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Abstract---Background: Nickel titanium wires are superior for first 
alignment because they have exceptional shape memory and super-

elasticity. Increased concerns have been raised about the high rate of 

nickel (Ni) allergy and the growing usage of dental biomaterials that 
contain Ni. Aim: The aim of the study was to analyze and evaluate the 

rate of nickel release from different types of orthodontic arch wires. 

Materials and methods: A set of arch wires of nickel titanium (NiTi), 

SS and Cu-NiTi were immersed in artificial saliva for three days and 
analyzed after three days. The amount of Ni ions released from the 

sample were evaluated using electrochemical techniques such as 

Cyclic Voltammetry (CV), Electrochemical Impedance Spectroscopy 
(EIS) and polarization (Tafel) plot. Results: The EIS and Tafel graph 

confirmed the s-NiTi, s-CuNiTi showed an excellent corrosion 

resistance than the s-SS. From all the above measurements, we can 
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conclude that the saliva can affect the corrosion resistance property of 

the SS, NiTi, CuNiTi day by day. Conclusion: From this study it was 
concluded that the saliva can affect the corrosion resistance property 

of the SS, NiTi, CuNiTi day by day, and there was nickel ion release 

but at a very negligible rate. 
 

Keywords---Nickel ions, Titanium, Arch wires, Orthodontics, EIS, 

Tafel plot, Ions. 

 
 

1. Introduction 

 
Dentistry's primary goal is to maintain or enhance the patient's quality of life by 

preventing diseases, treating pain, and enhancing phonetics, aesthetics, and/or 

masticatory efficiency. One of the key criteria for assessing the biological response 
and potential harm to cells and tissues associated with the usage of such 

materials is toxicity. There have been worries about metallic orthodontic 

appliances causing nickel allergy sufferers to react hypersensitivity [1]. There 
have been sporadic reports of negative reactions. Nickel is one of the basic 

elements and because it is simple to mix with other metals to create alloys, it is 

metal that is frequently used in orthodontic treatments [2]. Numerous orthodontic 

appliances' parts, such as stainless steel and nickel-titanium (NiTi) arch wires, 
brackets, bands, face bows, stainless steel ligatures, and stainless-steel parts of 

detachable appliances, are possible nickel sources [3]. Although ionic release in 

vivo in the oral cavity is more challenging to demonstrate, corrosion of metallic 
orthodontic appliances has been clearly seen following treatment, as evidenced by 

the release of nickel from these appliances in several in vitro studies [4]. 

 
The three most often utilized alloys for making brackets or arch wires are 

stainless steel (SS), nickel-titanium (NiTi) and copper nickel-titanium (CuNiTi) 

wires. Stainless steel is often used in orthodontics for making brackets, arch 
wires, bands, and ligatures among other equipment. Metals like chromium, 

nickel, and others give stainless steel its resistance to corrosion. It is an iron and 

carbon alloy [5]. The market offers a wide range of stainless-steel alloys, some of 

which are useful in orthodontics because of their properties [6]. The orthodontic 
wires industry has undergone a revolution thanks to the introduction of nickel-

titanium (NiTi) alloys, making the ideal of applying continuous and consistent 

stresses virtually a reality. To take advantage of the exceptional super-elasticity 
and shape memory capabilities of NiTi alloys, numerous advancements were 

made in the production of austenite active (super-elastic) and martensite active 

(heat activated) NiTi wires [7]. 
 

Unfortunately, even though NiTi orthodontic wires are now produced, corrosion 

still occurs, especially when they are exposed to corrosive environments. CuNiTi, 
or NiTi arch wires, first surfaced in the 1990s and are mostly made of nickel, 

titanium, copper, and chromium [8]. In order to offer more defined transition 

temperatures, copper (an efficient heat conductor) was added to nickel and 
titanium [9]. This ensured the formation of more homogeneous loadings from arch 

to arch and from end to end, enhancing the effectiveness of tooth movement. The 

CuNiTi arch wires would have a lower elasticity module compared to the typical 
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heat-activated and super-elastic NiTi arch wires, meaning they would undergo 

comparable deformations before activation loadings that were lower, 

demonstrating a greater capacity to withstand stresses [10]. 

 
According to studies, among orthodontic alloys, the nickel (Ni) ion is the one that 

causes allergies to flare up the most, followed closely by chromium (Cr). 

