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A b s t r ac t
Aim: To evaluate frictional resistance among three different self-ligating brackets (SLBs) and a conventional bracket with three different archwires.
Materials and methods: A total of 120 samples of three different types of mandibular second premolar SLBs—Damon Q, Empower 2, SmartClip
brackets, and a Stainless Steel conventional bracket with three types of archwire segments 0.016 inch nickel-titanium (NiTi), 0.019 × 0.025 inch
NiTi, 0.019 × 0.025 inch stainless steel were measured. They were divided into four groups, group I = Empower 2 brackets (10), group II = Damon
Q brackets (10), group III = SmartClip brackets (10), and group IV = conventional brackets (10) in 0.022 inch slot size with MBT prescription were
compared. The three archwires were pulled in each group to determine the frictional resistance using the universal testing machine (UTM)
with a 100 gm load cell.
Result: One-way analysis of variance (ANOVA) was applied to analyze the group means, and post hoc Duncan’s multiple range test (MRT) was
used to compare the mean frictional resistance between the pairs of different bracket groups. The Conventional bracket showed the highest
mean values for all three wires, followed by SmartClip, Damon Q, and Empower 2 brackets, in that order. Among the archwires, 0.016 inch NiTi
showed the least frictional resistance, while 0.019 × 0.025 inch SS showed the highest values with all three brackets.
Conclusion: Among the four brackets, Empower 2 brackets showed the least frictional resistance. The combination of Empower 2 bracket
and 0.016 inch NiTi wire showed the least frictional resistance among the different bracket–wire combinations. Hence it can be the preferred
bracket for producing smooth, frictionless orthodontic tooth movement.
Clinical significance: Friction at the bracket–archwire interface plays a key role in determining the orthodontic tooth movement and thereby
influencing the treatment duration. Frictional resistance varies between interactive and passive self-ligating systems. Comparing different
SLBs with conventional brackets, as done in this study, allows the best bracket system to be selected based on the tooth movement required.
Keywords: Archwires, Conventional bracket, Frictional resistance, Self-ligating brackets.
World Journal of Dentistry (2022): 10.5005/jp-journals-10015-2127

Introduction

1,6

Friction is a force that retards or resists the relative motion of two
objects in contact. As the two sides glide against each other, it forms
two force components, namely, (1) Frictional force component (F)
and (2) Normal force component (N) perpendicular to the frictional
force. The least force needed to start the motion of solid surfaces
that were previously at rest with each other is static friction, whereas
kinetic frictional force is the force that resists the sliding motion
of one solid object over another at a constant speed. Frictional
resistance has three components: (1) Shear force in all junctions,
(2) Interlocking of irregularity resulting in resistance, and (3) The
plowing component of the frictional force. It is essential to know
the actual amount of force required to obtain an optimal biological
response. During sliding mechanics, the orthodontic force applied
should exceed the frictional resistance at the bracket–archwire
interface to allow tooth movement. If the frictional force is high,
it would lead to problems like debonding, anchor loss, slow tooth
movement, and increased duration of treatment.1
The SLBs are ligatureless bracket systems introduced by
Boyd and Ford in 1933, and offer lower frictional levels than the
conventional accessories.2 SLBs have undergone revitalization over
the past 30 years. The types are: (1) Active (In ovation and Quick),
(2) Passive (Damon and SmartClip), and (3) Interactive (Empower 2).

