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ABSTRACT

Stress distribution according to the design of slot cover

in aesthetic passive self-ligating bracket

: a finite element analysis

Moonhee Kim

The Graduate School of Yonsei University
Department of Dentistry

(Directed by Professor Kee-Joon Lee)

Since aesthetic passive self-ligating brackets fabricated entirely of ceramic are widely adopted, it
is crucial to evaluate the stress distribution related to fracture due to the inherent properties of
material itself. This study compares the stress distribution and their characteristics of three finite
element models: two reverse-engineered models of existing representative brackets with different
design of slot cover, keyhole type (bracket A) and drawer type (bracket B), and a newly designed

dovetail type (bracket C), which is modified for better rotational control, fracture resistance, and

vii



cost efficiency with a simplified structure.

Tensile stress distribution on the areas of interest under specific compressive load was compared,
and then visualized and numerically analyzed simulating several clinical situations divided into

extreme and relatively general conditions with orthodontic archwires.

The body of the bracket C showed lower tensile stress, especially on the slider, whereas its clip
exhibited higher and broader tensile stress distribution. Simulating with archwire, the maximal
tensile stress of the body of three brackets showed similar results under extreme vertical
displacement. However, under extreme horizontal displacement, the body of bracket C exhibited
lower maximal tensile stress, while the clip showed higher. And under general horizontal
displacement, the body of bracket C presented lowest maximal tensile stress. The clip of bracket A
exhibited lower maximal tensile stress rather than the body, while bracket B showed similar maximal

tensile stress on the body and the clip.

Tensile stress on the body and the clip results from bracket and archwire interactions is relative and
reciprocal, with no definitive answer on which is more clinically critical. When choosing a bracket,
factors beyond structural stability such as efficiency of tooth movement, bond strength, aesthetic,
patient comfort, and cost could be considered. Therefore, what is more important for clinicians is to
recognize this characteristics of structural stability of the brackets under specific conditions and then
apply appropriate archwire or mechanics at each stages of the treatment. For developer, using this
finite element models to predict structural stability in advance can save significant time and cost

compared to relying on conventional intuition-based or trial-and-error process.

Keywords: self-ligating bracket, stress distribution, finite element analysis

viii



Stress distribution according to the design of slot cover

in aesthetic passive self-ligating bracket

: a finite element analysis

Moonhee Kim
The Graduate School Yonsei University
Department of Dentistry

(Directed by Professor Kee-Joon Lee)

I. INTRODUCTION

More aesthetic orthodontic appliance is ongoing demand from patients. Since their introduction

in the 1930s, self-ligating brackets have dominated the clinical orthodontics due to their excellent



properties and comfort for both clinicians and patients (Paolo et al., 2022). The clips of conventional
self-ligating brackets were made of stainless steel, nickel-titanium or cobalt-chromium alloys,
although the body of ceramic self-ligating brackets were aesthetically tooth-colored, the clips were
still visible in metallic color (Major et al., 2010; Baxi et al., 2023). There was an attempt to coat the
metal clip, however, the white coating material altered the roughness and the friction of metal surface
(Albuquerque et al., 2017; Kim et al., 2019). More recently, completely translucent self-ligating
brackets are increasingly being used, with the clip portion also made of ceramic material, thus
completely clear (Pliska et al., 2014; Shalabh et al., 2023). The precise and exquisite manufacturing
of ceramic clips for the delicate opening and closing motions is important and moreover, the
potential for fracture due to the nature of the ceramic itself is clinically emphasized for the
functionality (Gandini et al., 2013; Carneiro et al., 2015). Fracture of the ceramic bracket contributes
to increased chair time and cost, as well as patient discomfort, and the potential health hazard of the
aspiration of debris, causing significant inconvenience to both patient and clinician (Ghosh et al.,

1995).

To date, no previous investigation has attempted to evaluate the structural stability of aesthetic
passive self-ligating brackets with ceramic clip, this study aims to develop a novel method using
finite element models. Historically, every time materials advanced from orthodontic bands to full
bonded appliances and from metal brackets to ceramic brackets, studies on structural stability
supported these advancements (Attia et al., 2018). From this perspective, the primary significance
of this study is to address the lack of current research. Thus, the purpose of this study is to compare
and evaluate the stress distribution according to the design of slot cover in aesthetic passive self-
ligating bracket with ceramic clip using finite element analysis. Herein, ‘there is no difference in

stress distribution according to the design of slot cover’ is established as a null hypothesis.