Additionally, it has been demonstrated that the most prevalent dental alloy metals 
(Ni, Cr, Co, Fe, Ti) may have toxic or biological effects that are either systemic or 

local [11]. In example, various pathologic oral tissue reactions, such as contact 

stomatitis, multiform erythema, and gingival hypertrophy, have been documented 
during orthodontic treatment. These reactions may be associated with the toxic 

effects of metal ions emitted from fixed orthodontic appliances [12]. 

 
2. Experimental 

 

2.1 Materials 

 
Dental alignment arch wires of stainless steel (SS), nickel titanium (NiTi) and 

copper doped nickel titanium (CuNiTi) were purchased from local dental material 

store. Artificial saliva obtained from nanochemazone. NaCl purchased from 
Merck. For electrochemical studies we are taken the working electrode as arch 

wire of both saliva treated and non-treated, reference electrode as Ag/AgCl, and 

counter electrode as platinum mesh (1×1 cm2) and 10 ml of 0.5 M NaCl as 
electrolyte. 

 

2.2 Analysis of nickel ions released from stainless steel, NiTi and CuNiTi 
arch wires 

 

The arch wire was used as working electrode. We took a set of arch wires of SS, 

NiTi and Cu-NiTi and cut them at a length of 5.5 cm of each arch wire and only 1 
cm of each wire was exposed and the rest of the wire was masked [13]. Then, a set 

of arch wires (1 cm length) (SS, NiTi and Cu-NiTi) were immersed in artificial 

saliva (pH-8) for 3 days and electrochemically analyzed after three days. The 
amount of Ni ions released from the sample were evaluated using electrochemical 

techniques of cyclic voltammetry (CV), electrochemical impedance spectroscopy 

(EIS) and potentiodynamic polarization (Tafel) method. 
 

3. Results 

 
3.1 Electrochemical analysis of set of arch wire and the effect of saliva  

3.1.1 Cyclic voltammetry (CV) 

 

The CV was performed with saliva treated SS (s-SS), NiTi (s-NiTi) and CuNiTi (s-
CuNiTi) arch wires as well as non-saliva treated SS (n-SS), NiTi (n-NiTi) and 

CuNiTi (n-CuNiTi) arch wires in 0.5 M NaCl at 50 mV s−1 to analyze the stability 

and compare it. Initially, the saliva treated and non-saliva treated 1 cm length of 
working electrode of arch wire was immersed in the electrolyte and run the CV 

with the potential window of 0 V to 0.6 V (Fig. 1). The results of the s-SS and s-

NiTi showed higher capacitive current than the n-SS and n-NiTi, respectively. But 
the capacitive current difference between s-CuNiTi and n-CuNiTi was very low or 
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not comparable (more or less similar). It showed the high corrosion resistance 

property of the n-SS, n-NiTi and CuNiTi (after saliva treatment CuNiTi was not 
affected by saliva or less affected compare to SS and NiTi). The n-SS arch wire 

showed 0.6  10−6A and s-SS showed 0.8  10−6A for a stabilized current 

sensitivity at 0.3 V (Fig. 1a). There was a current difference between n-SS and s-

SS, which was 0.2 µA, this indicated the effect of saliva on the SS arch wire, 
which affected the corrosion resistance properties of the SS arch wire and also the 

n-SS corrosion resistance property was higher. The n-NiTi showed 0.3  10−6A 

and s-NiTi showed 0.6 10−6A for a stabilized current sensitivity at 0.3 V (Fig. 1b). 

The current difference between n-NiTi and s-NiTi was 0.3 µA, this indicated the 
effect of saliva on the NiTi arch wire, which was affected the corrosion resistance 

properties of the NiTi arch wire and also the n-NiTi corrosion resistance property 

was higher. The n-CuNiTi showed 0.5  10−6A and s-CuNiTi showed 0.45  10−6A 
for a stabilized current sensitivity at 0.3 V (Fig. 1c). The current difference 

between n-CuNiTi and s-CuNiTi was 0.05 µA, this had indicated the effect of 

saliva on the CuNiTi arch wire was very less and also the corrosion resistance 

properties of the CuNiTi arch wire was very high. 
 

Figure 1: Cyclic voltammograms (CVs) of comparison plot for the stability study of 
(i) saliva non-treated and (ii) saliva treated arch wires of (a) SS, (b) NiTi, (c) CuNiTi 

in 0.5 M NaCl at 100 mV s−1 scan rate. 

