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Abstract: Rebonding of orthodontic brackets to new positions during treatment with fixed orthodontic
appliances is a common practice and it is important not to cause plastic deformation during bracket
removal. The aim of this study was to evaluate the resistance of various brackets to compression
and assess their thresholds for plastic deformation. 5 different groups of metal brackets (BioQuick,
Damon Q, Experience, Mini Diamond, Mini Sprint II) were bonded to 85 extracted human central
incisor teeth utilizing the same adhesive system (Transbond XT). Compressive forces were applied
via Weingart forceps in order to mimic clinical setting with the Shimadzu Universal tester. Kruskall-
Wallis and Mann-Whitney U tests were used for comparing groups. Damon Q group exhibited the
highest yield point value (549.35 N), the highest ultimate strength value (764.50 N) and the highest
failure/debonding point value (721.89 N). The lowest yield point value (211.73 N), the lowest ultimate
strength value (224.07 N) and the lowest failure/debonding point value (121.71 N) were found in the
Mini Diamond group. The ultimate strength point values of Damon Q and Experience brackets were
higher compared to Mini Diamond, BioQuick and Mini Sprint II brackets (p < 0.05). No statistically
significant difference between Damon Q and Experience brackets in terms of yield strength and
ultimate strength values (p > 0.05) were observed. Adhesive Remnant Index (ARI) score was 3 for
all debonded samples. It may be concluded that Damon Q brackets were more resistant to plastic
deformation than Mini Diamond, BioQuick and Mini Sprint II brackets (p < 0.05).

Keywords: plastic deformation; yield point; orthodontic debonding

1. Introduction

In orthodontic clinical practice, the rebonding process of brackets to their new positions
is a commonly utilized technique, nearly ubiquitous in orthodontic treatment. Clinicians
may remove and rebond brackets to achieve better positioning [1]. Various methods
are employed for the removal of orthodontic brackets, including mechanical, ultrasonic,
electrothermal, and laser techniques. Among these, mechanical debonding methods are
most commonly preferred in clinical practice [2]. Debonding orthodontic brackets can cause
enamel damage, even if it is not evident clinically or under microscopic examination [3].
The procedures for debonding and clean-up that result in the minimal enamel volume loss
remain a topic of debate [4]. A successful debonding procedure is based on the principle of
preserving a sound enamel structure without causing iatrogenic damage.

Instruments used for the mechanical removal of metal brackets include Weingart
pliers, Howe pliers, band removing pliers, ligature cutters, debonding pliers, and the Lift
Off Debonding Instrument (LODI). Hand instruments like Weingart pliers typically apply
compression force in the mesio-distal direction to facilitate bracket debonding from the
tooth surface. It is believed that with this method, a significant portion of the adhesive
resin remains on the tooth surface, minimizing stress on the enamel [5,6].

Biomechanical analyses using finite element method have investigated shear, com-
pression, frontal torque, and lateral torque forces, common in debonding procedures, and
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have found bracket wing compression to be the gentlest method in terms of enamel and
periodontal ligament preservation. It has been concluded that undesired torque during
bracket detachment can be easily prevented with bracket wing compression, thus avoiding
additional loading on the periodontal ligament or alveolar bone [7,8].

When subjected to force, all solid materials can undergo deformation. Up to a certain
force, a material returns to its original dimensions when the load is removed. The return to
the original dimensions upon removal of the load is known as elastic behavior. The load
beyond which the material no longer exhibits elastic behavior is called the elastic limit. If
the elastic limit is exceeded, the material undergoes permanent deformation or a change in
shape. A material that has undergone permanent deformation is said to have undergone
plastic deformation.

Considering rising costs and sustainability, it is imperative for brackets to be resilient
and resistant to plastic deformation when being debonded from teeth. Deformation during
bracket removal can occur in the wings, base, or slot of the bracket. In any of these
cases, reuse of the bracket and subsequent reworking with the respective bracket become
impossible [9]. Therefore, the resistance of brackets to plastic deformation is crucial during
rebonding procedures.

