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ORIGINAL 
ARTICLE Effect of chemical sterilization 

procedure on frictional properties of 

Nickel Titanium orthodontic wires 

 

 

Background and aim: The frequency of exposure of dental personnel to infection and of patient to cross contaminated 

instruments has prompted concern about adequate sterilization of dental instruments. Aim of the present study was to 

evaluate the changes in the frictional properties of Ni-Ti orthodontic wires after sterilization with chemical agents. 

Materials and methods: In the present study the friction between Ni-Ti wires measuring 16 mm in diameter and 18-slot 

stainless steel brackets were measured and compared in two groups as follows: 1) without sterilization (as received); 2) 

after chemical sterilization. Each group consisted of 30 specimens and friction was measured in a Universal testing 

machine. 

Results: Comparison of unsterilized samples with the group sterilized with chemical agents showed a significant difference 

(P=0.000) in shear stress 

Conclusion: Based on the results of the present study, this sterilization techniques result in an increase in the friction of Ni-

Ti orthodontic wires. 
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Introduction 

Based on CBC recommendations all the instruments 

contacting the oral mucosa should be sterilized (1). 

Orthodontic wires are usually marketed in sealed 

packages. The instructions on the packages generally 

recommend sterilization of wires (2). On the other hand, 

due to increases in costs orthodontists have always 

sought ways to decrease costs and since Ni-Ti wires 

cost 5‒ 40 times higher than steel wires (3), one of the 

techniques to re-use Ni-Ti wires is to recycle them. Re-

use of materials is economically advantageous, provided 

the process does not have any detrimental effects on the 

properties of the material. 

One of properties of wires that should be carefully 

evaluated is their friction and their potential changes 

after sterilization because high frictional forces decrease 

tooth movement rate resulting in low predictability of 

the results (4). Frictional forces are under the influence 

of the nature of contact surface characteristics and the 

biomechanics of wires are some of the factors affecting 

friction (5). 

Several reports have been published on the effect of 

different sterilization techniques on Ni-Ti wires; 

however, these reports have predominantly focused on 

the biomechanical and surface characteristics of Ni-Ti 

wires. Mayhew and Kusy (6) determined the effect of 

three methods of sterilization on tensile strengths of 

nickel titanium wires: dry heat, autoclaving and 

chemical agents .they reported that after three cycles, 

none of the sterilization methods appeared to have 

altered the tensile strengths of wires. Buckthal and 

Kusy(7) investigated the effect of cold sterilization 

solution on nickel titanium wires and again they found 

no change in the physical properties of the wires 

following three cycles of sterilization. Singh et al (8) 

and Kannan et al (9) separately concluded from the 

results of their studies that heat sterilization increased 

the tensile strength of Ni-Ti wires; however, chemical 

sterilization did not affect it. Thierry et al (10) 

investigated the effect of several sterilization methods 

including chemical agents on the surface properties of 

NiTi and they found that the sterilization techniques 

were able to modify the roughness and surface 

characteristics of NiTi alloy surfaces.  

There are discrepancies in the results of studies and the 

reports indicating changes in wires have not elaborated 

on the clinical importance of these changes; on the other 

hand none of the previous studies have evaluated the 

effect of chemical sterilization on the frictional 

properties directly. Therefore, the present study was 

undertaken to experimentally evaluate the effect of 

different sterilization techniques on the frictional 

properties of Ni-Ti orthodontic wires. 

 

Material &Methods  
In the present study, central 18-slot steel brackets (018, 

Standard, Upper Central, American Orthodontics, USA 

) and straight 16-mm Ni-Ti orthodontic wires (G&H) 

were used. In addition, a Universal testing machine 

(Hounsfield Test Equipment – H5K Model, England) 

was used for the tensile test and induction of sliding 

movements between the brackets and wires. To hold the 

wires within the brackets elastomeric modules were 

used (American Orthodontics). 

A total of 60 pieces of wire, measuring 30 cm in length, 

were cut from a coil of straight 16-mm Ni-Ti wire 

(G&H). Then these wires were randomly divided into 2 

groups (n=30) and each group of wires was packed 

separately. 

The samples in group 1 underwent the friction test 

without any intervention. 

The samples in group 2 underwent chemical 

sterilization. The wires were placed in 2% 

glutaraldehyde solution for 10 hours and then rinsed and 

dried based on manufacturer’s instructions (11).  

After sterilization procedures, friction measurement 

tests were carried out during sliding with the use of a 

machine specially designed to this end (Figure 1). 

 

 
Figure 1 

Given the existence of an 0.002-inch (0.05 mm) 

clearance between the 16-mm wire (0.016 inches) and 
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the slot (0.018 inch), and the width of the slot (3 mm), 

the first contact between the wire and the bracket occurs 

at an angulation of less than 1º (0.98º). In the present 

study, a 5º angulation was selected between the bracket 

and the wire. 

The central tooth bracket was stabilized by 

cynaoacrylate adhesive on the aluminum plate in a fixed 

position, using a specially designed cross-shaped tool. 

Then the aluminum plate was tightened with screws to 

the special tool designed for the transportation of 

brackets and this tool was attached to the base of the 

Universal testing machine. The orthodontic wires were 

attached to the brackets using elastomers. The upper 

part of the wire was attached to the upper arm of the 

Universal testing machine and the lower part of the wire 

was attached to a 150-g weight. The wires underwent to 

a tensile force at a strain rate of 0.5 mm/s for 25 seconds 

and the force was measured by the Universal testing 

machine (12). 

