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Abstract

Research Objectives:

The research we conducted aims to:

1. Measure the shear bond strength of both metal and ceramic
orthodontic brackets bonded with resin without bleaching during
etching with phosphoric acid.

2. Measure the shear bond strength of both metal and ceramic
orthodontic brackets bonded with resin without bleaching during
laser etching.

3. Study the effect of bleaching on the shear bond strengths of metal
and ceramic brackets bonded with resin after laser etching.

4. Study the effect of bleaching on the shear bond strengths of metal
and ceramic brackets bonded with resin after etching with
phosphoric acid.

5. Compare the effect of bleaching on the shear bond strengths of
ceramic and metal brackets bonded with resin after laser etching.

6. Compare the effect of bleaching on the shear bond strengths of
ceramic and metal brackets bonded with resin after etching with
phosphoric acid.

7. Measure the index of adhesive residue on metal and ceramic brackets
before and after bleaching when etched with phosphoric acid.

8. Measure the index of adhesive residue on metal and ceramic brackets
before and after bleaching when etched with laser.

Materials and Methods :

This study was conducted in:

* Department of Orthodontics and Jaw Surgery, Faculty of Dentistry,
University of Hama.

e Department of Restorative and Endodontic Dentistry, Faculty of
Dentistry, University of Hama.

e Department of Surgery, Faculty of Dentistry, University of Hama.

* Material Properties Laboratory, Faculty of Mechanical Engineering, Al-
Baath University.

The sample size was estimated using G*Power 3.1.9.7 software,
indicating a sample size of 80 teeth. The sample consisting of 80
upper incisors was randomly divided into eight groups, each
containing ten incisors.



* Group 1: Before bleaching, we prepared the surface using laser and
bonded metal brackets.

® Group 2: We bleached first, then prepared the surface using laser and
bonded metal brackets.

e Group 3: Before bleaching, we prepared the surface using laser and
bonded ceramic brackets.

e Group 4: We bleached first, then prepared the surface using laser and
bonded ceramic brackets.

® Group 5: Before bleaching, we prepared the surface using phosphoric
acid and bonded metal brackets.

® Group 6: We bleached first, then prepared the surface using
phosphoric acid and bonded metal brackets.

® Group 7: Before bleaching, we prepared the surface using phosphoric
acid and bonded ceramic brackets.

® Group 8: We bleached first, then prepared the surface using
phosphoric acid and bonded ceramic brackets.

Teeth were prepared prior to bonding by rinsing with running water to
remove gingival debris and calculus, then placed in formaldehyde

for 24 hours, followed by storage in distilled water.

The root surface was etched with several grooves to ensure maximum
stability within the mold during mechanical testing, and they were
placed in molds made from reinforced white gypsum.

Bleaching was performed in the clinic on teeth from groups two, four,
six, and eight using hydrogen peroxide at a concentration of 38% .

The material used was "The Smile Strong," applied to the entire
vestibular surface of the tooth with a special brush, followed by

light activation using a ZOOM laser whitening device. The

whitening was applied in two phases, each lasting 20 minutes.

Brackets were bonded immediately after etching in groups not subjected
to bleaching.

Brackets were bonded 24 hours after bleaching in groups subjected to
bleaching.

The vestibular enamel surface of each tooth from groups (5-6-7-8) was
etched with a gel-like phosphoric acid at a concentration of 37%

for 15 seconds.

The vestibular enamel surface of each tooth from groups (1-2-3-4) was
etched with a laser device at a wavelength of 2490 nanometers,

pulse energy of 100 millijoules, pulse frequency of 15 Hertz,

exposure time of 30 seconds, accompanied by water usage at an
exposure distance of 1 cm from the enamel surface.



Then, the bracket was placed on the tooth surface with a bracket
tweezer so that point FA coincided with the clinical midline of the
crown.