In the literature, numerous studies have measured the bond strengths of different
brackets and adhesives during bracket debonding and compared them with different
debonding techniques [10-16]. Additionally, there are studies examining plastic defor-
mations resulting from torque forces applied by orthodontic wires [17,18]. However, no
studies investigating the plastic deformation incurred by different metal brackets during
compression force application for removal could be found in the literature.

In our study, we aim to compare the compression strengths and resistance to plastic
deformation of different metal brackets, and to determine which bracket system is more
preferable for rebonding and reusability. This research is anticipated to contribute to the
national and international literature on the plastic deformation characteristics of brackets.

Null Hypothesis (H0). There is no significant difference in the resistance to plastic deformation
and compressive strengths among the five different types of metal brackets tested in this study.

2. Materials and Methods

This study received approval from the Kocaeli University Non-Interventional Clinical
Research Ethics Committee on 21 September 2023, with approval number KU GOKAEK-
2023/15.20.

Our research was designed as an in vitro experimental study modeling the application
of compression forces and orthodontic debonding methods in living tissues.

Samples for our study were collected from patients who applied to the Department
of Oral and Maxillofacial Surgery at Kocaeli University Faculty of Dentistry for treatment
purposes. A total of 85 upper central incisors were used, with 17 teeth in each group.
Inclusion criteria for teeth in the study were as follows:

No cracks or fractures in the enamel

No fillings or restorations on the teeth

Teeth should not have undergone root canal treatment
No discoloration due to reasons such as medication usage
Teeth should not exhibit major deformations

After extraction, organic debris was removed from the teeth, and they were washed,
dried, and stored in a surgical specimen container in a dark and cool environment with a
0.1% thymol solution for up to 4 weeks.

A total of 85 brackets were used in our study, with 17 brackets from each bracket model.
These brackets were: BioQuick® (Forestadent, Pforzheim, Germany), Damon Q (Ormco
Corp., Orange, CA, USA), Experience M (GC, Breckerfeld, Germany), Mini Diamond
(Ormco Corp., Orange, CA, USA), and Mini Sprint®II (Forestadent, Pforzheim, Germany)
brackets (Figure 1).
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Figure 1. Brackets used in our study.

The base areas of the brackets were measured and recorded as follows:

Mini Diamond: 11.73 mm?, Damon Q: 10.51 mm?, BioQuick: 11.13 mm?, Experience:
10.40 mm?, Mini Sprint II: 9.61 mm?2.

The sample size was calculated using G*Power Software (version 3.1.9.7), with an effect
size of 0.4, “oc” = 0.05, and power of 0.80 for a priori power analysis. Accordingly, the basic
sample size for 5 study groups was calculated to be at least 80 (16 x 5). Considering the
possibility of losing a sample during procedures, 17 samples were included in each group.

After being removed from the thymol solution, the collected central incisors were
rinsed and dried. The vestibular surfaces of the teeth were cleaned using a low-speed
polishing cup with a fluoride-free water-pumice mixture for 15 s, followed by rinsing and
drying with oil-free air. A 37% phosphoric acid gel was applied to the buccal surfaces
of the dried teeth for 30 s. Subsequently, the teeth were rinsed with water for 30 s and
dried with oil-free air for 10 s. Once an opaque white surface was observed, a thin layer
of TransbondTM XT Light Cure Adhesive Primer (3M Unitek, Monrovia, CA, USA) was
applied to the tooth surface.

Individual brackets were then removed from their storage containers. TransbondTM
XT adhesive resin was placed on the base of each bracket and positioned on the buccal
surface of the tooth. The brackets were aligned on the tooth surface and gently pressed into
place (Figure 2).
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Figure 2. Placement of the bracket.

