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Canine retraction rate with self-ligating brackets vs

conventional edgewise brackets

S. Jack Burrowa

ABSTRACT
Objective: To compare the rates of retraction down an archwire of maxillary canine teeth when
bracketed with a self-ligating bracket was used on one side and a conventional bracket on the
other.
Materials and Methods: In 43 patients requiring maxillary premolar extraction, a self-ligating
bracket (Damon3, SmartClip) was used on the maxillary canine on one side and a conventional
bracket (Victory Series) on the other. The teeth were retracted down a 0.018-inch stainless steel
archwire, using a medium Sentalloy retraction spring (150 g). The rates of retraction were analyzed
using a paired t-test.
Results: The mean movement per 28 days for the conventional bracket was 1.17 mm. For the
Damon bracket it was 0.9 mm and for the SmartClip bracket it was 1.10 mm. The differences
between the conventional and self-ligating brackets were statistically significant: paired t-test,
SmartClip, P , .0043; Damon3, P , .0001).
Conclusion: The retraction rate is faster with the conventional bracket, probably because of the
narrower bracket width of the self-ligating brackets. (Angle Orthod. 2010;80:626–633.)
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INTRODUCTION

Orthodontists, when moving a tooth down a wire,
have to contend with biologic barriers and mechanical
phenomena. Three of the mechanical phenomena are
currently of interest because of the marketing of self-
ligating brackets that are said to reduce resistance to
sliding: friction, binding, and notching. These collec-
tively determine the resistance to sliding a wire through
a bracket or a bracket along a wire.

Friction is the resistance force between objects that
oppose movement.1 It is always exerted in a direction
opposing movement between the two surfaces. Fric-
tion is not a fundamental force, it cannot be calculated
from fundamental principles; it must be calculated
empirically. In contrast, moments or binding can be
calculated using fundamental principles, eg, a binding
force that equals the moment of a couple (MC) can be
calculated using the equation MC 5 F/D.

Friction is the result of chemical bonding between
surfaces. Surface area does not affect friction because
as surface area increases, the force per unit area
decreases (not to be confused with traction where
surface area is important). On a microscopic scale,
even highly polished surfaces of orthodontic brackets
and wires are irregular, and the true area of physical
contact is determined by asperities (Figure 1).2

In clinical orthodontics, we are dealing with a
quasistatic thermodynamic process, which means the
movements are very slow and fairly close to static
equilibrium. Kusy and Whitley3 defined resistance to
sliding (RS) as a combination of three components:
friction (FR), binding (BI), and notching (NO):

N FR, static or kinetic, is due to the contact forces
between the wire, brackets, and ligatures;

N BI is created as soon as the tooth begins to move
and the wire contacts the edge of the bracket; and

N NO occurs when permanent deformation of the wire
occurs at the wire-bracket corner interface (Figure 2).
Tooth movement stops as a notch in the wire catches
on the bracket or when the binding angle increases to
a point (hz) that plastic deformation occurs. Movement
resumes only after the notch is released.

Consequently, RS 5 FR + BI, or RS 5 NO because
sliding stops when NO begins. This equation can be
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applied to the passive and active stages of tooth
movement in a laboratory setting. The passive stage of
movement is when the contact angle (h) between the
archwire and bracket slot is less than the critical angle (hc)
(Figure 3A) before the wire touches the corner of the
bracket, and resistance to sliding is due only to friction.4

The passive stage really exists only in laboratory settings
because as soon as a tooth moves in response to a force
against its crown, it tips until the wire touches the corner of
a bracket. In a laboratory setting, the investigator can
stabilize the wire-bracket system in a fixed position, so the
bracketdoesnot tip and thewire does not flex (Figure 3B);
ie, the wire-bracket system can be positioned so it does
not have any forces whatsoever on it as the wire passes
through the bracket. This never happens in clinical
orthodontics because the wire actually touches the
bracket as soon as tooth movement begins. The active
stage is defined as any angle above hc (Figure 3C).

Kusy reported the effect of binding and notching in
the late 1990s. Articolo and Kusy5 concluded that the
binding influence increased as the second-order
angulation increased, which is in agreement with
Nicolls and others.6–11 Articolo and Kusy further
reported that ‘‘RS becomes dependent on BI very
quickly, after the initiation of the active configuration.’’
‘‘In fact BI was calculated to be at least 80% of RS at h
5 7u for all couples, and as much as 99% at h 5 13u for
one couple (SS-SC).’’ Friction was hardly an influence.

