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bracket - a finite element analysis
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Aim: This study aimed to present the Roller Bracket, an invention for reducing the friction between the
archwire and the bracket slot floor/edges.

Methods: The Roller Bracket considers the incorporation of sliding spheres on the intermediate bracket
base. The geometry was determined and analyzed by constructing a three-dimensional computer-
aided design (CAD) model using SolidWorks software. The morphology of the models was based
on conventional brackets and archwires available on the market. Then, the created structure was
discretized in finite elements using an Abaqus software. The elements were defined by coordinates
in space (nodes) and in interconnected form functions. In these models, linear triangular (CPS3) and
square linear (CPS4R) elements were used. A convergence analysis allowed defining the ideal mesh.

Results: When the Roller Bracket test was performed considering the presence of a lubrication by the
saliva or by a solid material, the frictional force reached a value of 1.3 g, which represents a reduction of
41% in relation to the Roller Bracket without lubrication and 48% in relation to the conventional bracket.

Conclusion: The present study demonstrated that the design of the Roller Bracket adds several
advantages over the state of the art and may lead to more satisfactory results in orthodontic treatments
considering the reduction of friction during the sliding mechanics.

Uniterms: orthodontic brackets; orthodontic friction; orthodontics; technology, dental; tooth movement

techniques.

INTRODUCTION

Inclinicalterms, to move atoothtoadesired
position, the force applied to the arch should
exceed the friction component at the interface
among bracket, archwire and/or ligatures." In this
sense, a study has shown that friction between the
bracket and the archwire can lead to the loss of
more than 50% of the initially applied orthodontic
force, resulting in the decrease or even inhibition
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of the desired movement.? Therefore, more force
is required to overcome the frictional component
at the archwire ligature/bracket slot interface and
to move the teeth.® The paradoxical point is that
greater forces can lead to biological impairment,
such as root resorption* while low forces might
reduce the risk of root resorption® and increase
patient comfort® as well.

Friction is considered a small part of the
resistance to movement as a bracket slides
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The Roller Bracket

along an archwire.” According to Kusy and
Whitley @ friction, binding and notching are the
three components of the called “resistance
to sliding”. Friction can be static or kinetic and
is due to contact of between the archwire and
bracket surfaces.” Friction originates from
electromagnetic forces between atoms” and has
a multifactorial nature, derived from a variety
of mechanical and biological factors.'® The
existing angulation between the bracket and the
archwire,’® the size, thickness and materials of
the archwires," the ligatures,'? the width of the
bracket slot and the materials of the brackets,
surface roughness,' the saliva'™ as well as the
accumulation of debris in the appliance? are
examples of factors related to increased friction
during orthodontic tooth movements.

Diverse researchers have focused on
developing strategies to reduce friction during
orthodontic tooth movement. Attempts have
included modifications to the bracket'® and
archwire'” materials, addition of coatings or other
treatment on the surface of the materials,'®°
changes in the geometry of the bracket slots,?
and use of low friction elastomeric ligatures.?!
In addition, the introduction of the self-ligating
bracket system?? was considered the most
claimed step towards the reduction of friction
between the bracket and the archwire. However,
systematic reviews and meta-analysis have
shown that there is insufficient scientific evidence
to determine the superiority of self-ligating versus
conventional brackets.?®2*

A critical evaluation of the main attempts
to reduce friction during sliding mechanics
reveals that they run into limitations. Also, the
various patents deposited in different countries
[Takemoto, 2009 (US2011151390); Shin Woo,
2009 (W02011019146); Duran Von, 2009
(W02010103153); Queiroz, 2006 (MU8601463-
3); Giraldo, 2006 (MX2008014761); Wolf, 2006
(WO02007115268); Park, 2006 (KR100741254);
Vigolo, 2003 (US2006246392); Salich, 2005
(US2007184399); Nucera, 2004 (US2008014544);
Brusse, 2000 (WO00217812); Brown, 1999
(US6168429; Gagin, 1992 (WO09400072);
Fukuhara, 1989 (JP3012148)] refer only to the
friction between the archwire and the materials
that hold the archwire within the bracket slot.
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Considering the state of the art, it is
observed that the mechanisms developed to
reduce friction caused by compression of the
archwire against the bracket slot floor rely, mainly,
on three systems: slot closure system (self-ligating
brackets), low-friction elastomeric ligatures,
archwire and/or bracket surfaces coating. Hence,
a fourth and different approach could, in fact,
lead to more satisfactory results considering the
reduction of friction during sliding mechanics.