The brackets were light-cured for thirty seconds using the Light-Emitting Diode (LED)
curing unit, model Elipar 510, manufactured by 3M ESPE (3M ESPE, Seefeld, Germany),
with a light intensity capacity of 1200 mW/cm?. The intensity of the light-curing unit
was measured using the built-in radiometer in the EliparTM S10 LED Curing Light’s
charging station. This ensures that measurements are taken before each curing session,
confirming that the light intensity levels remain consistent. Subsequently, the teeth were
stored in distilled water at 37 °C in specimen containers for one week to allow for the final
polymerization of the adhesive resin. Prior to the experiment, the specimens were removed
from the specimen containers and lined up (Figure 3).

..

.. .0
-

Mini Sprint®2 Experience M Damon Q BioQuick® Mini Diamond

Figure 3. Several samples arranged before testing.

The compression process of the brackets was conducted using a Universal Testing
Machine (Shimadzu AG-X, Kyoto, Japan) with a Weingart plier (Dentaurum, Ispringen,
Germany). A specially designed apparatus held the Weingart plier in the testing machine.
To prevent slippage of the specially designed tips transferring compression force from the
test device to the Weingart plier and to ensure its stability, a minimal groove was created
on the Weingart plier. The tips of the Weingart plier were positioned mesio-distally on the
wings of the brackets. Thus, the Universal Testing Machine applied compression force to
the Weingart plier.

The Weingart plier applied compression force to the specimens until debonding or
forceps dropped the sample due to plastic deformation (Figure 4). The crosshead speed
was 1 mm per minute. Compression forces were recorded in Newtons. The onset of plastic
deformation (yield point), maximum resistance point, and failure/debond points were
recorded. The experimental set up is displayed on Figures 5 and 6. Force was applied along
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the green line. The red line denotes the center of rotation. The distance “a” indicates the
moment arm between the applied force and the center of rotation, while “b” represents the
moment arm between the center of rotation and the sample. The actual force applied was
calculated by comparing the distance between the point of force application and the point
of force application. For samples resulting in debonding, the adhesive remnant index (ARI)
scoring was performed using a Leica MZ16FA stereomicroscope (Leica Microsystems Ltd.,
Heerbrugg, Switzerland) to determine the location of fracture post-debonding.

Figure 4. Plastic deformation of the brackets.

Figure 5. Moment and moment arm.
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Figure 6. Shimadzu Universal Testing Machine and test setup.

3. Results

The average yield point of the obtained groups from the experiments is presented in
Figure 7.

Yield Point (N)

700
600
300 |+ T
400
300 < . D
200 O sa

L B mo
100 Bl wms
0 B e

Figure 7. Mean values and error bars for yield points of bracket groups; Experience: 463.79 4 56.72 N;
Mini Sprint II: 408.75 £ 89.49 N; Mini Diamond: 211.73 £ 56.23 N; BioQuick: 280.64 + 118.08 N;
Damon Q: 549.35 4= 108.97 N.

Descriptive statistics of the experiment results are provided in Table 1. Upon exam-
ining Table 1, it can be observed that the highest yield point value, the highest ultimate
strength value, and finally the highest failure/debonding value belong to the Damon Q
group, while the lowest values are observed in the Mini Diamond group.
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Table 1. Descriptive statistics of the experiments.
Model/Experiment Code Max. Min. Mean Star_ld;frd Median
Deviation
Experience M (E) 536.2 311.2 463.7918 56.72822 473.85
MiniSprint II (MS) 506.8 216.45 408.7529 89.48629 443.3
Mini Diamond (MD) Yield Point (N) 295.05 95.68 211.7312 56.22774 217.1
BioQuick (BQ) 527.85 108.86 280.6418 118.0751 289.8
Damon Q (D) 632.95 227.8 549.3529 108.969 588
Experience M (E) 915.5 420.9 758.6542 146.3391 778.05
MiniSprint II (MS) Ultimate 511.65 263.1 4424618 63.90439 456.9
Mini Diamond (MD) Strength (N) 301.4 97.82 224.0788 57.12496 240.8
BioQuick (BQ) & 554.65 114.57 313.2097 132.2631 296.3
Damon Q (D) 1041.8 396.1 764.5051 178.1314 748.25
Experience M (E) 777.98 383.15 591.8518 111.4679 584.95
MiniSprint IT (MS) Failure/ 412.6 234.34 312.1088 51.95756 306.04
Mini Diamond (MD) DebondingPoint 151.72 84.57 121.71 20.52432 127.05
BioQuick (BQ) (N) 513.25 104.68 204.2847 111.8101 156.05
Damon Q (D) 1040.3 365.9 721.8912 163.7221 716.95

The %0.02 offset yield point values, which represent the onset of significant plastic
deformation in the stress-strain curves of the samples, were calculated as shown in Figure 8.

