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Abstract

Introduction: In recent decades zirconium oxide has been introduced in the field of dentistry as
a high-strength ceramic. Unlike its mechanical advantages, however, due to its inert chemical
properties, it bonds poorly to other substrates, so improving bonding strength to an adhesive
material is necessary.

Methods: In this experimental study, 70 ceramic zirconia blocks were prepared and distributed
randomly among 7 groups. Then the shear bond strengths were determined and the samples were
examined by a scanning electron microscope (SEM). Statistical analysis was performed by one-way
ANOVA and multiple Tukey comparisons.

Results: One-way analysis of variance (ANOVA) showed that laser irradiation distance has a
significant effect on orthodontics brackets bond strength to zirconia-ceramics. Based on the Tukey
post hoc test, each group was compared with other groups and the contact mode and 2 mm
distance groups showed significantly higher bond strength than other groups (P value <0.05).
Conclusion: Orthodontic bracket bond strength to zirconia-ceramics will be reduced by increasing
Er: YAG laser irradiation distance from samples. The highest bond strength will be achieved when
laser irradiation distance is 2 mm or when the laser beam is in contact with samples.

Keywords: Orthodontic bracket bond strength; Zirconia surface; Laser radiation distance; Er:YAG

Laser.

Introduction

Recently, Zirconium-based ceramics have become a
favorite choice for many dentists to manufacture dental
prostheses due to their chemical stability, biocompatibility,
proper compressive strength, and thermal expansion
coefficient similar to the tooth structure. Zirconia also
has a beautiful appearance and can cover patients’ high
esthetic demands.'

In recent years, the number of adult patients for
orthodontic treatment have been increased and clinicians
have encountered the orthodontic bracket bonding
process to dental crowns as a challenge. Orthodontic
forces are applied through the bracket to the zirconia
surface to induce orthodontic tooth movement, so reliable
bonding is crucial to prevent bonding failure during the
orthodontic treatment; on the other hand, when brackets

are debonded, damage to the restoration surface should
be minimized.*

Different types of zirconia material have a different
structure, different shape, size and composition of
particle, and also different surface properties; therefore,
surface preparation methods and the bond strength that
will be achieved by each method are different.”

Due to the neutral surface of zirconia, bonding materials
cannot effectively be attached to it without surface
preparation, and surface modification is required to
create an effective bond that can resist orthodontic forces.
Various methods have been used to prepare the zirconia
surface before bracket bonding, including surface wear by
milling, sandblasting with A1203 particles, Er: YAG laser
irradiation, and CO2 laser irradiation. These methods
can be followed by applying a coupling agent.**
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Zirconia ceramics have a crystalline structure with less
than 1% glass phase and a minimum amount of silicon
dioxide so achieving a suitable micromechanical bond
strength between resin cement and the zirconia surface
with conventional surface preparation methods such as
etching with HFA is incompetent and vain.”'> On the
other hand, it has been proved new coupling agents,
such as zirconia primer, increase surface wettability and
improve bond strength."

Various factors modify the effect of the Er:YAG laser
on the target material, including the distance between
radiation and the target material, the type of radiation, the
wavelength of the radiation, radiation energy, radiation
pulse frequency and presence of water in material texture,
and cooling methods during operation.'*'s

In this study, we investigated the effect of Er: YAG laser
irradiation distance on surface conditioning of a zirconia
ceramic and shear bond strength between the zirconia
ceramic surface and orthodontic brackets

Materials and Methods

In this experimental study, 70 samples of zirconia ceramic

block (DD Bio ZS Zirconia) with 10 x 10 x 10 mm

dimensions were prepared according to the manufacturer’s

instructions and distributed randomly among 7 groups:

o Group 1: Putting a thin layer of zirconia primer
(Shofu AZ Primer) on the zirconia surface for 10
seconds - No laser radiation

o Group 2: Putting a thin layer of zirconia primer on
the surface of the zirconia for 10 seconds/Er: YAG
laser application (Contact mode, 10's, 4 W);

o Group 3: Putting a thin layer of zirconia primer on
the surface of the zirconia for 10 seconds/Er: YAG
laser application (Distance 2 mm, 10's, 4 W);

o Group 4: Putting a thin layer of zirconia primer on
the zirconia surface for 10 seconds/Er: YAG laser
application (Distance 4 mm, 10's, 4 W);

o Group 5: Putting a thin layer of zirconia primer on
the surface of zirconia for 10 seconds/Er: YAG laser
application (Distance 6 mm, 10's, 4 W);

o Group 6: Putting a thin layer of zirconia primer on
the surface of the zirconia for 10 seconds/Er: YAG
laser application (Distance 8 mm, 10's, 4 W);

o Group 7: Putting a thin layer of zirconia primer on
the surface of zirconia for 10 seconds/Er: YAG laser
application (Distance 12 mm, 10 s, 4 W).

