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Background: Friction is a force that retards or resists the relative motion of the two objects in contact. The friction present during orthodontic sliding 
mechanics represents a clinical challenge to the orthodontists because high levels of friction may reduce the effectiveness of the mechanics, decrease 
tooth movement efficiency and further complicate anchorage control. The aim of the study is to investigate the friction of stainless steel archwires after 
clinical use. 
Objectives: To evaluate the Friction that occur in SS orthodontic archwires before and after clinical use.
Place of study: Department of Orthodontics & Dentofacial Orthopedics of Dhaka Dental College & Hospital, Dhaka. Co-institute-Bangladesh Council of 
Scientific and Industrial Reserch (BCSIR).
Method: Eight patients were randomly selected undergoing regular orthodontic treatment with edgewise brackets. A 0.016×0.022-inch stainless steel 
round archwire was inserted into the brackets and tied by elastomeric ligatures. Frictional force (by Universal Test Machine) were evaluated as-received 
and after 8 weeks of intraoral exposure.
Result: In this study Frictional force analysis showed a highly significant increase from T0 to T1 (p=0.001).
Conclusion: After intraoral use rectangular SS wire shows significant increase in friction .

Key words: Friction, Intraoral use, Stainless steel Archwire.

Introduction
Friction is a force that retards or resists the relative motion of 
two objectives in contact.1 The direction of friction is tangential 
to the common boundary of the two surfaces in contact.² As 
two surfaces in contact slides against each other, two 
components of total force arise: the frictional force component 
(F) and the normal force component (N).3 Frictional  force is 
directly proportional to the normal force, such that F=µN, 
where µ= coefficient of friction.4 The static frictional force is 
the smallest force needed to start the motion of solid surfaces 
that was previously at rest with each other, whereas the kinetic 
frictional force is the force that resists the sliding motion of one 
solid object over another at a constant speed.5 As the tooth 
moves in the direction of the applied force, kinetic friction 
occurs between the bracket and archwire.6

The friction present during orthodontic sliding mechanics 
represents a clinical challenge to the orthodontists because high 
levels of friction may reduce the effectiveness of the 
mechanics, decrease tooth movement efficacy and further 
complicate anchorage control.7 When the orthodontic wires 
slide through the bracket slot and the tubes, some resistance to 
sliding always takes place at the bracket/wire interface. This 
phenomenon is observed during leveling and alignment, space 
closure and even during torque expression at the end of the 
treatment.8 A percentage of the orthodontic force applied to the 
teeth is lost as static friction and the rest is transferred to the 
tooth and periodontium, generating the actual orthodontic tooth 
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movement. Thus, the biological tissue response to mechanical 
stimulus takes place only if the force is strong enough to 
overcome static friction. Therefore, higher levels of friction 
during sliding mechanics require the application of higher 
orthodontic forces and may compromise the amount of 
orthodontic tooth movement.9

Studies examining wires as-received from the manufacturer 
have shown an inverse relationship between the force loss 
caused by friction, the slot size, and the interbracket 
distance.10,11 Direct relationship between the frictional force and 
the wire section diameter,10,12-13 as well as the angulation 
between the bracket and the wire,10,14 have been reported. 
Despite some inconsistency in the literature, studies have 
demonstrated that stainless steel (SS) wire produce less friction 
than other materials.10,15,16 SS ligatures  creats less friction when 
compared with elastic ligatures.10 More recently, studies have 
demonstrated less friction when self ligating brackets are used 
during initial sliding mechanics.13,17,18, However,when loosened 
steel ligatures are used, the friction of conventional and self 
ligating brackets is more or less similar.12,18 Biological variables 
causing friction include the presence of saliva, acquired 
pellicles, corrosion, and plaque.10

The major biological factor influencing SF seems to be the 
presence of saliva, which acts as a lubricant and plays an 
important role in friction reduction.19 The influence of saliva in 
friction reduction may also be relevant when an orthodontists 
consider the clinical application of in vitro laboratory studies.2 
Some of the studies have shown that when SS wires are used, 
saliva may not act as a lubricant.16,20 Instead, saliva may 
increase the friction and present an adhesive interference, 
caused by increased surface tension in the archwire.10

Stainless steel is the most popular and commonly used 
archwire in fixed mechanotherapy. The role of the orthodontic 
wire alloys in frictional characteristics of sliding mechanics has 
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Figure 1.1: Grouping of sample To
For control group

Fig 2: Stainless Steel Archwires exposed to the oral environment for 8 weeks.