Stress (N)

A %0.02

Strain (mm)

Figure 8. Stress-Strain Curve (O-A; Elastic Behavior, B; Proportional Limit, C; Offset Yield Point, U;
Ultimate Strength Point, D; Failure Point).

Following the analysis of descriptive statistics, Z-Score analysis was conducted to
detect outliers in the datasets. Outliers in each dataset were identified and removed,
minimizing the potential adverse effects during the test of group means. In datasets
where no outliers were found, the value closest to the mean was removed to maintain the
distribution, ensuring that all sets contained the same number of data points.

To assess whether the obtained data followed a normal distribution, the Shapiro-Wilk
test was performed. The results of the normality test for the experiment outcomes are
presented in Table 2.

The hypothesis that the data follows a normal distribution was tested at a 95% confi-
dence interval. When examining the Yield Point experiment sets, the p-values for groups E,
MS, and D fell into the rejection region (<0.05), indicating that they did not exhibit a normal
distribution. Similarly, in the Maximum Strength Point experiment set, the E values did
not follow a normal distribution. For the Drop/Debond values, only the BQ set showed
a normal distribution. Considering this, the non-parametric Kruskal-Wallis method was
chosen instead of the parametric ANOVA method to test the group means.
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Table 2. Normal Distribution Results of the Shapiro-Wilk Test.

Group p Value
Yield Point Ultimate Strength Point Failure (Drop/Debond)
(N) (N) (N)
E 0.013 0.031 0.831
MS 0.030 0.388 0.304
MD 0.436 0.276 0.300
BQ 0.637 0.486 0.002
D 0.001 0.720 0.815

Separate Kruskal-Wallis (KW) analyses were conducted for each experiment. The KW
results for the Yield Point experiment are presented in Table 3. Upon examining the values
in Table 3, it is noted that the significance level is well below 0.05, indicating a significant
difference between the groups. This test allows the identification of at least one group that
is different from the others.

Table 3. Kruskal-Wallis Test Results for the Yield Point Experiment.

Total Sample Size Test Statistic Significance Value

80 53.54 4 0.0001

Degrees of Freedom

Mann-Whitney U test was applied to examine the differences between the groups sep-
arately for the Yield Point experiment. However, applying the Mann-Whitney U test alone
may increase the risk of false positives, so a new p-value was obtained using Bonferroni
correction. The results of the Mann-Whitney U test for pairwise comparisons of the five
different groups in the Yield Point experiment are provided in Table 4.

Table 4. Significance (p) Values and Significance (p) Values with Bonferroni Correction for the
Mann-Whitney U Test for the Yield Point Experiment.

Median, (Minimum-

Significance (p) with

T iy ’ Eecion
e
MiniSprnil 4530 @l6is e O oas
MiniDamond 271005682509 1 o1z

Dimono sty 007 0726
MBamon@ s gseriony 00 <00
MiniDiamond 2110056829509 9 Lo

Bodude s ossesren <00 <0001
Biouick | awsdosss sz 00 02

p < 0.05; significant values are shown in bold. N: Newton.
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Upon examining the pairwise comparisons, significant differences were found between
the MD-MS, MD-E, MD-D, BQ-E, MS-D, and BQ-D groups. No significant differences were
found between the MD-BQ, BQ-MS, E-D, and MS-E groups for the Yield Point values.

