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Frictional resistance of orthodontic
wires tied with 3 types of elastomeric
ligatures

Abstract: The aims of this study were to determine and compare fric-
tional resistance obtained by low-friction and conventional elastomeric
ligatures in the presence of artificial saliva, and observe whether this
variable changed after 21 days. Super Slick® low-friction elastomeric lig-
atures and conventional ligatures of the brands TP conventional® and
Unitek® were placed on standard edgewise maxillary central incisor
metal brackets, slot .022" x .028" tying rectangular orthodontic wires
.018" x .025". Three experimental groups were arranged according to
the type of ligature and a control group in which no wires were used.
The friction values obtained between the bracket/wire/ligature set were
measured using a Universal Test Machine at a speed of 20 mm/minute, at
two experimental time intervals: TO - immediately after specimen fabri-
cation; and T1 - 21 days after fabrication and immersion in artificial sa-
liva at 37 °C. Conventional Unitek ligatures and the low-friction ligature
(Super Slick) showed the lowest friction values at TO. After 21 days (T1),
however, conventional Unitek ligatures presented the lowest value. All
groups assessed from TO to T1 showed a numerical reduction in friction
values, suggesting that time, heat and humidity may cause elastic degra-
dation, however this was not verified statistically (P > 0.05).

Descriptors: Friction; Saliva, Artificial; Orthodontics.

Introduction

During sliding mechanics in Orthodontic treatment, part of the ap-
plied force is dissipated to overcome friction, while another fraction is
transmitted to the tooth supporting structures inducing tooth movement.
Therefore, to obtain appropriate tooth movement, the total force will be
determined by the optimum force to move the tooth, as well as force
needed to overcome friction between the bracket and orthodontic wire.™*
There are situations in which different friction intensities are needed. A
low friction coefficient is necessary in cases of retraction of teeth or space
closure, whereas for anchorage, a high friction coefficient is more appro-
priate.’

The method of tying orthodontic wires to the brackets also influences
the amount of friction obtained.® Elastomeric ligatures have become an
integral part of orthodontic clinical practice.” The advantages are as fol-
lows:

® ease of application,
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e comfort for the patient,
e availability of a variety of colors, and
® less chair time.

Amongst the disadvantages there are:

® higher bacterial accumulation on teeth and sur-
faces adjacent to brackets,

e the probability of orthodontic wire not complete-
ly seating during corrections involving torque or
speed and

e the possibility of bending the wire during orth-
odontic sliding mechanics.®1°

There are low-friction elastomeric ligatures
which, according to the manufacturers, have a highly
lubricated surface, so that they become extremely
slippery when wet, thereby reducing friction. In
2000, a polymeric-coated ligature, Super Slick® (TP
Orthodontics, La Porte, USA), was introduced on the
orthodontic market with the purpose of significantly
reducing friction.»'"'2 The latest studies conducted
with low-friction ligatures showed differences be-
tween the results of the friction produced by these
elastomeric ligatures and conventional ligatures.*!!-10

Therefore, the aim of this study was to compare
frictional resistance obtained by low-friction elas-
tomeric ligatures and conventional ligatures in the
presence of artificial saliva, and observe whether
this variable changed after 21 days.

Figure 1 - Frictional test.

a) Devices adapted fo the universal
test machine; b) close-up of the
specimen adapted to the device
during the test.
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Methodology

Three types of elastomeric ligatures were as-
sessed: a low-friction ligature, Super Slick® (TP Or-
thodontics, La Porte, USA), and two conventional
ligatures, TP® (TP Orthodontics, La Porte, USA)
and Unitek® (3M, Monrovia, USA), forming three
experimental groups according to the type of liga-
ture used, and a control group in which no tying be-
tween wire and bracket was used (Table 1).