In 2002, Thorstenson and Kusy12,13 reported two
studies that investigated the effect of second-order
angulation (binding) on self-ligating brackets. Both
studies basically had the same conclusion. ‘‘RS
increased proportionally with the second-order angula-
tion’’12 and the binding was ‘‘independent of bracket
design.’’13 Figure 4 shows the results when only friction
is involved. Figure 5 shows the data for binding.
Thorstenson14 concluded that ‘‘binding does not appear
to be affected by ligation method,’’ ie, binding was the
same with conventional and self-ligating brackets.

These laboratory reports do not support advertising
claims of faster tooth movement with self-ligating
brackets. The goal of this clinical study was to
compare the velocity of canine retraction with self-
ligating brackets to conventional brackets.

MATERIALS AND METHODS

A sample size of 43 patients was used in this
investigation (21 Damon3, 22 SmartClip, 43 conven-
tional Victory Series).

Figure 2. Notching occurring when the wire catches due to

deformation of the wire, ie, contact of a notch in the wire against

the edge of the bracket: or, when binding reaches an angle in which

plastic deformation occurs (h . hz). When binding becomes sufficient

to cause notching, sliding mechanics cease.

Figure 1. Wire-bracket interface. The surface is not smooth, but

irregular. The areas of contact between the wire surface and bracket

surface is determined by asperities.
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The inclusion criteria for the study were as follows:

N Class II malocclusion with proclined maxillary inci-
sors or crowding, or Class I malocclusion with
proclined maxillary and mandibular teeth;

N treatment plan for extraction of maxillary first
premolars and retraction of maxillary canines; and

N excellent periodontal health.

All patients who met the inclusion criteria were
entered into the study. Their demographic character-
istics are shown in Table 1.

Each patient had a 0.022-inch slot conventional
bracket placed on one canine and a 0.022-inch slot
Damon3 or SmartClip bracket placed on the other, with
the left or right side for the self-ligating bracket chosen
using a randomization sequence. The molars were
banded with Victory Series bands, and a transpalatal
arch was placed. All remaining teeth were bracketed
with Victory Series brackets. The arches were leveled
and aligned before commencing canine retraction.

The canines were retracted using a GAC Sentalloy
retraction spring (150 g). The conventional canine
bracket was tied in with a stainless steel ligature.
The retraction springs were attached to the bracket
attachments. The SmartClip and Victory Series brack-
ets have the attachments manufactured to the bracket,
and the Damon3 attachment is manually placed and
crimped to the bracket. Intra-arch mechanics were
used and the canines were retracted down a 0.018-
inch stainless steel wire. Patients were seen every 4
weeks (28 days).

All changes in the amount of retraction were
measured intra-orally by the investigator using a
flexible millimeter ruler. The amount of retraction was
measured from the maxillary dental midline to the
mesial of the canine. Each measurement was made
four times and the results averaged. The measure-
ments were made to the one-half millimeter.

The rate of retraction of the canines was defined as
the distance traveled divided by the time interval

Figure 3. (A) Passive stage of orthodontic tooth movement when the contact angle, h, is less than the critical angle, hc. In the passive stage, the

wire does not touch the edges. (B) In an experimental design, the wire can be stabilized so it does not move, and the wire can be stabilized so it

cannot flex. The wire can actually be positioned so there are no forces whatsoever on the bracket-wire interface. This, however, never happens in

clinical orthodontics. (C) This represents the active stage of orthodontic tooth movement when h is more than hc, and the wires start to contact the

corners of the bracket and binding starts.
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needed for closure of the extraction space. The
amount of retraction was measured at each appoint-
ment during space closure, but the only measurement
used in this study was the distance traveled divided by
the number of 28-day intervals until one of the canines
was in the proper position; ie, the finish date for the
retraction was when the extraction space was closed
on one side (Figure 6).

A paired t-test was used to compare the retraction
rates of the conventional bracket to those of the
Damon3 and SmartClip bracket.

RESULTS

The amount of movement between appointments
(28 days) for the three bracket types is shown in

Figure 4. Classical friction results when only friction is involved.