Figure 1.2: Grouping of sample
T1 for study group

been extensively studied, and it has been reported that stainless 
steel offers the least frictional resistance when compared to the 
other orthodontic alloys.21 SS archwires are more frequently 
indicated for sliding mechanics because of their lower friction 
coefficient. Also, rectangular SS archwires used during sliding 
mechanics may need to stay in the oral environment for several 
months.10

Dental material science has paid more attention to archwire 
mechanical properties of as-received material than to changes 
produced after intraoral exposure.10 Despite the abundance of 
evidence produced by orthodontic materials research, the 
laboratory configurations are strikingly irrelevant to the actual 
oral environment. The main factor that distinguishes the oral 
cavity from in vitro media is the presence of complex oral flora 
and their byproducts, as well as the accumulation of plaque on 
the material. Thus, it is necessary to examine the changes 
produced by the oral environment in the friction of orthodontic 
wire. So this study was conducted to find out the changes of 
orthodontic archwire after intraoral exposure in which it is 
intended to function.
Orthodontic tooth movement is caused by the application of a 
mechanical force to the tooth. This mechanical force induce 
friction between the archwires and brackets. Therefore tooth 
movement occurs as the applied force goes beyond the  friction  
induced by an interaction between the archwire and brackets. 
However the increase in the frictional force between the 
archwire and brackets is responsible for the decrease in actual 
bone adaptation to the tooth. These negative correlations lead 
to a decrease in the efficacy of orthodontic treatment.22 
Orthodontic tooth movement is dependent on the ability of the 
clinician to use controlled mechanical forces to stimulate 
biologic responses within the periodontium. Investigators. have 
indicated that applying the proper magnitude of force during 
orthodontic treatment will result in optimal tissue response and 
rapid tooth movement.23 It is important for the orthodontists to 
know the exact frictional forces encountered at the bracket-wire 
interface because we have to apply optimal force in order to 
elicit the proper biologic response for efficient tooth 
movement.24

There is no study in our country regarding the orthodontic 
material to reveal their effects on friction after clinical use. The 
aim of the study was to find out the frictional changes of 
stainless steel archwires in intraoral environment of our 
patients to help the orthodontist of our country to apply optimal 
force and to take measures for efficient tooth movement/ 
orthodontic treatment.

Materials and Methods
This clinical trial was conducted at Department of Orthodontics 
& Dentofacial Orthopedics of Dhaka Dental College & 
Hospital, Dhaka & Bangladesh Council of Scientific and 
Industrial Research (BCSIR), Dhaka from September 2017 to 
March 2018.
Sample collection: 16 preformed rectangular Stainless Steel  

(0.016x0.022) inch Archwires (ORMCO, GLENDORA, 
CALIFORNIA) was collected from same manufacturer. Then 
the samples were divided into two groups, T0 & T1 each 
comprised of eight samples. Eight pieces were remain intact in 
the packet and eight were used intra-orally.
Intraoral exposure: Eight patients were randomly selected 
undergoing regular orthodontic treatment in the Department of 
Orthodontic and Dentofacial Orthopedics, Dhaka Dental 
College, Dhaka. The effects of intraoral exposure were 
examined in these patients who were receiving fixed 
orthodontic treatment with edgewise technique at final 
alignment and leveling stage. Rectangular SS wires were 
inserted into the brackets (Standard edgewise, 0.18 slot, 
Archist, Seol, Korea) previously bonded for treatment purpose. 
The wires were tied to the brackets with elastic ligatures (0.120 
diameter, Oramco, Mexico). The wires were remain in the oral 
environment for eight weeks.
After eight weeks the wires were removed from oral cavity and 
stored in a close container. Within the container a layer of 
modeling wax was put to keep the wire in upright condition. 
The container was carried for laboratory examinations. Before 
laboratory examinations each of the archwires were cut into 
two pieces, thus obtained 16 samples after clinical use. Then, 
friction test were done after 48 hours by universal testing 
machine.
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Figure 3: Preservation of the sample in a closed container with a layer of modelling wax

