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 Comparison of the corrosion rate of nickel-titanium and copper nickel-

titanium archwires in artificial saliva and after its exposure to the oral 

environment. 48 distal ends of nickel-titanium archwires and 48 distal ends 

of copper nickel-titanium archwires were divided into two equal groups: 

the first was left unused, the second group was exposed to the oral 

environment of 12 volunteers for 3 weeks. Then, an electronic corrosion 

velocity locator, Model 1359 from ACM Instruments, was used to analyze 

the electrochemical corrosion velocity of the studied samples. The study 

showed that there is no significant difference in the velocity of 

electrochemical corrosion between the two types of archwires studied with 

respect to the round archwires; While there was a significant difference in 

the velocity of electrochemical corrosion between the two types in 

rectangular archwires, in the upper rectangular wires the corrosion of 

copper nickel-titanium archwires was greater than that of the nickel-

titanium archwires, and in contrast to the lower rectangular wires where the 

corrosion velocity of the nickel-titanium archwires was greater and 

difference was significant in comparison to nickel titanium copper 

archwires. Both types of the studied archwires were affected by the oral 

environment, as they showed a decreasing in the velocity of 

electrochemical corrosion. 
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1. INTRODUCTION 

Nickel titanium (NiTi) shape memory alloys are widely used in biomedical applications, due to their special 

mechanical properties, adequate biocompatibility and corrosion resistance [21]. 

 

One of the most important applications of NiTi is in orthodontic archwires, where it is especially used in the 

initial stage of orthodontic treatment, i.e., for dental alignment and leveling. NiTi alloys exhibit unique 

mechanical characteristics, namely, shape memory effect and superelasticity, which allow the alloy to return 

to a previously defined shape when strained up to 8%. These special mechanical properties endow NiTi 

orthodontic wires with potential advantages over conventional stainless steels wires, as they enable the 

delivery of a gentle and more stable force during tooth movement [22] which is achieved within the 

superelastic plateau [16]. 
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Regarding application in corrosive environments, such as oral environments, the assessment of the corrosion 

resistance becomes very important. Previous reports have shown a good corrosion resistance of nickel 

titanium alloy upon immersion in simulated saliva environments of unloaded test specimens [8]. 

 

Nickele titanium alloys: 

Nickele titanium (NiTi) alloys were introduced into clinical use in 1972. It was produced under the trade 

name Nitinol, 2 S.M. Castro et al with a composition of 55% nickel and 45% of titanium. Several other brands 

of NiTi wires were launched in the market in 1976. However, none of these wires showed thermal activation, 

shape memory effect, or superelasticity. In 1985, a new superelastic NiTi alloy, developed especially for 

application in orthodontics, was reported. NiTi alloys have good springback and flexibility that allow large 

elastic deflections [15]. 

 

Heat treatment of these alloys changes their crystallographic arrangement, producing the so-called “shape 

memory”. This phenomenon results from a crystalline phase change known as “thermoelastic martensitic 

transformation” and describes the effect of restoring the original shape of a deformed wire by heating it 

through its transitional temperature range [18], [17]. 

 

This transformation from the distorted to the original shape involves a transformation of nitinol from the 

martensitic to the austenitic phase. However, these alloys present poor formability, which is a disadvantage. 

Moreover, the bending of these wires has a harmful effect on their springback property [7]. 

 

2. Materials And Methods 

Two types of orthodontic nickel-titanium archwires were included: NiTi Force I (superelastic archwires) and 

CuNiTi. Twelve archwires from each type were randomly selected from different packets with different 

batches of the same manufacturer (American Orthodontics, Sheboygan, WI, USA) and the same arch 

dimensions (16*22),(16) inch,upper&lower . Using a sterilized plier, two 20-mm-length segments of each 

archwire were cut from the terminal ends of both types of archwires. (Figure 1) As a result, 96 segments (48 

distal cuts of NiTi Force I wires and 48 distal cuts of CuNiTi wires) were kept in self closed sterilizing plastic 

bag 

 

 
Figure 1 

 

The control and the ex vivo groups: 

The control group consisted of 12 segments of NiTi Force I wires and 12 segments of CuNiTi wires that were 

left unused (“as received” state), whereas the ex vivo group consisted of 12 segments of NiTi Force I wires 

and 12 segments of CuNiTi wires. Each segment of the ex vivo group was passively tied using elastomeric 

ligatures. 

 

https://www.teikyomedicaljournal.com/


ISSN: 03875547 

Volume 45, Issue 07, September, 2022 

  

7055 
 

We apply the brackets for the first and second premolars as well as the tube for the first molar for each half 

of the mandible and the maxilla. For one half, NiTi wires are used, while for the other half, CuNiTi wires are 

used. 

 

Initially, a round 0.016 inch is used for 3 weeks. Afterwards, they are replaced with rectangular 0.016x0.022 

inch for another 3 weeks. In total, 8pieces of arch wires are used for each patient during a period of 6 weeks. 

