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FRICTIONAL RESISTANCE OF ACTIVE AND PASSIVE AESTHETIC
SELF-LIGATING BRACKETS WITH DIFFERENT ORTHODONTIC WIRE SIZES

Yasser M. Emam’, Sherif S. Morcos?, Mohammed A. Nadim?, Abbadi A. EIKady*

The purpose of this study was to
investigate the effect of passive and active
self-ligation of aesthetic brackets on the
static and Rinetic friction with different wire
sizes. Two types of ceramic brackets were
used;, Empower (Clear (active self-ligating
bracket (ASLB)) and Damon Clear 2 (passive
self-ligating bracket (PSLB). They were
coupled with 0.017 x 0.025-in and 0.019
X 0.025-in  stainless-steel (SS) wires. A
universal testing machine was used to pull the
brackets along the distal end of the archwire.
The test was performed at 5 mm/min crosshead
speed over a distance of 8 mm to measure the
static friction (SF) and the Kinetic friction
(KF) under dry conditions. The results showed
the PSLB’s to have significantly lower ST and
KF with both wire sizes.

INTRODUCTION

Ceramic brackets have higher frictional
properties than those of metal
brackets'*, however they are experiencing
great interest these days due to the increased
esthetic needs of the orthodontic patients.
Self- ligating systems may be of great benefit
to reduce the friction associated with sliding
mechanics, especially when using ceramic
brackets, as they show less frictional resistance
than those of conventional brackets.>”’, The
ligation force has a direct effect on friction®

among other factors like the archwire size,
angulation and material together with the
bracket width and the bracket slot dimensions
in addition to the inter bracket distance’.

Reducing the frictional forces can
allow us to measure retraction forces more
accurately, since frictional forces can consume
up to 50 or 60 per cent of the retraction forces
exerted on a tooth.'” "Therefore Low friction
is important to achieve tooth movement
within the biological limits during the working
stage of treatment and space closure and thus
reduces the hyalinization phase which reduces
the treatment duration as well as the root
resorption.

Two types of friction should be overcome in
order for tooth movement to occur: (1) Static
friction to initiate the tooth movement and
(2) kinetic friction to maintain the tooth move-
ment. They are affected by normal force of
ligation, the coefficient of friction between a
certain bracket and wire materials, the binding
between the bracket and the wire as well as
other factors.

Two types of self-ligating brackets exist
nowadays those with a clip or a spring that
presses the wire into the bracket slot (active
self-ligating brackets) and those with a slide,
door or a clip that engages the wire passively in
the bracket slot (passive self-ligating brackets).
In this study a passive and an active ceramic
self-ligating brackets are examined with two
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sizes of stainless steel archwires to compare
the effect of the ligation mode as well as the
size of the wire on their frictional properties.

MATERIALS AND METHODOLOGY

Two types of ceramic maxillary right
canine self-ligating brackets were used, thirty
Damon Clear 2 PSLB’s (Ormco, Orange, CA,
USA) (Figure 1) and thirty Empower Clear
ASLB’s (American Orthodontics, Sheboygan,
Wisconsin, USA) (Figure 2). Each type was
divided into two halves where fifteen brackets
were coupled with a 0.019 x 0.025-in SS
archwire and the other fifteen brackets coupled
with a 0.017 x 0.025-in SS archwire.

Fig (1): a) Damon Clear 2 bracket in closed
mode. b) Open mode.

Fig (2): a) Empower Clear bracket in closed
mode, b) in opened mode

All the brackets were made of
polycrystalline alumina with a slot dimension
of 0.022 x 0.028-in. 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° angulation. The ASLB’s grip the wire inside
the bracket slot by means of an interactive clip
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that actively engages archwire sizes of 0.017
x 0.025-in and larger in a 0.022 slot. These
brackets have a 0° torque and an 8°angulation.
These brackets were bonded on a metal block with
a curved surface using epoxy resin. To overcome
the prescription differences between the brackets
a special trough like structure was custom made
with the internal dimensions the as those of the
metal blocks. Five blocks were aligned in this
structure and the brackets were aligned using two
edge wise brackets one on each side and a 0.021
x 0.025-in SS wire jig, (figure 3).

Fig (3): a) Alignment of brackets on the blocks
using a 0.021 x 0.025-in SS wire, b) mesiodistal
alignment of brackets

A custom designed attachment composed
of two parts the an upper part holding the block/
bracket assembly and a lower part holding the
wire segment. A universal testing machine
(Instron Model 3345, 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 (Figure 4). The test was performed
under dry conditions at a crosshead speed of 5
mm/min over a distance of § mm that resembles
the mean mesiodistal premolar width.* ' Each
bracket and wire segment were used only once
for testing.
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Fig (4): a) The Instron machine holding the attachments with the bracket and wire in place, b) a larger
picture of the attachment holding the bracket and wire

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 bracket 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 480 readings
through the experiment and all the readings were
recorded in Newton (N). Student’s t-test was used
to determine the significance of the effect of the
two types of brackets and the two wire sizes on
SF and KF. Two way analysis of variance (ANO-
VA) was used to detect the effect of the wire size

and the ligation mode and their interaction on
SF and KF and as a confirmatory for the t-test.
The tests were performed using the computer
program Statistical Package for Social Science
(SPSS, Inc., Chicago, IL, USA) version 17.0.

