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Evaluation of the friction force generated by monocristalyne

and policristalyne ceramic brackets in sliding mechanics

Roberta Ferreira Pimentel!, Roberto Sotto Maior Fortes de Oliveira?, Maria das Gracas Afonso Miranda Chaves?,
Carlos Nelson Elias*, Marco Abdo Gravina®

Objective: To evaluate and compare “in vitro” the maximum friction force generated by three types of esthetic brackets, two types of
polycrystalline conventional ceramic brackets (20/40 and InVu) and one type of sapphire monocrystalline bracket (Radiance) in dry and
artificial saliva wet settings. Also, to evaluate the influence exerted by artificial saliva on the friction forces of those brackets. Methods:
Tests were performed in dry and artificial saliva wet setting (Oral Balance) by using an EMIC DL 10000 testing machine, simulating a 2
mm slide of 0.019 x 0.025-in rectangular stainless steel wires over the pre-angulated and pre-torqued (right superior canine, Roth pre-
scription, slot 0.022 x 0.030-in) brackets (n = 18 for each bracket). In order to compare groups in dry and wet settings, the ANOVA was
used. For comparisons related to the dry versus wet setting, the student ¢ test was used for each group. Results: The results showed that in
the absence of saliva the Radiance monocrystalline brackets showed the highest friction coefficients, followed by the 20/40 and the InVu
polycrystalline brackets. In tests with artificial saliva, the Radiance and the 20/40 brackets had statistically similar friction coefficients and
both were greater than that presented by the InVu brackets. The artificial saliva did not change the maximum friction force of the Radi-
ance brackets, but, for the others (20/40 and InVu), an increase of friction was observed in its presence. Conclusion: The InVu brackets
showed, in the absence and in the presence of saliva, the lowest friction coefficient.

Keywords: Friction. Orthodontic brackets. In vitro. Biomedical and dental materials. Biomechanics.

Objetivo: avaliar e comparar in vitro as cargas maximas de atrito geradas por trés tipos de braquetes estéticos, sendo dois deles ceramicos poli-
cristalinos convencionais (20/40 ¢ InVu) e um monocristalino de safira (Radiance), em ambientes seco ¢ umedecido por saliva artificial. Tam-
bém avaliar a influéncia exercida pela saliva artificial sobre as cargas de atrito dos referidos braquetes. Métodos: os ensaios foram realizados em
ambiente seco e em ambiente umedecido com saliva artificial em gel (Oral Balance), utilizando uma miquina de ensaios mecanicos (EMIC,
modelo DL10000), simulando um deslizamento de 2mm de fios retangulares 0,019” x 0,025” de ago sobre os braquetes (n = 18, para cada
braquete), pré-angulados e pré-torqueados (canino superior direito prescri¢io Roth, slot 0,022” x 0,030”). Para comparagio entre os braquetes,
em ambiente seco ou umedecido, utilizou-se a andlise de varidncia; e para a comparagio dos braquetes em ambiente seco e umedecido, utilizou-
-se O teste t para amostras independentes. Resultados: os resultados obtidos indicaram que, na auséncia de saliva, os braquetes monocristalinos
Radiance demonstraram o maior coeficiente de atrito, seguidos pelos braquetes policristalinos 20/40 e InVu. Nos ensaios realizados em ambiente
umedecido, os braquetes Radiance e 20/40 apresentaram coeficientes de atrito estatisticamente semelhantes, e superiores ao apresentado pelos
braquetes InVu. A saliva artificial ndo promoveu alteragdes na forga maxima de atrito para os braquetes Radiance; todavia, para os demais (20/40
e InVu), promoveu aumento significativo nos coeficientes de atrito. Conclusio: os braquetes InVu apresentaram, tanto nos ensaios realizados
na auséncia, quanto na presenca de saliva, os menores coeficientes de atrito, entre os braquetes ensaiados.

Palavras-chave: Fric¢io. Braquetes ortodonticos. In vitro. Materiais biomédicos ¢ odontolégicos. Biomecanica.

