
60	 © 2016 Indian Journal of Dentistry | Published by Wolters Kluwer - Medknow

Original Article

Frictional force released during sliding mechanics in 
nonconventional elastomerics and self‑ligation: An 

in vitro comparative study
Davender Kumar, Vinay Dua1, Rajat Mangla1, Ravinder Solanki2, Monika Solanki3, Rekha Sharma

Departments of Orthodontics and Dentofacial Orthopedics, 2Oral and Maxillofacial Surgery and 3Conservative Dentistry and Endodontics, 
PGIDS, Rohtak, 1Department of Orthodontics and Dentofacial Orthopedics, MMCDSR, Mullana, Ambala, Haryana, India

INTRODUCTION

As orthodontists moved away from multi‑loop stainless 
steel (SS) archwires to high‑tech nickel‑titanium (NiTi) 
archwires to start leveling and aligning, obviously it’s a 
good time to think about what kind of bracket can couple 
with those archwires better.[1] Khambay et al. evaluated 
different methods of ligations regarding frictional 
resistance, including self‑ligation, elastomeric modules, 
and stainless steel ligature wires.[2] Conventional ligation 
systems have a number of drawbacks such as failure to 
provide and maintain full archwire engagement, and high 
friction.[3] Elastomeric ties force decays very fast, and 
it has a potential impediment to oral hygiene, whereas 
wire ligation is very slow.

Self‑ligating bracket (SLB) provides consistent archwire 
engagement throughout orthodontic treatment, 

elimination of the need for frequent visits for the 
replacement of ligatures and is more comfortable, 
and easier to clean.[4] However, SLB do have several 
disadvantages such as full expression of bracket 
torque is difficult to achieve,[5] clinical management 
is more problematic than with conventional brackets 
due to frequent failure of brackets, brackets are 
bulkier and more expensive. Thus, this study was 
to evaluate the static and kinetic friction of SLBs 
with different archwires and to compare the static 
and dynamic friction value of conventional brackets 
with SLBs using different archwires. During sliding 
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mechanics, one needs to understand the interplay 
of friction between brackets and arch wires and to 
apply an appropriate force for obtaining an optimal 
biologic tissue response with efficient and desired 
tooth movement which is the ultimate goal in clinical 
orthodontics.[2,5] Of all factors, wire material, the 
cross‑section of wire used, type of ligation and use 
of SLBs are the four most important factors which 
can be influenced by an orthodontist. The availability 
of a wide array of brackets, wires and ligatures have 
provided the clinician a multitude of combination for 
use during various stages of orthodontic treatment.

Recently, innovative ligatures manufactured with 
a special polyurethane mix by injection molding 
(Slide, Leone S.p.A., Firenze, Italy) were introduced. 
The nonconventional elastomeric ligature is used on 
conventional brackets to produce low levels of frictional 
resistance treatment mechanics with the preadjusted 
appliance. These modules have an excellent esthetic 
appearance and low friction, which make these modules 
very beneficial to the adult patients. The importance 
of the ligature in creating friction at the binding unit is 
emphasized indirectly by therapeutic approaches that 
avoid the use of any form of ligature like SLBs.[6]

This study was to evaluate various parameters that 
can be influenced by the clinician during different 
stages of orthodontic treatment in maintaining the 
low friction value using recently introduced wires 
and brackets. The aim of this study is to evaluate the 
resistance to movement of various arch wires through 
three types of conventional SS brackets using slide 
and silver mini module.

MATERIALS AND METHODS

Brackets: The following brackets were used for the 
study:
•	 0.022” × 0.028” SS conventional bracket, i.e., Mini 

2000, Victory Series, Optimum Series [Figure 1]
•	 0.022” × 0.0275” SS passive SLB, i.e., Damon 

3MX, Carriere LX, Smart Clip [Figure 2].

Archwires: Three types of orthodontic wires were 
tested:
•	 0.016” NiTi (Ortho Organiser)
•	 0.019” × 0.025” β‑titanium (Ormco)
•	 0.019” × 0.025” SS (Ormco).

Ligatures: Conventional elastomeric ligature  (CEL) 
(Leone) [Figure 3].

A five bracket assembly was used comprising of 
brackets for central incisor, lateral incisor, canine, 

first premolar, and second premolar bonded with a 
cyanoacrylate adhesive to steel.

