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Introduction

Abstract

Introduction: This study was performed to determine the shear bond strength of rebonded
mechanically retentive ceramic brackets after recycling with Erbium-Doped Yttrium
Aluminum Garnet (Er:YAG) laser or sandblasting.

Methods: Twenty-eight debonded ceramic brackets plus 14 intact new ceramic brackets
were used in this study. Debonded brackets were randomly divided into 2 groups of 14.
One group was treated by Er:YAG laser and the other with sandblasting. All the specimens
were randomly bonded to 42 intact human upper premolars. The shear bond strength of
all specimens was determined with a universal testing machine at a crosshead speed of
0.5 mm/min until bond failure occurred. The recycled bracket base surfaces were observed
under a scanning electron microscope (SEM). Analysis of variance (ANOVA) and Tukey
tests were used to compare the shear bond strength of the 3 groups. Fisher exact test was
used to evaluate the differences in adhesive remnant index (ARI) scores.

Results: The highest bond strength belonged to brackets recycled by Sandblasting (16.83
MPa). There was no significant difference between the shear bond strength of laser and
control groups. SEM photographs showed differences in 2 recycling methods. The laser
recycled bracket appeared to have as well-cleaned base as the new bracket. Although
the sandblasted bracket photographs showed no remnant adhesives, remarkable micro-
roughening of the base of the bracket was apparent.

Conclusion: According to the results of this study, both Er:-YAG laser and sandblasting were
efficient to mechanically recondition retentive ceramic brackets. Also, Er:-YAG laser did
not change the design of bracket base while removing the remnant adhesives which might
encourage its application in clinical practice.

Keyword: Er YAG lasers; Recycling; Brackets; Sandblasting; Shear bond strength; Ceramic
brackets.

Debonding of brackets during treatment period is not

As a response to esthetic demands of patients, ceram-
ic brackets were designed in mid-1980. Most of ceram-
ic brackets are made of aluminum oxide and based on
manufacturing process, divided into 2 groups of poly-
crystalline and monocrystalline, respectively produced by
molding and milling."” Due to the neutral nature of the
aluminum oxide, chemical bond between the adhesive
resin and ceramic is impossible. Therefore the first gener-
ation of ceramic brackets was coated by silane to produce
a strong chemical bond with adhesive resins.** Under
debonding forces, the strong chemical bond could result
in enamel damages, which became a major concern with
the use of these brackets.*® To overcome this problem
the new generation of ceramic brackets were designed
with mechanical undercuts on their base.”® Therefore the
chance of enamel fracture during debonding of brackets
decreased to clinically acceptable values.”

uncommon, biting forces and weak bonding are of the
main causes.10 Additionally, improper bracket place-
ment may necessitate bracket repositioning." Due to the
brittle nature of ceramic brackets, distortion of the ce-
ramic brackets under debonding forces is unlikely.>'>"
Therefore the intact debonded brackets do not show any
changes in the slot dimensions or distortion of the brack-
et base. Given that, reconditioning of dislodged ceramic
brackets without any fracture, instead of using new ones
is cost-effective.

Adhesive remnants of dislodged bracket had been con-
ventionally removed by green stones, direct flame,* burn-
ing off by a gas torch,'® tungsten-carbide bur cleaning,'*'®
sand blasting>'>" and silica coating.”® In recent years, in
a few studies, laser has been used as a bracket recycling
method."**** The erbium lasers efficiency in composite
removal is well-known and hard tissue application of Er-
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bium-Doped Yttrium Aluminum Garnet (Er:YAG) laser
has been approved by the US Food and Drug Administra-
tion (FDA).” Based on previous studies, the shear bond
strength of recycled brackets was affected by the recon-
ditioning method."""*” This study designed to compare
Er:YAG laser and sandblasting in recycling of ceramic
brackets.

Methods

Debonded brackets were made according to Chung et al’
study, by bonding thirty mechanically retentive ceramic
brackets (Luminous, EMAND ORTHO, Canada) with
Transbond XT (3M Unitek, USA) to unetched and slight-
ly wet tooth surfaces. After carefully removing excess
bonding material, the brackets were light-cured with a
LED curing light (MORITA, Japan) for 20 seconds. Then
the brackets were easily debonded from the tooth surface
using a tweezer (3M Unitek, USA) and randomly divided
into 2 groups.

The laser parameters and cooling methods are showed in
Table 1.

Group A: The adhesive removal was performed by an
Er:YAG laser device (Fontona-1210 Ljubijana, Slovenia)
with 2940 nm wavelength. A spot size of 0.9 mm and a
RO2-C headpiece were used. The laser was operated on
pulse mode (medium short pulse) at a distance of 5-7
mm?* perpendicular to the brackets bases. The average
power output was 5.5 W and laser was used at 275 m]J and
20 Hz for 25 seconds with cooling air and water spray.
Group B: The brackets were sandblasted (Renfert,
Germany) with 50 um aluminum oxide particles at 75
psi for 10 seconds. The brackets bases were held approxi-
mately 10 mm from the sandblaster device.