II. MATERIALS AND METHODS

1. Bracket selection

Each aesthetic passive self-ligating bracket has a slightly different design of slot cover related to
the method of coupling the body and the clip of the bracket with specific slider structure (Paolo et
al., 2013). Manufacturer provides different terms such as door, slide and clip to describe the slot
cover to highlight the characteristics of their products. However, to avoid any confusion in
terminology, this study standardize all terms to ‘clip’ which is the most commonly used term in

PubMed searches and review articles currently (Baxi et al., 2023).

In this study, three types of maxillary right central incisor passive self-ligating bracket models
with 0.022 inch (0.599 mm) slot are investigated: two existing representative brackets with different
design of slot cover, keyhole type and drawer type, and a newly designed dovetail type. For keyhole
type (bracket A), Clarity Ultra (3M, St. Paul, MN, USA) was reverse-engineered as finite element
model and for drawer type (bracket B), Damon Clear2 (Ormco Corporation, Brea, CA, USA) was
selected and reverse-modeled. And a newly designed dovetail type (bracket C) which has sufficient
width for clinical advantages such as rotation control, while also being structurally resistant to
fracture and cost-effective with simplified design was also prepared for finite element analysis.

Figure 1 illustrates schematic designs of slot cover of three finite element models.



(A)

Figure 1. Schematic designs for three types of maxillary right central incisor passive self-ligating
brackets with 0.022 inch slot (A) keyhole type (bracket A), (B) drawer type (bracket B) and (C)

dovetail type (bracket C)

2. Finite element model creation

Including these features of slot cover, the shape of the bracket consists of freeform surfaces, so to
implement this, a finite element model is created using tetrahedral solid elements using
SOLIDWORKS® software (3DEXPERIENCE, Seoul, Republic of Korea, 2022) (Kim et al., 2016;
Iriarte et al., 2018; Bernisha et al., 2024). Regions where actual load acting and thus significant

deformation and stress occur, such as slot and slider of the body and the clip and its adjacent areas



are subjected to a relatively dense element division using finite elements with a length of 0.075 mm.
Conversely, the base part at the posterior surface of the body, where deformation and stress are not
significant and structural properties such as fracture are not crucial, is subjected to a relatively coarse
element division with a length of 0.110 mm to reduce the total number of finite elements and
ultimately reduce the entire analytic time. Parts such as intermediate connecting areas are
implemented by finite elements with a length of 0.090 mm that allows gradual change in size. Figure

2 presents the final finite element models for this investigation.

(A)

(B)

Figure 2. Finite element models for this investigation (A) keyhole type (bracket A), (B) drawer type

(bracket B) and (C) dovetail type (bracket C)



3. Tensile stress distribution on the area of interest under specific compressive load

The base material of the bracket, polycrystalline alumina (PCA), is fabricated by mixing metal
powders and following sintering process, and its tensile strength is 300 MPa which is about 1/10 of
its compressive strength of 3000 MPa (Cai, 2019). In addition, significant compressive load acting
on the bracket in clinical situation is rarely pronounced, considering the structural characteristics of
the brackets, rather bending or torsion of the body and the clip of the bracket are the primary

deformation. Therefore, this investigation only considers the tensile stress generated in the bracket.

In actual clinical situation, it is not straightforward to accurately predict the location and
magnitude of the loads acting on the bracket. However, under typical conditions, the expected areas
of stress concentration can be approximated as the upper and inner surfaces of the slot, and the inner
surface of the slider of the body and the clip. And in the same manner, basically, the bracket is
constrained to the posterior surface of the body. Therefore, by applying specific loads and
appropriate constraints to these surfaces, the tensile stresses occurring in these parts of the body and

the clip can be mutually compared.

4. Clinical simulation

To more practically interpret this structural stability, this investigation also simulates several
clinical conditions with orthodontic archwires, divided into extreme and relatively general situations.
When archwire is engaged into the bracket in a mal-aligned dentition, it induces displacement and
then exerts certain load to the bracket, causing stress. If the stiffness is high or the cross-section is
thick, this load on the bracket will increase under the same displacement. In addition, if adjacent

teeth are close to each other, meaning the span of the archwire is shorter, the load on the bracket will



also increase. Therefore, as shown in Figure 3, after the span of the archwire is fixed at 8 mm which
typically determined as an average interbracket distance of the maxillary central incisors in previous
studies, the tensile stresses generated by specific vertical and horizontal displacements are surveyed

(Schudy and Schudy 1989; Naziris et al., 2019).