Bars of dimensions: An experimental model 
(7 cm × 3.5 cm × 1 cm) reproducing the right buccal 
segment consisting of five SS preadjusted edgewise 
brackets for second premolar, first premolar, canines, 
lateral incisor, and central incisor was fabricated to 
study both kinetic and static attritions.[7]

All the brackets were ligated with the help of this Jig 
(0.021 × 0.028” SS wire) using 0.010” SS ligature wire 
and cured using a light cure adhesive (Enlight Ormco).

Figure 1: Conventional stainless steel brackets

Figure 2: Self-ligation brackets

Figure 3: Nonconventional elastomerics and silver mini module
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Vertical height for all bracket slots was made similar 
using a digital caliper. This was performed using an 
alignment fixture, which ensured that the all the 
brackets were placed parallel to centrally placed 
bracket of each block at 8.5  mm distance, and 
the bracket slot was right‑angled to the surface of 
each block [Figure 4]. Each steel bar had a line scribed 
parallel to its long axis. This was to aid in aligning the 
pull of the wire through the bracket so that friction was 
not induced by adverse tipping or torsion moments. 
Brackets were supported on a 0.021 × 0.028‑inch 
SS wire while the adhesive hardened, which enabled 
the bracket slot to be aligned along the length of the 
steel bar and parallel to it. This allowed the bracket 
to move along the wire as an axial tensile force was 
applied by the universal testing machine (UTM).

The bracket‑archwire assembly was vertically mounted 
on UTM, and load cell was calibrated at 100 kN. This 
device allowed the bracket to move along the wire 
as an axial tensile force was applied by the load cell 
with a crosshead. Each of the bracket‑wire ligation 
combinations was tested three times. This in  vitro 
comparative study was carried on a total of 18 samples 
consisting of three SLBs and three conventional 
brackets with three different wires alloy and different 
cross‑sections. All the models were evaluated for 
static and kinetic friction which was measured on 
UTM (Model LR‑100K, Lloyd, UK) [Figure 5].

The maximum force needed to move the bracket along 
the wire (static friction) at zero and the mean frictional 
force registered at 0 mm, at 5 mm, and at 10 mm 
of movement (kinetic friction) with the computerized 
graph  [Figure 6]. This was in accordance with the 
specifications for material testing with universal 
testing machine  (UTM). All measurements were 
performed under dry conditions at room temperature 
of 20±2°C. All the data were subjected for statistical 
analysis. Analysis of variance was used to evaluate 
the effect of bracket type on frictional resistance in 
between groups and within groups [Table 1]. When 
subjected to a Kruskal–Wallis (Mann–Whitney test) 
statistical analysis of six bracket‑wires types and 
ligation techniques were derived. For every bracket 
type, wire alloy and ligation technique, friction was 
plotted for each wire size and post hoc test was 
applied. The mean, standard deviation and P‑ value 
were calculated for all the inter‑wire groups. The level 
of significance was set at P < 0.05.

RESULTS

The conventional elastomeric ligature produced 
high friction when compared with self‑ligating 

brackets  [Tables 2 and 3]. When compared to the 
materials type titanium molybdenum alloy  (TMA) 
produced the highest friction among all materials and 
NiTi produced the lowest friction [Table 3]. When all 

Figure 4: Vertical measurements with Vernier caliper

Figure 5: Universal testing machine

Figure 6: Recorded value of computer software
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wires are compared individually to each bracket then in 
Carriere LX both static and kinetic frictional force was 
highest for TMA, which was equal to SS and lowest 
for NiTi. When all wires are compared individually 
to each bracket then in Damon 3MX static frictional 
force was highest for SS wire and lowest for NiTi 
wire followed by TMA [Table 2]. While kinetic force 
was highest for SS and lowest for NiTi followed by 
TMA. When all wires are compared individually to each 
bracket then in Damon 3MX static frictional force was 
highest for SS and lowest for NiTi followed by TMA. 
While kinetic frictional force was highest for SS and 
lowest for TMA followed by NiTi. Friction was greater 
in conventionaly ligated brackets when compared with 
self ligating brackets [Table 4].

