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Resumo

Introducédo: A demanda por tratamentos estéticos tem crescido nos ultimos anos, sendo cada vez mais
forte a preocupagdo com a estética por parte dos pacientes que buscam o tratamento ortodontico.
Objetivo: Este estudo avaliou a resisténcia a fratura de braquetes ceramicos monocristalinos e
policristalinos de diferentes fabricantes quando submetidos ao torque do fio. Material e
método: Sessenta braquetes ceramicos (Roth, incisivos centrais superiores direito, canaleta
0,022 x 0,028 polegadas) foram divididos em 2 grupos (30 espécimes por grupo) de acordo com o tipo da
ceramica: monocristalina e policristalina. Posteriomente estes grupos foram divididos em 3 sub-grupos
(n=10) de acordo com o fabricante: Orthometric, Eurodonto e Ortho Technology. Segmentos de fio de ago
inoxidavel retangular (0,019 x 0,025 polegadas) foram dobrados em forma de “U”, sendo que a base do “U”
foi inserida na canaleta do braquete e fixado com fio de amarilho em ago inoxidavel (0,008mm). Nas
extremidades do “U” foram realizadas dobras verticais para servir de apoio para o cinzel da maquina de
ensaio universal Instron. O ensaio de resisténcia a fratura foi realizado a velocidade de 1,0 mm/min até
ocorrer a fratura. Os dados foram registrados, transformados em g.mm e submetidos a ANOVA dois
fatores e ao teste de Tukey (SAS Institute Inc., Cary, NC, USA, version 9.3) (a=5%). Resultado: Os
braquetes monocristalinos apresentaram maior resisténcia a fratura em relagdo aos policristalinos,
independente do fabricante (p<0,05). Os maiores valores de resisténcia a fratura foram obtidos com os
braquetes da Ortho Technology e Orthometric, os quais nio diferiram estatisticamente entre si (p>0,05).
Conclusdo: Braquetes monocristalinos possuem maior resisténcia a fratura em relagdo aos policristalinos
com diferencas na resisténcia a fratura entre os diferentes fabricantes.

Descritores: Braquetes ceramicos; resisténcia a fratura; torg¢io; torque.

Abstract

Introduction: In recent years, there has been an increasing demand for esthetic treatments, especially
among orthodontic patients. Objective: This study determined the fracture strength of monocrystalline
and polycrystalline ceramic brackets of different manufacturers during archwire torque. Material and
method: Sixty ceramic brackets (Roth, right upper central incisors, 0.022 x 0.028-inch slot) were
allocated into two groups (30 specimens per group) according to the type of ceramics: monocrystalline
and polycrystalline. Subsequently, the groups were divided into three subgroups (n = 10) according to the
manufacturer: Orthometric, Eurodonto and Ortho Technology. Sixty PVC cylinders were filled with
chemically activated acrylic resin (CAAR), the brackets were fixed with CAAR onto the cylinder surface
and the excess material was used to partially cover the base of the bracket. After 24h, the U-shaped wire
base (0.019 x 0.025 inches; 6 mm height and width) was inserted into the bracket slot and fixed thereon
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with a stainless-steel wire. Vertical folds were made at the ends of the “U” to support the universal test machine
chisel. The fracture strength test was performed at a speed of 1.0 mm/min until fracture into a universal test
machine (Instron). The data were recorded, transformed into gmm and submitted to two-way ANOVA
followed by Tukey’s post-hoc test (SAS Institute Inc, Cary, NC, USA, version 9.3) (a=5%).
Result: Monocrystalline brackets showed a higher fracture strength than polycrystalline brackets,
regardless of the manufacturer (p<0.05). The highest fracture strength values were observed in Ortho
Technology and Orthometric brackets, with no significant difference between them (p>0.05).
Conclusion: Monocrystalline ceramic brackets have a higher fracture strength than polycrystalline
brackets, with significant manufacturer-dependent differences.

Descriptors: Ceramic brackets; fracture strength; torsion; torque.

INTRODUCTION

In recent years, there has been an increasing demand for esthetic treatments, especially
among orthodontic patients!. Polycarbonate brackets were the first of this kind to be
commercialized?. However, they did not have adequate mechanical behavior, presented color
alterations, limited adhesiveness, low dimensional stability and a higher coefficient of friction
when in contact with metallic wires3. To overcome these shortcomings, ceramic brackets were
introduced in the dental market in the late 1980s*.

Ceramic brackets are composed of aluminum oxide (Al;03), with a monocrystalline
(composed of a single Al;03 crystal) or polycrystalline (multiple Al;03 crystals) structure fused
at high temperaturesS. Previous studies have shown that monocrystalline ceramic brackets have
a higher fracture strength and translucency than polycrystalline brackets+67. On the other side,
monocrystalline brackets have a high production cost and manufacturing difficulty®.
The manufacturing process plays an important role in the clinical performance of ceramic
brackets as well as does the presence of pores, machining and propagation of cracks which may
induce fracture of the bracket®.