€

Figure 3. Finite element models with fixed 8 mm length of archwire for clinical simulation (A)

keyhole type (bracket A), (B) drawer type (bracket B) and (C) dovetail type (bracket C)

For an extreme clinical simulation using 0.021 > 0.025 - inch stainless steel wire, 8 mm away

from the center of the bracket, vertical displacement of 2 and 3 mm is applied respectively for the



maximal tensile stress on the body of the bracket. And then, horizontal displacement of 1 and 2 mm
is applied to evaluate the maximal tensile stress on both the body and the clip of the bracket.
Furthermore, for a relatively typical clinical simulation using 0.016 < 0.022 — inch stainless steel
wire, same with 8 mm away from the center of the bracket, horizontal displacement of 0.5, 1, 1.5

and 2 mm is followed on both the body and the clip of the bracket.

Statistical analysis is not considered for this investigation since it does not involve errors occurring

during repeated trials or by intra- and inter-examiner assessments.

ITI. RESULTS

1. Comparison of tensile stress distribution under specific compressive load

The overall results of tensile stress induced by specific compressive loads are presented in Table
1. Following Figure 4 shows the pattern of this tensile stress distribution induced by specific
compressive load of 10 N on the upper surface of the slot of the body. The tensile stress on the upper
surface of the slot of bracket C is greater than that of bracket A and B, which implies relatively small
curvature angle of the edge. Whereas, Figure 5 demonstrates bracket C exhibits lower and narrower

tensile stress distribution than the other two when the inner surface of the slider is loaded .



Table 1. Comparison of tensile stress induced by specific compressive loads

Load

Tensile stress (MPa)

Constraint Load
Part application
surface (N) Bracket A Bracket B Bracket C
surface
Slot upper 342 27.3 40.9
Body Posterior 10
Slider inner 66.3 35.1 9.7
Slot inner 38.5 24.9 17.6
Slider inner
Clip Front 1 13.4 12.0 7.6
Front Slider inner 1.7 2.1 4.4




(B)

Figure 4. Tensile stress distribution on the body of the bracket induced by a specific compressive
load of 10 MPa, load application surface: slot upper (red), constraint surface: posterior (A) keyhole

type, (B) drawer type and (C) dovetail type



Figure 5. Tensile stress distribution on the body of the bracket induced by a specific compressive
load of 10 MPa, load application surface: slider inner (red), constraint surface: posterior (A) keyhole

type, (B) drawer type and (C) dovetail type



For the clip, Figure 6 and 7 present that backet C appears the lowest maximal tensile stress on

both the inner surface of the slot and the front surface of clip by compressive load of 1 N, when the

inner surface of the slider of the clip is constrained.

NN

(A)

11.2
15.6

4.5

(B)

(C) i

4

.4
. 11.4
13.4

15.4

- | 17.6

Figure 6. Tensile stress distribution on the clip of the bracket induced by a specific compressive

load of 1 MPa, load application surface: slot inner (red), constraint surface: slider inner (A) keyhole

type, (B) drawer type and (C) dovetail type
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Figure 7. Tensile stress distribution on the clip of the bracket induced by a specific compressive
load of 1 MPa, load application surface: front (red), constraint surface : slider inner (A) keyhole

type, (B) drawer type and (C) dovetail type



However, Figure 8 shows when load is applied to the inner surface of the slider of the clip, the

tensile stress of bracket C is greater than bracket A and B.

(A)

(B)

(9)

Figure 8. Tensile stress distribution on the clip of the bracket induced by a specific compressive
load of 1 MPa, load application surface: slider inner (red), constraint surface: front (A) keyhole type,

(B) drawer type and (C) dovetail type



2. Detachment of the body and the clip

The tensile stresses induced by the deformation that would allow mutual detachment of the body
and the clip present in Figure 9. For this evaluation, the tensile stresses on the body of the bracket A
and B are considered, while the clip of the bracket C is considered according to the design aspect.
All the stresses generated by this deformation significantly exceed the stress limit of the material
itself, 300 MPa, indicating that the bracket would be fractured before the detachment could occur.
Therefore, the possibility of such detachment can be excluded in situations when the bracket

structure is maintained.