Standard edgewise maxillary central incisor
metal brackets (slot .022" x .028") from American
Orthodontics (American Orthodontics, Sheboygan,
USA) were fixed in the center of acrylic cylinders
(10 mm radius) using cyanoacrylate (Super Bonder®,
Henkel Ltda., Sio Paulo, Brazil). The acrylic cyl-
inder was adapted to a device fixed to the lower
portion of the universal test machine (EMIC - DL
2000, EMIC Equipamentos e Sistemas de Ensaio
Ltda., Sdo José dos Pinhais, Brazil). Another device
was adapted to the upper portion of the machine

Table 1 - Design of control and experimental groups.

Group Ligature
GC Control Group — no tying of wire to bracket
GTP Conventional TP ligature

GTPSS Super Slick TP ligature

G3M 3M/Unitek conventional ligature
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Table 2 - Values of frictional resistance shown by the groups
at time TO.

Table 3 - Values of frictional resistance shown by the groups
at time T1.

Group/Time Mean (N) Standard Deviation Group/Time Mean (N) Standard Deviation
GC 0.354a 0.13 GC 0.24 a 0.68
GTP 3.87 b 0.77 GTP 1.68 b 0.35
GTPSS 3.60 b,c 0.43 GTPSS 1.68 b 0.31
G3M 3.26 ¢ 0.56 G3M 1.24 c 0.51

Different letters indicate a statistical difference at o = 0.05% (ANOVA/
Tukey).

and a 10-cm rectangular orthodontic wire segment
(.018" x .025" - Orthodontics Morelli, Sorocaba,
Brazil) was attached to it to slide in the bracket slot
during the test (Figure 1). The friction test was con-
ducted at a speed of 20 mm/minute.'? Friction was
measured in Newtons (N) and calculated by the
mean obtained between the beginning and the end
of motion."”

Sixty test specimens were fabricated and ran-
domly placed in the 4 groups, according to the sam-
ple calculation for the difference among the means
(o0 = 5%, power of study = 80%). Two experimental
time intervals were assessed: TO - immediately after
test specimen fabrication; and T1 - 21 days after fab-
rication and immersion in artificial saliva at 37 °C.!®
Each specimen consisted of an acrylic cylinder, a
metal bracket, a 10-cm wire segment and a ligature.
The entire set was immersed in saliva for T1.

Statistical analysis was performed with the Sta-
tistical Package program for Social Science (version
17, SPSS Inc., Chicago, USA). Verification of nor-
mality and homogeneity was performed using the
Shapiro-Wilk test and Levene test, respectively. Af-
ter verifying normal and homogeneous distribution
of variables, the analysis of variance (ANOVA) and
Tukey’s multiple comparison tests were used to de-
tect inter-group differences. The paired Student’s-z
test was applied to compare intra-group differences
over the time intervals. The level of significance ad-
opted was 0.05%.

Results

The results of the friction test for the groups as-
sessed at times TO and T1 are shown in Tables 2 and
3, respectively. At TO, G3M and GTPSS presented
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Different letters indicate a statistical difference at o = 0.05% (ANOVA/
Tukey).

Table 4 - Paired Student’s-t test used to compare each
group over time.

Group Mean (N) TO | Mean (N) T1 T-test
GC 0.35 0.24 P=1.0
GTP 3.87 1.68 P =0.874

GTPSS 3.60 1.68 P =0.252
G3M 3.26 1.24 P=0.13

the lowest friction values. At T1, however G3M pre-
sented the lowest value. The intra-group compari-
son over time is presented in Table 4. A numerical
reduction in friction values was observed from TO to
T1; however it was not statistically significant.