 

3.1.2 Open circuit potential (OCP) analysis  
 

We performed OCP with both control and saliva treated arch wires of SS, NiTi and 

CuNiTi in 0.5 M NaCl with set time of 900 s and analyzed the voltage stability of 
the material with respect to time. The OCP data was shown in Fig. 2, the OCP 

represents the corrosion tendency of a material; a more positive OCP indicates a 
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surface with lower electrochemical activity. The results show that the OCP value 

increased slowly at the beginning of the immersion but tended to become stable 

after 800 sec due to the equilibrium of the passive film formation. Figs. 2a, 2b 

and 2c, indicated that both control and saliva treated arch wires had a different 
origin of potential. In SS arch wire, the s-SS was stabilized at low voltage than n-

SS which maintained up to 900 sec and the OCP of s-SS more stable compared 

with n-SS (Fig. 2a), whereas the n-SS was even tending to increase in its voltage 
from the origin and stabilized further 900 sec. It concluded that the s-SS was 

electrochemically more stable than n-SS (because the effect of saliva). Hence the 

stabilized OCP values at 900 sec for n-SS and s-SS were 0.105 V and 0.065 V, 
respectively. In this case, the s-SS was more stable because the SS was contact 

with saliva and lost their corrosion resistance properties as well as made it 

electrochemically stable, which led to n-SS to high corrosion resistance. 
 

Moreover, in NiTi and CuNiTi arch wires also shown an origin of potential 

difference between both control and saliva treated arch wires (Figs. 2b and 2c). 

But here the s-NiTi and s-CuNiTi arch wires were stabilized at high voltage than 
n-NiTi and n-CuNiTi arch wires, also it maintains up to 900 s. This indicated that 

the s-NiTi and s-CuNiTi were electrochemically less stable compared to n-NiTi and 

s-NiTi. Hence the stabilized OCP value was 900 s of n-NiTi and n-CuNiTi were -
0.072 V and -0.105 V, as well as for s-NiTi and s-CuNiTi were -0.016 V and -

0.066 V, respectively. It means the electrocatalytic activities of the s-NiTi and s-

CuNiTi were weaker than n-NiTi and n-CuNiTi, respectively. It indicated that s-
NiTi and s-CuNiTi were reacted to the saliva and the corrosion resistance 

properties was reduced. 

 

Figure 2. OCP curves of (i) saliva non-treated and (ii) saliva treated arch wire of (a) 

SS, (b) NiTi, (c) CuNiTi in 0.5 M NaCl with set time of 900 s. 
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3.1.3 Electrochemical impedance spectroscopy (EIS) analysis 

 
The EIS experiments were conducted in 0.5 M NaCl using both saliva treated and 

saliva untreated arch wires of SS, NiTi and CuNiTi (Fig. 3). It confirmed and 

compared the corrosion resistance property between saliva treated and saliva 
untreated arch wires. The corrosion resistance property of s-SS, s-NiTi and s-

CuNiTi was reduced compare to n-SS, n-NiTi and n-CuNiTi because of the effect 

of saliva. Fig. 3a shows the EIS data of n-SS and s-SS arch wires, there was no 

any semicircle found on this EIS data of Nyquist plot and clearly showed the 
electrolytic resistance was 11 ohms, which represented that the n-SS and s-SS 

was a good conductor and there was no any resistance or very low amount of 

resistance. But this figure showed the peak difference between them, which 
indicated that the s-SS had more corrosion resistance compare to n-SS (because 

the s-SS reacted with saliva and some oxide layer was formed on its surface).  

 
Figure 3.  EIS data of (i) saliva non-treated and (ii) saliva treated arch wires: (a) 

SS, (b) NiTi, (c) CuNiTi in 0.5 M NaCl. 

 

Figs. 3b and 3c show the EIS data of saliva treated and saliva untreated arch 
wires of NiTi and CuNiTi, respectively. There was no semicircle in the obtained 

Nyquist plot of NiTi and CuNiTi arch wires. Although, here the EIS curve showed 

that the s-NiTi and s-CuNiTi had lower impedance (Z’) than n-NiTi and n-CuNiTi, 
respectively. Because the s-NiTi and s-CuNiTi arch wires surface was reacted with 
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the saliva and undergone some oxide layer formation to lose their corrosion 

resistance properties and increased the conductivity of the arch wire. Compare to 

NiTi arch wire, the CuNiTi arch wire showed less difference in impedance curve. 

The solution resistance of the NiTi and CuNiTi were 15.5 and 14.5 ohms, 
respectively. 