How to cite this article: Pimentel RF, Oliveira RSMF, Chaves MGAM, Elias

» The authors report no commercial, proprictary or financial interest in the prod- CN, Gravina MA. Evaluation of the friction force generated by monocristalyne

ucts or companies described in this article. and policristalyne ceramic brackets in sliding mechanics. Dental Press ] Orthod.
2013 Jan-Feb; 18(1):121-7.

'MSc Student in Dental Clinic, UFJF.

2 Associate Professor of Orthodontics, UFJF.

? Associate Professor of Pathology, UFJF. Contact address: Marco Abdo Gravina
#Associate Professor of Biomaterials, UFF. Av. Bario do Rio Branco, 2595 — Salas 1203 e 1204 — Centro
% Associate Professor of Orthodontics, UFJF. CEP: 36010-011 — Juiz de Fora/MG — Brazil

E-mail: marcoabdogravina@yahoo.com.br
Submitted: August 21, 2010 - Revised and accepted: January 17, 2012

121 Dental Press J Orthod. 2013 Jan-Feb; 18(1):121-7



Evaluation of the friction force generated by monocristalyne and policristalyne ceramic brackets in sliding mechanics

INTRODUCTION

Friction can be defined as a force that is tangent to
the common limit of two objects in contact with each
other, and which resists the displacement or the im-
minent displacement of one object against the other.>

Begg® argues that the greatest challenges for or-
thodontists during an orthodontic displacement in-
clude: Pain, the difficulty of producing smooth and
continuous forces and resistance to dental displace-
ment caused by friction. Stoner®” also states that in
many cases, when orthodontic mechanics proves
itself inefficient, the forces that were applied have
likely been dissipated due to friction against brack-
ets, wires and ligatures, which makes it harder to
control and magnify the load each tooth receives in-
dividually, and favors the so-called reaction forces
such as anchorage loss.

Thus, it 1s extremely important to understand the
influence friction exerted on the sliding mechanics of
brackets and orthodontic wires, since the application
of an optimal force system, through efficient mechan-
ic displacement, is interdependent on the minimiza-
tion of the frictional forces opposed to the initiation
(static friction) and the preservation of dental dis-
placement (dynamic friction).!81214.24.29

There are many factors that contribute to an in-
creased friction load during sliding mechanics such as
bracket and wire composition, slot size, wire dimen-
sions and shape, method of ligation, and some intra-
oral variables such as saliva itself.!>#10.22:29.33.3>

With a great number of adults seeking orth-
odontic treatment, esthetic brackets have become
very popular. Because these brackets are associated
with a greater friction coefficient in sliding mechan-
ics, they could correlate with less efficient dental
displacement mechanics when compared to metal
brackets.!*1926:31 Bishara’ reported a 30% reduction
in displacement mechanics during canine retraction
when using ceramic brackets compared with stain-
less steel brackets.

In addition to greater esthetic potential”, sap-
phire monocrystalline ceramic brackets present more
polished slot surfaces than traditional polycrystal-
line brackets, which, according to manufacturers and

some authors,'>?0%

can provide decreased friction
coefficient in sliding mechanics — a favorable factor

for more efficient dental displacement.

In light of the recent popularity and acceptance of
sapphire monocrystalline brackets and ceramic poly-
crystalline brackets by both patients and profession-
als, the objective of this article is to assess and com-
pare in vitro maximum frictional forces produced by
conventional ceramic polycrystalline brackets (20/40
and InVu) and Radiance sapphire monocrystalline
brackets in sliding mechanics on rectangular stain-
less steel wires (both in dry and artificial saliva wet
settings); and, also, assess each bracket separately for
whether the presence of saliva could produce any
change in the maximum frictional force.

MATERIAL AND METHODS

Fifty-four pre-angulated and pre-torqued esthetic
orthodontic brackets were used with a Roth prescrip-
tion (maxillary right canine) with a 0.022 x 0.030-1n
slot, and divided into three groups (n = 6) according
to the commercial brand, with 18 Radiance (Ameri-
can Orthodontics, Sheboygan, USA) sapphire mono-
crystalline brackets,18 20/40 (American Orthodon-
tics) ceramic polycrystalline brackets, and 18 InVu
(TP Orthodontics, La Porte, USA) ceramic polycrys-
talline brackets.

