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ABSTRACT

Objective: The aim of this study was to prove that organic solvents areas effective and efficient as sandblasting and burning for cleaning rebonded
brackets.

Methods: Thirty stainless steel metal brackets mounted on 30 maxillary first premolar teeth were categorized into three cleaning method groups,
each consisting of 10 brackets. After 24 h, shear bond strength (SBS) tests were performed using a universal testing machine.

Results: The one-way ANOVA test showed a significant difference (p=0.000) among the mean SBS values in the three cleaning method groups.
However, the modified adhesive remnant index by a Kruskal-Wallis analysis showed no significant difference (p=0.860). The scanning electron
microscopy results revealed that the organic solvent cleaning method showed better bracket performance than the other two methods. Moreover,
the energy-dispersive X-ray spectroscopy results showed that the adhesive material remaining on the bracket base was relatively similar among the
three cleaning methods.

Conclusion: Based on practicality and the results of this study, the organic solvent cleaning method was proven to be effective and efficient. Therefore,
organic solvents can be recommended as an alternative cleaning method for detached brackets.
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INTRODUCTION

Dental bracket placement is an early and important stage of orthodontic
treatment. During the orthodontic treatment period, brackets are
sometimesdetached from the teeth causingadisruptioninthe treatment.
Eminkahyagil et al. stated that of every five brackets placed, one bracket
will experience placement failure (or become detached [1]. Maringka
and Herda conducted a survey of 500 respondents in a district health
center and the Dental Hospital of the Faculty of Dentistry, Universitas
Indonesia in Jakarta, that resulted in more than 90% of the respondents
had experienced a detached bracket. Moreover, 60% of them occurred
before the first control (3™ week) after placement. They also found that
one detached bracket occurred in 57% of the respondents, with 2 in
36%, and 3 in 7%. The detached brackets were usually located on the
maxillary second premolar (60%) [2]. In addition, the survey showed
that orthodontic patients want a detached bracket to be remounted on
the same day to save time [2].

According to Profit et al, bracket detachment is caused by great
pressure, such as that created by chewing [3]. Wendl et al. reported that
the detachment of a bracket from the tooth surface is generally caused
by the failure of the bonding process between the bracket base and the
adhesive material on the tooth surface [4]. It has been suggested that
the factors most affecting bracket detachment are the retention form
of the bracket base, the adhesive material used, and the surface of the
tooth where the bracket is placed [4,5].

A detached bracket needs to be cleaned before being remounted.
Several techniques for cleaning detached brackets have been described,
including the use of greenstone burs to clean the remaining adhesive
material off the bracket base, a sandblasting method using high-
pressure alumina particle spray, and burning using a flame, bunsen
burner, or torch [1,4-6].

The sandblasting method can increase the retention of the bracket
base, but there is the possibility of a defect occurring; however, burning
may cause discoloration that can make the patient uncomfortable [2].
Overall, bracket cleaning with chemicals, such as those used by Ortho-
Cycle Co., Inc. (Hollywood, FL, USA), has not been widely used [6]. One
alternative method for cleaning a detached bracket is to use an organic
solvent that does not damage the bracket characteristics (physical
or chemical properties), which could affect the ongoing orthodontic
treatment. The polymer swelling phenomenon, preceded by solvent
diffusion in the thermal process, can result in permanent damage to the
polymer [7-9].

Therefore, research has been conducted to identify a solvent that
can cause swelling of the adhesive material on the bracket base, so
that the adhesive material becomes damaged or loose. The choice
of the main solvent material was based on the composition of the
adhesive material used, so this research was directed to the use of
an alkaline solvent and some combination of catalysts to accelerate
the adhesive material release process [10,11]. One organic solvent
created was N-methyl-2-pyrrolidone with a 0.1% zinc acetate
catalyst that could detach the adhesive material from the bracket
base [12,13].

The shear bond strength (SBS) is a physical property of the bracket that
plays a role in orthodontic treatment, which must be clinically found in
an orthodontic bracket at a magnitude of 6.8-7.9 MPa [14].

Therefore, this study was conducted to determine if organic solvent
cleaning would produce a better SBS than two common cleaning
methods: Sandblasting and burning. To observe the cleaning results
from these three methods, scanning electron microscopy (SEM) and
energy dispersive X-ray spectroscopy (EDS) were used.
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METHODS

This research study used 30 Mini Dyna Lock® stainless steel metal
brackets (0.22 slot and +10.08 mm? area; 3M, Monrovia, CA, USA),
along with 30 maxillary first premolar teeth. This study was approved
by Ethical Board from the Research Ethics Committee of the Faculty of
Dentistry at the University of Indonesia (code no: 54/Ethical Approval/
FKGUI/X/2015). The tooth inclusion criteria were as follows: Caries-
free, non-fractured roots, no endodontic treatment, and extracted for
orthodontic treatment reasons.