Active SLBs have a spring clip which gives an active seating force over
the archwire as it impinges on the slot from the labial/buccal aspect.
Passive SLB uses a closing mechanism that transforms the open slot
into a tube. The most convincing probable advantage ascribed to
SLBs is a decrease in total treatment time of about 4–7 months.
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Frictional Resistance among Three Self-ligating and Conventional Brackets
The reduced sliding friction is believed to accelerate tooth
movement, reduce anchorage loss, and produce less proclination
of anterior teeth.3 Other purported advantages comprise additional
effective chairside influence and advancement of periodontal
health due to inferior biohostability; SLBs were preferred during
the initial stage of treatment based on the shorter adjustment
appointments and faster initial treatment progress.4 Self-ligating
systems have a few limitations, such as difﬁculty in achieving
full expression of the prescription of the bracket, frequent clip
failures, and brackets are larger and more expensive compared to
conventional brackets.
Various studies have been conducted to analyze the frictional
resistance among different archwire–bracket combinations.3–6 Nishio
et al. studied the frictional force generated between bracket-wire of
various combinations and concluded that titanium–molybdenum
alloys (TMA) showed the highest frictional force, followed by NiTi
and stainless steel archwires.6 Drescher et al. considered the effect
of archwire material, archwire dimension, and bracket width of the
magnitude of friction and concluded that to overcome bracket
wire friction, the effective force of this arrangement had to increase
two-fold (stainless steel) to six-fold (TMA).7 Frictional forces can be
reduced during alignment by using SLBs, smaller dimensions, and
lesser stiff wires, thus inducing wires to slide into the slot.8
Currently, there are numerous bracket systems available in
the market. According to Trevisi et al., the smart bracket has the
characteristics of previous preadjusted appliance systems, which
allows for low levels of forces during biomechanics, decreasing
friction between the archwire and bracket slot and providing good
three-dimensional control. They further claimed that with no moving
latches or doors, the open slot concept was designed with patient
hygiene in mind because it facilitates easy cleaning.9 The Damon
2 bracket is a passive single-wing SLB with a single slide to entrap
the archwire, which creates a passive labial surface to the slot with
no intention or ability to invade the slot or store force by deflection
of the metal clip.10 Empower 2 has a “hybrid” or “dual” system where
an active clip design is used on the anterior brackets for better torque
control and expression, while posterior brackets use a passive design
for enhanced lower-friction sliding mechanics. It claims to be the
first in the industry to offer this versatility.11 One of the differences
between the clip mechanism of SmartClip and the gate of the Damon
2 bracket is that the wire can disengage from the clip if the force level
is too high. While this may be desirable if the intention is to keep force
levels low, it is undesirable if the security of engagement is desired.
The aim of this study was to evaluate the frictional resistance
among the three different SLBs (Damon Q, Empower 2, and
SmartClip brackets) and a conventional stainless steel bracket
(Gemini series) using three different archwires.

M at e r ia l s

and

Methods

This in vitro study was conducted during May–December 2019 in the
Department of Orthodontics, SRM Dental College, India. A total of
120 samples were measured with 40 mandibular second premolar
brackets, 10 each from Empower 2 (American Orthodontics,
Sheboygan, WI, USA) (Fig. 1A), Damon Q (Ormco, Orange, CA, USA)
(Fig. 1B), SmartClip (SL3) (3M Unitek, Monrovia, CA, USA) (Fig. 1C)
brackets, stainless steel conventional bracket (Gemini series, 3M Unitek,
Monrovia, CA, USA) (Fig. 1D). Three types of archwires, 0.016 inch NiTi,
0.019 × 0.025 inch NiTi, 0.019 × 0.025 inch stainless steel (3M Unitek,
Monrovia, CA, USA) were used (Table 1). In the conventional bracket, the
archwire was ligated to the bracket slot with 0.010 inch stainless steel
S34

Figs 1A to D: The different brackets used in the study are: (A) Empower
2 bracket; (B) Damon Q bracket; (C) SmartClip bracket; and (D)
Conventional bracket
Table 1: Brackets and wires used in the study
Materials

Product

Company

Conventional stainless steel
bracket (10 no.)
SLB (10 no.)
SLB (10 no.)
SLB (10 no.)

Gemini

3M Orthodontics

Damon Q
SmartClip (SL3)
Empower 2

Ormco
3M Orthodontics
American
Orthodontics
3M Orthodontics

0.016 inch NiTi (10 no.)
0.019 × 0.025 inch NiTi
(10 no.)

Nitinol superelastic
Nitinol superelastic

0.019 × 0.025 inch stainless
steel (10 no.)