For the friction tests, fifty-four (GAC Internation-
al Inc, Bohemia, USA) 0.019 x 0.025-in rectangular
wire segments were used, each approximately 15 cm
long, in addition to the brackets, and were inserted
and tied to the bracket slots with esthetic elastomeric
silicone ligatures (GAC International Inc., Bohemia,
USA). Tests were done in both dry and artificial sa-
liva wet settings. Oral Balance (Biotene, Sio Paulo,
Brazil) artificial saliva gel was used for the wet set-
ting tests, and was evenly and similarly spread with
a smooth bristle brush on top of all wire segments,
brackets, and bands.

Maximum frictional forces, as produced by sliding
the wire segments over the brackets, were determined
with an EMIC, model DL10000, universal mechani-
cal test machine by the Instituto Militar de Engen-
haria (IME), Rio de Janeiro. The test speed was 3
mm sliding per minute.

To carry out the tests, an acrylic device direct-
ly coupled to a mechanical test machine was used,
wherein the brackets were positioned according to
the methodology employed by Nishio et al.*? After
test specimens were formed (bracket-wire-ligature),

Dental Press J Orthod. 2013 Jan-Feb; 18(1):121-7



Pimentel RF, Oliveira RSMF, Chaves MGAM, Elias CN, Gravina MA article

brackets were glued to the center of individual acryl-
ic cylinders (Fig 1) by using a Super Bonder® (Loc-
tite,” Sio Paulo, Brazil) universal instant adhesive.
These cylinders were positioned and fitted to the
center of the acrylic device through two metal rods
that were mounted to the device with two bolts.
These bolts were tightened so that the metal rods

would not exert any type of pressure on the orth-

Figure 1 - Preparing test specimen made up of bracket, wire and ligature

odontic wires and would be used only to keep the  T9HE" TS SO0 T

individual acrylic cylinders and the test specimens
positioned in the center of the acrylic device. Two
cylinders were positioned around the metal rods,
which allowed them to roll during the sliding of the
wires so that any external frictional force would be
canceled out during the test.

Wire segments were mounted to the mechanical
test machine with a metal wire for traction. After as-
sembling the entire test system (Fig 2), the wire was
pulled 2 mm and the maximum frictional force was
measured for all test specimens.

Each bracket was tested once, totaling 54 tests
with 18 maximum frictional force measurements for
each bracket group, nine in a dry setting and nine
in a wet setting. The (ANOVA) analysis of variance
was used to compare the maximum frictional force
within the different bracket groups both in dry or
wet settings, whereas the t test was used to compare
the bracket’s maximum frictional forces for inde-
pendent samples in dry and wet settings. A confi-
dence interval of 95% was selected for the statistic
tests, where p < 0.05 indicates significant differences
within groups.

RESULTS

Tables 1 and 2 show the mean maximum fric-

Figure 2 - Completely assembled test system.

tional force and the standard deviation for the three
groups of brackets calculated through mechanical
tests both in a dry and in an artificial saliva wet set-
ting, respectively. Regardless of the type of bracket

that was used and the test setting, a low standard de- ~ For tests done in the presence of saliva, Radiance and
viation was found, making the means both reliable ~ 20/40 brackets did not have statistically significant dif-
and representative. ferences between each other (p = 1.000). InVu brackets,

Results demonstrated that in the absence of saliva,  in turn, had significantly reduced frictional forces com-

statistically significant differences were found for all  pared to the other two groups of brackets (p = 0.000).

groups (p <0.05), and the highest frictional force was that In order to demonstrate whether the presence of saliva
of Radiance, followed by 20/40 and, finally, by InVu,  would cause differences in the maximum frictional forces,
which had the lowest frictional force in a dry setting.  intergroup ¢ tests were carried out for independent samples.
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Table 1 - Mean maximum frictional force and standard deviation for Radi-
ance, 20/40, and InVu brackets for dry setting tests.

BRACKET MAXIMUM FORCE (MEAN) SD ]
Radiance 216.2 210 9
20/40 193.0 154 9
Invu 154.0 195 9

*p < 0.05.

