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Resumo

Introducgdo: O movimento ortodontico bem sucedido est4 diretamente relacionado com a capacidade de os
fios ortodonticos deslizarem sobre os braquetes e tubos ortodonticos. Portanto, durante a movimentagio
ortodontica a principal preocupacdo esta diretamente ligada a fric¢do entre o suporte e o fio.

Objetivo: O objetivo deste estudo foi avaliar a influéncia de fios ortoddnticos estéticos na resisténcia ao
atrito. Material e método: Foram utilizados 50 braquetes-teste divididos em 5 grupos, de acordo com o
fio retangular (n=10): G1 - grupo controle: fio metalico convencional (Morelli, Brasil) e fios estéticos (G2 -
Ortho Organizer; G3 - Tecnident; G4 - Trianeiro; e, G5 - TP Orthodontics). Todos os fios apresentavam
0,019 x 0,025 polegadas e o braquete era ceramico, prescricio Edgewis e, torque e/ou angulacdo 0° e,
canaleta 0,022 x 0,028 polegadas. O teste de resisténcia ao atrito sob forca de tracdo foi realizado em uma
maquina de ensaio universal Instron a velocidade de 1,0 mm/min e célula de carga de 500N. Os dados de
resisténcia ao atrito foram submetidos a analise de variancia (ANOVA) um fator e ao Teste de Tukey com
nivel de significincia de 5%. Resultado: O atrito (N) do fio metélico (8,07+0,43) foi significativamente
maior que os fios ortoddnticos estéticos: Ortho Organizer (4,01+0,25), Tecnident (3,871+0,31), Trident
(4,47%0,26) e, TP (4,49+0,30) (p<0,05). Nenhuma diferenga estatisticamente significativa foi observada
entre os fios estéticos (p>0,05). Conclusao: Conclui-se que os fios ortodonticos estéticos apresentam
menor resisténcia ao atrito quando comparado ao fio metalico.

Descritores: Fio ortodontico; atrito; ortodontia.

Abstract

Introduction: The orthodontic movement is directly influenced by the ability of orthodontic wires to slide
through brackets and tubes. Therefore, the main concern during orthodontic movement corresponds to
the frictional forces generated at the bracket-orthodontic wire interface. Objective: This study aimed to
evaluate the frictional resistance of esthetic orthodontic wires. Material and method: Fifty test brackets
were obtained and divided into five groups (n = 10) based on the type of rectangular orthodontic wire, as
follows: conventional metallic wire (Morelli, Brazil) (G1, control group) and esthetic wires (G2, Ortho
Organizer; G3, Tecnident; G4, Trianeiro; and G5, TP Orthodontics). The following materials and conditions
were used: 0.019 x 0.025-inch wires, ceramic brackets with edgewise prescription, torque and/or
angulation of 0°, and 0.022 x 0.028-inch slots. The specimens were tested for their tensile strength using
an Instron universal test machine at a speed of 1.0 mm / min and a load cell of 500N. The tensile strength
data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s post-hoc test, with a
5% significance level. Result: The frictional resistance (N) of the metallic orthodontic wire (8.07 + 0.43)
was significantly higher than that of the esthetic wires: Ortho Organizer (4.01 * 0.25), Tecnident (3.87 *
0.31), Trianeiro (4.47 + 0.26) and TP Orthodontics (4.49 * 0.30) (p <0.05), with no significant difference
between them (p> 0.05). Conclusion: To conclude, the esthetic orthodontic wires tested herein showed
less frictional resistance as compared to the conventional metallic wire.

Descriptors: Orthodontic wire; friction; orthodontics.
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INTRODUCTION

The orthodontic movement is directly influenced by the ability of orthodontic wires to slide
through brackets and tubes?. This mechanics contributes to closing interdental spaces either in
the initial phase of the treatment or during tooth leveling and alignment?. The main concern
during orthodontic movement corresponds to the frictional forces generated at the bracket-
orthodontic wire interface34.