Straight length
rectangular wire

3M Orthodontics
3M Orthodontics

ligature wire. We used 0.022 inch SS and McLaughlin Bennet Trevisi
(MBT) prescription for all the brackets, except for Damon Q, where we
used Damon’s prescription. A Universal Testing Machine (UTM) was
used with a 100 gm load cell to determine the frictional force levels.

Methodology
A prefabricated commercial 4 × 2 inch acrylic plate was used to mount
the brackets. At one end of the plate, horizontal and vertical lines
were drawn, and a point of intersection of these two lines was taken
as a point for bracket placement. Brackets were placed at the marked
center of the acrylic plate and stabilized by means of an industrial
adhesive (cyanoacrylate adhesive). A UTM (Model 3365, Instron India
Pvt. Ltd.) with a 100 gm load cell was used to determine the frictional
force. The machine was made of stainless steel and was designed
to hold the bracket during the mechanical test. The machine was
adjusted in the tensile mode, and the force levels were measured in
gram-force (gf) in a digital readout. The testing machine also gave
the tracking distance as a digital readout in the length of a millimeter.
A wire of about 15 cm in length was taken and ligated with
stainless steel ligatures, twisted until taut, and untwisted quarter
turn for the conventionally ligated bracket. The other end of the
acrylic plate was mounted onto the lower grip of UTM. The free end
of the archwire was fixed to the upper grip of the UTM connected
to the load cell. When each wire was drawn through the bracket
slot by a distance of 7 mm at a speed of 5 mm/min, it was recorded
in gram force using a digital marker. For the different SLBs, their
respective self-ligating mechanism was used (Figs 2 to 5).
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Fig. 2: Distribution of mean frictional force by pulling Empower 2 bracket
with three archwires

Fig. 4: Distribution of mean frictional force by pulling SmartClip bracket
with three archwires

Fig. 3: Distribution of mean frictional force by pulling Damon Q bracket
with three archwires

Fig. 5: Distribution of mean frictional force by pulling Conventional
bracket with three archwires

Statistical Analysis

a statistically significant difference between Empower 2 and
SmartClip, Damon Q and conventional brackets, Damon Q and
SmartClip, SmartClip and conventional brackets, and Empower
2 and conventional brackets. There was no statistical significance
between the other groups (Table 2).
With 0.019 × 0.025 inch stainless steel archwire, the mean
frictional resistance for the conventional bracket was 1437.37 gf,
for SmartClip 1014.28 gf, for Damon Q 885.71 gf, and for Empower
2 brackets 655.10 gf. The differences between Empower 2 and
conventionally ligated brackets and Damon Q and conventionally
ligated brackets were statistically significant. There was no
significant difference between the other groups (Table 2).

One-way ANOVA and post hoc Duncan’s MRT were used for the
statistical analysis of the study. One-way ANOVA was used to analyze
the changes among the group means of the samples; using post hoc
Duncan’s MRT, we compared the mean frictional resistance between
the pairs of different bracket groups. p < 0.05 was considered as
statistically significant.

R e s u lts
When the mean values of frictional resistance with 0.016 inch NiTi
archwires were compared conventional bracket (570.41 gf) showed
the highest friction, followed by SmartClip bracket (523.46 gf),
Damon Q (498.97 gf), and Empower 2 brackets (308.16 gf). There
was a statistically significant difference between Empower 2 and
Damon Q, Empower 2 and SmartClip, and between conventional
and Empower 2 brackets. There was no statistical significance
between the other groups (Table 2).
With 0.019 × 0.025 inch NiTi archwire, the mean frictional values
were 1035.92 gf (Conventional bracket), 723.46 gf (SmartClip),
712.24 gf (Damon Q), and 523.46 gf (Empower 2). There was

Inference
Conventional bracket showed the highest frictional resistance,
and Empower 2 showed the least frictional resistance with all
three wires used. The 0.016 inch NiTi showed the least friction with
all three brackets. Conventional bracket with 0.019 × 0.025 inch
stainless steel had the highest friction, and Empower 2 bracket
with 0.016 inch NiTi wire had the least friction among all the wire
combinations.
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Table 2: Multiple comparison Tukey’s honestly significant difference tests between the wires and brackets in groups
Dependent variable
Archwires
0.019 × 0.025 inch SS