RESULTS
1. Effect of the two types of brackets on
static friction:
Table (1) and the histogram (Figure 5) showed
a significant increase in the static friction for the
ASLB than the PSLB regardless of the size of
the archwire used for testing.
Table (1): Comparison between the mean static

frictions of the two bracket types with both wire

sizes
Brackets
Wire Size Damon Clear (PSLB) Empower Clear (ASLB) P- value
Mean +SD Mean +SD
17x25 mil 182 11 1.373 671 <0.05
19x25 mil 722 418 1.843 797 <0.05

SD: standard deviation

significance <0.05 Test used: Student’s t-test
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Fig (5): Histogram comparing the mean static frictions of the two brackets with both wire sizes

I1.Effect of the wire size on the static

friction:

Table (2) and the histogram in (figure 6)
showed a significant increase in the
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increased from 0.017 x 0.025-in to 0.019 x

0.025-in. However, the increase in SF with the

static friction for the ASLB when the wire size

wire size was not statistically significant for the
PSLB.

Table (2): Comparison between the mean static frictions of the two wire sizes with both brackets

Wire
Brackets 17x25.mil 19x25.mil P-value
Mean | £SD | Mean | £SD
Damon Clear (PSLB) JA82 | 11 | 722 | 418 <0.05
Empower Clear (ASLB) 1.373 | .671 | 1.843 | .797 > 0.05

SD: standard deviation

significance <0.05 Test used: Student’s t-test
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Fig (6): Histogram comparing the mean static frictions of the two wire sizes with both brackets
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The two way ANOVA in table (3) confirmed the self-ligation had a highly significant effect on
increasing the static friction regardless of the
size of the wire. However, changing the wire size
from 0.017 x 0.025-in t0 0.019 x 0.025-in had an
equal effect on increasing the static friction on
both bracket types with no significant difference

results of the t-test where increasing the wire

size from 0.017 x 0.025-in to 0.019 x 0.025-in
increased the SF significantly regardless of the
type of bracket used. It also showed that changing

the ligation type from the passive to the active
& yP p between them.

Table (3): Effect of brackets and wire sizes on static friction

Source F-value P-value
Wire 12.020 <0.05
Brackets 63.140 <0.05
Wire * Brackets .059 >0.05

Test used: Two-way ANOVA significance <0.05
II1.Effect of the two types of brackets on the kinetic friction:

As can be noticed from table (4) as well as the showed a significant increase in the KF than
histogram (Figure 7), the results were similar that of the PSLB with the 0.017 x 0.025-in wire
for the KF to that of the SF, where the ASLB as well as with the 0.019 x 0.025-in wire.

Table (4): Comparison between the mean kinetic frictions of the two bracket types with both wire
sizes

Brackets

Wire Damon Clear (PSLB) Empower Clear (ASLB) P-value

Mean +SD Mean +SD
17x25.mil 075 .041 926 567 <0.05
19x25.mil 396 241 1.314 767 <0.05

SD: standard deviation significance <0.05
Test used: Student’s t-test
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Fig (7): Histogram comparing the mean kinetic fricti

IV. Effect of the wire size on Kkinetic friction:

The results in table (5) and the histogram in
(Figure 8) showed that increasing the wire
size from 0.017 x 0.025-in to 0.019 x 0.025-
in had statistically significant effect on
ncreasing the kinetic friction for the passive

ons of the two brackets with both wire sizes

bracket. However the increasing the wire
size showed a statistically insignificant in-
crease in the kinetic friction for the active
bracket.

Table (5): Comparison between the mean kinetic frictions of the two wire sizes with both brackets

Wire

Brackets 17x25.mil 19x25.mil P-value

Mean | £SD | Mean | £SD

Damon Clear (PSLB) 075

041 | 396 | .241 <0.05

Empower Clear (ASLB) 926

S567 | 1.314 | .767 >0.05

SD: standard deviation

significance <0.05

Test used: Student’s t-test

1.4
1.2

0.8

Mean

0.6 0.396
0.4

0.2

17x25.mil 19x25.mi

Wire

M Damon Clear

B Empower Clear

Fig (8): Histogram comparing the mean kinetic frictions of the two wire sizes with both brackets
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The two way ANOVA from (table 6) for the
kinetic friction also confirmed the results of
the t-test as it also showed that there was
a significant increase in the KF when in-
creasing the wire size from 0.017 x 0.025
to 0.019 x 0.025-in regardless of the type
of ligation used. It also showed that the
KF increased significantly when changing
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from passive to active ligation regardless
of the size of the wire used. However as
found with the static friction, changing the
wire size had an equal effect on increasing
the kinetic friction with the same amount in
both bracket types with no significant differ-
ence between them.