11440

Figure 9. Tensile stress distribution induced by the deformation causing the bottom of the slider to

open up (A) keyhole type, (B) drawer type and (C) dovetail type



3. Clinical simulation
3.1. Extreme vertical displacement, on the body

A comparison of the maximal tensile stress on the body of the brackets under extreme vertical
displacements is shown in Table 2. The body of three brackets shows similar tensile stress
distribution under extreme vertical displacement by full-sized stiff wire. Only by 2 mm vertical
displacement of 0.021 < 0.025 - inch stainless steel wire, the maximal tensile stress on the body of
the brackets already reaches 80% of the allowable tensile strength of 300 MPa, and this displacement
may lead to failure of the bracket itself to maintain structural stability. Therefore, in extreme
situations, there is no difference between the brackets. On the other hand, it can be noted that the
maximal tensile stress on the body of the bracket does not increase proportionally to the amount of

vertical displacement of archwire, rather increases more significantly than the displacement ratio.

Table 2. Maximal tensile stress on the body of the brackets by extreme vertical displacement using

0.021 > 0.025 - inch stainless steel wire

Vertical displacement Maximal tensile stress (MPa)
(mm) Bracket A Bracket B Bracket C
2 260 241 264
3 414 407 416

Figures 10 and 11 depict the tensile stress distribution on the body of the bracket by extreme

vertical displacement of 2 and 3 mm using 0.021 X 0.025 - inch stainless steel wire. All of the

16



following graphics of stress distribution are visualized with and without outlines of finite elements.
In the figure without outlines, the distribution of the maximal stress can be observed relatively
clearly, while the representation of the shape of the brackets is ambiguous. Conversely, in the figure
with outlines, the opposite. Therefore, by comparing two forms, the pattern and the location of the

stress distributions can be identified distinctly.

17
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Figure 10. Graphical display of the tensile stress distribution on the body of the brackets by extreme vertical displacement of 2 mm
using 0.021 >< 0.025 - inch stainless steel wire with and without outlines of finite element (A) keyhole type, (B) drawer type and (C)

dovetail type
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Figure 11. Graphical display of the tensile stress distribution on the body of the brackets by extreme vertical displacement of 3 mm
using 0.021 < 0.025 - inch stainless steel wire with and without outlines of finite element (A) keyhole type, (B) drawer type and (C)

dovetail type



3.2. Extreme horizontal displacement, on the body and the clip

The maximal tensile stresses on the body and the clip of the brackets under extreme horizontal
displacements by same 0.021 X< 0.025 - inch stainless steel wire are summarized in Table 3. The
maximal tensile stress on the body of bracket C is lower than that of the other brackets when the
same amount of horizontal displacement is applied. Moreover, the value of bracket C by horizontal
displacement of 2 mm is lower than that of bracket A by horizontal displacement of 1 mm. Only by
horizontal displacement of 1 mm using 0.021 >< 0.025 - inch stainless steel wire, the maximal tensile
stress on the body of bracket A and B already exceeds 80%, especially bracket A almost reaches the
allowable tensile strength of 300 MPa. In such an extreme situation, the body of bracket C has better
structural stability regarding fracture. However, the maximal tensile stress on the clip of bracket C
is higher than other two. And the maximal tensile stress of the clip of bracket A and B is lower than
that of the body under the same extreme horizontal displacement, whereas the body of bracket C is
lower than that of the clip. Meanwhile under such extreme conditions, horizontal displacement over
2 mm using 0.021 > 0.025 - inch stainless steel wire, all the clips of the brackets could be fractured.
And compared with the same amount of 2 mm displacement, the maximal tensile stresses on the

body of all brackets is higher when horizontal displacement is applied than vertical displacement.

20



Table 3. Maximal tensile stress on the body and the clip of the brackets by extreme horizontal

displacement using 0.021 < 0.025 - inch stainless steel wire

Horizontal Maximal tensile stress (MPa)
Part displacement
Bracket A Bracket B Bracket C
(mm)

1 297 246 127
Body

2 668 549 287

1 233 222 427
Clip

2 473 451 1018

Following Figure 12 and 13 present the corresponding displays for the tensile stress distribution on
the body and the clip of the brackets by extreme horizontal displacement of 1 and 2 mm using 0.021

> 0.025 - inch stainless steel wire. Regarding the outlines, same as in the previous explanation.
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Figure 12. Graphical display of the tensile stress distribution on the body and the clip of the brackets by extreme horizontal displacement

of 1 mm using 0.021 < 0.025 - inch stainless steel wire with and without outlines of finite element (A) keyhole type, (B) drawer type

and (C) dovetail type
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Figure 13. Graphical display of the tensile stress distribution on the body and the clip of the brackets by extreme horizontal displacement

of 2 mm using 0.021 < 0.025 - inch stainless steel wire with and without outlines of finite element (A) keyhole type, (B) drawer type

and (C) dovetail type
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3.3. General horizontal displacement, on the body and the clip