DISCUSSION

In the present study, for SL SS brackets, the 
friction increased as the wire dimensions increased, 
i.e.,  lesser friction was observed with round wires 
than with rectangular wires in SLB  [Table 3]. This 

is in accordance with the finding of Garner et al.[8] 
who founded that friction increased with increased 
wire size. Frank and Nikoli 1980 demonstrated that 
the round wires make point contact with the bracket 
slot; whereas rectangular wire makes line contact. 
Thus, they concluded that round wires generated 
less friction than rectangular wires [Table 2]. Within 
each bracket type, different archwire alloys, showed 
a significant difference and they are accordance with 
many reports.[6,8,9]

While evaluating against any SS conventional bracket, 
NiTi wire produced the lowest friction, beta‑titanium 
wires produced higher friction. In the present 
study, couples comprising Mini 2000 bracket‑wire, 
Mini 2000 bracket  ‑  TMA wire and Optimum 
Series  –  bracket with  ‑  TMA wires couples had a 
higher coefficient of friction. TMA archwire produced 
significantly greater levels of friction followed by 
SS and lowest for NiTi against all the six brackets. 
Higher frictional coefficient of beta‑titanium had been 
attributed to different factors such as roughness, 
mechanical abrasion, or cold welding as reported by 
Henao.[5] In the present study, Optimum Series (Ortho 
Organiser) and (Ormco) brackets with conventional 
ligation produced higher friction with 0.016 NiTi 
wires. Finding from the present study are correlated to 
Suyama et al. who also recorded the greatest friction 
with 0.016 NiTi wires with conventional bracket 
when ligated with CEL.[10]

Table 1: Analysis of variance results of 
brackets versus ligation for all three wires
ANOVA Sum of 

squares
df Mean 

square
F Significant

Initial
Between groups 488.866 2 244.433 30.695 0.000
Within groups 191.118 24 7.963
Total 679.984 26

At 5 mm
Between groups 99.630 2 49.815 23.953 0.000
Within groups 49.912 24 2.080
Total 149.542 26

At 10 mm
Between groups 92.610 2 46.305 28.835 0.000
Within groups 38.540 24 1.606
Total 131.150 26

ANOVA: Analysis of variance

Table 2: Descriptive evaluations of static 
and kinetic of stainless steel brackets with 
conventional elastomeric ligature
Variables Number of 

observations
Static 

friction mean
Kinetic 

friction mean
Optimum Series 
(Ortho Organiser) 
with CEL

3 13.9967 4.9950

Mini 2000 with 
CEL (Ormco)

3 12.2433 5.1183

Victory Series 
(3M) with CEL

3 10.5433 3.9383

Nickel‑titanium 3 10.65 3.56
Stainless steel 3 11.93 4.30
TMA 3 14.46 5.79
0.016” 3 10.93 3.6
0.019×0.25” 3 13.19 5.05
TMA: Titanium molybdenum alloy, CEL: Conventional elastomeric ligature

Table 3: Descriptive evaluations of static and 
kinetic friction of self‑ligating bracket
Variables Number of 

observations
Static 

friction
Kinetic 
friction

Carriere LX (SLB)
Ortho Organier

3 3.4467 0.6667

Damon 3MX (SLB)
Ormco

3 3.2167 0.4900

Smart Clip (3M) (SLB) 3 2.7067 0.0583
Nickel‑titanium 3 1.6 00
Stainless steel 3 4.23 0.6
TMA 3 3.50 6.0
0.016” 3 1.2 0.00
0.019×0.25” 3 3.86 0.03
TMA: Titanium molybdenum alloy, CEL: Conventional elastomeric ligature, 
SLB: Self‑ligating bracket

Table 4: Statistical comparisons of static and 
kinetic friction of conventionally ligated and 
self‑ligating brackets
Group code Mean SD t P
1 versus 4 3.4467 1.97313 3.635 0.022
1 versus 5 3.216 1.93539 3.125 0.020
1 versus 6 2.7067 0.80602 4.167 0.014
2 versus 4 3.4467 1.97313 5.235 0.006
2 versus 5 3.216 1.93539 5.419 0.006
SD: Standard deviation
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The result from the present study correlates with 
various studies, which show that SLBs produced lower 
friction with round wires as compared to rectangular 
wire and TMA wires had a markedly higher friction 
than SS wire.[3,11,12] The SLBs had lower friction than 
conventional SS bracket when ligated with the silver 
mini module.