 

3.1.4 Potentiodynamic polarization (Tafel) analysis 
 

Finally, the Tafel technique was carried out under a potential range from −1.0 V 

to + 0.4 V in 0.5 M NaCl using both control and saliva treated SS, NiTi and 
CuNiTi arch wires, and calculated various parameters of results, such as 

corrosion potential (V), linear polarization (R), corrosion current (A) and current 

rate (g/h). Figure 4 displays the potentiodynamic polarization results, which 
showed an obvious passivation region for both control and saliva treated (SS, NiTi 

and CuNiTi) arch wire curves, indicated that the saliva can etch the corrosive 

property of the material day by day. Hence the corrosion potentials for n-SS and 

s-SS were −0.244 V and −0.289 V, for n-NiTi and s-NiTi were −0.566 V and 
−0.564 V, for n-CuNiTi and s-CuNiTi were, −0.453 V and −0.483 V, respectively. 

By using the area of the wire, formula weight, number of electrons, and density in 

the corrosion rate calculation, the linear polarization and corrosion current were 
found using the CHI760E software (Table 1). Figure 4a shows the Tafel plot of n-

SS and s-SS, the linear polarization (R) of s-SS (103352) was lesser than the n-SS 

(195278) as well as the corrosion current of s-SS (4.787  10-7A) was higher than 

the n-SS (2.246  10-7A). Therefore, the corrosion current indicates the overall 
corrosion rate of the material. Hence, the corrosion rate of the n-SS and s-SS 

were 2.340  10-7 and 4.987  10-7 g/h, respectively (Table 1). Compare to n-SS, 

the s-SS corrosion rate was high because of the material reacted with saliva to 

reduce their corrosion resistive property.   
 

Moreover, Figure 4b shows the Tafel plot of n-NiTi and s-NiTi, the R of s-NiTi 

(391467) was lesser than the n-NiTi (436486) and the corrosion current of s-NiTi 

(1.133  10-7A,) was higher than the n-NiTi (1.036  10-7 A). The corrosion rates of 

the n-NiTi and s-NiTi were 1.063  10-7 and 1.163  10-7 g/h, respectively. The 

corrosion rates of n-NiTi and s-NiTi were not shown that much difference, which 

concluded that the corrosion rate of s-NiTi was less than s-SS. Furthermore, the 
CuNiTi used to record the polarization, the n-CuNiTi and s-CuNiTi Tafel plot were 

shown in Figure 4c. The ‘R’ of s-CuNiTi (494848 ohms) was lesser than the n-

CuNiTi (602670 ohms) and the corrosion current of s-CuNiTi (8.855  10-8 A) was 

higher than the n-NiTi (7.159  10-8 A). The corrosion rates of the n-NiTi and s-

NiTi were 7.346  10-8 and 9.086  10-8 g/h, respectively. The s-CuNiTi wire 

showed greater corrosion resistance compared to s-SS and s-NiTi after the 

interaction with saliva. 
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Figure 4. Polarization (Tafel) plot of (i) saliva non-treated and (ii) saliva treated 
arch wires of (a) SS, (b) NiTi, (c) CuNiTi in 0.5 M NaCl with potential window of 

−1.0 V to +0.4 V. 

 

Table 1. Fitted results of corrosion potential, linear potential, corrosion current 
and corrosion rate 

 

Sample 
 

Corrosion 
potential (V) 

Linear 

polarization () 

Corrosion 
current (A) 

Corrosion rate 
(g/h) 

n-SS −0.244 195278 2.246  10-7 2.340  10-7 

s-SS −0.289 103352 4.787  10-7 4.987  10-7 

n-NiTi −0.566 436486 1.036  10-7 1.063  10-7 

s-NiTi −0.564 391467 1.133  10-7 1.163  10-7 

n-CuNiTi −0.453 602670 7.159  10-8 7.346  10-8 

s-CuNiTi −0.483 494848 8.855  10-8 9.086  10-8 

 

4. Discussions 
 

The corrosion resistance of NiTi orthodontic wire products will vary between every 

manufacturer. In the present study, the nickel released from three different 
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orthodontic wires in the synthetic saliva was analyzed after 3rd day of immersion. 

The corrosive effects of various environmental factors on the alloys used in dental 

prosthetics have been extensively studied by several writers. It was essential that 

the alloys used in the prosthesis, need to be protected against chemical corrosion. 
According to descriptions, these alloys typically also release metals into the saliva. 

The environment of the salivary glands and metal leaching were strongly 

correlated with pH [14]. Due to its basic nature and ease of alloy formation when 
mixed with other metals, nickel is a metal that was frequently utilized in 

orthodontic treatments. Arch wires (made of stainless steel and nickel-titanium 

[NiTi]), brackets, bands, face bows, stainless steel ligatures, and stainless-steel 
components of removable appliances are all potential sources of nickel [15].  