Table 4 and Figure 14 indicate the tensile stresses on the body and the clip of the brackets by

horizontal displacement under clinically relevant condition using 0.016 < 0.022 - inch stainless steel

wire at a more subdivided scale. For every amounts of horizontal displacement, the stress on the
body of bracket C is the lowest, especially less than half that of bracket A. For horizontal
displacement exceeding 2 mm, the bodies of bracket A and B are prone to be fractured, whereas the
stress on the body of bracket C is still below the allowable tensile stress. However, stress on the clip
of bracket C is higher than the others, while the clips of bracket A and B are likely to maintain their
structural stability even with horizontal displacements greater than 1.5 mm. In particular, bracket A

exhibits lower stress on the clip than the body for all horizontal displacements.
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Table 4. Maximal tensile stress on the body and the clip of the brackets by general horizontal

displacement using 0.016 < 0.022 - inch stainless steel wire

Horizontal Maximal tensile stress (MPa)
Part displacement
Bracket A Bracket B Bracket C
(mm)
0.5 75 68 34
1 162 130 69
Body
1.5 256 208 109
2 360 292 156
0.5 71 70 107
1 137 131 221
Clip
1.5 203 193 359
2 277 261 519
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Figure 14. Comparison of the maximal tensile stress on the body and the clip of the brackets by

general horizontal displacement using 0.016 < 0.022 - inch stainless steel wire

Figure 15,16,17 and 18 present the corresponding displays of the tensile stress distribution on the
body and the clip of the brackets by general horizontal displacement of 0.5,1,1.5 and 2 mm using

0.016 X< 0.022 - inch stainless steel wire. Regarding the outlines, also same as in the previous

explanation.
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Figure 15. Graphical display of the tensile stress distribution on the body and the clip of the brackets by general horizontal displacement

of 0.5 mm using 0.016 X< 0.022 - inch stainless steel wire with and without outlines of finite element (A) keyhole type, (B) drawer type

and (C) dovetail type
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Figure 16. Graphical display of the tensile stress distribution on the body and the clip of the brackets by general horizontal displacement

of 1 mm using 0.016 < 0.022 - inch stainless steel wire with and without outlines of finite element (A) keyhole type, (B) drawer type

and (C) dovetail type
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Figure 17. Graphical display of the tensile stress distribution on the body and the clip of the brackets by general horizontal displacement

of 1.5 mm using 0.016 < 0.022 - inch stainless steel wire with and without outlines of finite element (A) keyhole type, (B) drawer type

and (C) dovetail type
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Figure 18. Graphical display of the tensile stress distribution on the body and the clip of the brackets by general horizontal displacement

of 2 mm using 0.016 < 0.022 - inch stainless steel wire with and without outlines of finite element (A) keyhole type, (B) drawer type

and (C) dovetail type
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IV. DISCUSSION

It is difficult to specify a particular load for evaluating the structural stability of bracket (Melenka
et al., 2013). And this study alone cannot comprehensively assess the overall structural stability.
However, the comparison of the tensile stress distribution under identical specific compressive loads
revealed that, the body of bracket C, especially the slider, showed lower tensile stress, while
relatively higher tensile stress with wider distribution area was observed in the clip. Thus, null
hypothesis was rejected due to differences in this stress distribution in aesthetic passive self-ligating

bracket according to the design of slot cover.

Subsequent experiments to demonstrate the potential for the detachment of the body and the clip
under the deformation causing the bottom of the slider to spread apart, indicate all of the brackets
would undergo fracture before the detachment occurs, this is not relevant in clinical situation

(Thomas et al., 2013).

The comparison of the maximal tensile stress on the body of the brackets under extreme vertical
displacements using 0.021 X 0.025 - inch stainless steel wire showed similar results between the

brackets. Since the tensile stress did not increase linearly with the amount of displacement, clinicians

should have a caution in such severe conditions.

On the other hand, under extreme horizontal displacements, three brackets presented different
tensile stress distribution according to the design. By each extreme horizontal displacement, the
maximal tensile stress on the body of bracket C was the lowest. Under extreme conditions of
horizontal displacement exceeds Imm, the bodies of bracket A and B were at high risk of losing
structural stability. Especially the maximal tensile stress of the body of bracket A almost reached the

allowable limit of 300 MPa only by horizontal displacement of 1 mm using 0.021 < 0.025 - inch
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stainless steel wire, and even greater than that of bracket C under horizontal displacement of 2mm.