Friction Testing
Friction testing was done using two rectangular acrylic plates 
(area=4x5.5 cm and thickness=0.5 cm).Two SS edgewise 
brackets (0.18 slot, Archist, Korea) were bonded on each plate. 
One SS wire (0.017x0.025 inch) were placed in the bracket 
slot, providing a full filling for the bracket alignment, and were 
removed after the composite had cured.
Then, the SS wire for friction test was tied to the bracket slot 
using a 0.120 inch diameter elastic ligature (Oramco, 
Mexico).The acrylic plate containing the bent wire segment 
was fixed in the universal test machine (HOUNSFIELD 
UNIVERSAL TESTING MACHINE, W10 KS, England) and 
positioned at a 90° angle relative to the ground. The plates 
containing the wire end was at the upper grip.
The machine was connected to a computer which contained a 
software program to record the measurements. The 
0.016x0.022 inch SS wire segment’s dimensions were 
transferred in millimeters as 0.41mm x 0.56 mm. The plates 
moved at the rate of 0.5mm/min for 10 minutes to cover a 
distance of 5mm.
The upper and the lower grip were tightened to hold the acrylic 
plates containing the wire segments, and the software 
programme was started which enabled the machine and the 
force level were recorded.
The test models was the same for all friction test, so only the 
wire segments and elastic ligatures were changed. After each 
friction test, the brackets were cleaned with gauze soaked in 
alcohol (96%) to eliminate possible debris from the previous 
wire.

Figure 4: Universal testing machine

Figure 8: Graphical presentation of Friction test T1 group

Figure 5: Friction testing in
Universal testing Machine

A Data collection sheet was used to collect necessary 
information of the samples. All data was collected from 
computerized software system. All data were collected and 
entered in a excel sheet and then the data were transferred to 
statistical packages for Social Science Software (SPSS) version 
20 (IBM Corp, USA).The data analyzed through SPSS. The 
confidence level was set by 95% and the p value was 
significant on less then 0.05.Un-paired T test was done to 
compare the two groups.

Figure 7: Graphical presentation of Friction test T0 group
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Result
Friction analysis
The mean(±SD) Frictional force of as received(T0) wires was 
2.70±2.44 N and clinically used (T1) wires was 
25.12±8.18N.Statistical analysis showed a highly significant 
increase from T0 to T1(p<0.001).

Table 1: Descriptive statistics for  Friction and  P values for 
Comparisons of as-Received SS Archires (T0) and clinically 
used SS Archires (T1)

Data were expressed as mean±SD
P value reached from Unpaired Student t-test, *significant.
T0: As-received wire
T1: Clinically used wire
n- number of samples.

Figure-9: Showing the frequency distribution of Friction (N) in 
Group T0

Figure-10: Showing the frequency distribution of Friction (N) 
in Group T1

Discussion
This study was conducted to evaluate the friction of SS 
archwire after clinical use. In the present study, the  Frictional 
force of as received (T0) wires was 2.70±2.44 N and clinically 
used (T1) wires was 25.12±8.18N.The increase in friction of 
SS archwires after clinical use was  highly significant 
(p<0.001).
The friction of brackets, ligatures and archwires as received 
from manufacturers has been studied extensively. The effect of 
aging in the oral environment is an important factor to consider 
with regard to the efficacy of orthodontic mechanics. Intraoral 
effects on friction of the archwires have been examined in a few 
investigations.10,25 Rectangular SS wires were chosen as these 
wires are very useful during mechanical sliding because of the 
lower coefficient of friction. Also, during mechanical incisior 
retraction, torque expression during final leveling and 
alignment the wire needs to remain in the oral environment for 
several months. Edgewise stainless steel brackets were used in 
the present study because the slots are flat and they can be 
assembled without any angles or inclination and they are 
commonly used in clinical practice. The choice of elastic 
ligatures was made because they are the first choice for most 
clinical orthodontists. Furthermore it is difficult to standardize 
the tying strength using SS ligatures. This test setup used linear 
unidirectional sliding mechanics, while orthodontic tooth 
movement is dynamic.
In the present study, comparison of frictional forces of SS 
before and after clinical use showed significant increase in 
frictional force after clinical use. This result is similar to the 
previous studies.10,25