Therefore, the aim of the present study
was to present the Roller Bracket, an invention for
reducing the friction between the archwire and the
bracket slot floor/edges and to compare the friction
between the Roller Bracket and the conventional
bracket using the finite element analysis (FEA).

MATERIAL AND METHODS

THE ROLLER BRACKET
The present invention refers to a
new model of orthodontic bracket, which

characteristics aim at reducing the friction during
orthodontic tooth movement. The patent was
registered at the National Institute of Industrial
Property (INPI) under the number 1101640.

The Roller Bracket introduces a new
approach and specifically considers an
incorporation of sliding spheres (floating) on the
intermediate bracket base so that the surfaces of
the spheres are in direct contact with the archwire.
Figures 1 and 2 show the structure of the Roller
Bracket, which has a base with retentions for
bonding to tooth surface, an intermediate base,
which houses two spheres to reduce friction, one
slot, two gingival tie-wings and two occlusal tie-
wings. A sphere for friction reduction is located on
the mesial edge of the bracket and the other on
the distal edge, so to form the respective mesial
and distal outer walls of the intermediate bracket
base. Since a conventional elastomeric ligature
undergoes stretching and rests on the archwire
by pressing it against the bracket slot, two points
of resistance to tooth movement are established:
the first refers to the contact between the archwire
and the conventional elastomeric ligature and
the second to the contact of the archwire with
the bracket slot floor/edges.
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Figure 1. Roller Bracket in front perspective. 1: Bracket base; 2: Intermediate base; 3: Floating
sphere; 4: Slot; 5: Gingival tie-wings; 6: Occlusal tie-wings.

Figure 2. Roller Bracket in front perspective associated with the wire and conventional elastomeric
ligature. 1: Bracket base; 2: Intermediate base; 3: Floating sphere; 4: Slot; 5: Gingival tie-wings; 6:
Occlusal tie-wings; 7: Conventional elastomeric ligature; 8: Orthodontic wire.

MECHANISM OF ACTION

The mechanism of action of the Roller
Bracket lies in the fact that the spheres are
“floating”, so that they can rotate freely within
the intermediate base when in contact with the
archwire in situations involving friction. Moreover,
the surfaces of the spheres will act as substitutes
of the slot floor, so as to eliminate the surface
roughness of the material used for bracket
manufacture, another factor that increases
friction. In other words, the archwire will be
compressed against the surface of the spheres,
which have greater ease of handling in virtue
they are relatively free within the intermediate
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base, having patient’s own saliva as a lubricant
factor. Analogously, the sliding spheres of the
Roller Bracket mechanically resemble the ball
located on a tip of a ballpoint pen, which once
compressed on a surface of the paper sheet,
rotates, dissipating a force and dispensing ink.
In a theoretical perspective, the Roller
Bracket adds several advantages over the
state of the art, including: a) reduces the
friction between the archwire and the bracket
slot floor, favoring the sliding mechanics; b)
promotes friction reduction both in the early
stages of orthodontic treatment, with smaller-
caliber archwires, as in the intermediate and
final stages, with rectangular and larger-caliber
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archwires; c) can be applied to brackets made of
different materials such as sapphire, porcelain,
steel, polycarbonate, resin and plastic; d) can
be applied to both conventional and self-ligating
brackets; e) can be applied to lingual brackets; f)
requires the application of lower force magnitude,
favoring the tooth movement and preserving the
periodontal structures, besides of reducing the
pain and the risk of root resorption; g) allows the
reduction of the number of appointments, the
device settings and the total time of orthodontic
treatment; h) can be applied to other orthodontic
appliances involved in tooth movement such as
molar tubes; i) does not interfere with torque
control; j) can be applied in different techniques
and prescriptions, such as Edgewise, straight
wire, Rickets, Alexander and MBT; |) takes the
patient’s own saliva as a lubricant factor to favor
the movement (rotation) of the spheres, favoring
directly the dissipation of friction.