Table 2 - Mean maximum frictional force and standard deviation for Radi-
ance, 20/40, and InVu brackets for wet setting tests.

BRACKET MAXIMUM FORCE (MEAN) sD n
Radiance 2085 26 9
20/40 2076 13.9 9
Invu 1717 15.2 9

*p < 0.05.

Variations in the maximum frictional forces for each
group of brackets, both in the presence and absence of
saliva, are shown in Figure 3.

Results based on statistical analysis demonstrated
that with Radiance brackets the presence of saliva did
not produce any significant changes in the maximum
frictional forces (p = 0.307).

When 20/40 brackets were analyzed, the presence
of saliva significantly changed the maximum friction-
al force (p = 0.050), which was higher in the presence
of saliva (207.6 gf) than in its absence (193 gf).

For InVu brackets, the presence of saliva also pro-
duced significant changes (p = 0.047) with a significant
increase in maximum frictional force (171.7 gf) when
compared to the test performed in its absence (154 gf).

DISCUSSION

As previously cited, there are many factors influ-
encing frictional forces, including: bracket and wire
composition, slot size (0.018-in or 0.022-in), orth-
odontic wire dimensions and shape, ligation method,
mechanical test speed, and the presence or absence
of saliva. Thus, the methodology used in this study
tried to minimize the influence of such variables by
keeping slot size, bracket prescription, test speed,
orthodontic wire characteristics, and artificial saliva
unchanged. This allowed us to compare the maxi-
mum frictional force produced by polycrystalline and
monocrystalline brackets when tested in the presence
and absence of saliva.

Changes in frictional force per group

210
200
190

180
170 A2

160
=
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-8—-20/40
——InVu

Figure 3 - Changes in (mean) maximum frictional force for each group of brackets
when tested in the absence (1) and in the presence (2) of artificial saliva.

When comparing the three types of brackets in a dry
setting, significant differences were found in their maxi-
mum frictional force, which demonstrates that bracket
material influences its friction and corroborates find-
ings by several authors.!>10121429.3335 By contrast, when
Kusy and Whitley" evaluated different bracket and wire
combinations, they stated that the variable “bracket” did
not produce significant differences in the frictional force
when compared to stainless steel and alumina brackets.

The sliding of the wires over the brackets could
promote wire surface wear, which, according to Tanne
et al,’!

ets, therefore increasing the frictional coefficient and

could be greater when using ceramic brack-

hampering displacement. In an attempt to eliminate
this variable, this study used a wire segment for each
bracket and the same wire area was not pulled more
than once. Had this not been done, masked results
could have been achieved because with more tests
performed on the same wire (same surface), more
wear would have been produced, and consequently
higher frictional forces would have been generated.
In spite of having a smoother surface, according to

15,2629 R adiance

their manufacturers and some authors,
monocrystalline brackets had a statistically higher fric-
tion for the dry setting tests than the other polycrystal-
line ceramic brackets. This finding is in compliance

with results from studies by Sadique et al*®

who, by
using a similar methodology, compared conventional
ceramic and monocrystalline bracket friction through

sliding mechanics and found similar results.
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Although brackets have the same prescriptions
for this study, the possible differences in the exist-
ing angles for the brackets and the wires were can-
celled out by using individual acrylic cylinders and
eliminating the need for additional precautions such
as leaving brackets with a 0° inclination against the
wires. This way, inappropriate bracket positioning
over the acrylic cylinders was eliminated when these
were rotated.” Although Cha, Kim and Hwang!
used a different methodology — due to the fact they
carried out static friction tests (the load required
for starting displacement), dynamic tests (like this
study), and angulated tests between brackets and
wires — they found similar results with high fric-
tional forces for sapphire monocrystalline brackets
compared to those found during tests of other con-
ventional ceramic brackets.