The Kruskal-Wallis analysis results for the Ultimate Strength Point experiment data
are presented in Table 5. Since the p-value after the Kruskal-Wallis test is less than 0.05, at
least one group in this experiment set shows a difference in means.

Table 5. Kruskal-Wallis Test Results for the Ultimate Strength Point Experiment.

Total Sample Size Test Statistic Degrees of Freedom Significance Value

80 60.43 4 0.0001

Mann-Whitney U test was conducted for pairwise analysis of the groups, and the
results are provided in Table 6. Upon examining Table 6, no significant difference was
found between the MD-BQ, BQ-MS, and E-D groups. However, significant differences were
observed between the MD-MS, MD-E, MD-D, BQ-E, BQ-D, MS-E, and MS-D groups.

Table 6. Significance (p) Values and Significance (p) Values with Bonferroni Correction for the
Mann-Whitney U Test for the Ultimate Strength Point Experiment.

Median, (Minimum-— Significance (p) with

Maximum) (0 ’
Mool 4569 (et 51100 0.005 0.045
N eperiomee s 12055158 <0.001 <0001
Mol 4560 ta a1 6oy 0.003 0.029
el 71808 (3061 10018) 0073 0726
R oA <0001 <0001
B 2063 (1147 5o € <0001 <0001
R e sy sy 0060 0602

p < 0.05; significant values are shown in bold. N: Newton.

The Kruskal-Wallis analysis results for the Debond /Failure experiment data are pre-
sented in Table 7. The obtained p-value is less than 0.05, indicating that there is at least one
group with a statistically significant difference in mean within this experiment set.

Table 7. Kruskal-Wallis Test Results for the Debond /Failure Experiment.

Total Sample Size

Test Statistic

Degrees of Freedom

Significance Value

80

68.67

4

0.0001
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Pairwise comparisons of the groups are presented in Table 8. Upon examination of
Table 8, significant differences were observed among the MD-MS, MD-E, MD-D, BQ-E,
BQ-D, and MS-D groups.

Table 8. Significance (p) and Bonferroni Corrected Significance (p) Values for Mann-Whitney U Test
Results of the Debond /Failure Experiment.

Median, (Minimum-

Significance (p) with

Maximum) (0 ' Bonterrond
e
e
BN ERMEEE e
S e
Nt e o
TR
S AR o
i e R

p < 0.05; significant values are shown in bold. N: Newton.

Although most of the samples fell off from the tip of the forceps due to plastic defor-
mation, some of them experienced debonding at the adhesive interface. The bond strength
results obtained from the tests completed by the debonding of the bracket from the enamel
surface are presented in Table 9.

Table 9. Bond Strength Results.

Debonded Sample/Total

Group Average (MPa)

Sample
Experience 7/17 56.84
Mini Sprint II 2/17 33.18
Mini Diamond 5/17 10.93
BioQuick 1/17 20.01
Damon Q 1/17 68.21

The results of this study led to the rejection of the null hypothesis, indicating that
there are significant differences in the resistance to plastic deformation and compressive
strengths among the five types of metal brackets tested.

In experiments resulting with debonding, the Adhesive Remnant Index (ARI) scoring
was conducted based on the amount of adhesive remaining on the tooth surface. All
debonded samples exhibited an ARI score of 3 (Figure 9), and the relevant scores were
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evaluated using the Chi-square test. There was no statistically significant difference found
among the groups (100% ARI 3, p = 1.000).

Figure 9. Sample specimens with ARI score of 3.

4. Discussion

To ensure reproducible results, standardization, and the isolated measurement of
compression forces for accurately assessing the plastic deformation of metal brackets, our
study was designed as in vitro research. In our study, the compression of bracket wings
using Weingart forceps (Dentaurum, Ispringen, Germany) was selected as the method to
compare bracket debonding. This approach was supported by Holberg et al.’s study results
showing unwanted torque forces could be avoided through compression debonding, which
does not exert additional loads on the periodontal ligament and alveolar bone [7,8], which
was found to be the healthiest method for enamel and periodontal tissues.