 

While 18/8 stainless steel (SS) contains 8% nickel, NiTi arch wires contain 47–
50% nickel, making them the richest source of nickel in the intraoral environment 

of an orthodontic patient [16]. Grimsdottir et al. studied the chemical makeup of 

brackets, face bows, arch wires, and bands, came to the conclusion that 8–12% 

nickel was present in most components [17]. The CV graph shows the stability 
comparison of both control SS (n-SS) and saliva treated SS (s-SS), where the 

stability ran for 50 segments in 100 mV/s, in which there was a change in the 

current sensitivity between n-SS and s-SS. For a potential window of 0 V to 0.6 V, 

n-SS showed 1.5  10−6 A and s-SS showed 1.9  10−8 A. We evaluated the OCP of 

each wire in a 0.5 M NaCl electrolyte for a period of 900 s and charted the OCP's 

evolution. OCP measures a material's property to corrode; a higher OCP suggests 

a surface with less electrochemical activity. In the previous study, Ni was released 
from Group I (NiTi wire) at a rate of 0.93-0.04 g per day, followed by Group II 

(Stainless steel wire) at 0.66- 0.02 g and Group III (ion implanted NiTi wire) at 

0.67- 0.02 g. The outcome showed that ion implanted NiTi and stainless-steel 
arch wires emitted less Ni. Compare with NiTi that was not coated (0.67- 0.02 

g/day) [18]. In this study, according to the findings, the OCP value gradually 

increased at the start of the immersion but tended to stabilize after 800 seconds 
as a result of the equilibrium of passive film production and its dilution for n-SS. 

A measurement of potentiodynamic polarization was made. It shows the 

potentiodynamic polarization data of both the n-SS and the s-SS curves, clearly 
reveal a passivation zone, demonstrating that the saliva may gradually etch the 

material's corrosive property. As a result, the corrosion potentials for n-SS and s-

SS were -0.244 and -0.289 V, respectively. The linear polarization and corrosion 

current were determined using the CHI760E software by using the area of the 
wire, formula weight, quantity of electrons, and density in the corrosion rate 

calculation. When compared the linear polarization (R) of the s-SS with the n-SS, 

the s-SS (103352 ohms) was a lower R value than the n-SS (195278 ohms), and 

the s-SS (4.787  10−7 A) was showed a larger corrosion current value than the n-

SS (2.246 x 10−7A).  The corrosion current thus provides information about the 

material's overall rate of corrosion. As a result, the corrosion rates of the n-SS 

and s-SS were 2.340  10−7 and 4.987  10−7 g/h, respectively. A working 

electrode (n-NiTi and s-NiTi), a reference electrode (Ag/AgCl), a counter electrode 

(platinum wire), and 10 mL of 0.5 M NaCl was used as the electrolyte. The 

working electrodes length was 5.5 cm and 1cm of the wire was exposed into NaCl 
for corrosion studies. In the previous study, the maximum number of nickel ions 

were released in solution immersions for all types of wires, according to the 

results of immersion testing. The overall length of nickel ion orthodontic wire can 
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be calculated to be roughly 15 cm if a full-mouth device is taken into 

consideration (including upper and lower arch) [19].  
 

The CV graph displays the stability comparison of both n-NiTi and s-NiTi as well 

as n-CuNiTi and s-CuNiTi in 0.5 M NaCl with potential window of 0 V to 0.6 V, 
where the stability lasted for 50 segments at 100 mV/s; there was a difference in 

the current sensitivity between n-NiTi and s-NiTi as well as between n-CuNiTi and 

s-CuNiTi. In the previous study, growing interest in the composition of alloys and 

the release of metals during treatment has been sparked by an increase in allergic 
reactions to nickel and the accessibility of orthodontic treatment. Several authors 

have reported in vitro corrosion of orthodontic appliances, but comparisons 

between the studies are challenging due to differences in study designs and 
electrochemical factors [20]. As a result, orthodontic therapy for patients who are 

Ni sensitive may be difficult. To determine how much of the corrosive products are 

actually absorbed by the patients and the deadly consequences of released Ni in 
vitro cell cultures, additional research is necessary. 

 

5. Conclusions 
 

The release of nickel in the current study was far lower than the usual dietary 

consumption of nickel, which precluded any hazardous effects. It has been noted 

that the amount of Ni in saliva varies, and some Ni was also released from the 
wire. After three days, an estimated Ni release in saliva was seen. Even if it is less 

than the average intake of Ni and is not dangerous, the NiTi wire has discharged 

more Ni than SS and CuTiNi arch wires. 
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