When compared to the results found in this
study, tests performed by Saunders and Kusy* and
De Franco, Spiller and Von Fraunhofer' found that
polycrystalline and monocrystalline brackets dem-
onstrated similar frictional forces in a dry setting
in sliding mechanics over stainless steel, cobalt-
chrome, nickel-titanium, and beta-titanium wires.
Even though they demonstrated such results, they
proved the existence of smoother and more polished
surfaces in the monocrystalline bracket slots than
polycrystalline brackets though the use of scanning

1?! corroborated this

electron microscopy. Loftus et a
finding when they emphasized that bracket super-
ficial roughness might not result in significant dif-
ferences in the frictional force. No scientific papers
were found in the literature that demonstrated lower
frictional forces for monocrystalline brackets than
for polycrystalline brackets.

When brackets were tested in the presence of sa-
liva, Radiance and 20/40 brackets were found to
have statistically similar frictional forces, whereas the
InVu bracket had a statistically lower maximum fric-
tional force. This showed that saliva produced some
changes in the frictional coefficients, as suggested by
Saunders and Kusy,” who said that saliva composi-
tion, nature, and especially its (natural or artificial)
viscosity would be extremely important in explain-
ing divergences in the frictional coefficients found in
different studies. With natural saliva wet setting tests,
they demonstrated similar frictional coefficients for
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both monocrystalline and polycrystalline brackets,
thus corroborating the results found in this study for
Radiance and 20/40 brackets.

Similar to the results found for Radiance and InVu
brackets in this study, Sadique et al*® observed that in
the presence of artificial saliva, sapphire monocrys-
talline brackets had higher frictional forces compared
to metal and ceramic brackets (conventional or with
metal slots) in sliding mechanics over stainless steel
wires and elastomeric ligature.

Kusy, Whitley and Prewitt' observed that in arti-
ficial and natural saliva studies, saliva could behave as
lubrication or adherence, and this would change ac-
cording to the type of archwire used. These authors,
together with Pratten et al** and Sadique et al,® no-
ticed that by using stainless steel orthodontic wires,
saliva would produce an adherence effect and, thus,
significantly increase the frictional coefficient, corrob-
orating the results found in this study regarding 20/40
and InVu polycrystalline brackets. For monocrystalline
brackets, however, this relation was not found, as dem-
onstrated by Saunders and Kusy,” suggesting that wire
composition might not be the only variable related to
an increased frictional coefhicient.

Tseleps, Brockhurst and West,* in contrast, em-
phasized that artificial saliva would promote a lubri-
cation eftect in sliding mechanics for monocrystalline
and polycrystalline brackets over stainless steel wires,
thus significantly reducing the frictional coefficient.
When beta-titanium wires were used, however, they
observed a significant increase in the coefficient.
Saunders and Kusy® reported a decrease in the fric-
tional coefficient for monocrystalline brackets in the
presence of natural saliva in sliding mechanics over
titanium-compounded wires. This decreased friction
was attributed to the formation of a smear layer on
the slots in these brackets when using these ligatures.

For these authors,? saliva is a factor that caused
several divergences among results as a function of
its (natural or artificial) composition, viscosity, and
even delivery technique, and it can increase, de-
crease or not alter the frictional force. This diver-
gence corroborates the results found in this study
because frictional force increased in the presence
of artificial saliva gel for polycrystalline brackets,
whereas for monocrystalline brackets the force re-
mained unchanged.
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Based on the results found in this study, new inves-
tigations are needed in dry and wet settings using other
commercial brands of monocrystalline and polycrystalline
esthetic brackets in an effort to scientifically prove which
material would provide a better next-to-optimal force sys-
tem based on a low frictional coefficient associated with fa-
vorable esthetics and a cost compatible with its utilization.

CONCLUSIONS

1. Radiance monocrystalline brackets, as tested in
the absence of saliva, had statistically higher friction-
al coefficients, followed by the 20/40, and the InVu
brackets, respectively.

126

2. For tests in the presence of an artificial saliva
gel, Radiance bracket frictional coefficients were
similar to those for the 20/40 and statistically higher
for the InVu brackets.

3. Artificial saliva gel did not cause any signifi-
cant changes in the maximum frictional forces for
Radiance brackets. However, there was a significant
increase in the frictional forces for the 20/40 and
InVu brackets.

4. InVu brackets had the lowest frictional coefti-
cients of all tested brackets, both for tests in the pres-
ence and absence of saliva.
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