Each tooth was planted in the middle of a polyvinyl chloride cylinder
(20 mm in height, 20 mm in diameter) using decorative acrylic, at a
depth of 1 mm below the cervical line. After the acrylic hardened, dental
prophylaxis was performed on the buccal surface of the tooth. The
placement of the bracket began by etching the surface of the tooth with
37% phosphoric acid (Ultra-Etch; Ultradent Products Inc., South Jordan,
UT, USA) for 15 s, rinsing with running water for 10 s, then drying with air
spray toreveal a frosty chalk-like surface. Then, the bonding was performed
using adhesive material (Transbond XT Light Cure; 3M, Monrovia, CA,
USA). The Transbond XT primer was smeared on the tooth enamel with
a brush, while the Transbond XT paste was applied to the base of the
bracket. The bracket was placed on the tooth surface parallel to the tooth
axis at the height of 4 mm from the occlusal surface. It was pressed lightly,
and any excess paste was removed with a scaler. The brackets were then
cured on the mesial and distal aspects for 5 s each using a light-emitting
diode curing unit (Elipar S10; 3M, Monrovia, CA, USA) with 850 mW/cm?
irradiance. The teeth were immersed in a container with distilled water
and stored for 24 h in an incubator (Heratherm IMH 60; Thermo Fisher
Scientific, Inc,, Waltham, MA, USA) set to 37°C.

After 24 h, an SBS test using a universal testing machine (Shimadzu
AG-5000E; Kiyamachi-Nijo, Kyoto, Japan) was performed with a load of
50 kg and speed of 0.5 mm/min. To observe the contents of the existing
elements while ensuring that the remaining adhesive material no
longer remained on the surface of the bracket, both SEM and EDS (JSM-
6510LA; JEOL Ltd., Akishima, Tokyo, Japan) were used. The adhesive
residue observations were conducted using Artun and Bergland’s
adhesive remnant index (ARI) modification with a score of 0-3 [15]. If
all of the adhesive material was still attached to the base surface of the
bracket, it was given a 3. If the adhesive material attached to the base
of the bracket was more than 50%, it was given a 2. When the attached
adhesive material was <50%, it was given a 1. A score of 0 showed
no adhesive material attached to the surface of the bracket base. The
rebonded brackets observed through SEM and EDS were scored as 3.

After the SBS test, the detached brackets were cleaned and divided
into three groups (n=10 per group) based on the cleaning method
(sandblasting, burning, and organic solvent). For this research, the
sandblasting was performed using the portable sandblasting unit
(Danville Materials, Carlsbad, CA, USA) with 50-pm alumina particles
for 15 s and a pressure of 5 bar. The burning method used fire in
the reduction zone of a mini torch (Jet Torch- XS-0919; Shenzhen,
Guangdong, China) for 5 s until the surface of the bracket base turned
red. The organic solvent cleaning method was carried out by soaking
the bracket in a closed heat-resistant container with N-methyl-2-
pyrrolidone and 0.1% zinc acetate as a catalyst. The container was
placed in an 800 - watt microwave (MG23H3185PK, 23 L, 230 volts,
50Hz; Samsung, Cikarang, Jawa Barat, Indonesia) for 3 min.

All of the cleaned brackets were put into an ultrasonic cleaner (8891;
Cole-Parmer, Vernon Hills, IL, USA) for 5 min. From each group, 10
cleaned brackets (rebonded brackets) were reapplied on the same
10 teeth and attached by the same previous brackets (reused teeth).
The reused teeth were cleaned using a tungsten carbide bur (Galaxy,
Tampa, FL, USA) until they looked “glazed,” and the bracket placement
procedure was repeated again on the reused teeth.

They were stored for 24 h in the incubator, after which all of the brackets
were repeated SBS testing and ARI observations.
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The SBS values were analyzed using a one-way ANOVA and post hoc test
with a significance level of p<0.05. The remaining adhesive material
underwent a Kruskal-Wallis test with a significance level of p<0.05.

RESULTS

The mean and standard deviation (SD) of each of the SBS values of the
control group and three cleaning method groups can be seen in Table 1.