Figure 5. Coefficient of binding data.
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Table 2. The rate of movement for the conventional
bracket side was greater than that for either of the self-
ligating brackets, with the SmartClip bracket faster
than the Damon3 bracket. Although the mean differ-
ences at successive appointments were small, the
difference between the conventional bracket and both
the self-ligating brackets was statistically significant on
a paired t-test: SmartClip, P , .0043; Damon3, P ,

.0001.

The average movement per 28 days was 0.27 mm
faster with the conventional brackets than with the
Damon bracket; it is statistically significant (P ,

.0001). The movement per 28 days was 0.07 mm
faster with the conventional bracket than with the
SmartClip bracket; this was also statistically significant
(P , .0043). When the self-ligating brackets were
combined and compared with the conventional bracket,
the average movement per 28 days was 0.17 mm faster
with the conventional; this was statistically significant
(P , .0001). Although these average differences were
small, they were statistically significant.

DISCUSSION

In comparing these results with those of other
studies of the rate of tooth movement, several points
described below should be considered.

Rate of Movement in This Study of Sliding
Compared with Other Types of Tooth Movement

The properties that influence resistance to sliding
are of great interest in the orthodontic community
because lower resistance to sliding could lead to

increased efficiency and possibly shorter treatment
times. The force levels, size of the wire, and geometry
of the bracket could have an impact on the efficiency of
tooth movement.

Many studies of the relationship of force to tooth
movement used closing loops. Although this does not
directly compare to sliding mechanics, it provides
some insight into the effect of force magnitude on the
rate of tooth movement and the pattern of typical tooth
movement. Boester and Johnston15 used sectional
closing loops to retract canines in extraction situations
using force levels of 60, 150, 240, and 330 g. Their
objective was to study the rate of tooth movement at
various force levels. Maxillary canine retraction was
0.8 mm/month for 60 g, 1.3 mm/month for 150 g,
0.8 mm/month for 240 g, and 1 mm/month for 330 g
of force. They concluded that ‘‘space closure proceeds
equally rapidly at forces ranging from five (possibly
less) to eleven ounces. In this range, bone resorption,
per se, appears to be occurring at a minimal rate and
accordingly, may constitute the rate limiting factor.’’
Iwasaki et al.16 used sectional closing loops to retract
canines and studied the velocity of tooth movement
using force levels of 18 g and 60 g. When he used
60 g of force to retract canines, the velocity averaged
1.27 mm/month. With 18 g of force, the velocity was
0.87 mm/month, although there was quite a bit of
individual variation. They concluded that ‘‘cell biology
and metabolic factors must account for the variability in
tooth movement.’’ From all three of these reports, it
seems clear that once a level of force sufficient to
produce a biologic response is present, the rate of

Table 1. Demographic Characteristics of Sample

n 5 43

Mean age at first appointment, years 14.8 6 6.24

Range, years 11.3 to 27.6

Gender 44% Female

56% Male

Figure 6. (A) Maxillary right canine retracted using GAC retraction spring (150 g). Canine in final position (SmartClip). (B) Maxillary right canine in

final position (Damon). (C) Maxillary canine is retracted with conventional bracket (Victory Series).

Table 2. Rate of Movement by Bracket Type

Bracket Type Average Movement, mm Range, mm

Conventional 1.17 6 0.28 0.60 to 2.00

Self-ligating 1.00 6 0.28 0.50 to 1.70

Damon3 0.90 6 0.24 0.50 to 1.30

SmartClip 1.10 6 0.28 0.70 to 1.70
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tooth movement is a function of the biology, not the
force magnitude.

The next studies investigated sliding mechanics.
Paulson et al.17 measured canine retraction using
sliding mechanics down a 0.016-inch wire. The
retraction force was 50 g to 100 g. His sample
averaged 1.08 mm/month, but individual velocities
ranged from 0.7 mm/month to 2.4 mm/month. Huff-
man and Way18 did an vivo study to determine the
amount of movement, rate of movement, and amount
of tipping when retracting a canine down a 0.016-inch
wire and a 0.020-inch wire using sliding mechanics.
They used 200 g of force to retract the canine. The
velocities were 1.37 mm/month when retracting down
the 0.016-inch wire and 1.20 mm/month with the
0.020-inch wire. The difference was not significant.
Sonis et al.19 used energy chains and latex thread to
retract canines down a 0.016 3 0.022 inch archwire.
The initial forces were 250–400 g. The mean velocity
of tooth movement calculated over a 3-week period
was 1.28 mm for elastic threads and 1.51 mm for the
elastic chains. They concluded that ‘‘all the materials
tested produced approximately equal amounts of tooth
movement.’’

