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Abstract 
Nickel-titanium (Ni-Ti) orthodontic wire alloys are the current focus of intensive research activity. Several 
new brands have been introduced. These wires are capable of being activated or deactivated at a nearly 
constant force level. The purpose of this investigation was to characterize the potentiodynamic polarization 
behavior for various Ni-Ti wire alloys and to compare their in-vitro corrosion. Six different types of Ni-Ti 
wires were selected, Nitinol SE, Sentinol, NiTi, Titanal, Orthonol and Nitinol alloys, with cross-section 
dimensions of: 0.016 and 0.018 inch for round specimens or 0.018x0.025 and 0.021x0.025 inch for 
rectangular specimens. Specimens were maintained in an artificial saliva which was adjusted to a pH = 6. A 
500 ml air-exposed saliva solution was used in a Princeton corrosion cell. The anodic and cathodic 
polarization experiments were conducted using an Aardvark potentiostat. The potentiodynamic behavior of all 
six Ni-Ti wires was generally similar. Sentinol, Titanal and Orthonol wires showed breakdown of passive film 
during testing and the other three wires remained passive over the entire range of the cyclic voltage used. 

Introduction 
In principle, it would be difficult to predict the corrosion 

behavior of nitinol alloys, because nickel is not corrosion 

resistant in saline solutions such as sea water while titanium 

has excellent corrosion resistance under the same 

conditions.13 The resistance of some nitinol alloys to 

corrosion in sea water has been evaluated by conducting 

high velocity impingement, cavitation erosion, stress 

corrosion and crevice corrosion measurements.4,5 The 

results of these tests have shown these alloys to be quite 

resistant to marine corrosion. 
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Resistance to corrosion in the oral environment is an 

important consideration in the selection of a metallic 

orthodontic appliance, although most of these appliances 

are temporary.6 The corrosion behavior of nitinol 

orthodontic wire alloys in a 1% NaCl solution has been 

evaluated by cyclic polarization, with stepwise increases 

(forward direction) in the potential differences from 500 

mV SCE (Saturated Calomel Electrode) to +300 mV SCE 

followed by a stepwise decrease (reverse polarization) back 

to -500 mV.7

It is common to explain the potentiodynamic polarization 

curves as follows: the higher the current density at a given 

potential, the more corrosion prone is the material at that 

potential. It is also believed that the more negative the 

corrosion potential, the more electrochemically active is the 

alloy.8"10 In another study,11 it was reported that the 

breakdown potential of Nitinol orthodontic wire in a 

saliva-type solution is relatively higher than for other types 

of     orthodontic     wire     alloys.     In     contrast,     some 
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investigators have suggested that the apparent pitting of 

Nitinol wires during potentiodynamic polarization is due to 

the presence of surface defects generated during 

manufacturing and not to the effects of corrosion. The 

flexural properties were evaluated for both control and 

corroded Nitinol samples and were found not to be 

statistically different. There have been no published studies 

on the laboratory behavior of the lately introduced super 

elastic nickel-titanium wire alloys. It was the purpose of 

this investigation to measure and compare the 

potentiodynamic corrosion behavior of some Ni-Ti wire 

alloys. 

length of wire sample was abraded with a 600 grit paper and 

rinsed with acetone immediately before insertion into the 

saliva solution. The test segment of investigated wires were 

subjected in a stepwise manner to potential differences 

ranging (a) from -0.6 V SCE (Saturated Calomel Electrode) 

to +0.8 V in the forward direction followed by (b) reverse 

polarization back to -0.06. The purpose of this cyclic 

polarization treatment was to grow then break down films 

of corrosion products on the surfaces of the wire samples 

under highly accelerated conditions. For each wire, the log 

of current output (A) was plotted versus the applied 

potential (V vs. SCE). 

 

Materials and Methods 
The six orthodontic wire alloys used in this investigation 

are listed in Table 1. These wire types were selected to 

provide three brands with known superelastic behavior and 

three brands which do not show superelastic behavior. For 

the potentiodynamic polarization experiments, the anodic 

and the cathodic polarizations were obtained by an 

Aardvark potentiostat.* 

Table 1. Nickel-Titanium orthodontic wires used in the present investigation. 
 

Wire Type Cross-section 

(inch) 
Manufacturer 

 0.016,0.018 Unitek Corporation 

Nitinol Se 0.018x0.025 2724 South Peck Road 
 0.021 x 0.025 Monrovia, CA 91016, U.S.A. 

