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Evaluation of the hardness of different orthodontic 

wires: A comparative study 

 
Neha Chandel, Aprajita Dogra, Tarush Thakur and Prabhat Mandhotra 
  
Abstract 
Background: Patients undergoing orthodontic treatment are increasingly demanding for the better 

esthetic. Mechanical properties of orthodontic wires are of paramount importance as they are deeply 

implicated in the efficacy of orthodontic therapy. Hence; the present study was undertaken for evaluating 

the hardness of different orthodontic wires. 

Materials & methods 

Results: Mean microhardness of the specimens of the stainless steel group, nickel-titanium group and 

beta-titanium group was 512.36, 356.12 and 302.47 respectively. While comapring in between the three 

study groups, significant results were otbaiend.  

Conclusion: Highest microhardness was seen among specimens of stainless steel group. However; 

further studies are recommended. 
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Introduction 

Patients undergoing orthodontic treatment are increasingly demanding for the better esthetic. 

This led to the introduction of orthodontic appliances that combine the esthetics with optimal 

performance. In fixed orthodontic therapy, the introduction of esthetic orthodontic brackets 

partially solved the issue, but most of the orthodontic wire alloys are stainless steel, cobalt-

chromium, beta-titanium, and nickel-titanium (NiTi) [1- 3]. 

Metallic archwires are coated with colored polymers or inorganic materials to fulfill the 

growing esthetic needs of the orthodontic patients. Materials used in esthetic coating are 

polymers such as synthetic fluorine-containing resin or epoxy resin or 

polytetrafluoroethylyene (PTFE Teflon), which simulates the tooth color [4, 5]. 

Mechanical properties of orthodontic wires are of paramount importance as they are deeply 

implicated in the efficacy of orthodontic therapy. Fundamental mechanical properties such as 

modulus of elasticity, yield strength, fracture strength, and others are mostly evaluated by 

tensile, bending, and torsion testings. Recently, the instrumented indentation testing (IIT) has 

been adopted by the International Organization for Standardization (ISO) as an alternative 

methodology for testing a vast spectrum of mechanical properties such as hardness, modulus 

of elasticity, creep, relaxation, and more [6-8]. Hence; the present study was undertaken for 

evaluating the hardness of different orthodontic wires. 

 

Materials & methods 

The present study was conducted for evaluating the hardness of different orthodontic wires. 

The wires used in the present study were made of stainless steel (SS) (Germany), nickel 

titanium (NiTi, USA), and beta-titanium (TMA, USA). In the present study, we used the 

edgewise bracket with a slot sixe of 0.018” for the upper left canine. Cutting of all the 

archwires was done into 15-mm segments. Evaluation of ten specimens from each wire brand 

was done. This was followed by embedding of the wires in epoxy resin. The brackets 

positioned in a horizontal direction. This was followed by polishing of the specimens with 

alumina slurry. Then, the specimens were cleaned in an ultrasonic bath. Afterwards, the 

hardness of the external surfaces of the brackets was measured. The micrographs of the 

representative Vickers indentations were obtained through an optical microscope. All the 

results were recorded in Microsoft excel sheet and were analysed by SPSS software. 
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Student t test was used for evaluation of level of significance.  

 

Results 

In the present study, mean microhardness of the specimens of 

the stainless steel group, nickel-titanium group and beta-

titanium group was 512.36, 356.12 and 302.47 respectively. 

While comapring in between the three study groups, 

significant results were otbaiend. Highest microhardness was 

seen among specimens of stainless steel group while it was 

minimum among speccumens of beta-titanium group. 

 
Table 1: Mean Microhardness 

 

Wires 
Microhardness (VHN) 

Mean SD 

Stainless Steel 512.36 96.2 

Nickel-titanium 356.12 35.1 

Beta-titanium 302.47 39.1 

 
Table 2: Comparison of Mean Microhardness 

 

Group p- value 

Stainless Steel Versus Nickel-titanium 0.00* 

Stainless Steel Versus Beta-titanium 0.04* 

Nickel-titanium Versus Beta-titanium 0.01* 

*: Significant  

 

Discussion 

In orthodontic treatment, forces are applied to teeth through 

activated archwires inserted into the slots of the brackets 

bonded to tooth enamel surfaces. Three different methods are 

used to manufacture metallic brackets: milling, casting, and 

metal injection molding (MIM). Combined brackets are 

manufactured by soldering with brazing alloys to connect the 

base and wings of the brackets or by direct laser welding the 

wings to the base. The MIM technique is more recent than the 

other three methods and was developed in the United States in 

the early 1980s. It is an inexpensive manufacturing process 

compared to other methods and is used to manufacture large 

quantities of complex and intricate parts [8-10]. Hence; the 

present study was undertaken for evaluating the hardness of 

different orthodontic wires and brackets. 

In the present study, mean microhardness of the specimens of 

the stainless steel group, nickel-titanium group and beta-

titanium group was 512.36, 356.12 and 302.47 respectively. 

While comapring in between the three study groups, 

significant results were otbaiend. Zinelis S et al. characterized 

of mechanical properties of representative types of 

orthodontic wires employing instrumented indentation testing 

(IIT) according to ISO 14577. Segments were cut from ten 

wires. The first six are made of stainless steel (SS), two are 

made of Ni-Ti, and the last two are made of titanium 

molybdenum alloys (TMA). Then, the Martens hardness 

(HM), the Vickers hardness (HVIT) based on indentation 

hardness (HIT), the indentation modulus (EIT), the ratio of 

elastic to total work (ηIT), and the traditional Vickers 

hardness (HV1) were measured by IIT. SS wires showed the 

highest hardness followed by TMA and Ni-Ti alloys. 