In our study, compressive debonding forces were investigated, and no previous studies
were found evaluating plastic deformation and yield point using this method. Considering
that mesiodistal compression of the bracket wings creates a relatively bilateral tensile force
in the bracket-adhesive-enamel system before debonding, only the Mini Diamond bracket
in our study exhibited a lower average debonding force than the OmniArch bracket in
Valletta et al.’s study (121.71 N £ 20.52 N) [19]. All other brackets demonstrated higher
bond strength. The onset of plastic deformation was less than half the average of the
Mini Diamond model, the lowest in our study. These higher values in our study could be
attributed to the use of different teeth, brackets, and debonding methods. Consistent with
Valletta et al.’s results, all specimens in our study exhibited an ARI Score of 3, indicating that
resin remained entirely on the enamel surface under the influence of a relative tensile force.

The bond strength values obtained in our study differ from Ahmed et al. [20] results.
In our study, isolated compression forces were applied in vitro, so the forces calculated
in Newtons did not fully impact the bracket-adhesive-enamel system, with a significant
portion absorbed by plastic deformation. Considering the differences in teeth, bracket
brands, separation tools, and the application of isolated compression forces, the higher
bond strength values in our study can be understood.

In this research, forces were applied to the bracket wings in the mesiodistal direction.
Although most samples dropped due to plastic deformation, the average values were
much higher for the samples that resulted in debonding in our study. Unlike Linjawi
et al.’s findings [21], all samples in our study that debonded under compression force had
an ARI Score of 3. However, these values must be considered in the context of different
experimental settings, brackets, devices, and debonding instruments. In addition, Olsen
etal. found that an ARI Score of 3 caused the least damage to the enamel [22], and Oliver [5]
noted that the amount of residual composite resin depends on the method used for bracket
removal. Although it may not be clinically feasible to remove brackets with isolated
compression as in an in vitro environment, it appears to be a safe method for preserving
enamel surfaces.

In addition, the results we obtained are different from the results of an average
debonding strength of 107.8 kg/ cm?) (10.57 MPa) for the shear group and 67.8 kg/ cm?
(6.64 MPa) for the diametral compression group found by Bishara et al. [23]. This difference



Appl. Sci. 2024, 14, 6692

12 of 15

can be attributed to the use of metal brackets in our study instead of ceramic brackets and
the ductility of metal materials. Additionally, in our study, isolated compression forces
were applied using a Weingart Plier (Dentaurum, Ispringen, Germany). Therefore, the
tests resulted more in plastic deformation than debonding. Hence, the assumption that
diametral compression in metal brackets would correspond proportionally to tensile forces
is invalid for our brackets. Therefore, the values of samples resulting in failure in our study
were much higher than those of Bishara et al. [23].

In another study using the Mini Diomond bracket, Jonke et al. [24] bonded Mini
Diamond bracket upper lateral brackets to extracted human third molars and measured an
average shear bond strength of 20.39 MPa. In contrast, the average bond strength in the
Mini Diamond group in our study was 11.73 MPa. These differing bond strength results
may be due to Jonke et al.’s use of third molars with smaller lateral incisor brackets and
shear force testing. Further research is needed to compare both shear and compression
strengths of the Mini Diamond bracket. Furthermore, the shear bond strength (SBS) of
five different metal brackets bonded to bovine incisor enamel surfaces was compared by
Cozza et al. [25] using Transbond XT (3M Unitek, Monrovia, CA, USA). They reported
an average SBS of 200.60 N, 33.00 MPa for Mini Sprint brackets (Forestadent, Pforzheim,
Germany). In our study, we used the modified version; Mini Sprint II bracket. Although
different debonding methods were applied, and the next generation of the bracket was
used, the average values for the Mini Sprint II group in our study were similar, at 318.72 N
and 33.18 MPa for the samples that debonded.

