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to apply orthodontic force. The purpose of this scientific experiment was to evaluate the efficacy
of three different methods of surface preparation for Zirconia, including surface roughening,
sandblasting and the Nd: YAG laser, in the shear bond strength (SBS) of the orthodontic brackets.

Methods: Fifty-four discs of zirconia were divided into three groups of 18: A) Hydrofluoric acid
etching, B) sandblasting, and C) Nd: irradiation using the power of 1.5 W for 10 seconds. After
bonding the brackets, the samples were slowly thermo-cycled (1000 times) for 24 hours. The SBS
test was performed by a universal testing machine at a head speed of 0.5 mm/min. The adhesive
remnant index (ARI) was scored at a magnification of 10 in the stereo microscope. All data were
collected and analyzed using the variance, Kruskal-Wallis, Tukey, Don, and Weibull tests (a = 0.05).
Results: The HF acid etching group (6.11+ 0.94 MPa) had the highest SBS, which was followed by
the laser group (6 + 0.61 MPa) and the sandblast group (3.1080 =+ 0.82 MPa). There was a significant
statistical difference between the laser and HF groups and the sandblast group (P<0.05) and no

2020 significant difference between the HF group and the laser group (P=0.03).
Ol Ol Conclusion: Based on the obtained bond strength, the Nd: YAG laser with a power of 1.5 W could
: be a substitute treatment method for the HF acid-etching.
B Keywords: Hydrofluoric acid; Laser; Shear strength; Zirconium.
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Introduction

The demand for a beautiful and attractive smile stimulates
many adult patients to seek orthodontic treatments.
Many of these patients have resin composite restorations,
amalgam, gold and acrylic resin or porcelain restorations
in their mouths."”* A large number of all ceramic
restorations are made of zirconium. These crowns are
popular and widely used because of their benefits such as
biocompatibility, beauty, high resistance to breakage and
accuracy in manufacturing.’ As already said, providing
reliable bonding between the bracket and the surface
of zirconia is necessary for orthodontic forces. This
connection should be strong enough to prevent bonding
failure during orthodontic treatment and to protect the

integrity of zirconia during the deboning of brackets at
the end of orthodontic treatment. Since the past, bonding
orthodontic brackets to ceramic surfaces has been a
challenge to orthodontists.*” One of the most commonly
used substances for all ceramic crowns is Zirconium.

Due to the frequent report of veneer fracture in the
posterior teeth, which is caused by intense masticator
force,”® it is widely encouraged to use monolithic
zirconium crowns without veneers.>*°

When monolithic zirconium crowns are used, the
orthodontic bracket is immediately bonded to the
underlying zirconium surface.

Since thorough roughening can cause micro-cracks that
undermine the overall integrity of the ceramic surface,
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bonding methods that provide more strength while using
less roughening are recommended." "

The use of hydrofluoric acid (9/6%) for 2 to 3
minutes can be described as a standard technique that
provides sufficient bond strength for bracket-ceramic
connection''; however, it has the disadvantage of
producing toxic vapors, skin burns, and mucous
membrane injury. In addition, it damages the surface of
zirconia. Thus, an alternative method which causes less
soft tissue and zirconia damage is sought after.>>” Other
alternatives for the preparation of the ceramic surfaces
prior to the orthodontic bracket bonding include surface
roughening with a diamond bur or sandblasting and the
use of phosphoric acid gel (37%), but the resistance of the
bond is clinically insufficient.'>'®

The use of different kinds of lasers as a replacement
option in these treatments has been proposed with
convenient results. The Nd:YAG laser can be used for
porcelain conditioning by creating surface roughness
through melting and recrystallization. Since many
clinicians and authors believe laser irradiation surpasses
other methods in preparing the enamel and porcelain
surfaces,'” the aim of this study is to compare the efficacy
of the three widely used methods of zirconium surface
treatment, including 9.6% HF acid etching, Nd: YAG laser
irradiation and sandblasting, in the shear bond strength
(SBS) of metal brackets.

Materials and Methods

Fifty-four Yttria Tetragonal Zirconia Polycrystal (Y-TZP)
(Cercon 1, DeguDent, Hanau, Germany) samples with 8
mm diameter and 4 mm height were used for this in vitro
study. The samples were mounted on a self-curing acrylic
resin using a plastic cylindrical mold.

We randomly divided Zirconia samples into three
groups (n: 18). A 0.8 mm round diamond bur was used to
remove the glazed layer of the zirconium disk.