EXPERIMENTAL MODEL

To obtain a theoretical model, the
geometric characteristics and properties of
the materials used in the conventional bracket
and in the Roller Bracket, as well as in the
archwire were defined. Initially, geometry was
determined and analyzed by constructing a
three-dimensional computer-aided design (CAD)
model using SolidWorks software (SolidWorks
Corporation, MA, USA). The morphology of the

models was based on conventional brackets and
archwires available on the market (Figures 3 and

4). Figure 5 presented the Roller Brackets with
the measurements. Then, the created structure
was discretized in finite elements using a specific
software (Abaqus®, Dessault Systémes, France).
The elements were defined by coordinates
in space (nodes) and in interconnected form
functions. In these models, linear triangular
(CPS3) and square linear (CPS4R) elements
were used. A convergence analysis allowed
defining the ideal mesh.

To verify the interaction between the
analyzed bodies (archwire, sliding spheres
and ligatures), an analysis with the inclusion
of contact between the models of each body
was necessary, thus enabling the verification of
interaction efforts such as normal and frictional
forces. Initially, the conventional bracket was
modeled using the above-mentioned Abaqus®
software and, from this, the Roller Bracket
was modeled. Thus, the Roller Bracket was
constructed as follows: a base with retentions for
bonding to tooth surface; an intermediate base,
housing two spheres for friction reduction; one
slot; two gingival tie-wings; and two occlusal tie-
wings. The spheres for friction reduction were
located at the mesial and distal outer walls of
the bracket so as to form the respective mesial
and distal outer walls of the intermediate bracket
base, besides of representing two points of
support for the archwire.

Figure 3. Conventional bracket in front perspective. 1: Bracket base; 2: Intermediate base; 3: Gingival

tie-wings; 4: Occlusal tie-wings; 5: Slot.
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Arqg Odontol, Belo Horizonte, 60: €27, 2024 265



The Roller Bracket

Figure 4. Conventional bracket in front perspective associated with the wire and conventional
elastomeric ligature. 1: Bracket base; 2: Intermediate base; 3: Gingival tie-wings; 4: Occlusal tie-
wings; 5: Slot; 6: Orthodontic wire; 7: Conventional elastomeric ligature.

Figure 5. Roller Bracket with measurements in millimeters (mm).
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PROPERTIES OF THE EXPERIMENTAL
MODEL

The mechanical properties of the
orthodontic materials used in this study were
based on studies available in the literature.'%.2526
These properties were the input data for the
numerical model that was based on FEA
method. The structures that make up the model

Table 1. Mechanical properties of the materials.

composed of metallic materials have identical
characteristics and values for the mechanical
properties, considering that all materials were
made up of stainless steel (Conventional bracket,
Roller Bracket and archwire). The orthodontic
brackets are produced in stainless steel and have
defined properties for the modulus of elasticity for
the Poisson coefficient." For the sliding spheres,
the same properties were used (Table 1).

Material

Young’s modulus (MPa)

Poisson coefficient

Steel archwire 1.93 X 10° 0.305
Steel brackets 1.93 X 10° 0.305
Steel sphere 1.93 X 10° 0.305

The materials used in this model have
homogeneous elastic and isotropic properties,
characterizing a linearly elastic model. Adequate
forces were applied to the brackets into
mesiodistal direction simulating the strength
of the ligatures attaching the archwire into
the bracket slot. The load of 0.5 N (2.5 g) was
standardized to scale out the results and facilitate
interpretation. In this analysis, it was considered
the absence of difference in static and kinetic
friction coefficient. A coefficient of friction (0.3)
was estimated based on the Online Materials
Information  Resource  (http://www.matweb.
com). This value was inserted in the models
as a constant, and its estimate was based on
previous studies.'® Only as a test of influence, if
there was any type of lubrication, either by saliva
or by the inclusion of a solid lubricant inside the
bracket, the coefficient of friction was reduced
to 0.1. For greater precision, these values are
being validated and adjusted in further studies.

For reasons of simplification of the
mathematical problem to be solved, a condition
of symmetry with respect to the axial axis was
imposed on the bracket models analyzed.
Thus, in addition to reducing mesh complexity,
the number of model interactions simulated
through contact models was also reduced, which
consequently reduced computational cost and
facilitated the convergence of the model. Both
interactions between the bracket in contact with
the archwire for the conventional bracket and
between the bracket in contact with the spheres
and the spheres in contact with the archwire
for the Roller Bracket were mathematically
described with contact models composed of
a normal “hard contact” behavior, where the
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normal reaction appears instantaneously when
the nodes are approximated, and a tangential
behavior simulating the Coulomb friction model
using the Abaqus® model of penalties.