The frictional force is calculated as the coefficient of friction times the compressive force
onto the surfaces. An appropriate force intensity applied during orthodontic treatment results
in tissue responsiveness and tooth movement. In contrast, excessive friction at the bracket-wire
interface can prevent the application of optimal strength levels towards support tissues. Hence,
knowing the intensity of the frictional force generated in the orthodontic treatment is pivotal to
promote optimal biological movement of the teeth56. Several factors may influence the frictional
force produced for tooth movement, including the type of material, bracket size and angulation,
wire size and alloy, type of ligature, wire section, presence of biofilm and saliva, corrosion and
load strength5.78,

Over the last years, there has been an increasing interest in orthodontic treatment with
esthetic requirements by adult patients. New transparent brackets made of ceramic and
polycarbonate have been engineered, as well as esthetic wires coated partially or totally with
Teflon, epoxy resin, glass fiber-reinforced polymer and silicon fiber-reinforced nylon*8°. While
esthetic brackets and wires improve the esthetics of orthodontic appliances, they present
limitations such as fracture potential, abrasion of antagonist teeth and, especially, increased
friction resulting from the mechanical sliding?0.

Wire coating materials should fulfill the requirements of ease of application in thin layers,
low frictional resistance, low coefficient of friction, biocompatibility and pleasant esthetic
appearance, and compatibility with the translucency of esthetic brackets and with tooth color.
While coating materials may alter some mechanical properties of the wires like attrition and
friction, it is also known that Teflon-coated wires completely prevent the corrosion of esthetic
orthodontic wires?1.

The intensity of the frictional forces is dependent on the properties and surfaces of the
orthodontic materials2. For instance, a greater friction can be observed with the increase in
thickness of the wire coating material. Therefore, the coating layer of esthetic wires should
ideally have a small uniform thickness?3.

Thus, it is important to evaluate the contribution of esthetic coating to the frictional
resistance of orthodontic wires as it interferes directly in the outcomes of the orthodontic
treatment. This study analyzed comparatively the frictional resistance of different esthetic
orthodontic wires. The null hypotheses tested were that (i) the frictional resistance of
conventional metallic wires would be lower than that of esthetic wires, and that (ii) there would
be an intergroup difference between the esthetic wires.

MATERIAL AND METHOD

Specimen Preparation

Four esthetic orthodontic wires (Ortho Organizer, USA; Tecnident, Brazil; Trianeiro, Brazil;
and TP Orthodontics, USA) and one metallic wire (control group) (Morelli, Brazil) were tested. A
fixed appliance segment was mounted on a rectangular acrylic plate (4 cm wide x 14 cm
long x 0.5 c¢m thick), with a notch (1.5 cm deep x 1.2 cm wide) positioned 2 cm from one of the
ends. The appliance was composed of four metallic brackets (with edgewise prescription,
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torque and/or angulation of 0° and a 0.022 x 0.028-inch slot) (Morelli, Brazil). The brackets
were fixed with a cyanoacrylate containing instant drying glue (Super-Bonder, Loctite Henkel,
Brazil) at a distance of 0.8 cm from each other and 1.6 cm from the notch region.

The distance from the upper edges of the brackets to the upper end of the plate was 0.4 cm.
Prior to bonding, the brackets were aligned using a 0.021x 0.025-inch stainless steel wire, with
the base of the bracket parallel to the acrylic plate. That wire was removed after
polymerization4.

For the frictional resistance test, 5-cm segments of rectangular orthodontic wires
(0.019 x 0.025 inches) were used, which had their ends bent to fit the terminal brackets of the
acrylic plate and not to slide through the bracket slots. For each test set, a rectangular wire
(0.019 x 0.025 inches) was used in combination with the test bracket (esthetic, canine, edgewise
technique, 0.022 x 0.028-inch slot). The orthodontic wires were tied to the brackets with elastic
ligatures, which were replaced after each test. The ligatures were placed with the aid of an
elastic ligature applicator by embracing the mesial and distal tie wings of the brackets. In total,
fifty test brackets were obtained and divided into five groups based on the type of orthodontic
wire (metallic and esthetic) (n = 10).

Frictional Resistance Test

The acrylic plate with the test set was positioned on a universal test machine (Instron Corp.,
Canton, MA, USA). To move the test bracket, a stainless-steel wire (Morelli, Brazil) was used,
which had one of its ends attached to the system by a claw and the other end attached to the
bracket, as shown in Figure 1. The test was performed under tensile strength at 1.0 mm/min
and a load cell of 500N.

Figure 1. Frictional resistance test on a universal test machine (Instron).
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Statistical Analysis

The data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s post-
hoc test, with a 5% significance level.
RESULT

Results for the frictional resistance (N) of orthodontic wire are shown in Table 1. The
metallic orthodontic wire Morelli (positive control) showed a significantly higher frictional

resistance than the esthetic wires (p <0.05). In addition, there was no statistically significant
difference between the four esthetic wire brands tested herein (p> 0.05).