However, all wires showed significantly lower HVIT 

compared to corresponding HV1, a finding probably 

appended to elastic recovery around the indentation. EIT for 

all wires tested was determined much lower than the nominal 

values of the corresponding alloys due to the implication of 

residual stress field at the slope of unloading curve. Elastic to 

total work ratio was ranged from 45.8 to 64.4 % which is 

higher than that expected for ductile alloys (<30 %). The 

products tested illustrated significant differences in their 

mechanical properties [10]. 

In the present study, highest microhardness was seen among 

specimens of stainless steel group while it was minimum 

among speccumens of beta-titanium group. Inami T et al. 

Investigated the surface topography, hardness, and frictional 

properties of GFRPs. To investigate how fiber diameter 

affects surface properties, GFRP round wires with a diameter 

of 0.45 mm (0.018 in.) were prepared incorporating either 13 

μm (GFRP-13) or 7 μm (GFRP-7) glass fibers. As controls, 

stainless steel (SS), cobalt-chromium-nickel alloy, β-titanium 

(β-Ti) alloy, and nickel-titanium (Ni-Ti) alloy were also 

evaluated. Frictional forces against the polymeric composite 

brackets of GFRP-13 and GFRP-7 were 3.45 ± 0.49 and 3.60 

± 0.38 N, respectively; frictional forces against the ceramic 

brackets of GFRP-13 and GFRP-7 were 3.39 ± 0.58 and 3.87 

± 0.48 N, respectively. For both bracket types, frictional 

forces of GFRP wires and Ni-Ti wire were nearly half as low 

as those of SS, Co-Cr, and β-Ti wires. There was no 

significant difference in surface properties between GFRP-13 

and GFRP-7; presumably because both share the same 

polycarbonate matrix [11]. Raluca-Maria V compared the 

surface hardness of the commonly used types of orthodontic 

archwire (conventional and cosmetic/coated): Stainless Steel 

(SS) wire and Nickel-Titanium (NiTi) alloy wire. The 

dimension of all wires used was the same and they were 

tested under similar conditions, as received. In the present 

study, conventional SS wire had the hardest surface, followed 

by conventional NiTi wires and cosmetic wires. Great 

variances in surface microhardness were observed in regard to 

the manufacturers [12]. 

 

Conclusion 

From the above results, the authors concluded that highest 

microhardness was seen among specimens of stainless steel 

group. However; further studies are recommended.  

 

References 

1. Hynowska A, Pellicer E, Fornell J, Gonzalez S, Van 

Steenberge N, Surinach S et al. Nanostructured β-phase 

Ti-31.0Fe-9.0Sn and sub-micron structured Ti-39.3Nb-

13.3Zr-10.7Ta alloys for biomedical applications: 

microstructure benefits on the mechanical and corrosion 

performances. Mat Sci Eng C. 2012; 32(8):2418-2425.  

2. Suresh S, Giannakopoulos E. A new method for 

estimating residual stresses by instrumented sharp 

indentation. Acta Metal. 1998; 46:5575-5767. 

3. Mencik J. Determination of mechanical properties by 

instrumented indentation. Meccanica. 2007; 42:19-29. 

4. Mahendra L. Aligners: The invisible corrector – A boon 

or bane. J Contemp Dent Pract. 2018; 19:247. 

5. Washington B, Evans CA, Viana G, Bedran-Russo A, 

Megremis S. Contemporary esthetic nickel-titanium 

wires: Do they deliver the same forces? Angle Orthod. 

2015; 85:95-101. 

6. Albuquerque CG, Correr AB, Venezian GC, Santamaria 

M Jr., Tubel CA, Vedovello SA. Deflection and flexural 

strength effects on the roughness of aesthetic-coated 

orthodontic wires. Braz Dent J. 2017; 28:40-5. 

7. Mousavi SM, Shamohammadi M, Rastegaar Z, Skini M, 

Rakhshan V. Effect of esthetic coating on surface 

roughness of orthodontic archwires. Int Orthod. 2017; 

15:312-21. 

8. Frick CP, Ortega AM, Tyber J, Maksound AEM, Maier 

HJ, Liu Y et al. Thermal processing of polycrystalline 

NiTi shape memory alloys. Mat Sci Eng A. 2005; 405(1-

http://www.oraljournal.com/


 

~ 519 ~ 

International Journal of Applied Dental Sciences http://www.oraljournal.com 
2):34-49. 

9. Yoneyama T, Doi H, Hamanaka H, Okamoto Y, Mogi M, 

Miura F. Super-elasticity and thermal behavior of Ni-Ti 

alloy orthodontic arch wires. Dent Mater J. 1992; 

11(1):1-10. 

10. Zinelis S, Al Jabbari YS, Gaintantzopoulou M, Eliades 

G, Eliades T. Mechanical properties of orthodontic wires 

derived by instrumented indentation testing (IIT) 

according to ISO 14577. Prog Orthod. 2015; 16:19. 

11. Inami T, Tanimoto Y, Yamaguchi M, Shibata Y, 

Nishiyama N et al. Surface topography, hardness, and 

frictional properties of GFRP for esthetic orthodontic 

wires. J Biomed Mater Res B Appl Biomater. 2016; 

104(1):88-95. doi: 10.1002/jbm.b.33372. Epub 2015, 28. 

12. Raluca-Maria V et al. Comparison of Hardness for 

Different Types of Orthodontic Wires. Buletinul 

Intitutului Politehnic Din IASI, 2013. 

http://www.oraljournal.com/