Resistance to sliding of orthodontic appliances in the dry state 
may not correspond to actual friction in the oral environment. 
The major biological factor influencing friction seems to be the 
presence of saliva, which acts as a lubricant and plays an 
important role in friction reduction. The adsorption of the 
intraoral integuments might greatly reduce the coefficient of 
friction by producing a boundary lubrication effect (i.e. through 
salivary protein adsorption and plaque accumulation).26 On the 
contrary, the presence of saliva seems to cause an increase in 
friction.19 The samples were analyzed after 48 hours after 
removal from the oral environment, which might have caused 
the drying of residues on the archwire surface. This might have 
influenced the friction level; however the dryness can also 
occur during the clinical use of orthodontic wire, since the 
orthodontist usually removes the archwire from the mouth and 
replaces it after a short period of time. 
The magnitude of force loss caused by friction generated in the 
bracket-wire interface seems to be an important factor to be 
considered when the force to be applied is calculated. Tooth 
movement occurred most effectively at an optimal range of 
forces. When sliding mechanics are used, a proportion of the 
applied force is dissipated as friction and much of the 
remainder is transferred to supporting structures of the tooth to 
cause tooth movement. This implies that in order to achieve 

Groups Friction (N) 
Mean±SD 

P value  

As Received (T0) 
(n=8) 

2.70±2.44 
<0.001* 

Clinically used (T1) 
(n=16) 

25.12±8.18 
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efficient tooth movement in the presence of bracket/archwire 
friction, the total force applied to the tooth will be determined 
by the optimal force necessary to move the tooth, as well as by 
the magnitude of bracket/archwire friction. It seems evident 
from the present study that the force used to move a tooth is 
insufficient to generate appropriate movement in rectangular 
archwires after 8 weeks of clinical use. So it is necessary to 
take measures to prevent an increase in friction during 
mechanical sliding.

Conclusion
This study concludes that rectangular SS wire exposed to the 
oral environment for 8 weeks shows a highly significant 
increase in friction between the wire and bracket during the 
mechanics of sliding. It indicates that intraoral use of stainless 
steel archwires reduces the effectiveness of the archwires and 
increased the amount of required force to achieve desired tooth 
movement.

Recommendation
We have to take measures to reduce friction such as archwire 
cleaning at each visit during orthodontic treatment. Further 
studies should be carried out to find out factors contributing in 
increasing friction among the orthodontic materials used in our 
country and take measures accordingly to reduce friction thus 
providing efficient treatment for our patients. Further study can 
be carried out with different bracket-archwire combinations, 
techniques and in different stages of orthodontic treatment in 
our patients to evaluate the friction and to provide cost effective 
alternatives aimed at reducing friction.

References
1. Rossouw EP, Friction:an overview. Seminars in Orthodontics, 2003; 
9(4)218-222.
2. Drescher D, Bouranel C, Schumacher HA. Frictional forces between 
bracket and archwire. Am J Orthod & Dentofacial Orthop 
1989;96:397-404.
3. Dickson JAS, Jones SP, Davies EH. Acomparison of the frictional 
characteristics of five initial alignment wires and stainless steel brackets at 
three bracket to wire angulations: an in vivo study.Br.J Orthod1994; 21:15 -22.
4. Kapila S, Angolkar PD, Duncunson MG, et al. Evaluation of friction 
between edgewise stainless steel brackets and orthodolntic wires of folur 
alloys. Am J Orthod Dentofac Orthop 1990;98:100-109.
5. Omana HM, Moore RN, Bagby MD. Frictional properties of metal and 
ceramic brackets. Jclin Orthod 1992;27:425-432.
6. Bednar JR, Gruendeman GW, Sandrik JI. A comparative study of 
frictional forces between orthodontic brackets and archwires. Am J Orthod 
Dentofac Ortop1991;100:513-522.
7. Pacheo M.R, Jansen W.C, Oliveria D.D. The role of friction in 
orthodontics. Dental Press J Orthod. Dental Press J Orthod.2012 
Mar-Apr;17(2):170-7.
8. Downing A, Mc Cabe JF, Gordon PH. Astudy of frictional forces between 
orthodontic brackets and archwires. Br J Orthod. 1994; 21(4): 349-57.
9. Kojima Y, Fukui H. Numerical simulation of canine retraction by sliding 
mechanics. Am J Orthod DentofacialOrthop.2005;127(5);542-551.
10. Isabella Silva Vieira Marques, Adriana M Araujo, Julio A. Gurgle, and 