Group a: 9.6% HF acid (Pulpdent, Watertown, USA)
was used for 3 minutes to etch the zirconia disk surface
that was then washed off for 15 seconds using water with
a gentle flow and later we used a blower for 15 seconds to
dry the surface.

Group b: In this group, Nd:YAG laser irradiation
(Fotona, Slovenia) was used to prepare the zirconia
surface. The samples were exposed to the output power
of 1.5 W, Energy of 150 m]J energy, frequency of 10 Hz,
and pulse duration of 100 ps. The irradiation time was 40
seconds and the fiber diameter used was 320 pum. Laser
movement was done by hand and in a linear pattern. The
power density of the beam was 1866.04 W/cm?.

Group c: Sandblasting (Renfert, Hilzingen, Germany)
with aluminum oxide particles of 110 um, at 80 Psi
pressure was used for 4 seconds.

Silane primer (Pulpdent, Watertown, USA) was
smeared on the surface of the zirconia and then dried
following the initial preparing procedures.

Pre-adjusted 0.022 inches, stainless steel maxillary
central incisor brackets (Dentsply Gac, NY, USA) were
used in this study.

A composite bonding system, comprising two
components of primer and adhesive, was used by the
same operator to bond all the brackets in this study.
(Transbond XT, 3M/Unitek, Monrovia, CA, USA). A
light-emitting diode (Ledition, Ivoclar Vivadent AG,
Schaan, Lichtenstein) was used to light cure the adhesive
for 40 seconds. The materials were put in a 37°C water
bath for 24 hours after polymerization. The samples were
subjected to 1000 thermal cycles of 5 to 55°C for 30 seconds
with 10-second transfer time. After we perpendicularly
mounted all bonded specimens on acrylic resin bases,
we used a universal testing machine (Zwick GmbH, Ulm,
Germany) to apply shear loading to the specimens, which
used a knife-edge system at a 0.5 mm/min crosshead
speed until they fractured.

We divided the maximum load recorded upon failure
(Newtons, N) to the bracket mesh area (11.86 mm?) to
calculate the bond strength in MPa.

After debonding, close disc examination under x40
magnification was done to localize and report the site of
the bond failure and the adhesive remnant index ARI. This
index is calculated using the following scoring system:

1. The bracket imprint and all resin were retained on
porcelain;

2. More than 90% of resin was retained on porcelain;

3. More than 10% but under 90% of resin was retained
on porcelain;

4. Less than 10% of resin was retained on porcelain;

5. No resin on porcelain.'®

The samples were immersed in glutaraldehyde solution
of 2.5% for 12 hours at a temperature of 4°C for fixing;
and after using distilled water to rinse the remnant,
they were dehydrated in the ascending concentrations
of ethanol (25%: 20 minutes, 50%: 20 minutes, 75%: 20
minutes, 95%: 30 minutes, 100%: 60 minutes) for scanning
electron microscope (SEM) analysis (DSM 960A, Zeiss,
Germany)."” Then as the final step, we dried the samples
using absorbent paper and sputter-coated with gold, and
ultimately, we analyzed the surfaces utilizing a scanning
electron microscope in a magnification of x2000 (Figure
1A-C).

We used the Kolmogorov-Smirnov test to confirm
normal data distribution. To compare SBS values among
the groups, we used the Tukey’s post hoc test and one-way
ANOVA in SPSS 16.00 software (Microsoft, IL, USA). For
ARI analysis, we used the Kruskal-Wallis test.

The threshold for significance for all statistical analyses
was set at a probability value of 0.05 or less.

Results

Figure 1A-C demonstrates the SEM images of zirconia
surfaces after surface treatment with HF acid-bur,
sandblast, and Nd:YAG (1.5 W).
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Figure 1. (A) SEM for the sample treated by HF. (B) SEM for the sample treated by the Nd:YAG laser. (C) SEM for the sample treated by sandblasting.

The mean + SD of SBS in the HF group, the Laser group,
and the sandblast group was 6.2 + 0.9 MPa, 6 + 0.6 MPa,
3.1+£0.8 MPa respectively. The HF group demonstrated
the highest SBS followed by the Nd:YAG and sandblasting
groups.

Significant differences in the SBS of metal brackets to
the zirconium surface were observed in the results of a
one-way analysis of variance in different preparation
methods (P<0.001). On the other hand, in terms of the
SBS of metal brackets to zirconia surfaces, the results of
the paired comparison test showed a significant difference
between the HF and laser groups and group ¢ (P<0.001)
and no significant difference between the HF group and
the laser group (P=0.03) (Figure 2).