Mann-Whitney U test was used to compare the shear 

stresses between the 2 study groups. Statistical 

significance was defined at P<0.05.  

 

Results 
In the present study the shear stresses in the two study 

groups (n=30), consisting of samples unsterilized and 

sterilized with chemical agents, were measured and 

recorded. Table 1 presents the descriptive statics of 

shear forces. 

 

Table 1: the descriptive statics of shear forces. 
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Kolomogorov-Smirnov test was used to evaluate normal 

distribution of data, which showed that data distribution 

was not normal. Mann-Whitney U test showed 

significant differences in shear stress between the two 

study groups (P<0.001). 

 
Figure 2 

 

A close look at Figure 2 shows that this sterilization 

technique resulted in an increase in shear stress, hence 

an increase in frictional forces. Comparison of 

unsterilized samples with the group sterilized with 

chemical agents showed such a significant difference 

(P=0.000).  

 

Discussion 

In the present study 16-mm Ni-Ti wires were evaluated 

because this size of arch wire has the highest application 

rate in the clinic for tooth alignment (13); it is also a 

size that is recycled more than other sizes (14). A close 

looks at Figures 1 and 2 shows that this type of 

sterilization affected the friction of Ni-Ti wires, 

increasing it.  

However, Mayhew and Kusy, Singh and Kannan 

reported in separate studies that chemical sterilization 

had no effect on the tensile strength of Ni-Ti wires. 

Discrepancies between the results of the present study 

and the previous studies might be attributed to the fact 

that in previous studies the effects of chemical 

sterilization have been evaluated on tensile strength of 

the wires rather than on frictional properties, i.e. 

chemical sterilization might have no effect on the tensile 

strength of the wire but they might change the surface 

characteristics of the wires and increase friction. 
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Our result is in coordination with results of Thierry et al 

study. They found that the sterilization techniques 

including chemical method were able to modify the 

NiTi alloy surfaces. And maybe this change in surface 

characteristic of NiTi alloy is responsible for increasing 

the NiTi arch wires friction after chemical sterilization. 

 

Conclusion 
The results of the present study showed that chemical 

sterilization methods of Ni-Ti wires increased friction.  

It is suggested that in future studies changes in surface 

characteristics of Ni-Ti wires be evaluated under a 

SEM. 

 

References 
1. Cash RG.(1990).Trends in sterilization  and disinfection 

procedures in orthodontic office. Am J OrtodDentofacial 

Orthop,98(4):292-299. 

2. Pernier C, Grosgogeat B, Ponsonnet L, Benay G , Lissac 

M.(2005).influence of autoclave strilization on the surface 

parameteres and mechanical properties of six 

orthodontic wires. Eur J Orthod,27:72-81 

3. Glen Smith, Von Fraunhofer JA, Casey GR,(1992). The 

effect of clinical use and sterilization on selected 

orthodontic arch wires. Am JOrthodDentofacial 

Orthop.102(2):153-159 

4. Nikolai RJ. Bioengineering analysis of orthodontic.(1982). 

1st ed. Philadelphia: Lea and Febiger: 131-155. 

5. Proffit WR. Fields HW, Sarver DM. (2007).4thedstlouis; 

Mosby. 

6. Mayhew MJ ,Kusy RP,(1988).Effect of sterilization on the 

mechanical properties and surface topography of nickel 

titanium arch wires .Am J 

OrthodDentofacialOrthop.93(3):232-236 

7. Buckthal JE and Kusy RP, (1988).Effect of cold 

disinfectants on the mechanical properties and the 

surface topography of nickel-titanium arch wires. Am J 

Orthod Dentofac Orthop, 94:117-122. 

8. Singh S, Pai VS, Amrita N , (2011).The effect of Hot and 

Cold Sterilization on The Tensile Strength of Orthodontic 

Wires. Virtual J  Ortho.9(3). 

9. Kannan S. Kapoor DN, Tandon P, Gupta A,(2012). 

Evaluation of Effect of Sterilization on Mechanical 

Properties of Orthodontic Wires. JInd Ortho 

Soc.46(3):126-131 

10. Thierry B, Tabrizian M, Savadogo O , Yahia L H 

.(2000).Effects of sterilization processes on NiTi alloy 

:surface characterization. JBiom Mater Res 49:88-98. 

11. Vinay P, Giridhar RY, Nikhilanand H, 

Priyadarshini.(2011).Sterilization Methods in 

Orthodontics -A Review. Int Dent Cli ,3(1):44-47. 

12. Kachoei  M,  Eskandarinejad  F, Divband B, 
Khatamian M.(2013).The effect of Zinc oxide 
nanoparticales deposition for friction reduction on 
orthodontic wires. Dental Research Journal. 10 (4): 
499-505. 

13. Smith GA, Von Fraunhofer JA, Casey GR. The effect 
of     clinical use and sterilization on selected 
orthodontic archwires. Am J Orthod Dentofac 
Orthop 1992; 102: 153–9. 

14. Buckthal JE, Mayhew MJ, Kusy RP, Crawford JJ. 
Survey 

        of sterilization and disinfection procedures. JCO 1986; 
20: 759–65. 
 