Additionally, in a study conducted by Jabr et al. [26], they found the shear bond
strength for the Legend maxillary incisor bracket to be 16.9 MPa, with most samples having
an ARI score of 2. In our study, we used the Experience model, a self-ligating metal bracket
from the same manufacturer (GC Orthodontics), and found all ARI scores to be 3. The
compressive bond strength in samples that resulted in debonding was found to be an
average of 56.84 MPa. The differences in our study values appear to be due to the use of
compressive force to debond the bracket, as opposed to shear force. Moreover, when we
compare our results with the results of Su et al. [27], all brackets in our study exhibited
higher debond/drop values, possibly due to differences in brackets, adhesive systems, and
debonding pliers used. The average bond strength for compression debonding with How
pliers was recorded as 80.4 N in Su et al. [27].

In addition, the average shear bond strengths of BioQuick and Damon Q brackets
were examined by Jayakrishnan et al. [28], with values determined as 16.80 MPa and
19.23 MPa, respectively. Lo Giudice et al. [29] found an average tensile strength of 4.52 MPa
for the Damon Q group. In our study, only one sample from each of the Damon Q
and BioQuick groups resulted in debonding under compression forces. The remaining
samples experienced drops due to plastic deformation, so that forceps unable to grip
the brackets. The debonded samples exhibited values of 68.21 MPa for the Damon Q
group and 20.01 MPa for the BioQuick group. The higher values obtained in our study
compared to those of Jayakrishnan et al. and Lo Giudice et al. can be attributed to the
partial absorption of isolated compression forces by plastic deformation, resulting in less
stress on the bracket-adhesive-enamel system.

Despite the numerous studies on bonding strength available in the literature, there is
a lack of data regarding the onset of plastic deformation and the yield point in brackets
when subjected to the compressive forces encountered during debonding. However, there
are multifactorial aspects in the conducted studies that could influence the experiments.
Given the different variations in tooth type, bracket type, bracket geometry, test apparatus,
cross head speed, type of plier used, and adhesive type in the tests conducted, directly com-
paring these tests may yield ambiguous results. To mitigate such situations, standardized
experimental procedures have been recommended by Stanford et al. [30].

In our study, while the primary aim was to determine the yield strength, which marks
the onset of plastic deformation of the selected bracket types in the experimental setup, the
maximum strength and failure points were also calculated at the end of the experiment.
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Although most samples resulted in falling from the tip of the Weingart forceps due to
plastic deformation, which provides more insights into plastic deformation and plier grip,
the lower occurrence of debonding reduces the number of data points to be analyzed for
bond strength evaluation. Nevertheless, it is noteworthy that the average Newton values
of samples resulting in debonding and falling were nearly overlapping. While most studies
in the literature have focused on shear bond strength, there is a lack of sufficient data
regarding bonding strength under isolated compression forces. To better evaluate this
relevant force, it is possible to stabilize the samples with a third arm in the experimental
setup, ensuring that the experiment concludes with debonding.

The metal brackets used in our research were evaluated with a single type of adhesive
system. However, to gain more comprehensive insights into material behavior, it would be
beneficial to identify the differences in plastic behavior exhibited with various adhesive
systems. Therefore, the same metal bracket systems can also be subjected to experiments
using different adhesive systems.

5. Conclusions

Within the limitations of our study;

e Damon Q brackets are more resistant to plastic deformation compared to MiniDia-
mond, BioQuick, and Mini Sprint II brackets. Although Damon Q brackets exhibited
the highest plastic deformation (yield) strength under compression forces, there was
no significant difference compared to the Experience group.

e Damon Q and Experience brackets have higher ultimate strength values compared
to Mini Diamond, BioQuick, and Mini Sprint II brackets. Damon Q brackets were
the most successful group in terms of ultimate strength values with no significant
difference found compared to the Experience group.

e  There was no significant difference in ARI scores among the brackets used.

Based on the results of this study, clinicians should consider using Damon Q and
Experience brackets for treatments where higher resistance to plastic deformation is desired.
These brackets may offer better performance in terms of strength and durability during the
rebonding process.

In light of our research, conducting more studies on compression forces will provide
significant contributions to the orthodontic literature.
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