Table (6): Effect of brackets and wire sizes on kinetic friction

Source F-value P-value
Wires 7.768 <0.05
Brackets 48.438 <0.05
Wire * Brackets 068 >0.05

Test used: Two-way ANOVA

DISCUSSION

The results of the current study showed
that there was a significant effect for the mode of
ligation on the static and kinetic frictions, where
the active ligation had a significant effect over
the passive ligation in increasing the static as
well as the kinetic friction with both wire sizes.

In like manner, the results of Muguruma et
al® were in accordance with those of the present
study except in one situation in which the brackets
were combined with the 0.019 x 0.025-in SS wire
with the application of a 30° torque. This can be
attributed to the high degree of the applied torque
and the high stiffness of the wire. In contrast to
the results found in the current study, were those
of Reznikov et al'® who found no significant
differences between the PSLB’s and ASLB’s in
the SF and KF when tested at zero deflection.
However, as the deflection increased the active
self-ligating brackets showed lower static friction

significance <0.05

compared to the passive self-ligating brackets.
They attributed this to the stiffness of the ligature
mechanism of the passive self-ligating brackets
(door or clip) than that of the active ones (spring).

Other studies did not totally agree with
the results of the present study like those of
Thorstenson and Kusy'> who found that
passive self-ligating brackets had lower frictional
resistance than the active self-ligating
brackets when coupled with larger wires.
However, when it comes to smaller wire sizes
like 0.014-in there were no significant differences
between the two types of brackets and this was
dependent on the amount of clearance between
the wire and the bracket slot. Also, Tecco et al'*
16 reported in three different studies using the
same experimental setup, that the passive self-
ligating brackets demonstrated lower frictional
resistance with round wires. However, they report-
ed lower frictional resistance for the active than the
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passive self-ligating brackets with the rectangular
wires in their first study'*, but found no significant
difference between the active and passive types
with rectangular wires in the two other studies'
16, This may be due the difference in the method
of bracket alignment between those studies and
that of the present study. Voudouris et al1” also
reported no significant difference between a
ceramic active self-ligating bracket and

a semi-aesthetic passive self-ligating bracket,
however they both showed lower frictional
resistance than the metal active self-ligating
bracket used in their study. This shows that
ceramic self-ligating brackets could have
comparable frictional properties to that of metal
correspondents.

In respect to the wire size and its effect on
the SF and KF, the results of the present study
were contradicted by those of Kahlon et al'®. They
found no measurable static friction for the passive
self-ligating brackets when combined with both
the 0.016 x 0.022-in and the 0.018 x 0.022-in
SS wires they used in their study. On the other
hand, the static friction was affected by the size
of the wire for the active brackets. This may be
attributed to the difference in the bracket material
used in the present study (ceramic) and those
used in theirs (metal) as it was reported in other
studies'®*. Brauchli et al?*® found also that
increasing the wire size had an effect on
increasing the static friction of the active self-
ligating brackets while that of the passive
brackets remained unaffected. This may be due
to the difference in the experimental setup as a
moment was applied in their study. Opposing to
the results of the present study came also those
of Reicheneder et al >' who found the 0.018 x
0.025-in wire to produce less static friction than
the 0.017 x 0.025-in and the 0.019 x 0.025-in.
This may be due to summing the results of all the
self-ligating brackets together as a hall.
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Contradictive to the results of the present
study, Oliver et al?? reported that the passive
brackets were not affected by the increase
in wire dimensions. However, the kinetic
friction of the active and interactive self-
ligating brackets increased when the wire size
increased from 0.017 x 0.022-in to 0.017 x
0.025-in and 0.019 x 0.025-in. but they were not
affected by the increase in wire dimensions
from 0.017 x 0.025-in to 0.019 x 0.025-in.
Therefore, they suggested that the frictional forces
are only affected by the depth of the wire but not
the height. This also may be due to the difference
in the experimental setup as the typodont tooth
was allowed to rotate and tip during retraction.

CONCLUSION

Based on the results of this study the following
conclusions could be drawn:

A) If lower static and kinetic frictions were
required during sliding of ceramic brackets along
the arch wire as in cases of canine retraction or
en masse retraction, it is preferred to use passive
self-ligating brackets.

B) The frictional forces will not be affected
if the wire size increased from 0.017 x 0.025
to 0.019 x 0.025-in when performing canine
retraction using active self-ligating ceramic
brackets. However, when using a passive self-
ligating ceramic bracket a larger wire size will
produce higher frictional forces during retraction.
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