Based on the above studies, it seems reasonable to
have used 150 g of force when retracting canines
along an undersized wire in this study.

Other Studies of Self-ligating vs
Conventional Brackets

Advocates of self-ligating brackets recommend their
bracket based on light forces, less friction, low
moments, and consequentially more efficient (faster)
tooth movement. Is there any evidence that these
purported advantages are real?

Miles et al.20 compared the effectiveness of Damon
and conventional twin brackets during initial alignment.
This was a clinical trial using 60 consecutive patients in
a split-mouth design. The irregularity index was
measured at three times; original baseline, 10 weeks,
and 20 weeks. The conventional bracket achieved a
better irregularity index score at both 10 and 20 weeks.
The authors reported that the difference in alignment
could be due to the fact that the Damon bracket does
not engage the initial wires and allows 8.5u of rotational
play when compared with the conventional bracket.
The second wire, a 0.016 3 0.025 inch archwire, was
not fully engaged either. They surmised that the
degree of rotational play involved in the Damon
bracket attributed to the better alignment of the
conventional bracket. Miles21 also compared SmartClip
self-ligating brackets to conventional brackets and
concluded that there was no difference in reducing
crowding. Scott et al.22 did a randomized clinical trial

comparing clinical effectiveness on mandibular tooth
alignment comparing conventional brackets with Da-
mon brackets and concluded that there was no
difference in reducing crowding.

Pandis et al.23 compared the magnitude of moments
generated during a laboratory-simulated rotational
correction of teeth using three different brackets:
Orthos 2, Damon2, and In-Ovation R. They found the
highest moments were generated using the Damon
bracket, and the conventional brackets generated the
lowest moments. Thorstenson and Kusy12,14 also found
Damon brackets to have higher binding forces
(second-order angulation) compared with conventional
brackets.

These studies comparing self-ligating brackets with
conventional brackets all point to the same conclusion
as this study, ie, ligation type makes little difference in
initial alignment or space closure.

Bracket Geometry as a Factor in Resistance
to Sliding

Hamdan and Rock,24 who investigated different
combinations of torque and tip, reported that every 4-
degree increase in bracket tip produced a significant
increase in resistance to sliding. ‘‘RS was significantly
increased by tip and torque separately and in
combination, although tip was the more powerful
influence.’’

The amount of tip at the point of wire contact with the
corner of a bracket is a function of bracket width. The
Damon bracket is 2.67 mm wide, the SmartClip is
2.79 mm wide, and the Victory Series bracket is
3.81 mm wide. When a force is placed on the canine
(or any other) bracket to move it down the archwire, a
moment of force is created (MF). To counter the MF, a
moment of a couple is created (MC). The MC is equal to
the forces at the edges of the brackets times the width
of the bracket. The maximum bending moment (MBM)
when a tooth is moved down an archwire is MBM 5

(FWX)/L (Figure 7).

To evaluate the effect the bracket width has on tooth
movement down an archwire, we need to algebraically
rearrange MC 5 FW to F 5 MC/W. Substituting the
equation into the maximum binding moment gives
us:

M~
FWX

L
~

MC

W
WX

L
:

Substituting (L2W ) for X gives us:

M~

MC

W
W (L{W )

L
~

MC(L{W )

L
,
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which shows us that as the W (width) of the bracket
increases, the maximum bending moment decreases.
Consequently, a narrower bracket generates higher
moments (higher forces at the edges) than a wider
bracket. These increased forces could increase
resistance to sliding. This concept already is incorpo-
rated into standard texts of orthodontics25 that advo-
cate wider brackets for better sliding mechanics due to
the decreased contact angle.

In this study, the average movement per 28 days
was faster on the side being treated with the
conventional bracket than on the side being treated
with the self-ligating bracket. Although this is a
statistically significant difference, clinically it probably
would not matter. Even though bracket geometry,
particularly bracket width, influences resistance to
sliding, it still is important to keep in mind the limiting
factor in the rate of tooth movement appears to be
more the biologic response to the force than mechan-
ical aspects of the orthodontic appliance.

CONCLUSION

N Canine retraction by sliding the tooth along an
undersized archwire tends to be faster with conven-
tional than self-ligating brackets, probably because
the narrower self-ligating brackets lead to greater
elastic binding and resistance to sliding is much more
determined by this than by friction.
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