While there is currently a great range of prescriptions available to the orthodontist??,
including prescriptions customized for each casell, one should still apply archwire torsion
forces to obtain the desire torque!213. Some studies have shown that the application of high
torque (third-order folds) can fracture ceramic brackets?.14-16, However, such type of fracture is
less recurrent with the application of second-order folds, unless the bracket has been weakened
by direct trauma and/or by the manufacturing method. Ceramics have high friability (no plastic
deformation), but also have a high resistance to weariness and corrosion and excellent optical
properties®. Several factors can influence the torque during orthodontic mechanics, which
include the torsion magnitude, wire composition and thickness, slot size and depth, vertical
positioning, and bracket17.18,

This phenomenon occurs more frequently in anterior teeth10.16 and at the base of the bracket
wings, where most tension is present, due to archwire torsion forces inside the slot1®.
The addition of wires and accessories may induce the development and propagation of cracks in
the brackets!%. Hence, the presence of fractures in orthodontic accessories may affect treatment
efficiency and length, cause discomfort to the patient, and increase their risk of aspirating or
swallowing bracket fragments20,

The mechanical behavior of monocrystalline and polycrystalline ceramic brackets has been
previously investigated*67. Nevertheless, there are no reports in the literature on the fracture strength
of these types of brackets from the same manufacturer during archwire torsion (third-order fold), in
close contact with the bracket slot at a 6-mm distance. Thus, the present study determined the
fracture strength of monocrystalline and polycrystalline ceramic brackets of different
manufacturers during archwire torque. The null hypotheses tested in the present study were
that (i) there are no difference on the fracture strength of monocrystalline and polycrystalline
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ceramic brackets; and that (ii) there are no difference on the fracture strength among the
different brands.

MATERIAL AND METHOD

Specimen Preparation

Sixty PVC cylinders (Tigre do Brazil, Joinville, SC, Brazil) were filled with chemically
activated acrylic resin (CAAR, Jet Set; Classico Artigos Odontolégicos Ltda, Sdo Paulo, SP, Brazil)
according manufacture’s recommendations. After polymerization, micro-retentions were
created on the CAAR cylinder surface with silicon carbide sandpaper no. 220 (Norton® SA, Sao
Paulo, SP, Brazil) for 1 min. The brackets were fixed with CAAR onto the cylinder surface and
the excess material was used to partially cover the base of the bracket, so that to create an extra
retention and avoid bracket detachment during the mechanical testing. Stainless-steel wire
segments (0.019 x 0.025 inches) (Gac Orthomax, Matdo, Sdo Paulo, Brazil) were folded with
pliers no. 139 (Dentaurum Inc. Langhorne, USA) into a U-shape with 6 mm height and width
(Figure 1B). After 24h, the base of the U-shaped wire was inserted into the bracket slot and
fixed thereon with a 0.008-mm wire (Gac Orthomax, Matdo, Sdo Paulo, Brazil). The curves were
juxtaposed with the bracket wings, and a vertical curvature was made 6 mm from the bracket to
be used as a support for the test machine chisel (Figures 1A and 1B)”.

Figure 1. A. Insertion of the U-shaped wire base into the ceramic bracket slot and fixation there on with a
metallic wire. B. U-shaped steel wires (0.019 x 0.025 inches). The torsion forces were recorded in grams (g)
and the fracture strength data were transformed into g.mm using the formula t = F x d, where F is the force
in grams and d is the distance (mm) between the point of force and the bracket slot (d = 6 mm). In this test,

the wire was pushed down by the machine chisel to simulate a buccal torque’.

Sixty ceramic brackets (Roth prescription, right upper central incisors, 0.022 x 0.028 inches)
were divided into two groups (30 specimens per group) according to the ceramic composition:
monocrystalline and polycrystalline. These were allocated into three subgroups (n = 10)
according to the manufacturer: Orthometric (Marilia, SP, Brazil), Eurodonto (Curitiba, Paranj,
Brazil) and Ortho Technology (Tampa, Florida, USA).
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Fracture Strength Test

The ceramic brackets were submitted to a fracture strength test. Briefly, the acrylic cylinder
was fitted into a universal test machine (Instron; Model 4411, Canton, MA, USA) with the
cervical wings positioned perpendicular to the ground and the machine chisel supported by the
wire curvatures (Figure 1A - the red arrow represents the machine chisel). The folds in the wire
served as a stop and a support so that the chisel would not slide during the test (Figure 1B).
The fracture strength test was performed at a speed of 1.0 mm/min until fracture. The torsion
forces were recorded in grams (g) and the fracture strength data were transformed into g.mm
using the formula t = fx d, where f'is the force in grams and d is the distance (mm) between the
point of force and the bracket slot (d = 6 mm). In this test, the wire was pushed down by the
machine chisel to simulate a buccal torque’. After exploratory analysis of the data and
verification of a normal distribution, the data were submitted to two-way Analysis of Variance
(ANOVA) followed by Tukey’s post-hoc test (SAS Institute Inc., Cary, NC, USA, version 9.3)
(a=5%).