Table 1. Means and standard deviation (SD) of the frictional resistance (N) of orthodontic wires

Orthodontic wire Frictional Resistance (N)
Morelli (control group) 8.07 (0.43) a
Ortho Organizer 4.01 (0.25) b
Tecnident 3.87(0.31) b
Trianeiro 4.47 (0.26) b
TP Orthodontics 4.49 (0.30) b

Different letters indicate statistically significant differences (p<0.05).

DISCUSSION

Several types of materials have been used in the manufacture of orthodontic brackets and
arch wires. Brackets and wires coated with non-metallic materials (e.g. polyethylene,
polytetrafluoroethylene and epoxy resin) are used when there is an esthetic requirement during
the orthodontic treatment and to reduce the frictional force that occurs upon mechanical sliding
of the wire through the bracket’. Hence, it is necessary to know the materials used in the
orthodontic treatment, particularly because the intensity of the frictional force is closely related
to the properties and surfaces of the materials!2.

The first hypothesis tested in our study was rejected. According to the findings, the metallic
orthodontic wire presented a greater frictional resistance than the esthetic wires. Previous
studies>15-18 have shown that esthetic brackets have reduced roughness and lower friction
when compared to conventional stainless-steel brackets. In the scientific literature, the studies
analyzing the frictional resistance of different brackets have reported inconsistent findings due
to the different methodologies used, in particular: orthodontic wires and brackets of different
manufacturers, different combinations of bracket and wire, distinct test conditions (dry or
saliva/other solutions-moistened environment), and different bracket angulations. All these
factors make it difficult to compare the results between the studies. In general, the smoother
surface of the ceramic brackets is believed to contribute to less resistance to friction and
mechanical sliding17.18,

The wire/bracket combination used in our study might have influenced the results. Only
ceramic brackets were used, which might have produced less friction of the esthetic wires
during mechanical sliding through the bracket. In addition, Downing et al.1? and Kusy, Whitley?20
observed that the wire material has little influence on the frictional force. In contrast,
Braga et al.2! found that esthetic wires produce higher friction when compared to stainless-steel
wires and pointed out that the differences observed might be related to the surface texture of
the brackets. Moreover, the higher frictional resistance found for metallic wires can be
explained by the difference in the friction levels between the different tested wires. Of note,
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there are important differences in the structure of the materials and composition of the dowel,
which results in different surface textures22.

Since no statistical difference was observed among the different esthetic wires, the second
hypothesis tested in our study was also rejected. The esthetic wires tested herein are Teflon
coated, which may explain the lack of difference between them. One of the parameters directly
influencing the friction of orthodontic wires is surface roughness23. Resin-coated wires have
reduced surface roughness as compared to metallic ones, which facilitates mechanical sliding. In
most cases, esthetic wires have a smoother surface and therefore present a lower frictional
forcez4. It can be speculated that the esthetic orthodontic wires tested in our study showed a
similar surface smoothness and reduced roughness as compared to the conventional metallic
wire.

Although the frictional resistance of the esthetic wires was found to be lower than that of the
metallic wire, one should consider that the esthetic coating has a low resistance within the oral
milieu and, with continuous use, it may fracture and impair the overall esthetics of the system.
This results in increased surface roughness and friction during therapy. All the esthetic wires
tested herein have a Teflon coating, which presents a good corrosive property when in contact
with the oral environment?29.

Taken altogether, the results suggest that frictional forces increase depending on the
orthodontic wire and that conventional stainless-steel metallic wires have greater frictional
resistance. However, clinicians should be cautious when interpreting the results of laboratory
friction studies, since in vitro experimentation of shear resistance using static traction applied
onto the bracket/wire interface does not accurately represent the complexity of tooth
movement. Even so, it remains a widely used approach, which can be applied to test hypothesis
regarding the reduction of frictional forces?2>.

Thus, several other properties in addition to esthetics must be considered when choosing the
ideal orthodontic wire, which include biocompatibility and resilience.

CONCLUSION

To conclude, (i) the esthetic orthodontic wires tested herein showed less frictional resistance
as compared to the conventional metallic wire and (ii) similar frictional resistance when
compared to each other.
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