11.76

23.76

19.01

5.04

11.76

30.73

Table 2: Two-way variance analysis
Source

Sum of Freedom Average F
P
squares degree
Statistic
as type 3
Width from origin 40973.32 1
40973.32 1.99
>0.001
Surface
299.73 1
299.73 14.58
preparation
>0.001
Bonding type
129.104 2
64.55
3.14
0.048
Bonding type
116.36 2
58.18
2.83
0.064
* surface
preparation
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Graph 1A and B: (A) Estimated marginal means based on surface preparation method. (B) Estimated marginal means based on the
type of bonding agent

Estimated Marginal Means Assessment
The results of estimated marginal means based on the
surface preparation method and type of bonding agent
are shown in Graph 1.

Comparison of Strength According to the Type
of Surface Preparation
In this study, two surface preparation methods including
sandblasting and Laser Er: YAG were used. The mean
shear bond strength in the laser prepared group (22.42 ±
5.19) was significantly higher than that of the sandblasted
group (18.89 ± 4.19) (p < 0.001) (Graph 2).

Comparison of Shear Bond Strength in
Sandblast Group According to Bonding Type
In the sandblast group, three types of universal bonding
were used: All-bond and G-Premio and single bond

Fig. 2: Comparison between shear bond strength of laser and
sandblast groups. Values are M ± SD. *Significant statistically
significant difference as compared to the sandblast group
(p <0.001).

universal. Based on the results shown in Graph 3, in the
sandblasting groups, the shear bond strength of composite resin in universal bonding: single bond universal(19.18
± 4.38).
All-bond (18.48 ± 3.2) and G-Premio (19.01 ± 5.04)
did not show a statistically significant difference (p >
0.05) (Graph 3).
Also, as shown in Table 3, shear bond strengths were
not statistically significant in any of the groups.
Table 3: Binary comparison of shear bond strength in
sandblasted group according to bonding type, using Tukey test
Universal bonding group
Single bond universal by
universal All bond
Single bond universal by
G-premio
All bond universal by
G-premio

Average
difference

Standard
deviation

Pvalue

0.107

1.133

0.9

-2.405

1.133

0.09

-2.512

1.133

0.07

Graph 3: Comparison of shear bond strength of sandblast
prepared groups according to the universal bonding type. Values
are M ±
 SD.
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Comparison of Shear Bond Strength in Lasertreated Group Based on Type of Bonding
In the laser-treated group, three types of universal
bonding were used: All-bond, G-Premio and single bond
universal. The results of the comparison of the shear
bond strength of composite resin based on the type of
universal bonding are shown in Graph 4. In the laser prepared groups, the shear bond strength of composite resin
in the universal bonding (25.58 ± 4.82) with G-Premio
when compared with single bond universal (20.6 ± 5.23)
and all-bond (21.09 ± 4/21), was significantly higher (p
< 0.001).

All-bond and 3M Groups (p < 0.05)
As shown in Graph 4, there was no statistically significant difference in shear bond strength between single
bond universal and all bond universal, but there was a
significant difference between the groups of single bond
universal with G-Premio and all bond universal with
G-Premio.

Surface Preparation Images
In this study, laser and sandblasting were used to
prepare the surface. The results of SEM imaging in
samples prepared with the laser, sandblast and samples

Graph 4: Comparison of shear bond strength of laser prepared
groups in terms of universal bonding type. Values are M ± SD. *
Significant statistical differences were compared based on

without any preparation are shown in Figure 1A to G
respectively.