Translation :

The shear bond strength test was conducted using a tensile testing
machine (Tinius Olsen, H50KS, UK). In this study, the Shearing Test
was relied upon to simulate the effect of occlusal forces on the
teeth. The brackets were examined to determine the location of
bond failure, and electronic images of all the studied brackets
were captured using an iPhone 14 Pro Max camera with a
resolution of 48 megapixels. The images were processed using
Autodesk AutoCAD 2021 software to calculate the ratio of
adhesive residue to the total area of the bracket. Statistical
analysis of the recorded data for the studied variables was
performed using SPSS 20 software. One-Way ANOVA was used for
the variable of shear bond strength across the eight experimental
groups, and post hoc Bonferroni tests were applied related to the
One-Way ANOVA for the shear bond strength variable to study
the effect of the methods used in the study on this variable across
the eight groups.

Additionally, One-Way ANOVA was used for the variable of adhesive
residue amount on the brackets in the eight experimental groups,
and post hoc Bonferroni tests were employed to study the effect
of the methods used in the study on this variable across the eight
groups.

Results :

The results of the current study showed statistically significant
differences in shear bond strength among the study groups.

The results indicated that group three, which was not subjected to
bleaching and was etched with laser before bonding ceramic
brackets, had the highest bond strength value, with an average
shear bond strength of 7.85 + 1.18 megapascals.

This was followed by experimental group four, which underwent
bleaching and was etched with laser before bonding ceramic
brackets, with an average shear bond strength of 7.56 £ 0.90
megapascals.

Next was experimental group seven, which was not subjected to
bleaching and was etched with phosphoric acid before bonding



ceramic brackets, with an average shear bond strength of 7.50 +

0.93 megapascals.

This was followed by experimental group one, which was not subjected
to bleaching and was etched with laser before bonding metal

brackets, with an average shear bond strength of 7.13 £ 1.18
megapascals.

Next was experimental group eight, which underwent bleaching and was
etched with phosphoric acid before bonding ceramic brackets,

with an average shear bond strength of 7.02 £ 0.37 megapascals.
Following that was experimental group two, which underwent bleaching
and was etched with laser before bonding metal brackets, with an
average shear bond strength of 6.96 + 0.96 megapascals.

Then came experimental group five, which was not subjected to
bleaching and was etched with phosphoric acid before bonding

metal brackets, with an average shear bond strength of 6.78 +

0.84 megapascals.

The lowest bond strength was observed in experimental group six, which
underwent bleaching and was etched with phosphoric acid before
bonding metal brackets, yielding an average shear bond strength

of 5.16 £ 0.52 megapascals.

All SBS values in the experimental groups were above the clinically
acceptable minimum (6 megapascals) according to Endoa, except

for group six.

Using One-Way ANOVA, statistically significant differences were found in
the means of shear bond strength between at least two of the

eight groups.

Significant differences were observed between group six and all other
groups individually.

Significant differences were also found between group two and group
three.

Additionally, significant differences were noted between group three
and groups five and eight.

The current study's results also demonstrated greater adhesive residue
remaining on the base of the bracket in groups three and seven,

with failure at the enamel-adhesive interface, where a score of 5

was observed at a rate of 50% in the Adhesive Remnant Index (ARI).
This was followed by groups two and four, where a score of 5 was
observed at a rate of 40% in ARI.



Then came groups one, six, and eight, where a score of 5 was observed
at arate of 30% in ARI.

In contrast, group five had the lowest occurrence, with a score of 5
noted at a rate of 20% in ARI.

Translation :

When comparing the eight experimental groups using One-Way ANOVA,
there were no statistically significant differences in the means of

the amount of adhesive residue on the brackets when comparing

the eight groups.

The results of the post hoc tests (Bonferroni) related to the One-Way
ANOVA for the amount of adhesive residue on the brackets

showed that there were no statistically significant differences in

the means of the amount of adhesive residue on the brackets

when comparing each pair of methods across the eight groups.

Conclusions :

1. The bonding of metal and ceramic brackets provides a shear bond
strength that is greater before bleaching is performed in the clinic.

2. The application of laser etching provides clinically acceptable bond
strength that may be greater than acid etching, making laser a

suitable alternative to traditional etching methods.

3. Ceramic brackets provide greater shear bond strength compared to
metal brackets.

4. When teeth are subjected to bleaching, it is preferable to use laser
etching instead of acid etching.

5. When teeth are subjected to bleaching, it is preferable to use ceramic
brackets instead of metal brackets.

6. It is preferable to use laser etching when using either ceramic or metal
brackets.
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