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ABSTRACT

The purpose of this study was to compare the effect of the mode of ligation on the frictional
resistance of ceramic brackets and the effect of the bracket material on the frictional resistance
whether it is static or kinetic. To achieve this one passive self-ligating ceramic bracket (Damon
Clear 2), one active self-ligating ceramic bracket (Empower Clear) in addition to one passive self-
ligating metal bracket (Damon Q) were used. These brackets were coupled with two sizes of stain-
less steel (SS) archwires (0.017 x 0.025-in and 0.019 x 0.025-in). A universal testing machine was
used to pull the brackets along the straight distal end of the wire segments at a crosshead speed of
5 mm/min over a distance of 8 mm/min. The test was undergone under dry conditions. The results
showed that the passive self-ligating brackets (PSLB) had significantly lower static friction (SF)
and kinetic friction (KF) than the active self-ligating bracket (ASLB) with no significant differences
between the ceramic and metal PSLB’s. Also inceasing wire size increased the SF and KF for the
PSLB’s but did not affect the ASLB significantly.

INTRODUCTION the difference between the frictional resistance

Self-ligation is the incorporation of a special of conventional and self-ligating brackets was

mechanism in a preadjusted bracket allowing it to
hold the wire in the bracket slot which was first
introduced as the Russel attachment in 1935'. Then
major changes were introduced to self-ligating
brackets allowing them to be either active by
pressing the wire against the slot base or passive
by embracing the wire in the slot. This mechanism
was meant to decrease the frictional resistance
between the bracket and the wire by decreasing the

normal forces. This was reported in literature when

examined” . This can be beneficial especially with
ceramic brackets due to their inherently increased
frictional resistance over that of metal brackets
caused by the nature of the material (Cacciafesta et
al., 2003* Doshi and Bhad-Patil, 20117; Fidalgo et
al., 2011°). Also comparisons were made to detect
the differences between the frictional resistance of
active and passive self-ligating brackets (Lee et al.,
20157; Leal et al., 20148%). Therefore, the aim of this
study was to compare the two types of frictional
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resistance to sliding (static and kinetic) of those of
the ceramic active and passive self-ligating brackets
and a metal passive self-ligating bracket with two
sizes of stainless steel rectangular wires.

MATERIALS AND METHODOLOGY

Three types of brackets were used in this study
for comparison of their sliding resistance: a metal
self-ligating bracket and two ceramic self-ligating
brackets. The metal and one ceramic bracket were
Damon Q and Damon Clear 2 respectively, both
are passive self-ligating brackets (Ormco, Orange,
CA, USA). The other ceramic bracket was the ac-
tive self-ligating bracket Empower Clear (American
Orthodontics, Sheboygan, Wisconsin, USA). These
brackets were coupled with Each a 0.017 x 0.025-in
SS and 0.019 x 0.025-in SS archwire to test their re-
sistance to sliding. All the brackets were maxillary
right canines with a 0.022 x 0.028-in slot.

The
polycrystalline alumina. The PSLB’s had a sliding
door that does not grip the wire inside the slot
but holds it passively and had a 7° torque and a 5°

ceramic brackets were made of

angulation. The ASLB’s grip the wire inside the
bracket slot by means of an interactive clip that
actively engages archwire sizes of 0.017 x 0.025-in
and larger in a 0.022 slot and they have a 0° torque
and an 8° angulation. The brackets were bonded on
a metal block with a curved surface using epoxy
resin. A special trough like structure was custom
made with its internal dimensions the same as those
of the metal blocks. Five blocks were aligned in this
structure and the brackets were aligned to make sure
all the brackets are bonded on the same position on
the blocks. Two edge wise brackets one on each
side and 2 0.021 x 0.025-in SS wire jig were used to
overcome the prescription differences between the
brackets.

A custom designed attachment composed of
two parts, an upper part holding the block/bracket
assembly and a lower part holding the wire segment.
A universal testing machine (Instron Model 3345,
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Norwood, MA, USA) was used to slide the brackets
along the distal end of the archwires which were
cut into two halves at the mid line. The test was
performed under dry conditions at a crosshead speed
of 5 mm/min over a distance of 8 mm that resembles
the mean mesiodistal premolar width.®° Each test
was repeated 15 times for each bracket/archwire
combination. Each bracket and wire segment were
used only once for testing.

The data were collected and processed using the
Bluehill software designed for use with the Instron
machines. The SF was represented as the highest
force recorded. The KF was represented as the mean
of eight readings recorded for each test as the brack-
et slid along 8 mm of the wire segment (a reading
every 1 mm) which sums as 120 readings for each
bracket/wire combination with a total of 720 read-
ings through the experiment and all the readings
were recorded in Newton (N).

Statistical Analysis

Data was analyzed using Statistical Package for
Social Science software computer program version
17 (SPSS, Inc., Chicago, IL, USA). Data were pre-
sented in mean and standard deviation. One way
ANOVA followed by post-hoc tukey was used
to compare between different groups. Two way
ANOVA (analysis of variance) was used to detect
effect of wire and brackets on static and kinetic fric-
tion followed by post-hoc sidak. P value less than
0.05 was considered statistically significant.