DISCUSSION
The esthetic and high strength of Zirconia ceramics
has led to its increased usage in restorative dentistry.
However, the poor bonding of ceramic restorations to
composite resins is one of the challenges of the use of
these restorations. Therefore, the application of methods

Figs 1A to G: (A) SEM image of samples prepared with aEr: YAG laser with magnitudes of 500-1000-5000, (B) SEM shape of
sample prepared with sandblast with magnifications of 500-1000-5000 and (C) SEM shape of sample without any magnification
preparation (500-1000-5000)
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Table 4: Binary comparison of shear bond strength in laserprepared group based on bonding type
Groups of universal
bonding
Single bond universal
by universal all bond
Single bond universal
by G-premio
All bond universal by
G-premio

Difference
of average
0.107

Standard
deviation
1.133

P-value

-2.405

1.133

0.03

-2.512

1.133

0.02

0.92

that can strengthen the bond all ceramic and ceramic
restorations of zirconia is one of the issues of interest to
researchers.19
The aim of this study was to investigate the effect
of laser Er: YAG, sandblasting and All-bond universal/
bisco, single bond universal/3M and G-Premio bond/
GC on the shear bond strength of zirconia ceramic to
composite resin. The results showed that surface preparation using the laser as compared to sandblasting method
significantly increased the shear bond strength of resin
composite. The results of the study conducted by Akin
and et al.20 on the comparison of the effect of different
lasers and sandblasting on the shear bond strength of
resin composite with zirconia ceramics are similar to those
of the current study.
The results of this study showed that the use of lasers
Er: YAG (150 mJ, 10Hz and 20 seconds) and Neodymiumdoped yttrium aluminum garnet Nd: YAG (Neodymiumdoped yttrium aluminum garnet) increased the shear
bond strength significantly as compared to the sandblasting method. The results of various studies indicate that
there are several methods for bond strength between
zirconia ceramics and resin composites. The underlying principle in all these methods is that the increase
in surface roughness is one of the important factors in
strengthening the aforementioned band.13 Sandblasting,
together with the formation of surface roughness, causes a
small gap in zirconia, which leads to undesirable changes
in mechanical properties.21,22 Accordingly, the use of
alternative methods instead of sandblasting attracted
the attention of researchers and laser etchings were introduced to create surface roughness in zirconia.23 In another
study by Akin et al.,24 the effect of Er: YAG laser on the
shear bond strength of zirconia ceramic to resin composite
was evaluated and the results showed the level of surface
roughness created at the prepared zirconium surface as
compared to the zirconium prepared by sandblasting, and
that the laser is significantly higher than the laser, which
resulted in significant shear bond strength. A noticeable
point is the time and power of the laser. Therefore, the
Er: YAG laser with a lower power (150 mJ and 10Hz) and
a longer application time (20s) as compared to higherpower lasers (200 mJ, 10Hz) and less time (5 seconds),
increased the surface roughness. On the other hand, it