Discussion

Obtaining adequate force during orthodontic
treatment will certainly result in an optimal tissue
response and satisfactory tooth movement. During
movement of the bracket along the wire, friction at
the bracket-wire interface may prevent the attain-
ment of adequate force levels. Therefore, under-
standing the forces required to overcome friction is
important, since it will allow the use of an appropri-
ate magnitude of force to produce the desired tooth
movement.>>!3

To examine the nature of friction between the
wire and bracket, variables such as bracket material,
type of alloy and wire section should be taken into
consideration.>'»" In the present study, standard
edgewise maxillary central incisor metal brackets
(slot .022" x .028") were used (American Ortho-
dontics, Sheboygan, USA). The reason for choosing
edgewise brackets was because the slots were flat



and they could be mounted without inclination or
angulation.'” Rectangular stainless steel orthodon-
tic wire sections .018" x .025" were chosen because
they are useful during sliding mechanics. These
wires do not undergo as much deflection as lighter
wires, however, they show a lower friction coeffi-
cient when compared with the thicker ones,'720:!
since the larger the wire size, the higher the friction
coefficient.!-6:20:22

The method of wire ligation to the bracket also
influences frictional resistance?® and it is propor-
tional to the ligation force and friction coefficient
of the surfaces that are in contact.?* Therefore, this
study was developed with the purpose of comparing
the frictional resistance produced by different elas-
tomeric ligatures, one low-friction ligature and two
conventional ligatures, since they are the first choice
of several orthodontists.'” Elastomeric ligatures are
made of polyurethane-based polymers which, when
submitted to stress, undergo a loosening process
(molecular reorientation and permanent deforma-
tion) and small amount of hydrolytic decomposition
over a period of time.?>2¢

The results of this study showed that when con-
sidering the friction coefficient, the Super Slick liga-
tures present no advantages in comparison with
conventional ligatures. When tested immediately
(TO), the GTPSS presented a similar friction value
to G3M. After 21 days, G3M presented the lowest
friction coefficient. Similar results were reported by
Khambay et al.*, Khambay et al.'* and Griffiths et
al.™ who observed no improvement in friction value
by using low-friction ligatures. On the other hand,
some previous studies have shown that low-friction
ligatures can significantly reduce friction during
sliding mechanics.'>!3'%15 Comparison of the results
obtained by different studies must be made care-
fully and the following methodological differences
should be taken into consideration: use of different
brackets, wires and means of lubrication.

With regard to the reduction in friction over the
time interval, all the experimental groups showed
a numerical reduction; however, this was not con-
firmed statistically. Taloumis et al.'® reported that
the regular modules are altered by the presence of
humidity and heat, showing a reduction in friction
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coefficient over a period of time. The lowest numeri-
cal reduction in mean values between TO and T1
was observed for GTPSS. This may be explained by
the presence of a covering layer on Super Slick elas-
tomeric ligatures, which acts as protection against
the effects of humidity and heat.'?

When analyzing the methodology used, it may be
observed that conducting the study in the presence
of humidity, and for the time interval during which
the test specimens remained exposed to saliva, were
factors that contributed positively to obtaining re-
sults in an environment that more closely simulated
that of the oral cavity. Nevertheless, all the limita-
tions that involve in vitro studies should be taken
into consideration, such as the presence of masti-
catory forces, tooth movement during orthodontic
treatment and biological factors involved, such as
the presence of bacterial plaque and acquired pel-
licle.! Furthermore, the presence of some compo-
nents of the artificial saliva used in the present study
might have contributed to defining the degradation
profile of elastomeric ligatures, which may be differ-
ent if other means of lubrication were used.

The results obtained in the present study may in-
dicate the choice of elastomeric ligatures in clinical
practice when different friction levels are required.
However, further studies using different means of
lubrication, such as human and artificial saliva, are
needed. Thus, it would be possible to assess the de-
grees of influence that the type of environment has
on the friction coefficients obtained.

Conclusions

e GTPSS and G3M showed lower friction values
at TO. However, G3M showed the lowest value
after 21 days (T1).

¢ Although no statistical difference was observed
in the intra-group comparison over time, the
numerical reduction in friction values observed
in all of the groups from TO to T1 suggests that
time, heat and humidity may cause elastic degra-
dation.
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