(Figure 2) 

 

 
Figure 2 

 

After the wires are removed, they are cleaned with a water bath manufactured by Memmert GmbH 

(Germany). (Figure 3) 

 

 
Figure 3 

 

The allocation of the side of the mouth receiving the superelastic or the CuNiTi segments was based on 

computer-generated random sequence (Minitab® 17, Minitab Inc., State College, PA, USA). 

 

Volunteers’ recruitment Prior to volunteers’ recruitment for this research project, ethical approval was 

obtained from the University of Hama Dental School Local Ethics Committee Consent forms were obtained 

for the volunteers following detailed explanation of the intended research work orally and in a written format. 

The sample of possible candidates was derived from 70 fifth-year dental students from the University of 

Hama Dental School, Hama, Syria, depending on the following criteria: dental and skeletal class I 

malocclusion, age range between 22 and 23 years, healthy status with no syndromes or chronic diseases, good 

oral hygiene assessed by the plaque index and the gingival index of [10] no significant dental caries causing 

significant destruction of one tooth surface, no metallic restorations, and if these had been observed, they 

were replaced with composite ones, no history of orthodontic treatments, good oral seal and no signs of oral 

breathing habits, no smoking or intake of liquid drugs and absence of chewing disorders (e.g., unilateral 
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chewing). Thirty-five students (15 males, 20 females) met the inclusion criteria, and only 25 (10 males, 15 

females) of them accepted to participate in this research. Disproportionate stratified random sampling was 

employed to obtain a group of 12 volunteers (6 males, 6 females), and they were given instructions regarding 

maintaining good oral hygiene and keeping normal eating habits with no special dietary requirements. 

 

Corrossion analyzing, both types of the wire samples (“as received” and “clinically exposed”) were placed in 

polypropylene vessels containing 2 mL of modified Fusayama artificial saliva with the following composition 

[1], [11]. 

 

Table 1 

Composition mg/L 

NaCl 400 

KCl 400 

CaCl2.2H2O 795 

NaH2PO4.H2O 690 

KSCN 300 

Na2S.9H2O 5 

Urea 1000 

 

prepared using ultrapure water (WT 100 Millipore, Qamato, Japan), and then adjusted to a pH of 2 using HCl 

and maintained at 37 °C for 30 days. 

 

In order to adjust the pH values of the artificial saliva solution during the examination of all samples, a pH 

meter was used from WPA (Figure 4) 

 

 
Figure 4 

 

Artificial saliva samples were treated with 5 % nitric acid [2] and standard solutions of nickel (Merck®, 

Germany) were prepared in the following concentrations: 0, 5, 10, and 25 particle per billion (ppb). 
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Statistical analysis Minitab® 17 (Minitab Inc, State College, PA, USA) was used to perform the statistical 

analysis. With alpha set at 5 %, paired t tests were applied to evaluate intragroup changes (“as received” vs 

after “clinical exposure” in the same group), whereas two-sample t tests were employed to examine intergroup 

differences (superelastic vs heatactivated in the same wire state). 

 

Subsequently, the amount of corrosion for each arch wire piece is determined using the Model 1359 Corrosion 

Monitoring Instrument manufactured by ACM Instruments (United Kingdom). (Figure 5) 

 

 
Figure 5 

 

2.1 Methods 

For each of the arch wires, input parameters are entered into a computer connected to the instrument, including 

the chemical composition of the wire as well as the atomic numbers and the specific weights for each of 

materials included in the wire composition. The computer produces a graph showing the relationship between 

the corrosion’s current and electrical potential, which makes it possible to plot another set of graphs showing 

the cathodic and anodic polarization. 

 

The current values are extrapolated to obtain the corrosion current at the point of intersection of the the two 

tangents of the cathodic and anodic polarization curves. 

(Figure 6) 

 

      
Figure 6 

 

Steps to conduct the experiment: 

1. Samples are prepared. 
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2. The auxiliary and reference electrodes and the operating electrode, representing the studied wire, are 

placed in such a way that they are as opposite to each other as feasible. (Figure 7) 

 

                      
Figure 7 

 

3. The mentioned way of connecting the electrodes results in the formation of an electrochemical cell. 

4. The required inputs, such as the type of wire, the chemical composition, the area of the studied 

surface, and the temperature of the medium; are entered into the device.  

5. The test is conducted using the electronic corrosion monitoring device, which plots a voltage-current 

curve that demonstrates the electrochemical behavior of the sample. 

6. The device draws the corresponding Tafel polarization curves and calculates the corrosion rate and 

corrosion current density after drawing the electrochemical behavior curve. 