Another observation in this study was a lower level 
of coefficients of friction in SLBs when compared 
to conventional SS brackets. This study correlates 
with many investigations.[3,7,8,9,11] The Damon 3MX 
and Carriere LX is different from conventional SS 
brackets, in which archwire covers slides vertically 
from the outer wall of archwire slot and convert the 
bracket into a rectangular tube. In the case of Smart 
Clip the wire is guided in the slot by active NiTi clip. 
The result in the present study showed that Smart 
Clip SLB produced lowest frictional force for all type 
of wire alloy, and among all types of a bracket used. 
There were conflicting literature reports regarding 
the friction force between self‑ligating  (Smart Clip) 
and conventional SS brackets that had the almost 
same time (1.2 mm/month) for space closure during 
sliding mechanics. In the present study, the SS 
bracket ligated with a slide had a lower level of 
friction value when compared to the SS bracket 
with CEL. Evaluating against any SS conventional 
bracket, NiTi wire produced the lowest friction, while 
beta‑titanium wires produced higher friction. Our result 
with 0.019  ×  0.025” archwire shows that when 
archwire/bracket alignment is carefully controlled, 
the friction generated at the model‑wire bracket that 
interface is significantly affected by ligation method.

When considering the clinical implication of our 
results, it is important to remember that the effect of 
ligation on the total resistance to sliding decrease as 
bracket/archwire angulations increase. However, a 
low friction ligation method contributes to appliance 
efficiency and might have clinically important 
advantages over SLBs as in previous studies.[2,4,13]

The slide showed levels of friction that were 
significantly lower than those produced by CL during 
sliding mechanics for all type of wire tested. The 
amount of both static and kinetic friction was minimal 
for non‑conventional elastomeric ligature. The ligation 
methods had significantly influence on friction. For 
every wire size, slide‑ligated SS bracket had lesser 
friction than elastomeric ligated steel bracket. The 
friction increased with an increase in wire size when 
ligated nonconventionally.[1,3]

The use of 016” NiTi wire with SS brackets showed 
that frictional force was virtually absent for the NCEL. 

This data for the NCEL are in agreement with the 
previous results for passive SLBs.[4,5]

From a clinical perspective, the aim to keep the friction 
force as low as possible and ideally to eliminate them 
together. Sliding mechanics occurs predominately 
during space closure, and this needs to be carried out 
on the wire that was sufficient stiffness to prevent 
its distortion and subsequently tilting of the adjacent 
teeth into space. For this reason, space closure is 
normally undertaken on SS and probably on TMA 
arch wire.[14]

In the present study, the NCEL showed levels of 
friction were significantly lower than those produced 
by CEL during sliding mechanics with rectangular 
and round wires. The amount of static and kinetic 
frictional force exerted by the NCEL were minimal 
when compared to CEL. During mechanotherapy that 
involves sliding mechanics, friction at the bracket‑wire 
interface may prevent the attainment of optimal force 
in the supporting tissues. Hence, orthodontist needs to 
know precisely the level of force required to overcome 
the friction and produce an optimal biological response 
for predictable tooth movement.[6,14]

In conventional SS brackets have a higher coefficient 
of friction when used along with TMA wires, 
these wires should be avoided while using sliding 
mechanics. It is also conformed to the previous study 
by Tidy et al., reported resilient wires produced more 
friction and should not be used for sliding along the 
brackets.[7] This study also demonstrated that SS 
SLBs generated significantly lower static and kinetic 
frictional forces. Admittedly, there is no such thing as 
the perfect brackets which satisfies all the criteria for 
ideal treatment, and it is devoid any disadvantages. 
Therefore, the final say is the clinicians to use the 
knowledge and strike a compromise and improvize his 
objectives and treatment plan based on his choices of 
material at hand, which in turn differ from one case to 
another. On the basis of the result of this study, the 
innovative elastomeric ligatures produce significantly 
lower levels of frictional forces than conventional 
elastomeric modules, so that new ligatures may 
represent a valid alternative to passive SLBs when a 
minimal amount of friction is desired.

SUMMARY AND CONCLUSION

This study compared the frictional forces of 
nonconventional elastomeric and self‑ligation 
brackets and SS brackets. The frictional value was 
recorded while sliding of different archwires in various 
bracket slots were recorded in as static friction for 
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various brackets archwire combinations. Silver mini 
modules produced greater friction than slide ligature 
and self‑ligation method with different archwires 
combinations. Damon 3MX self‑ligation produced 
lesser friction than slide ligation with lower archwires 
and higher friction with higher arch wires. Slide 
ligation also showed lower friction with different 
archwires combinations. In present study, among 
all SLBs produced lowest frictional. When compared 
with 0.019 × 0.025” SS wire Smart Clip produced 
lowest friction.
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