SIMULATION METHOD

Separate models of each of the involved
parts were generated (archwire, conventional
bracket and Roller Bracket). These models
were analyzed, having as contour conditions the
archwire and the load applied under the bracket
relative to the effort generated by the ligature.
Then, a displacement was imposed, simulating
the traction exerted between two teeth where,
given the implemented model of contact, the
values of friction force could be followed.
Through a contact analysis between the different
models, it was intended to verify the variation of
the friction force due to the bracket modification
(insertion of spheres) and also to consider the
lubrication coming from the saliva.

RESULTS

The mesh of the conventional bracket
model consisted of a total of 1220 nodes, being
1053 nodes in the archwire representation and
167 in the bracket representation, in addition
to 1099 elements (Figure 6). In turn, the mesh
of the Roller Bracket model was constructed
using a total of 4834 nodes, being 1053 nodes
in the archwire representation, 3271 in the
representation of the sliding sphere and 510 in
the bracket representation, in addition to 4676
elements (Figures 7 and 8).
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Figure 6. Conventional bracket model mesh with orthodontic wire.

Figure 7. Roller Bracket model mesh associated with orthodontic wire without lubrication.

Figure 8 - Roller Bracket mesh model associated with orthodontic wire and considering lubrication
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For each of the models, results were
obtained with the displacements in the
mesiodistal directions. From the beginning of
the simulation, the models were considered
in constant movement, with no static friction
in the first moments, but rather with simulation
instability. Therefore, it was preferred to rely on
the values where the behavior was stable, until
this model can be validated.

The oscillation observed at the beginning
ofthe simulation can be attributed to mathematical
instabilities and/or accommodations of the parts.
Thus, the most reliable value of friction force
was obtained when the simulation presented a
stable load and behavior. In this way, considering
the last steps of stabilization, the conventional
bracket presented strength of 2.5 g, while the
Roller Bracket presented strength of 2.2 g,
meaning a reduction of 12% (Graph 1).

When the Roller Bracket test was
performed considering the presence of a
lubrication by the saliva or by a solid material
(coefficient of friction = 0.1), the frictional force
reached a value of 1.3 g (Graph 1), which
represents a reduction of 41% in relation to the
Roller Bracket without lubrication and 48% in
relation to the conventional bracket. However,
all cases still require validation, especially
lubrication, since some studies have shown that
saliva may have an opposite effect.

DISCUSSION

The present study was conducted to
compare the friction in both conventional and
Roller Bracket by FEA. The results obtained in
this work did not intend to quantify the frictional
force but to describe it in qualitative terms. This
mathematical model compares only the frictional
force to its tendency to move. For this reason,
the conclusion resulting from this research
consists in indicating what would be occurring at
the moment of the test, thus more mechanical
tests are necessary to validate them. The main
conclusion of this study is that, mechanically, the
use of steel sliding spheres facilitated the energy
dissipation, generating a lower friction between
the archwire and the Roller Bracket when
compared to the conventional bracket under the
FEA model conditions.

It has been suggested that the friction
between the bracket and the archwire is
influenced by several factors, of which only a few
are widely understood. In part, this is due to the
fact that until recently there was no standardized
method to accurately measure the frictional
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forces of materials used in orthodontics, either
in a clinical or laboratory environment.?"-2 In this
sense, in vivo and in vitro tests are considered
the main approaches to study the resistance
of friction between archwires and orthodontic
brackets. However, some restrictive factors have
been reported in relation to these approaches.
For example, in vivo studies have as a limitation
the fact that the coefficient of friction is strongly
influenced by uncontrollable patient biological
factors and, therefore, can produce unreliable
results.’® The present study was performed in
vitro with FEA simulations under standardized
conditions. In this method, there is a theoretical
sub-division of the structure (discretization)
while maintaining its continuity. The problem is
solved for each element and then harmonized
to achieve a representative system-wide
response.? The main advantage of FEA method
is that it can control any variable related to the
experiment can be controlled, facilitating the
analysis of the results and providing benefits to
scientific research. In this sense, recent studies
have shown the effectiveness of this method
in orthodontics.?*®! Although can be difficult to
replicate these numerical data in clinical settings,
useful information can be furnished to guide
clinical research.®!