Bracket type
Group I
Group II

Group III

Group IV

0.019 × 0.025 inch NiTi Group I

Group II

Group III

Group IV

0.016 inch NiTi

Group I

Group II

Group III

Group IV

Group II
Group III
Group IV
Group I
Group III
Group IV
Group I
Group II
Group IV
Group I
Group II
Group III
Group II
Group III
Group IV
Group I
Group III
Group IV
Group I
Group II
Group IV
Group I
Group II
Group III
Group II
Group III
Group IV
Group I
Group III
Group IV
Group I
Group II
Group IV
Group I
Group II
Group III

95% confidence interval

Mean difference
(I–J)

Std. error

Sig

Lower bound

Upper bound

–230.502
–359.146
–782.206000*
230.502
–128.644
–551.704000*
359.146
128.644
–423.060
782.206000
551.704000*
423.060
–188.787
–200.006
–512.462000*
188.787
–11.219
–323.675400*
200.006
11.219
–312.456000*
512.462000*
323.675400*
312.456000*
–190.812000*
–215.306000*
–262.259000*
190.812000*
–24.494
–71.447
215.306000*
24.494
–46.953
262.259000*
71.447

173.817
173.817
173.817
173.817
173.817
173.817
173.817
173.817
173.817
173.817
173.817
173.817
75.151
75.151
75.151
75.151
75.151
75.151
75.151
75.151
75.151
75.151
75.151
75.151
70.083
70.083
70.083
70.083
70.083
70.083
70.083
70.083
70.083
70.083
70.083

0.553
0.184
0.0005
0.553
0.880
0.016
0.184
0.880
0.089
0.000
0.016
0.089
0.075
0.054
0.0005
0.075
0.999
0.001
0.054
0.999
0.001
0.000
0.001
0.001
0.047
0.020
0.003
0.047
0.985
0.739
0.020
0.985
0.908
0.003
0.739

–698.63177
–827.27587
–1250.33577
–237.62777
–596.77387
–1019.83377
–108.98367
–339.48567
–891.18967
314.07623
83.57423
–45.06987
–391.18658
–402.40598
–714.86198
–13.61338
–213.61938
–526. 07538
–2.39398
–191.18058
–514.85598
310.06202
121.27542
110.05602
–379.56028
–404.05428
–451.00728
2.06372
–213.24228
–260.19528
26.55772
–164.25428
–235.70128
73.51072
–117.30128

237.62777
108.98367
–314.07623
698.63177
339.48567
–83.57423
827.27587
596.77387
45.06987
1250.33577
1019.83377
891.18967
13.61338
2.39398
–310.06202
391.18658
191.18058
–121.27542
402.40598
213.61938
–110.05602
714.86198
526.07538
514.85598
–2.06372
–26.55772
–73.51072
379.56028
164.25428
117.30128
404.05428
213.24228
141.79528
451.00728
260.19528

70.083

0.908

–141.79528

235.70128

46.953

*The mean difference is significant at the 0.05 level

Discussion
During sliding of orthodontic wire through the bracket slot and
the buccal tubes, some amount of frictional resistance always
counteracts the sliding forces, thus reducing the effective force
applied for orthodontic tooth movement. An increase in levels of
frictional force between the bracket slot and the archwire results
in binding between the two components. This leads to slight or no
tooth movement. Binding during retraction can also lead to loss
of anchorage, which in turn causes loss of available space. Factors
like bracket size, slot depth, bracket material, archwire size, shape
and material, and ligation technique play an important role in
determining frictional resistance. This frictional force can be reduced
by using SLBs, small dimension wires, less stiff wires, etc., thus
S36

