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Introduction

Newton’s third law of motion states that whenever a force is 
applied an equal and opposite force occurs in the opposite 
direction of applied force. Orthodontic tooth movement 
(OTM) being a biological phenomenon; sound knowledge 
of biomechanics is required. Sliding mechanics is a common 
approach in orthodontics to achieve tooth movement for 
closure and gaining of space.1,2 Sliding mechanics involves 
sliding of archwire along the bracket slots during the tooth 
movement. Bracket and archwire combination systems 
are basically one couple and two couple systems.3 The 
practitioner can apply orthodontic force systems in three 
principal orthogonal directions: labio-lingual (LL), mesio-distal 
(MD), and occluso-gingival (OG). Sum-total of the forces is 
the vectorial sum of all these forces. Opposing to it are the 
resistance forces acting along the force and couple in these 
three principal directions and planes. To achieve better 
treatment outcome and patient comfort the resistance forces 
must be controlled by the clinician.

Resistance to sliding (RS) can be divided into three components 
according to Kusy and Whitley:4 (1) Friction (FR); (2) Binding 
(BI)- which occurs when a tooth tips or wire flexes so that there 
is contact between the wire and corners of the bracket; and 
(3) Notching (NO)- when a permanent deformation of wire 
occurs at the wire-bracket corner interface. Friction is the force 
acting in the direction parallel to that of tooth movement i.e. 
opposite to the direction of the applied force.5 During OTM 
friction occurs because of interaction between the archwire 
and sides of the orthodontic bracket or a ligature. 

Friction basically exists in two forms (Figure 1): (1) Static 
friction and (2) Dynamic/kinetic friction.6,7 OTM occurs in 
a series of short bursts because of the complex biologic 
process undergoing due to the mechanical stress and 
strain generated by the arch wire and bracket complex.8,9 
With the supporting evidence of biomechanics of OTM, 
we can mention that practically kinetic friction is irrelevant, 
since continuous motion of archwire does not occur in 
Orthodontics. Based on the review of various studies, principal 
factors affecting the frictional resistance are: (1) relative 
bracket/archwire clearance;10 (2) archwire size as related 
to stiffness;11 (3) round versus rectangular archwires;12 (4) 
torque at the bracket/wire interface;13 (5) surface conditions 
of the archwires and bracket slots;13,14 (6) type and force of 
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ligation;15,16 (7) character of relative motion at the bracket/
wire interface (tipping versus linear movement);13 (8) bracket 
and wire material;17 (9) bracket-wire angulation; (10) saliva18 
and (11) bracket slot width.4,19

Considerable amount of force is dissipated to overcome 
the friction. This increases the magnitude of force required 
to actually cause the tooth movement and achieve desired 
clinical result. It ultimately affects the anchorage, especially 
in cases with limited anchorage availability. An elastomeric 
ligation applies force of 50-150 gm.14 Thus knowing that major 
portion of resistance is because of ligation;20,21,22 self-ligating 
systems were introduced to decrease this phenomenon. 
Given the history of Russell attachment developed by Dr 
Jacob Stolzenberg in 1930’s, shows self-ligating bracket 
concept was of early twentieth century and has got revival 
since then.23 Different examples of self-ligating systems are: 
Mobil Lock, Activa, Damon, In-Ovation, Smartclip, Clarity etc.

Friction and Self ligating brackets

For sliding mechanics during OTM, majority of force is lost due 
to friction. Approximately 12-60% of applied force in fixed 
orthodontics is lost in friction.24 A finite element analysis shows 
that 60-80% of the applied orthodontic force is lost during 
retraction of canine along a rectangular archwire by sliding 
mechanics.25

Iwasaki et al calculated that 31-54% of the total frictional force 
generated by a premolar bracket moving along 0.019×0.025 
stainless steel archwire was due to the friction of ligation 
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Figure 1:  Friction vs. Applied force
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Figure 2: Comparing components of resistance during passive configuration and active configuration  
(Figure redrawn with permission from an original research article by Articolo & Kusy)
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and the remaining 46-69% was due to elastic binding.21 So 
ligation is considered as an established parameter affecting 
the resistance to applied forces. Based on these studies self-
ligating brackets were introduced to decrease the amount 
of friction caused by ligation. It can be divided into two 
main types; active and passive based on their mechanism of 
closure. Active self-ligating brackets have a spring clip which 
stores the energy to press against the arch wire for rotation 
and torque control. While, the passive system has a slide 
that can be closed, which does not encroach on the slot 
lumen, thus does not exert any active force on the archwire. 
Although passive system is claimed to be superior to active 
system with respect to friction,26 but studies do not show results 
proving this assumption.27,28 

According to a study by Harradine29 with conventional and self-
ligating brackets, the “Damon system” representing the self-
ligating system had better treatment outcome in treatment 
time, shortening the total duration to 4 months less than the 
conventional system. According to Scott et al,30 a randomized 
controlled trial showed that, with respect to clinical efficacy 
during tooth alignment, there was no difference between 
self-ligating and the conventional systems. An in vitro study 
by Redlich et al31 on five different brands of “reduced friction” 
claiming brackets showed that there was no such “reduced 
friction” as claimed by the manufacturers.