One bracket was randomly selected from each group
and assigned to scanning electron microscope (SEM)
examination. Forty-two human upper premolars were
extracted within 6 months, collected and immersed in
0.1% thymol solution, then brushed to remove attached
tissues. The samples were randomly divided equally into
3 groups and mounted in wax made boxes by cold-cure
acrylic resin.

All teeth were cleaned by prophylactic brush, washed with
water and dried. Then the buccal surfaces of the teeth were
etched with 38% phosphoric-acid gel (Fineetch, korea) for
30 seconds, rinsed with water for 10 seconds, and dried

Table 1. The Laser Parameters and Cooling Methods

Fontona—1210 Ljubijana, Slovenia
Er:YAG laser, 2940 nm

Pulse mode(medium short pulse)

Type of Laser

Emission mode

Delivery system Fiber optic
Average power 55W
Spot diameter at focus 0.9 mm
Focus-to-tissue 5-7 mm
Water irrigation 9 mL/min

9 mL/min (Manufacture
instructions) and 300 mL/min
respectively

Air and aspirating air flow

with an oil-free air spray. Next, a thin layer of the Trans-
bond XT primer was applied to the etched enamel. Af-
terwards, the brackets bases were covered with enough
Transbond XT adhesive and placed on the teeth surfaces.
After removal of excessive resin around the brackets bas-
es, light curing was performed for 20 seconds with a LED
lamp (MORITA, Japan).

Shear Bond Strength Evaluation

For shear bond strength determination, all specimens
were tested with a universal testing machine in shear
mode at a crosshead speed of 0.5 mm/min until bond fail-
ure occurred. During shear bond strength test the buccal
surface of the teeth were adjusted parallel to the force vec-
tor. Debonding forces were recorded in newton and then
converted to megapascal by dividing to the surface area of
bracket base.

Scanning Electron Microscope Evaluation

One recycled bracket from each of the 2 groups and a new
bracket were inspected under a SEM (VEGA, TESCAN)
at x36 and x 100 magnification (Figures 1-3).

Adhesive Remnant Index

After shear bond strength examination, we used a stereo-
microscope at x10 magnification to examine the enamel
surface of all samples and the remained adhesives on each
one were scored based on adhesive remnant index (ARI)
of Oliver.”® Score 1 indicated that all adhesive remained
on the enamel surface, score 2 indicated that more than
90% of the adhesive remained on the enamel surface,
score 3 revealed that between 10% and 90% of the adhe-
sive remained on the enamel surface, score 4 showed that
less than 10% of the adhesive remained on the enamel

vecasTescanfll  SEM HV: 15KV Det: SE |
View fleld: 1.90 mm | Yazd University 500 ym
SEM MAG: 100 x _ Date(mialy): 021015
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Figure 1. SEM Examination of New Ceramic Bracket (Luminous, EMAND
ORTHO, Canada). Left, x36; right, x100.

SEMHV: 15KV

View field: 5.33 mm
SEM MAG: 36 x

Figure 2. SEM Examination of Laser Recycled Ceramic bracket (Luminous,
EMAND ORTHO, Canada). Left, x36; right, x100.
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Figure 3. SEM Examination of Sandblasted Ceramic Bracket (Luminous,
EMAND ORTHO, Canada) . Left, x35; right, x100.

surface, and score 5 implied that no adhesive remained
on the enamel surface.

Statistical Analysis

All statistical analyzes were performed using the SPSS
software 17 (Chicago, USA). The analysis of variance
(ANOVA) and Tukey tests were used for comparison of
shear bond strength between the three groups. The Fisher
exact test was used to evaluate differences in ARI scores.
P<0.05 was considered significant for all statistical tests.

Results

The mean shear bond strength and standard deviation
(SD) of each group are shown in Table 2. Recycled brack-
ets by sandblasting (group 3) showed the highest bond
strength (16.83 MPa). Although brackets recycled by
Er:YAG laser had the lowest shear bond strength, there
were no significant difference with that of the control
group. In the overall analysis of the shear bond strength
of the three groups by ANOVA, there was no significant
difference (P=0.001). Pairwise comparison by Tukey test
showed a significant difference in shear bond strength
only between the laser and sandblasting groups (Table 3).
ARI score for each group is given in Table 4. Bond failure
showed a nearly similar pattern. Most samples scored 3
and none of the samples scored 1 or 5. ARI scores indicate
that most of bond failures occurred in a mixed pattern.
SEM photographs showed differences between the 2 re-
cycling methods. The laser recycled brackets appeared to
have as well-cleaned base as the new bracket (Figures 1
and 2). Although the sandblasted brackets photographs
showed no remnant adhesives, remarkable micro-rough-
ening of the bases of the brackets was apparent (Figure 3).