 0.016,0.018 International 
Sentinol 0.018x0.025 185 Oval Drive 

 0.021 x 0.025 Central Islip, NY 11722, U.S.A. 

  SeOrmco Div, Sybron Corp. 
Ni-Ti 0.016,0.018* 1332 S Lone Hill Ave. 

Glendora,CA 91740 U.S.A. 
 0.016,0.018 Lancer Orthodontics 

Titanal 0.018x0.025 6050 Avenida Encinas 
 0.021 x 0.025 Carlsbad, CA 92008 U.S.A. 

 0.016,0.018 Rocky Mountain Orthodontics 
Orthonol 0.018x0.025 P.O. Box 17085 

 0.021 x 0.025 Denver, CO 80217 U.S.A 

 0.016,0.018 Unitek Corporation 
Nitinol 0.018x0.025 2724 South Peck Road 

 0.021 x 0.025 Monrovia, CA 91016, U.S.A. 

Only these two round wire cross-sections were available at the time of 

this investigation. 

The 0.016 inch diameter wires in a length of 1.5 inches 

were used in all cases with exposed area of 0.075 in2. For 

each orthodontic alloy, wire electrode segment was 

prepared by mounting about a 0.5 inch of the cut off wire 

sample into Epo-Kwick resin. A stainless steel electrode rod 

was mounted from the back of the resin holder to achieve an 

electrical contact with the embedded wire. The exposed 

* E7G, EGN-G Model 1362, Princeton, NJ, USA. 

Results 
The potential-current profiles of nickel-titanium 

orthodontic wire alloys obtained by cyclic polarization are 

presented in Figures 1 and 2. The recorded traces for the 

superelastic wires are shown in Figure 1. During the 

forward scan, both Ni-Ti and Nitinol SE remained passive 

while Sentinol exhibited breakdown in passitivity at about 

+0.25 V. In the case of the non-superelastic wires, Titanal 

and Orthonol broke down their passitivities around +0.18 V, 

whereas Nitinol maintained its passitivity for the entire 

forward scan up to +0.8 V. [Fig.2]. 
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Discussion 
Prolonged and effective corrosion resistance is a prime 

consideration in materials to be used in the oral cavity. It is 

well known that corrosion is the result of a variety of 

interaction between the material and the environment. The 

metallurgical nature of these materials, such as 

composition, structure, surface finish and thermal history, 

controls their corrosion behavior. The resistance of the 

original Nitinol nickel-titanium orthodontic wire alloy to 

corrosion in artificial saliva and saline solutions has been 

evaluated by conducting the potentiodynamic polarization 

technique.8,11

In general, during the reverse scan for the 

potentiodynamic polarization curves, the zero-current 

potential for all the nickel-titanium orthodontic wire alloys 

occurred at a more negative value (-0.1 to -0.25 V) than the 

corrosion potential (change from cathodic to anodic sense 

of the current) for the forward scan. The initial anodic 

portions of the forward scan curves are considered to be 

associated with the growth of a passive film of mixed 

nickel-titanium oxides on the exposed surface. The 

horizontal portion of the anodic forward scan is attributed 

to breakdown of this film with formation of localized 

pitting when the potential difference reaches some critical 

value. The breakdown of passitivity results approximately 

in three orders of magnitude increase in current density 

during the forward scan, and a corresponding plateau in the 

plot is observed during the reversed scan at a lower value 

of   voltage.   This   increase   in   current   density   can   be 

attributed to the change in the geometric surface area of the 

alloy resulting from the formation of pits. The change in the 

zero-current potential for the reverse scan can be explained 

by the exposure of the pit-free alloy surface to the NaCl 

solution at localized areas associated with the breakdown of 

the passive film. These results generally agree with the past 

observations from similar electrochemical studies,78" and 

are consistent with long-term laboratory and clinical 

studies.12-13 In the present investigation, it was assumed that 

the breakdown of the passive film on the nickel-titanium 

orthodontic wire surfaces may also arise from surface 

defects generated during the manufacturing processes, along 

with general effects of accelerated corrosion. 

Conclusion 
The potentiodynamic behavior of all investigated Ni-Ti 

wrought wire alloys was generally similar. Sentinol, Titanal 

and Orthonal wires showed breakdown of passive film 

during testing. The other three wires remained passive over 

the entire range of cyclic voltage used. 
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