A recent study conducted by Jonathan et al to understand 
the mechanics of bracket/archwire interaction analysis 
of force and couple distribution along the arch during 
simulated orthodontic treatment of maxillary high canine 
malocclusion.32,33 With the use of an orthodontic simulator 
the study was performed to compare the difference in the 
forces with passive ligation of self-ligating brackets and elastic 
ligation. Although some advantage of the passive self-ligation 
was found over the elastic ligation but the results could not 
confirm their use clinically. An in-vitro study showed decrease 
in friction with self-ligating systems. Also associated with the 
advantage of less friction is increased tendency of leveling 
losses in terms of distal rotation or the buccal root torque.34

With the use of smaller wires, self-ligating systems show less 
friction as compared to conventional system.35 Although self-
ligating systems are claimed to be superior to conventional 
systems, but clinical studies comparing these two systems 
show both being similar in terms of clinical efficacy.36,37 The 

case-control study38 claiming its success is weak as per the 
perspective of avoiding bias and performing enough in-vivo 
studies. The more reliable data from randomized controlled 
trial does not support their superiority.30,39 Although these 
newer systems of course are better as per the total chair-time 
required and proper holding of the arch wire in bracket.40 
But the claims of providing faster tooth movement and less 
friction is not yet confirmed with these systems.41,42

Resistance to Sliding: Friction or Binding? 

In the preceding paragraphs we already discussed how 
“friction” has been established as the most important 
resistance factor, which is not true based on the scientific 
grounds. However self-ligating brackets are being marketed 
with statements like low friction, frictionless systems and faster 
treatment. So can we consider these systems to be superior to 
the conventional systems based on the claims not supported 
scientifically? 

As mentioned earlier, binding is a phenomenon causing 
resistance to sliding in orthodontics. Earlier experiment on 
resistance to sliding were done either only considering 
frictional forces without knowing ligation force,43 or with known 
ligation force but not considering angulations.44 Based on the 
experiment done with combination of various cross-section 
archwires and brackets with different angulations, it can be 
established that binding has more influence than friction on 
the resistance forces.45 

Arithmetically friction is the force that resists the movement 
between two objects as the product of the normal load (N) 
and the co-efficient of friction (µ).45 The value N is the amount 
of force that acts perpendicular to the surface of the object, 
like the ligation force (N) on the bracket. The value µ is the 
frictional proportionality constant. The FR exists as the only 
component of RS, only when the arch wire and bracket are 
in a passive configuration.24 At this condition, the angulation 
(θ) between the arch wire and bracket is less than the critical 
angulation, θc (the level of where the wire contacts both ends 
of the bracket slot). When the clearance disappears and an 
interference occurs (θ= θc), binding (BI) occurs as another 
component of RS. Under these conditions, two distinct normal 
forces exist: the N from ligation and the force exerted normal 
to the edges of the bracket slot by the arch wire (NBI).24 With 
the active configuration in the wire mechanics, RS will increase 
with θ because of BI occurring in the appliance (Figure 2).



Orthodontic Journal of Nepal, Vol. 3, No. 2, December 201342

Conclusion
Based on various studies following conclusion can be drawn:

1.	 Resistance is a major factor of concern during fixed 
orthodontic treatment.

2.	 Friction is a multi-factorial opposing force to the applied 
force, and the exact magnitude and factors affecting it 
are not clearly understood yet.

3.	 Binding phenomenon is considered more of a major 
opposing force affecting the tooth movement.

4.	 Major portion of the resistance is because of the ligation 
forces applied to the arch wire as been shown by 
different studies.

5.	 Although broad marketing of the self-ligating systems 
being done, studies show that it decreases the amount 
of friction due to binding but only with the thin arch wires 
being used along with it. And torque being a factor of 
concern with these systems. For which more extensive 
studies are required.

Though resistance to orthodontic forces are long been 
discussed, yet it requires more clinical studies to properly 
explain the phenomenon.
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