The groups were manually exposed to the Er: YAG laser
(Smart 2940 Dplus, DEKA) (Frequency: 10 Hz, 4 W, 400
m]J, 10 s). Laser exposure was done by the same person in
all groups with the spot scanning method.

Because of irradiation distance importance in this
study, a dental probe was fixed to the laser tube so the
distances were kept precisely and equally in the samples
of each group.

From each group, one sample was taken to study the
effect of laser exposure on the zirconia surface by a

scanning electron microscope (SEM).

After laser exposure, zirconia primer (Shofu, AZ
Primer, Kyoto, Japan) was applied and after 10 seconds
a thin layer of primer (Transbond XT, 3M, Unitek
Monrovia, California, USA) was applied. Time was given
for better penetration of the adhesive to create a resin tag
and a better band. Then airflow was applied for 5 seconds
and then light curing (Woodpecker, 1400 mW/cm?) was
done for 20 seconds.

In the next step, the resin Adhesive (Transbond XT, 3M,
Unitek Monrovia, California, USA) was applied to the base
of brackets (Dentaurum, equilibrium?2, design optimal,
Germany), the brackets were placed and positioned on
the surface of zirconia samples, and light curing with
ultraviolet light (Woodpecker, 1400 mW/cm?) was done
for 40 seconds. Additional light curing for 20 seconds was
done to ensure complete polymerization.

Lastly, after sample preparation, the samples were
incubated for 24 hours at 37°C to stimulate the oral
environment.

After incubation, the samples were molded in a metallic
template by self-cured acrylic resin (Acropars Co.) with
the aid of orthodontic wire (0.19 “x 0.25”) to do the shear
test (Zwick, Roell 2050, Germany).

We used orthodontic wire for mounting of samples to
ensure that the force in the Zwick machine would apply
for all samples in the same direction.

The shear bond strength for each specimen was
measured by means of a universal testing machine
(Zwick, Roell 2050, Germany). Shear force was applied
to the zirconia- bracket junction at a speed of 1 mm/min
until the sample was debonded. Finally, specimens and
brackets were collected and numbered to conduct an ARI
(adhesive remnant index) test.

In 1984, Arthon and Bergland introduced the ARI
Index that is defined as follows:

o Score 0: less than 10% of adhesive remains on the
sample.

o Score 1: Less than 50% (10%-50%) of adhesive
remains on the sample.

e Score 2: More than 50% (50%-90%) of adhesive
remains on the sample.

o Score 3: More than 90% of adhesive remains on the
sample.

In order to determine the ARI index for samples, a
stereomicroscope with a magnification of at least 10
times was used and the amount of resin remained in the
zirconia-bracket junction in the zirconia blocks after
debonding was coded according to the aforementioned
criteria.'s

When the samples were examined under a microscope,
we generally observed 3 types of bond failure:

Cobhesive failure: Bond failure occurs inside the resin or
ceramic

Adhesive failure: Bond failure occurs between ceramic
and resin or bracket and resin.
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Mixed failure: combination of adhesive and cohesive

To assess the ARI index, a stereomicroscope was
used with a 3-megapixel digital camera connected to a
computer (EZ4D, Leica). This device has a 7 LED light
source that creates high-quality images. The debonded
samples were placed on a block under the object lens
and were magnified 10 times and examined by the same
person twice to obtain the ARI index precisely.

All data were analyzed using SPSS 21 software. A one-
way analysis of variance (ANOVA) was performed. The
confidence level of this test was 95% and the test power
was 80% and the significance level was assumed less than
0.05.

Results

The results showed that the shear bond strength to
zirconia-ceramic after laser preparation was reduced by
increasing laser beam distance and laser preparation did
not statistically improve the bond strength between the
orthodontic brackets and the zirconia surface, except
when the laser was exposed in contact or at 2 mm distance
from the zirconia surface.

The mean and 95% of confidence limit bond strengths
in each studied group are shown in Figure 1.

The ARI index results did not show any significant
differences among the groups. The results of the
stereomicroscope examination are shown in Table 1.
The ARI index is a qualitative scale so the ARI data were
analyzed with the Kruskal-Wallis test and the results did
not show significant differences among the groups (P =
0.095).

When checking the bond failure region, it was shown
that the bond failure happened more in the adhesive in
the conventional group (cohesive failure) and in other
groups mostly mixed failure happened.

The zirconia blocks surface after preparation with the
laser evaluated with SEM described in Figure 2A-G.

Discussion

Past studies have shown the Erbium laser is more suitable
than other lasers such as CO, and Nd: YAG for making
the zirconia-ceramics surface rough, because other lasers
produce so much heat during operation that can have a
negative effect on adhesion and mechanical properties of
zirconia ceramics."”

Zirconium primer (AZ-Primer Shofu) was used in this
study to prepare the surface of the samples. This primer
is superior to other primers in conditioning the zirconia
surface due to phosphoric acid monomer presence and it
was previously proven by Kitayama et al in 2010."