The maximal tensile stress on the body of the brackets was higher under the same amount of
horizontal displacement than under vertical displacement, which implies that the structural stability
of the body under horizontal displacement is relatively more vulnerable in a simple comparison
when applying edgewise mechanics. Fracture of the ceramic bracket is detrimental for both

clinicians and patients, clinicians strive to eliminate such a heavy displacement (Joydeep et al., 1995).

For the clips, when subjected to extreme horizontal displacement of 2 mm, the maximal tensile
stress on the clip of all three brackets exceeded the allowable tensile stress, making them highly

susceptible to fracture. Comparing extreme horizontal displacement of 1 mm using 0.021 > 0.025 -

inch stainless steel wire, the maximal tensile stress on the clip of bracket C with a newly designed

dovetail type was relatively high.

In more general and similar to actual clinical conditions using 0.016 <X 0.022 - inch stainless steel

wire, only horizontal displacement was investigated at a more subdivided scale. The body of bracket
C showed the lowest maximal tensile stress for every displacements, especially less than half of the
body of bracket A. Contrary to bracket A and B, only the body of bracket C may maintain structural
stability under horizontal displacement of 2 mm. However, the clip of bracket C was likely to be
fractured under horizontal displacement over 1.5 mm, while the clip of bracket A and B still below
their allowable limits, even if there is a possibility that the bodies of bracket A and B have already
been fractured. Particularly, the clip of bracket A with a keyhole design presented lower stress rather

than the body for all horizontal displacements.

Based on the overall comparison of the tensile stresses of three brackets from a structural

engineering perspective regarding fracture, bracket A and B showed relative stabilities on the clip,
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while bracket C exhibited superiority on the body, especially on the slider. However, it is not entirely
sufficient to evaluate the overall stability and performance of the brackets solely by comparing this
tensile stress distribution under specific loads. Additionally, there is no definitive answer as to which
is more critical compartment in clinical situation, the body or the clip. For instance, if a clip of the
bracket is fractured in an extreme or accidental situation, clinician may immediately remove the
fractured clip and tie the wings with the ligature wire to continue orthodontic force (Sha et al., 2018).
In this case, it rather may help to overcome a pointed out limitation of passive self-ligating bracket,
especially in areas that require torque expression such as maxillary incisors (Liu et al., 2013;
Bernisha et al., 2024; Saraiva et al., 2024). Contrary, if a body of the bracket is fractured, clinician
may remove the remnants of the body of the bracket and remained adhesive resin, then simply re-
bond a new bracket (Flores et al., 1990; Stocker et al., 2022). In this case, clinician should select an
appropriate archwire with superelasticity or apply a single force first, considering the structure
stability of the bracket refer to this investigation or their own empirical basis (Major et al., 2011;

Moradinejad et al., 2021).

When choosing a bracket, structural stability is not the only criterion, in fact there are many other
factors to consider, including efficiency of tooth movement, bond strength, aesthetics, patient
comfort, and cost (Sfondrini et al., 2011; Melenka et al., 2013; Vartolomei et al., 2022). Therefore,
what is more important for clinicians is to recognize this characteristics of structural stability of the
brackets under specific conditions and apply proper archwire or mechanics at every stages of the
orthodontic treatment (Lopes et al., 2023). And for developers, using this finite element models to
predict the structural stability in advance when preparing new or modified designs that involve
replacing existing slider structures or coupling methods of the body and the clip, can save significant

time and cost compared to relying on conventional intuition-based or trial-and-error process.
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V. CONCLUSION

In comparison of visualized and numerically calculated stress distribution of the body and the clip
of three aesthetic passive self-ligating brackets under specific load condition, using reverse
engineered finite element models, the body of bracket C with a dovetail design showed relatively

low tensile stress.

In clinically extreme simulations, bracket A, B and C exhibited similar maximal tensile stress
under vertical displacement, while the body of bracket C, the clip of bracket A with a keyhole design
and the clip of bracket B with a drawer design presented relatively low maximal tensile stress under
horizontal displacement. And in more general and clinically relevant simulations, the body of
bracket C and the clip of bracket A showed relatively low maximal tensile stress under horizontal

displacement.

Thus in the case of the newly designed bracket C, some modifications to supplement the stability

of the clip structure regarding fracture should be considered.
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