inducing wires to slide into the slot. In this study, we have compared
the frictional resistance of three SLBs with a conventional bracket.
Similar to our study, Krishnan et al. compared the frictional
forces of active and passive SLBs and a conventional bracket and
concluded that the active and passive designs had lower static and
kinetic frictional forces than the conventional brackets.12 Reznikov
et al. evaluated the frictional forces among various SLBs and
stainless steel orthodontic wires and concluded that on the
wire–bracket frictional characteristics, a ﬁrm passive bracket clip
can have a negative inﬂuence.13 Similar to our study results, Pillai
et al. found that SLB had the least friction among the four groups
they compared (Empower with conventional, radiance ceramic
bracket, self-ligating, and composite brackets using a 0.019 ×
0.025 inch stainless steel wire).1 Tecco et al. compared Damon MX,
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Time3, and Vision LP brackets with various stainless steel, NiTi,
and TMA archwires and concluded that conventional brackets
generated the greatest friction while Damon MX and Vision LP
brackets generated the lowest. We concur with the results of this
study.14 Ehsani et al., in their systematic review, concluded that
compared with conventional brackets, SLBs produce lower friction
when coupled with small round archwires in the absence of tipping
and/or torque in an ideally aligned arch. But, they observed that
there was not sufficient evidence to claim the same concept with
that of large rectangular wires, in the presence of tipping and/or
torque and in arches with considerable malocclusion.15 In our study,
0.016 inch NiTi round archwire showed similar results. We found
that with rectangular wires also, friction was lesser compared to
conventional brackets. Gomez-Gomez et al, compared SmartClip
and conventional brackets with low-friction ligature during dental
alignment and leveling and found that the distribution of stresses
and deformations during the root/bone interface was lower
with SmartClip.16 Sridharan et al, compared maxillary SmartClip
with victory series using a UTM and concluded that SmartClip
produces significantly less friction during sliding.17 Our results are
in accordance with these studies. Chen et al, also concluded that
the resistance to friction was the highest for conventional brackets
and that it showed a tendency to increase with wire size.18
In contrast Wahab et al, found that SLBs are not superior to
conventional brackets in terms of tooth alignment during the
aligning and leveling stage.19 According to Maizeray et al., the most
significant findings were that it was quicker to insert and remove
archwires from active SLBs compared to conventional brackets and
that the alignment was 10 days faster with active SLBs compared
with passive SLBs even if treatment duration between them was not
significantly different.20 Miles found that the SmartClip bracket was
the same at reducing irregularity during the initial stage of treatment
as a conventional twin bracket ligated with elastomeric modules or
stainless steel ligatures.21 In another study, Miles et al, compared
Damon 2 and conventional brackets and found no difference in the
clinical ability to align the teeth.22 Chen et al., in their systematic
review, concluded that shortened chair time and slightly less incisor
proclination appeared to be the significant advantages of self-ligating
systems over conventional systems.23 Henao and Kusy reported that
Damon 2 SLBs produced diminished resistance to friction compared
to conventional brackets on round wires, but greater friction on
rectangular archwires. But we found that frictional resistance was
reduced with both round and rectangular wires.24,25 The difference
in results from our study could be due to factors like oral environment
and bracket type. Nadim and Morcos found that Damon Q brackets
had the least frictional characteristics, followed by Empower,
SmartClip, and conventional brackets. In our study, we found that
Empower bracket showed the least frictional resistance, followed
by Damon Q, SmartClip, and conventional bracket.26

Limitations
Since this study was an in vitro study, the intraoral conditions could
not be simulated. The intraoral environment with variables like
saliva, masticatory force, etc., could produce changes in frictional
resistance. Clinical studies with various intraoral conditions will
shed more light on the clinical efficiency of the Empower 2 bracket.

C o n c lu s i o n
The conventional bracket had the highest frictional resistance,
followed by SmartClip, Damon Q, and Empower 2 brackets. Among

the archwires, 0.016 inch NiTi showed the least friction with all three
brackets. The conventional bracket with 0.019 × 0.025 inch stainless
steel had the highest friction, and Empower 2 bracket with 0.016 inch
NiTi wire had the least friction among all the wire combinations.
Empower 2 can be considered as the bracket of choice when the
least friction and reduced treatment time is required.
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