reduced the formation of small gaps in ceramic zirconia.
However, contrary to the results of the current study, the
results obtained by Cavalcanti et al.25 showed that the
shear bond strength from laser preparation (Er: YAG 200
mJ, 10 Hz, and 5 seconds) was significantly less than that
of sandblasting, and the strength of the samples prepared
with this type of laser is even less than that of the control
group. Similarly, Foxton et al.26 also showed that laser Er:
YAG (200 mJ, 10 Hz, 5 seconds) reduced the shear bond
strength as compared to sandblasting and the control
group. It seems that the contradiction in the results of the
studies is due to differences in particle size and also the
time for lasers use in the preparation.
In another study by Kasraei et al., the effect of CO2
and Er: YAG lasers on the shear bond strength of zirconia
ceramic to resin composites was studied. The results of the
study showed that both types of laser enhanced the shear
bond strength. However, further evaluations showed that
the CO2 laser is well absorbed in the zirconia ceramic
surface, and, besides creating a surface roughness in the
surface of the zirconia ceramic and increasing the bond
strength, creates a series of fine cracks in the ceramic
surface.27 However, the results of this study showed that
the Er: YAG laser absorption rate was lower as compared
to the CO2 laser, and in order to absorb more of it in the
zirconia ceramic surface, graphite powder was used and
the important point in this study is that the laser Er: YAG
enhances surface roughness without causing any crack
in the ceramic surface of zirconia. For this reason, there
is a significant increase in the shear bond strength. In
fact, this justifies the further increase in the shear bond
strength of ceramics prepared with Er: YAG laser when
compared with the sandblast group in the current study.
In the present study, the effect of universal bonding
type on the shear bond strength of zirconia ceramic to
resin composite was investigated. The results showed
that in the sandblast group, type of universal bonding
had no significant effect on bond strength shear, while
in the group prepared with laser G-Premiob and/GC,
there was significant increase in shear bond strength as
compared to Universal All-bond/Bisco and 3M Single
bond universal. Although a study similar to the current
one has not been conducted so far, the results of various
studies on the effect of universal bonding on the shear
bond strength are somewhat contradictory. In the study
conducted by Poggio et al.,28 with regards to the effect
of dentin preparation on universal adhesive strength,
five different types of universal bonding’s including
Futurabond M, Scotchbond Universal, Clearfil Universal
Bond, G-Premio Bond and Peak Universal Bond were
used. The results of the study showed that the type of
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universal bonding has no significant effect on the shear
bond strength of the composite resin.
A remarkable point in this study is that in the case of
glycine-based surface preparation, shear bond strength
increased significantly only in the presence of universal G-Premio adhesive (and no other adhesives). What
justifies the significant effect of Universal G-Premio
bonding in the presence of glycine, on the increase in
bond strength, is the low pH of this bonding. However,
how the low pH enhances the bond strength is still not
clear.28 In the study conducted by Solan et al.,29 the ability
of universal bonding used in various substrates such as
dentin, composite, porcelain and enamel using etching
and rinsing and self-etching methods was compared
using, Scotchbond Universal 3M ESPE, Scotchbond
Multipurpose, single bond 2, Clearfil SE Bond Scotch
bond multipurpose. The result of this study showed
that the overall ability of universal adhesive bonding is
significantly higher than that of other bonding, although
the type of substrate is also effective in bond strength.
Inversely, in the study of Suzuki et al.,30 the shear bond
strength of universal adhesives (including Scotchbond
Universal, G-Premio bond, and All-bond Universal) with
a conventional two-step self-etch adhesive, Clearfil SE
bond was investigated. The result shows that the shear
bond strength of universal adhesives was significantly
lower than two-step self-etch adhesive. In another
study, the shear bond strength of universal adhesives
(Single Bond Universal and Tetric N Bond Universal)
with Clearfil SE adhesive as control were investigated.
Regarding shear bond strength, results have demonstrated that Clearfil self-etch adhesive has superior bond
strengths compared with Universal adhesives.31
The results of studies show that substrate type is one
of the factors that affect adhesive bonding.32 In fact, the
chemical properties of a substrate, which may be dental
tissue or restorative materials, has an effect on the type of
adhesive applied and the amount of strength it produces.
For example, dentin has a complex structure which is
moist and therefore requires the use of hydrophilic and
hydrophobic materials, while enamel only requires the
use of hydrophobic materials because its composition
is more inorganic.32,33 Based on this, it seems that the
difference in the type of substrate is one of the causes of
variation in the results of various studies.
One limitation of this study is that in vitro procedure,
even if crucial to rapidly assess the bonding efficacy of
newly developed adhesives, it is not fully valid and comparable to clinical trials. Another limitation of this study is
that the small number of samples limits the interpretation
of the results. Also, the limited application of Er: YAG
laser power and exposure time are the other restriction

1252

of this study. Further investigation should focus on an
increased number of samples per group with different
laser power and exposure time when evaluating the shear
bond strength in vitro and in vivo condition

CONCLUSION
In this study, the effect of surface preparation with sandblasting and laser, as well as three types of universal
bonding on the shear bond strength of zirconia ceramic
to the composite resin was studied. The results showed
that the use of laser in surface preparation as compared
to sandblasting is a more appropriate method for increasing bond strength, and on the other hand, G-Premio/GC
universal bonding agent can be a suitable candidate for
bond strength enhancement.
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