Brackets, archwires and ligatures
contribute to the friction generated during sliding
mechanics. According to studies,®3friction forces
generally increase with the following variables:
use of titanium-containing archwires, rectangular
archwires, aesthetic brackets, increased
archwire/bracket angulation, increased archwire
cross-section, and increased fixation strength of
the archwire in the bracket slot. In addition, some
studies are controversial regarding the effects of
intraoral lubricant simulation.

Low loads saliva can act as a lubricant.®
On the other hand, high loads saliva may
increase static friction if it is forced out from the
contact surfaces between the brackets and the
archwire, producing shear resistance sliding
forces.** Other studies found no changes in
the coefficient of friction in different orthodontic
materials, comparing dry or non-dry conditions.®'8
In the present study, the results indicated a
significantly higher friction in the conventional
bracket compared to the Roller Bracket under dry
conditions. In addition, tests considering the same
coefficient of friction and time of displacement of
the bracket for both models showed a significant
reduction in the friction between the archwire
and the spheres after the insertion of lubrication,
such as saliva. These values can be validated
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and adjusted. Thus, in the present study, saliva
acted as a coadjuvant factor in the reduction of
friction.

Some authors have pointed out that
stainless steel bracket and archwire sets have
a lower coefficient of friction during sliding
mechanics when compared to other combinations
of materials.®%® Other study detected no
significant differences between the resistance to
sliding concerning nickel titanium and stainless
steel archwires.3? According to Articolo and Kusy,?
less friction between appliances made of the
same materials occurs in passive configuration.
The present study was carried out considering
stainless steel archwires with rectangular cross-
section and appropriate magnitude of force
during orthodontic movement. Therefore, the
present results showed that, in FEA model, the
addition of steel sliding spheres promoted even
lower friction than stainless steel conventional
brackets and archwires.

In general, studies showed that aesthetic
brackets may produce more friction during sliding
mechanics than stainless steel brackets.®%3° A
study?®® have pointed out that the friction remains
independent of the material of the aesthetic
bracket slot while other®” stated that it occurs in
both .018 “ and .022” slot size. These authors
attributed the differences of friction between
the conventional and aesthetic brackets to the
surface texture characteristics that each material
presents. The present study compared the
coefficient of friction between the conventional
bracket and Roller Bracket, both made of
stainless steel and with slot size .022” x .030”
and found that the Bracket Roller presented
lower friction. Further research is underway to
confirm whether aesthetic Roller Bracket will
also present a lower coefficient of friction when
compared to conventional aesthetic brackets
due to the incorporation of sliding spheres in its
structural characteristic.

The difference in friction generated
between conventional and self-ligating brackets
remains subject of several discussions in the
scientific community. Vartolomei et al*’ reported a
decrease of friction in self-ligating brackets when
compared to conventional brackets. On the other
hand, systematic reviews have pointed out that
there is not enough scientific basis to determine
the superiority of the self-ligating brackets in
relation to treatment efficiency.?®?* Studies
evaluating friction during sliding mechanics
comparing self-ligating Roller Bracket and self-
ligating brackets are still in progress, including
employing different archwire types. Therefore,
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these analyzes can provide useful results to
clarify these aspects.

The present study provides initial evidence
regarding the reduction of friction due to the
insertion of sliding spheres in the Roller Bracket.
However, the methodology used has limitations
like any mathematical model. Some factors
related to FE method may lead to inaccurate
results, such as the simplifications necessary for
the adoption of a given mathematical model and
the division of complex structures into various
geometric forms that can resultin loss of details.*®
In addition, the data obtained in this study did not
consider the complexity of the oral environment.
Authors have shown that changes in inter-
bracket distance and in biological factors such
as temperature, humidity and salivary acidity can
lead to variations in friction values.'®* Although
these changes are not amenable to laboratory
simulation, comparative data from such tests are
potentially useful for guiding research related
to new orthodontic appliances such as Roller
Bracket, which can minimize the force used in
the sliding mechanics, as well as to reduce the
treatment time, resulting in biological benefits for
the patient.

CONCLUSION

The use of steel sliding spheres in the
Roller Bracket facilitated the energy dissipation,
generating a lower friction when compared to the
conventional bracket when using a .022” x .030”
SS archwire.
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