David Normando. Debris, Roughness and Friction of Stainless Steel 
Archwires following Clinical Use. The Angle Orthodontists. May 
2010;Vol.80,No.3, pp521-527.
11. Whitiey JQ, Kusy RP. Influences on the resistance to sliding of 
orthopdontic appliances. Am J Orthod Dentofacial Orthop.2007; 32:360 -372.
12. Tecco S,D.DI.Iorio G, Cordasco I,Verrocchi,. Festa F. An in vitro 
investigation of the influence of self-ligating brackets, low friction ligatures, 
and archwire on frictional resistance. Eur J Orthod.2007; 29: 390-397.
13. Kim TK, Kim KD, Baek SH. Comparison of frictional forces during the 
initial leveling stage in various combination of self-ligation brackets and 
archwires with custom-designed typodont system. Am J Orthod Dentofacial 
Orthop2008.133:15-24.
14. Fran KCA and Nikolai RJ.A comparative study of frictional resistances 
between orthodontic bracket and archwire. Am J Orthod Dentofacial 
Orthop.1980;78:593-609.
15. Drescher D, Bourauel C, Schumacher H. Frictional forces between 
bracket and archwire. Am J Orthod Dentofacial orthop.1989;96:397-404.
16. Mendes K, Rossouw PE. Friction: validation of manufacturer’s claim. 
Semin Ortod.2003;9:236-250.
17. Thorstenson GA Kusy RP. Resistance to sliding of self-ligating brackets 
versus conventional stainless steel twin brackets with second-order 
angulation in the dry and wet states. Am J Orthd Dentofacial 
Ortop.2001;120:361-370.
18. Franchi l, Baccetti  T, Camporesi M, Barbato E. Forces released 
during sliding mechanics with passiove self-ligating brackets or 
nonconventional elastomeric ligatures. Am J Orthod Dentofacial 
Orthop.2008;133:87-90.
19. Kusy RP, Whitry JQ. Resistance to sliding of orthodontic appliances in 
the dry and wet states:influevce of archwirealloy, interbracket distance, 
and bracket engagement. J Biomed Meter Res 2000.52:797-811.
20. Smith DV, Rossouw PE, Watson P, Quantified simulation of canine 
retraction: evaluation of frictional resistance. Semin Orthd.2003;9: 262-280.
21. Kapilla S, Angolkar PV, Duncanson MG, Nanda RS. Evaluation of 
friction between edgewise stainless steel brackets and orthodontic wires of 
four alloys. Am J Orthod Dentofacial Orthop.1990;98:117-26.
22. Choi S, JOO HJ, Cheong Y, PARK YG, PARK HK. Effects of self‐ligating 
brackets on the surfaces of stainless steel wires following clinical use: AFM 
investigation. Journal of microscopy. 2012 Apr 1;246(1):53-9.
23. Schwarz AM. Tissue changes incidental to orthodontic tooth movement. 
International Journal of Orthodontia, Oral Surgery and Radiography. 1932 
Apr 1;18(4):331-52
24. Yanase Y, Ioi H, Nishioka M, Takahashi I. Effects of sliding velocity on 
friction: an in vitro study at extremely low sliding velocity approximating 
orthodontic tooth movement. The Angle Orthodontist. 2013 Oct 25;84(3): 451-8.
25. Kumar A, Khanam A, Ghafoor H. Effects of intraoral aging of 
arch-wires on frictional forces: An ex vivo study. Journal of orthodontic 
science. 2016 Oct;5(4):109.
26. Elides T, Bourauel C. Intraoral aging of orthodontic materials: the 
picture we miss and its clinical relevance. Am J Orthod Dentofacial 
Orthop. 2005 Apr127:403-412.