The differences in the mean SBS values between the three cleaning
methods, a post hoc Games-Howell analysis was used (Table 2), which
showed a significant difference ([p=0 (<0.05]). Based on the results of
the post hoc test, the sandblasting method had a higher mean SBS value
than the burning and organic solvent methods, but the organic solvent
had a higher mean SBS value than the burning method (Table 2).

Tables 3 and 4 summarizes the observed results of the adhesive residue
on the rebonded brackets after the first and second SBS tests, which
used a modified ARI with the highly variable scale of 0-3. According
to the Kruskal-Wallis analysis, the modified ARI values of the three
cleaning methods showed no significant differences in the residue
between the methods after the first and second SBS tests.

Images of the adhesive residue on the rebonded brackets by SEM
observation can be seen in Fig. 1.

Fig. 2 shows images of the rebonded brackets after the sandblasting,
burning, and organic solvent cleaning methods.

The EDS analysis was conducted to see the elements contained in the
adhesive material that was left (score of 3) on the rebounded brackets
after each of the cleaning methods. The results can be seen in Table 5.

DISCUSSION

Based on previous research, the SBS value of a cleaned rebonded
bracket should decrease by 6-20% [14]. The mean SBS value of the
rebonded brackets using the sandblasting method decreased by
0.487 MPa when compared with the mean SBS value of the control
brackets. These results were similar to those of previous studies
that obtained a decreased SBS value in the brackets cleaned by
sandblasting; however, this difference was not significant in the
previous research [16]. The study by Lunardi et al. that used the
same adhesive material as this research but a different bracket type
found that the SBS values were reduced after the first sandblasting,
and decreased again after the seconds and blasting, showing a
significant difference [17].

Similar results occurred using the burning method: When compared to
the average SBS value of the control brackets, the average SBS value
of the rebonded brackets was decreased by 3.519 MPa, which was a
statistically significant difference (p<0.05). This result was similar to
that of Chetan and Muralidhar research in which the SBS value in the

Fig. 1: SEM results with x30 magnification of the adhesive residue
on the rebonded brackets using the modified ARI. (a) Adhesive
remnant index (ARI) score of 1 means, the attached adhesive
material was <50%, (b) ARI score of 2 means the adhesive
material attached to the base of the bracket was more than 50%,
and (c) all of the adhesive material was still attached to the base
surface of the bracket, it was given ARI score of 3
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Fig. 2: Scanning electron microscopy observation results with 30x magnification after each of the cleaning methods. (a) Default rebonded
bracket with full of adhesive remaining on the bracket base (ARI score of 3). The rebonded bracket in b shows a defect on the bracket
base. The rebonded bracket in c shows adhesive remaining on the bracket base. The rebonded bracket in d is clean and shiny

Table 1: Descriptive statistics of the shear bond strength (MPa) of the rebonded brackets according to the three bracket cleaning method

groups

Type of bracket N Mean+SD (MPa) 95% CI P
Minimum Maximum

New bracket, control 30 15.484+0.005 15.473 15.495 0.000*

Rebonded bracket, sandblasting method 10 14.997+0.147 14.892 15.102

Rebonded bracket, burning method 10 11.965+0.072 11.914 12.016

Rebonded bracket, organic solvent method 10 14.019+0.045 13.987 14.051

*One-way ANOVA test, p<0.05 was significant, SD: Standard deviation

Table 2: The mean SBS value differences among the
sandblasting, burning, and organic solvent cleaning methods

Treatment Treatment Mean difference P
Sandblasting Burning 3.032* 0.000*
Solvent 0.978* 0.000*
Burning Sandblasting -3.032% 0.000*
Solvent -2.054* 0.000*
Solvent Sandblasting -0.978* 0.000*
Burning 2.054* 0.000*

*Post hoc Games-Howell test, p<0.05 was significant, SBS: Shear bond strength

Table 3: Frequency distribution of the ARI values of the
rebonded brackets after the first SBS test

Rebonded bracket n ARI scores

0 1 2 3 p
Sandblasting 10 2 4 3 1 0.863
Burning 10 1 4 4 1
Organic solvent 10 1 5 3 1

*Kruskal-Wallis test, p<0.05 was significant, ARI: Adhesive remnant index,
SBS: Shear bond strength

Table 4: Frequency distribution of the ARI values of the
rebonded brackets after the second SBS test

Rebonded bracket n ARI scores

(1] 1 2 3 p
Sandblasting 10 0 2 3 5 0.860
Burning 10 0 1 3 6
Organic solvent 10 0 2 2 6

ARI: Adhesive remnant index, *Kruskal-Wallis test, p<0.05 was significant,
SBS: Shear bond strength

burning method decreased significantly [18]. According to previous
studies, the burning method could cause a decrease in the SBS value
of as much as 40%, but in this research, the decrease was 22.7%,
which was statistically significant (p=0.000) [18,19]. The results of
this research differ from those of previous studies because of the
differences in the selection of the materials and the SBS measurement
methods used. This research used a mini torch as a burning tool, and

the SBS measurements were performed 24 h after the placement of the
rebonded bracket on the tooth.