Discussion

In regard to the increasingly popularity and clinical usage
of ceramic brackets, a need for an efficient way to recycle
these brackets is felt. This study was designed to evalu-
ate and compare the shear bond strength of recycled me-
chanically retentive ceramic brackets with sandblasting
and Er:YAG laser. The thermal effect of Er:YAG laser is
less than other lasers and its abrasive effect on the enamel,
dentin, ceramics and composites is different, pertaining
to the water content of the material. Er:YAG laser is the
laser of choice for dental hard tissue ablation.® During la-
ser radiation it is necessary to use a coolant spray to keep

Table 2. Mean of Shear Bond Strengths of 3 Groups

Bond
Group No.
Mean (MPa) SD Range
Control 14 15.31 1.77 12.24-18.87
Er:-YAG laser 14 13.40 2.93 8.97-18.59
Sandblasting 14 16.83 1.63 14.14-19.63

Table 3. Pairwise Comparison of Shear Bond Strengths of 3 Groups

Groups Control Laser Sandblasting
Control — 0.177 0.067
Laser 0.177 — 0.001
Sandblasting 0.067 0.001 —
Table 4. Distribution of ARI Scores

Group ARI Scores

1 2 3 4 5 6
Control - 1 10 3 - -
Er:YAG laser - 3 9 2 - -
Sandblasting - 2 10 2 - -

Abbreviation: adhesive remnant index.

tissue removal in maximum efficiency without unwanted
heat generation.”

According to the results of this study, although there were
no significant differences among the 3 groups, sand-
blasted rebonded brackets had the highest mean bond
strength (16.83 MPa). Sandblasting has been shown to be
efficient to remove any residual material from the bracket
base,28 result in increased micro-roughening of the sur-
face area and wettability of the material, and subsequent-
ly increase mechanical retention.”* SEM photographs
of our study, obviously illustrated the micro-roughen-
ing of the base of sandblasted brackets. It is worthwhile
mentioning that this high bond strength of sandblasted
brackets could clinically be a drawback as it could make
damages to the enamel surface while debonding. Yim et
al evaluated and compared 5 reconditioning methods to
recycle metal brackets and ceramic brackets. They used
heat treatment, grinding with green stone, sandblasting
for four seconds and sandblasting for eight seconds. Ei-
ther in metal brackets or ceramic brackets, sandblasting
for eight seconds had the greatest shear bonding strength,
while in ceramic brackets the bonding strength was less
than that the control group.

However, in Chung et al study, sandblasted recycled
brackets showed almost one-fifth of bond strength of the
new brackets.’ In another study, which used sandblasting
and silica coating to rebond ceramic brackets, the mean
bond strength of sandblasted brackets was less than that
of either silica coating or control group.” This inconsis-
tency in results might be attributed to the type and quality
of ceramics used to make brackets, different manufactur-
ing processes and various mechanical retentions built-in
bracket bases. In our view, in cases where mechanical re-
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tention of ceramic bracket was achieved by adding a re-
tentive layer (such as ball-shaped particles) to the bracket
base, depending on the method, sandblasting could re-
move only the retentive layer or roughen the base more.
As shown in Table 2, although the mean bond strength
of laser recycled brackets was less than the control group,
there was no significant difference. SEM photographs
showed that Er:YAG laser irradiation was quite efficient
in adhesive removal, without any damage to bracket base.
This mild reduction in bond strength might be associated
to loosely attached adhesive remnants.

Abhrari et al used Er,Cr:YSGG laser to recycle a mechani-
cally retentive ceramic bracket.”! Similar to our findings,
their results showed that Er,Cr:YSGG laser, another mem-
ber of Erbium lasers group, was efficient in recycling the
ceramic brackets. Ishida et al reported that shear bond
strength of metal brackets recycled by Er:Cr:YSGG laser
and sandblasting were similar. Based on the SEM photo-
graphs, they claimed that Er:Cr:YSGG laser was more ef-
ficient to remove adhesive remnants than sandblasting.?
Also, Chacko et al. reported that Er:YAG laser recycled
metal brackets had significantly greater bond strength
than sandblasting group.18 Yassaei et al recycled metal
brackets by means of carbon dioxide (CO,) laser, Er:YAG
laser, sandblasting and direct flaming. According to their
results, sandblasting group showed the highest bond
strength followed by Er:YAG laser, CO2 laser and direct
flame. However, there was no significant difference be-
tween sandblasting and Er:YAG laser groups.*
Sixty-nine percent of all samples showed ARI Score of
3 indicating 10% to 90% of adhesive resin remained on
enamel surface. This similarity in ARI score between
all groups might be the result of mechanical retentive
grooves. Sharp edge angles of retentive grooves localized
stress concentration and lead to adhesive failure.* There-
fore, after debonding, some of the adhesive remained on
the enamel and some of it on the grooved bracket.

Conclusion

Based on the results of this study the following conclu-

sions were produced:

1. Both Er:YAG laser and sandblasting were efficient to
recondition mechanically retentive ceramic brackets.

2. The shear bond strength of brackets recycled with
Er:YAG laser and new brackets were not statistically
different.

3. SEM photographs showed that laser recycling could
effectively remove the adhesives with no damage to
the base of bracket, unlike the sandblasting.

4. Although sandblasted brackets showed maximum
strength, but the picture has changed the brackets
base.

5. Er:YAG laser recycling could provide the brackets
with an appropriate shear bond strength which is of
clinical use.

6. Most of recycled specimens showed an ARI score
of 3.
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