RESULTS

Effect of the types and materials of brackets on
static and kinetic friction:

Table (1) and the histograms (Figure 1,2) showed
the metal brackets had the least SF (0.133 and 0.424)
and KF (0.049 and 0.07) for the 0.017 x 0.025 and
0.019 x 0.025-in wires respectively, however there
was no significance between the metal and ceramic
PSLB’s with both wire sizes. The ASLB on the oth-
er hand showed the highest SF and KF.
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Effect of the wire size on the static and kinetic from 0.017 x 0.025 to 0.019 x 0.025-in showing an
friction: increase in both the SF and KF. For all the bracket

Tables (2 & 3) show that the SF and KF were types the results were statistically significant except
affected by the size of the wires as it increased for the ASLB.

TABLE (1): Mean static frictions of the three bracket types with both wire sizes

Groups
Wires P P1 P2 P3
Damon Empower Damon Q
Mean 182 1.373 133
17 x 25 <0.05%* <0.05* 0.9 <0.05%*
+SD A11 671 086
SF
Mean 722 1.843 424
19 x 25 <0.05* <0.05* 0.29 <0.05*
+SD 418 197 235
Mean 075 926 049
17 x 25 <0.05%* <0.05* 0.97 <0.05%*
+SD 041 567 028
KF
Mean 396 1314 256
19x 25 <0.05% <0.05* 0.7 <0.05%*
+SD 241 767 070
SD: standard deviation P:Probability *:significance <0.05

Test used: One way ANOVA followed by post-hoc tukey
P1: significance between Damon & Empower groups
P2: significance between Damon & Damon-Q groups

P3: significance between Empower & Damon-Q groups
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Fig. (1) Histogram showing comparison between the different brackets and their effect on static and kinetic frictions
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TABLE (2) Mean static and kinetic frictions of the two wire sizes combined with the three bracket types

Wire
Friction Bracket 17x25 .mil 19x25.mil P
Mean +SD Mean +SD
Damon .182 A11 722 418 <0.05*
SF Empower 1.373 671 1.843 797 0.09
Damon Q 133 086 A24 235 <0.05*
Damon 075 041 396 241 <0.05*
KF Empower 926 567 1314 767 0.12
Damon Q 049 028 256 070 <0.05*
SD: standard deviation P:Probability *:significance <0.05 Test used: Student’s t-test
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Fig. (2) histogram showing the effect of increasing the wire size on the static and kinetic frictions of the three bracket types
Two-way ANOVA:
Table (3) Effect of the bracket size and the size of wire on the static and kinetic frictions
Groups
Fricrtion P1 P2 P3
Damon Empower Damon Q
Stati Mean 452 1.608 279
e <0.001%% 0.4 <0.001%%
friction +SD 407 762 229
Kinetic Mean 235 1.120 152
. <0.001°%* 0.8 <0.001°%*
friction +SD 236 691 117
SD: standard deviation P:Probability *#:significance <0.05 **: high significance <0.001

P1: significance between Damon & Empower groups

P2: significance between Damon & Damon-Q groups

P3: significance between Empower & Damon-Q groups
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DISCUSSION

The results of this study showed a significant
increase in the static and kinetic friction of the
ASLB over the PSLB’s that confirmed the results
other studies’ '*'>, However the bracket material
didn’t affect the frictional properties of the SLB’s as
was also seen in previous studies’” '*'°. And it also
showed that the resistance to sliding was affected
by the size of the wire for the passive but not the
active SLB’s".

Passive vs active self-ligation

Some studies showed no significant differences
between the passive and active self-ligating brackets
under certain conditions. That was seen when a
tipping force was applied to the system in one study'®.
In other studies where a moment was applied'* ',
there was no differences between the active and
passive brackets!*. However, the difference between
the two types of ligation disappeared in the other
study' as the moment increased from 2000 to 4000
gm.mm and this can be attributed to the rigidity of
the passive ligation that increases the friction under
deflection. Also in another study?®, the shape of the
wire showed its effect. There was no significant
differences between Damon MX bracket and
Time3 (ASLB) with rectangular wires. However,
a significant difference was seen between another
PSLB which showed less frictional forces than the
other brackets (Damon MX and Time3). This they
attributed to the shape of the sliding mechanism that
is not the case in this study as the two PSLB’s have
nearly the same design.

The bracket material

Two studies®" ** showed less friction for the
ceramic brackets than the metal ones where, in the
first study?! an active self-ligating ceramic bracket
showed less static and kinetic frictions than its
metal equivalent. This was attributed to the rhodium
coating of its clip. However, in the other study* the
decreased friction of the monocrystalline ceramic

bracket than the metal brackets may be attributed

(1953)

to the artificial saliva used which was not used
in the present study. Other studies*® ¢ showed
an increase in the frictional forces of the ceramic
brackets than those of the metal ones. However, in
these studies the brackets used were conventional
brackets but in the present study the type of ligation
could have an effect on the results showing no
significant differences between the ceramic and the
metal PSLB’s but increased friction for the ceramic
ASLB.

The effect of the wire size

One study® showed no differences between the
passive and active brackets at smaller wire sizes
where there is a space of clearance between the
wire and the bracket slot. As the wire size increased
and the clearance disappeared, the active brackets
showed higher frictional resistance, which can be
attributed to the spring mechanism of the active
brackets that pushes the wire in the bracket slot.
Other studies'® ?’ also showed opposite results to
those of our present study, where increasing the wire
size increased the frictional resistance for the active
but not for the passive. In the first study'® this can
be attributed to the difference in the experimental
setup and the difference in the ligation mechanism
between both types of brackets. However in the
second study?’ they found that increasing the wire
depth but not its height increases the frictional
resistance of the active brackets and this shows the
effect of the amount of clearance and the spring
mechanism in increasing the friction.
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