RESULT

The findings of our study are described in Table 1. The analysis of variance indicated a
significant two-way interaction between the ceramic bracket and the manufacturer (p<0.0001).
Monocrystalline ceramic brackets showed a higher fracture strength (gmm) than
polycrystalline brackets, regardless of the manufacturer (p<0.05).

Table 1. Mean (standard deviation) fracture strength values (in g.mm) of monocrystalline and polycrystalline
ceramic orthodontic brackets from different manufacturers

Ceramic Orthodontic Bracket

Manufacturer
Monocrystalline Polycrystalline
Orthometric 8,881 (2,372) a A 4,507 (521) a B
Eurodonto 6,109 (678) b A 3,830 (890) b B
Ortho Technology 9,308 (2,259) a A 5,042 (770) a B

Different lowercase letters in the columns indicate significant differences between the manufacturers for each type of bracket
(p<0.05). Different capital letters in the lines indicate significant differences between the bracket types of the same
manufacturer (p<0.05).

The fracture strength of Ortho Technology and Orthometric brackets was found to be
significantly higher than that of Eurodonto brackets (p<0.05) for both monocrystalline and
polycrystalline compositions. No significant difference was observed between Ortho Technology
and Orthometric brackets (p>0.05), regardless of the bracket type.

DISCUSSION

In the present study, monocrystalline ceramic brackets showed a significantly higher
fracture strength than polycrystalline brackets, which is in line with the reports by
Vhanbatte et al.15. Thus, the first null hypothesis that there are no difference on the fracture
strength of monocrystalline and polycrystalline ceramic brackets was rejected. Although both
brackets are composed of alumina oxide, the monocrystalline ones have a single crystal of
alumina in their composition whereas polycrystalline brackets have several small crystals of
alumina. In addition, there are significant differences in the manufacturing process of both types
of brackets.
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Polycrystalline brackets are manufactured from the mixture of aluminum oxide particles
with the use of an agglutinative substance, so that it is molded and then cut to the final shape of
the bracket. The mixture is heated to temperatures above 1800 °C in order to burn the
agglutinative substance and thereby bind the aluminum oxide particles. The bracket undergoes
a heat treatment with the purpose of removing surface imperfections and reducing the
structural stresses created during cutting?l. This molding process has the disadvantage of the
presence of structural imperfections or impurities around the grains, which could generate a
region susceptible to crack propagation once the material is under tension?22.

In contrast, monocrystalline brackets are processed through a molten mass of aluminum
oxide, which is subjected to temperatures above 2100 °C, thereby yielding individual crystals of
sapphire. Next, this mass is cooled down slowly to better control the crystallization process.
This procedure is necessary to obtain a pure crystal and to eliminate almost completely the
possibility of fracture propagation through areas that contain imperfections or impurities®.
Hence, the manufacturing process plays a significant role in the performance of ceramic
brackets, as the binding of small crystals of alumina at high temperatures may potentially create
surface pores and gaps which may compromise the fracture strength of the bracket.

The fracture strength of Ortho Technology and Orthometric brackets was statistically greater
to that of Eurodonto brackets, regardless of the ceramic composition. Therefore, the second null
hypothesis was also rejected. Previous studies®1423 reported that the ideal momentum on a
central upper incisor varied from 1035 to 2373 g.mm. On the other hand, Nikolai24 (1985)
observed that the momentum generated in the ideal torque on the upper incisor should range
between 3,000 and 3,500 g.mm. Thus, the momentum interval required to perform a successful
torque on the upper incisors ranges from 1,035 to 3,500 g.mm. Although the Eurodonto ceramic
brackets had a statistically lower fracture strength as compared to the other two manufacturers,
the Eurodonto polycrystalline bracket showed the lowest fracture strength among all studied
brackets and yet exhibited a strength of 3,830 (890) mm (Table 1). Therefore, our results
indicated that the fracture strength measurements of all orthodontic brackets tested in the
current study (Table 1) presented enough resistance to withstand the torque on the upper
incisors. These findings indicate that the brackets tested herein can satisfactorily withstand the
efforts applied during orthodontic treatment.

There is a great variability in the experimental designs reported in the literature in relation
to bracket slot size and/or type, rectangular steel wire size and/or type, type of prescription
with the insertion of different torques and/or angulation, and to the manufacturing process.
These parameters may be responsible for the inconsistent published results and make it
difficult to compare our findings with those of the literature. Moreover, it is worth noting that
the use of very thick rectangular steel wires with third-order folds fixed with metallic wires can
generate a high structural tension, which can totally or partially fracture the bracket structure22.
Further studies should consider saliva storage and/or temperature variation in the oral cavity
over time in an attempt to reproduce what happens clinically. Lastly, the microstructural
aspects of ceramic brackets as well as their fracture profile should be further addressed by
scanning electron microscopy (SEM) analysis or other more sophisticated microscopic
approaches.

Within the limitations of this in vitro study, it can be concluded that (1) monocrystalline
ceramic brackets have a higher fracture strength than polycrystalline brackets; and that (2) the
fracture strength of Eurodonto brackets was lower than that of Ortho Technology and
Orthometric brackets, regardless of the type of ceramics (monocrystalline or polycrystalline).
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