The maximum values of the adhesive remnant on
the zirconia disc were observed in the HF and Nd:YAG
laser groups (due to a high frequency of indices 1 and
2). However, the degrees of the adhesive residue on
disc surfaces in the sandblast group have been relatively
smaller (a high frequency of indices 4 and 5) (Table 1).

There was no statistically significant difference among
the three groups regarding ARI by using the non-
parametric Kruskal-Wallis test (P = 0.059).

Discussion
Achieving a suitable bond between zirconia surfaces
and orthodontic brackets has always been a challenge to

6.00]

Mean Force(Mp)
g
9

2.00

hf bur laser sandblast

Group

Figure 2. Comparison of Shear Bond Strength of 3 Groups.

clinicians and researchers due to the importance of the
exertion of orthodontic force without the debonding of
brackets during the treatment. Considering the physical
properties of the zirconia surface and the chemical
characteristics of bonding resins, these surfaces are not
suitable for the penetration of resin.** Commonly used
surface treatment methods, are time-consuming or
harmful to soft tissues, which is why even though HFA
etching is a practical surface roughening method for
bonding of porcelain ad composite; extreme caution is
warranted as it is being applied in the oral cavity because
there is a high risk of toxicity and soft tissue burns,
which in turn makes many orthodontists hesitant to use
this method.?** Therefore, achieving suitable surface
treatments through the radiation of different types of laser
has been proposed for this purpose. We conducted this
study to examine the SBS of orthodontic metal brackets
bonded to monolithic ceramic restoration treated by three
different methods. Reynolds concluded that a bracket
bond strength that is clinically ideal is between 5.8 and
7.8 MPa.” In this study, the SBS of the hydrofluoric acid
and laser groups hit the 5.8 mark, while the SBS of the
sandblast group was found to be less than 5.8 MPa.

Sandblasting by 110-um aluminum oxide particles
achieved a clinically substandard SBS which was found
to be lower than the acceptable range. As an alternative
surface roughening option, we also investigated the
reliability of Nd:YAG for bonding brackets to the zirconia
surface with orthodontic adhesive.

Laser etching, also known as surface preparation by a
laser, produces heat, which in turn causes porositties on
the surface of the zirconia which provides mechanical
retention for bonding.

Up until now few studies have evaluated bracket

Table 1. ARI Distribution in 3 Groups

ARI 1 2 3 4 5

No. 3 5 4 2 1
HF

% 20 33.3 26.7 13.3 6.7

No 2 3 4 5 1
Laser

% 13.3 20 26.7 333 6.7

No 0 2 6 3 4
Sandblast

%o 0 13.3 40 20 26.7
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bonding strength to the zirconia surface and no study has
used the Nd-YAG laser for zirconia surface preparation
before bracket bonding. Similar studies have been done
on feldspathic porcelain crowns. For instance, in a
study conducted by Hosseini et al, for measuring SBS
of brackets, 72 feldspathoid porcelain samples were
prepared and categorized into six groups: HF 9.6%,
Nd:YAG (0.75 W, 1 W, 1.25 W, 1.5 W, 2 W). In contrast
to the results obtained from the current study, they found
Nd:YAG laser radiation of 1.5 and 2 W was acceptable
regarding SBS.”” The result of the study conducted by
Kim and Cho shows that the Nd:YAG laser has the ability
to improve the SBS of the titanium porcelain interface.”
Poosti et al showed that even though irradiation with
2 and 3 W powers of the Er:YAG laser did not result in
acceptable bond strength, the 0.8 W power of Nd:YAG
laser irradiation could result in satisfactory bond strength
for clinical orthodontic practice.'”® Akova et al believed
that greater SBS was achieved in the Co2 laser-treated
group in comparison with conventional methods such as
HF acid etching.”? Yassaei et al compared the effect of the
Er:YAG laser (power outputs of 1.6, 2 and 3 W) and 9.6%
HF acid on the SBS of metal brackets and porcelain discs
which resulted in an insignificant difference between the
methods used. They did not assess sandblasting.”

Murthy et al also used five different surface
treatments to prepare zirconium crowns for bonding
to autopolymerizing resin. Their study showed that the
CO2 laser resulted in the highest SBS after using HF acid
etching and sandblasting with 110 pm alumina.* We
did not use the CO2 laser in our study and SBS using
HF acid etching was higher than the Nd-YAG laser and
sandblasting.