The rebonded brackets cleaned using the organic solvent (N-methyl-
2-pyrrolidone with a 0.1% zinc acetate catalyst) showed a mean SBS
value decrease of 1.465 MPa when compared with the mean SBS value
of the control brackets. Although the mean SBS value of the rebonded
brackets cleaned with the organic solvent decreased, the value in this
research remained far above the minimum clinical SBS requirement for
an orthodontic bracket.

Based on the results of the modified ARI, the adhesive remaining on
there bonded brackets after the first SBS test for each group of cleaning
methods (sandblasting, burning, or organic solvent) received a score
of 1 (Table 3). This suggests that the teeth exhibited good chemical
retention (between the enamel and adhesive) so that the adhesive
was attached mostly to enamel. The remaining adhesive based on the
modified ARI after the second SBS test for each group received a score
of 3 most often (Table 4). This suggests that the adhesive breakage
occurred between the enamel and the adhesive material, meaning that
the failure was in the adhesive [20].

This happens as a result of placing the bracket on a reused tooth,
causing the chemical retention to be weak, but the mechanical retention
to be strong between the bracket base and the adhesive material. Good
mechanical retention occurred because of the design and shape of the
base (mesh) of the bracket in such a way that the adhesive could flow
over the entire mesh to create retention. The Dyna Lock® bracket used
in this research has a horizontal groove as the retention form, with an
open end allowing the excess adhesive flow to form adequate retention
to withstand the shear force on the bracket [21].

Based on the SEM results (Fig. 2), it can be seen that with the burning
method there was residual adhesive material on the bracket base, while
visually the surface of the bracket base looked black. In the sandblasting
method, there were visible defects on the surface of the bracket base,
and the base surface was not shiny. However, with the organic solvent,
the bracket base surface looked clean and shiny. This reveals that the
organic solvent cleaning method provided better results than the
sandblasting and burning methods.

In the EDS results (Table 5), three elements were selected to describe
the adhesive material: C, O, and Si. The increase in the O and C that
remained on the bracket base after the burning method indicated that
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Table 5: EDS analysis results of the adhesive material elements (weight%) on the rebonded brackets after the three cleaning methods

Adhesive material elements Rebonded bracket (Wt%) Methods
Sandblasting (Wt%) Burning (Wt%) Organic solvent (Wt%)
C 64.42 38.96 37.30 39.10
0 27.05 8.53 22.90 8.66
Si 8.53 0.15 0.26 0.14

EDS: Dispersive X-ray spectroscopy

oxidation occurred during this method of cleaning. The remaining
adhesive material with Si that ranged from 0.14% to 0.26Wt% proved
that all three cleaning methods were equally effective. In previous
studies, it has been reported that the cleaning and enamel conditioning
procedures, adhesive systems, polymerization types and times, and
the moisture contamination in the enamel were the factors that could
affect the retention of the metal brackets on the teeth [21-23]. Based
on the SBS test results, the mean value of the rebonded brackets after
the organic solvent was far above the clinical requirements of an
orthodontic bracket (6.8-7.9 MPa). This value was not much different
than that after the sandblasting method but was still above the mean
SBS value after the burning method.

The SEM and EDS observations of the remaining adhesive showed that
the organic solvent cleaning method was quite effective and efficient.
In practice, when compared to the sandblasting method that requires
special equipment and a special room, the organic solvent method was
simpler. It only involved immersion and used a common microwave,
which made this method cheaper. Moreover, when compared with the
burning method, the organic solvent did not cause discoloration. Unlike
the sandblasting and burning methods that must be done one bracket
at a time, the organic solvent can clean many brackets at once, which
improves efficiency. Overall, with regard to practicality, time, and cost,
the organic solvent method can be recommended for the cleaning of
detached brackets.

CONCLUSION

Based on the SBS, SEM, and EDS test results, the practicality of handling,
time, and cost efficiency, and the physical appearance of the bracket
after handling using N-methyl-2-pyrrolidone with a 0.1% zinc acetate
catalyst is a good alternative method for cleaning detached brackets.
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