In our study, in addition to bond strength, the ARI
index was evaluated and a significant relationship was
observed between the ARI index and Shear bond strength
that confirmed each other. In other words, in most of
the samples, mixed type of bond failure was observed
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Figure 1. The Mean =+ Standard Deviation of Bond Strength
Different  Groups

which showed the bond strength is relatively strong and
favorable, while in the control group, the most commonly
registered code is zero based on the Arton and Bergland
criteria, which indicated that the highest type of band
failure (70% of the samples) was the adhesive type,
implying weaker bond strength in this group.

As it is known, it is better to have more bond failure in
the bracket-resin contactor inside the resin because if less
adhesive remains on the enamel surface as a result of the
bond failure in resin-enamel contact, more stress comes
into the enamel surface.”

In a study done by Basaran et al, enamel bond strength
to orthodontic brackets that were conditioned by the
erbium laser after etching decreased by increasing laser
irradiation distance. This result is consistent with the
result of our study except that we studied bond strength
between zirconia-ceramics and brackets.?

The Er: YAG laser is well absorbed in the presence of
water and hydroxyapatite so the performance of the laser
will enhance humidity.?*

The bond strength in the group prepared with laser
direct contact was lower than the bond strength in the
group prepared with the laser from 2 mm distance. The
reason is that for the performance of more Erbium lasers,
water molecules are needed. When laser beam contact
directly to the zirconia surface, water molecules are
absent in the laser operation area so laser performance
in zirconia surface conditioning is lower compared to
zirconia surface conditioning from 2 mm distance.

We studied the samples prepared by the laser and the
control group by the SEM microscope. Highest surface
changes and roughness were observed in the group
conditioned by direct contact laser exposure and in the
group conditioned by laser exposure form 2 mm distance.
Deeper cavities were produced in these two groups than
the other groups. The groups that were prepared from
4 and 6 mm distance had almost identical surfaces, and
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Table 1. Distribution of ARI Scores

Distance*ARI Crosstabulation

ARI
Total
0.00 1.00 2.00 3.00
Count 3 6 0 1 10
12 mm o
% within distance 30.0% 60.0% 0.0% 10.0% 100.0%
Count 0 10 0 0 10
8 mm R
% within distance 0.0% 100.0% 0.0% 0.0% 100.0%
Count 1 7 1 1 10
6 mm R
% within distance 10.0% 70.0% 10.0% 10.0% 100.0%
) Count 3 5 0 2 10
Distance 4 mm e
% within distance 30.0% 50.0% 0.0% 20.0% 100.0%
Count 1 9 0 0 10
Contact T
% within distance 10.0% 90.0% 0.0% 0.0% 100.0%
Count 2 8 0 0 10
2 mm S
% within distance 20.0% 80.0% 0.0% 0.0% 100.0%
. Count 7 2 1 0 10
Conventional o
% within distance 70.0% 20.0% 10.0% 0.0% 100.0%
Count 17 47 2 4 70
Total o
% within distance 24.3% 67.1% 2.9% 5.7% 100.0%

the groups that were prepared from 12 mm and 8 mm
distance had minimal changes and the surface texture
was similar to the control group, and this finding was
confirmed by the data that were collected from the shear
bond strength test.

Further studies are needed to evaluate different
distances of erbium laser with different parameters on

shear bond strength of brackets to ceramic surface.

Conclusion

The best results and highest bond strength between the
zirconia-ceramics surface and the orthodontics brackets
were achieved when the ER: YAG laser was exposed from
2 mm distance or when exposed in direct contact with

Figure 2. (A) Zirconia surface without preparation (laser radiation) is homogeneous, without any heterogeneity; actually similar to the surface of the control
group samples. (B) Zirconia surface prepared with laser radiation in a contact mode which created a non-homogeneous surface with multiple deep cavities.
(C) Zirconia prepared with laser radiation from 2 mm distance that created a non-homogeneous surface with multiple deep cavities. The heterogeneity
degree in this group was greater and deeper than that in other groups. (D) Zirconia prepared with laser radiation from 4 mm distance, which formed a non-
homogeneous surface with multiple cavities, and a low depth (lower than the previous group) was seen. (E) Zirconia prepared with laser radiation from 6 mm
distance, which created a non-homogeneous surface with multiple cavities, and a low depth (as in the previous group) was seen. (F) Zirconia prepared with
laser radiation from 8 mm distance and a nearly homogeneous surface with very shallow cavities was created. It was noted that in 5 times magnified surfaces,
the texture was similar to the conventional group. (G) Zirconia prepared with laser radiation from12 mm distance, and an approximately homogeneous
surface with very shallow cavities was created. 5 times magnified images were similar to the conventional group.
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the zirconia surface. As the distance between the zirconia
surface and laser beam increased more than 2 mm, shear
bond strength was reduced.
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