A comparison of the results of different studies in
this area suggests some incongruence. It seems that
the difference in study methods is the cause of these
differences and sometimes inconsistent findings. It has
been reported that structural changes of the samples,
which are developed in response to radiation of lasers,
are dependent on the intensity of laser energy, duration of
radiation, and the distance between the radiation source
and the sample surface. The Nd:YAG laser causes less
surface degradation and thermogenesis due to a lower
wavelength in comparison with Er:YAG and carbon
dioxide lasers.?>*

The application of the Nd:YAG laser in comparison with
HF etching reduces the preparation time significantly, (10
seconds versus 3-5 minutes).

Unlike the results obtained in this study regarding the
greater bond strength of the group prepared with the
laser in comparison with the sandblast group, in a study
conducted by Arami et al on the attachment of composite
resin to zirconium, they found that AlZO3 particles are
the most efficient method of surface treatment. They also
showed that the application of the Er-YAG laser (2 W) has
a greater effect than the Nd:YAG laser (1.5 W).*

Scanned micrograph images with x2000 magnification
were obtained after completing the roughening procedure.

An analysis using a scanning electron microscope
(SEM) was done after the samples were immersed ina 2.5%
solution of glutaraldehyde for 12 hours at 4°C for fixing
and then rinsed in distilled water. After that, they were
dehydrated in the ascending concentrations of ethanol
(25%: 20 min, 50%: 20 minutes, 75%: 20 minutes, 95%:
30 minutes, and 100%: 60 minutes). The images prepared
were qualitative, and they confirmed the development of
relatively suitable porosity in the three groups visually. It
seems that the sample prepared by HF 9%-bur indicates
greater superficial porosity followed by the laser group
and the sandblast group respectively. It should also be
noted that the evaluation of SEM images was qualitative,
and many factors are interruptive. In addition, out of each
group, only one sample was chosen for the qualitative
assessment of the surface preparation method, which can
also limit the accuracy of findings.

Based on the results of this research, over half of the
samples (30 out of 45) had ARI of 3 and above, suggesting
that debonding has occurred mainly in resin-ceramic
contact areas. Clinically, this type of debonding has
been reported to be more desirable, as in this state, there
is less need to clear debonded zirconia, and thus the
risk of surface damage will diminish.?”?® Under clinical
conditions, the frequency of this type of debonding is
also greater because under these conditions, the provision
of a desirable etching on the zirconia surface is more
difficult due to uncontrolled factors such as humidity,
temperature, time, and movements of the patient.””
Furthermore, the structural pattern of the bracket base is
such that debonding is not common at the resin-bracket
contact area.”

In contrast to the findings of this research, in evaluating
bonded brackets, Lee et al showed that in the samples
prepared by the etching acid method with Er:YAG laser
radiation, the debonding was mainly of adhesive type at
the resin-bracket contact area.”® This incongruence can
be due to the difference in the manner of the debonding
test, which in this study was performed by exerting a
stretching force. Valletta et al showed that debonding
under a stretching force may occur at the bracket-resin
contact area while debonding under shear force mainly
occurs at the resin-tooth contact area.’® In a research
study by Fernandez and Canut that also performed a
stretching strength test, debonding occurred mainly in
the bracket-resin contact area.?” On the other hand, some
researchers believe that debonding at the tooth/zirconia
and composite area is not favorable as it can cause a
cohesive breakdown in their structure and superficial
degradation of detachment type.”>*

This research has been performed in vitro and its
results should be interpreted in accordance to limitations
of this type of study. Under experimental conditions, the
forces exerted to brackets are different from the forces
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present under clinical conditions. In the mouth, brackets
are influenced by different types of stretching, shear,
rotational, and combined forces, and the forces that are
applied for the removal of brackets in the clinic are different
from the pure shear force that is applied gradually in a
laboratory. In addition, in the oral cavity, a set of stresses
including changes in temperature, humidity, acidity, and
also microbial plaque exist, thereby complicating their
simulation under experimental conditions.””* In spite
of these limitations, the usage of experimental methods
before the application of different materials under clinical
conditions is the best and most suitable option.

Conclusion

The results of this research evaluating the SBS of metal
brackets to zirconia following surface treatment indicated
that the SBS was acceptable for clinical orthodontic
practice in hydrofluoric acid and Nd:YAG groups. The
minimal bond strength was in the sandblasting group.
Evaluation of the effects of different powers of various
lasers on the bond of metal brackets to zirconia can be
suggested.
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