 

3. Results 

 

1-The effect of the wire’s composition, type and condition on the corrosion rate: 

 

Table 2 

composition type condition Mean SD Min Max 

Level of significance 

95% 

Min Max 

NiTi 

16 L 
as received 0.0301 0.0001 0.0300 0.0302 0.0301 0.0302 

retrieved 0.0217 0.0001 0.0215 0.0219 0.0216 0.0218 

16 U 
as received 0.0289 0.0026 0.0240 0.0302 0.0270 0.0307 

retrieved 0.0130 0.0001 0.0128 0.0131 0.0129 0.0130 

16 * 22 L 
as received 0.0413 0.0001 0.0412 0.0414 0.0412 0.0413 

retrieved 0.0325 0.0001 0.0323 0.0327 0.0324 0.0326 

16 * 22 U 
as received 0.0384 0.0002 0.0381 0.0385 0.0383 0.0385 

retrieved 0.0273 0.0001 0.0271 0.0275 0.0272 0.0274 

CuNiTi  
16 L 

as received 0.0239 0.0001 0.0238 0.0240 0.0239 0.0240 

retrieved 0.0211 0.0001 0.0209 0.0213 0.0210 0.0212 

16 U as received 0.0202 0.0001 0.0201 0.0203 0.0201 0.0202 
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retrieved 0.0133 0.0001 0.0132 0.0134 0.0132 0.0133 

16 * 22 L 
as received 0.0385 0.0001 0.0384 0.0386 0.0384 0.0385 

retrieved 0.0194 0.0001 0.0191 0.0196 0.0193 0.0195 

16 * 22 U 
as received 0.0363 0.0001 0.0362 0.0364 0.0362 0.0363 

retrieved 0.0283 0.0001 0.0282 0.0284 0.0283 0.0284 

 

 
Scheme 1 

 

i. 3-way interaction: 

3-way ANOVA To study the effect of wire composition, type and condition on the corrosion rate 

Table 3 

 F p 

composition   * type  *condition 4.171 0.000 

 

ii. Simple 2-way interactions:  

a. Composition & type: 

The difference is statiscally significant when p < 0.025 

Table 4 

condition F p 

retrieved 111.076 0.000 

as received 534.313 0.000 

 

b. Composition & condition: 

The difference is statiscally significant when p < 0.0005 

Table 5 

type F p 

16 L 181.929 0.000 

16 U 480.522 0.000 

16 * 22 L 632.418 0.000 

16 * 22 U 60.974 0.000 

 

c. Type & condition: 
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The difference is statiscally significant when p < 0.0005 

Table 6 

Composition F p 

NiTi 140.962 0.000 

CuNiTi  572.325 0.000 

 

iii.  simple main effect: 

a. simple main effect for composition 

Table 7 

condition type NiTi* CuNiTi 

average 

difference 

 

p 

Level of significance 

95% 

Min Max 

as received 

16 L 
0.0301 

(0.0001) 

0.0239 

(0.0001) 0.0062 
0.000 0.0056 0.0068 

16 U 
0.0289 

(0.0026) 

0.0202 

(0.0001) 0.0087 
0.000 0.0081 0.0093 

16 * 22 L 
0.0413 

(0.0001) 

0.0385 

(0.0001) 0.0028 
0.000 0.0022 0.0034 

16 * 22 U 
0.0384 

(0.0002) 

0.0363 

(0.0001) 0.0021 
0.000 0.0016 0.0027 

retrieved 

16 L 
0.0217 

(0.0001) 

0.0211 

(0.0001) 0.0006 
0.030 0.0001 0.0012 

16 U 
0.013 

(0.0001) 

0.0133 

(0.0001) -0.0003 
0.265 -0.0009 0.0002 

16 * 22 L 
0.0325 

(0.0001) 

0.0194 

(0.0001) 0.0131 
0.000 0.0126 0.0137 

16 * 22 U 
0.0273 

(0.0001) 

0.0283 

(0.0001) -0.0010 
0.000 -0.0017 -0.0005 

The value is the mean 

 

b. simple main effect for type: 

Table 8 

composition condition 16 L 16 U 16 * 22 L 16 * 22 U p 

NiTi 

as received 
0.0301 

(0.0001) 

0.0289 

(0.0026) 

0.0413 

(0.0001) 

0.0384 

(0.0002) 
.000 

retrieved 
0.0217 

(0.0001) 0.013 (0.0001) 

0.0325 

(0.0001) 

0.0273 

(0.0001) 
.000 

CuNiTi 

as received 
0.0239 

(0.0001) 

0.0202 

(0.0001) 

0.0385 

(0.0001) 

0.0363 

(0.0001) 
.000 

retrieved 
0.0211 

(0.0001) 

0.0133 

(0.0001) 

0.0194 

(0.0001) 

0.0283 

(0.0001) 
.000 

The value is the mean 

 

c. simple main effect for condition: 

Table 9 
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composition type 

as 

received 

 

retrieved 

average 

difference 

 

P 

Level of significance 95% 

Min Max 

NiTi 

16 L 
0.0301 

(0.0001) 

0.0217 

(0.0001) 
0.0084 0.000 0.0078 0.0090 

16 U 
0.0289 

(0.0026) 

0.013 

(0.0001) 
0.0159 0.000 0.0153 0.0165 

16 * 22 L 
0.0413 

(0.0001) 

0.0325 

(0.0001) 
0.0088 0.000 0.0082 0.0093 

16 * 22 U 
0.0384 

(0.0002) 

0.0273 

(0.0001) 
0.0111 0.000 0.0106 0.0117 

CuNiTi 

16 L 
0.0239 

(0.0001) 

0.0211 

(0.0001) 
0.0028 0.000 0.0023 0.0034 

16 U 
0.0202 

(0.0001) 

0.0133 

(0.0001) 
0.0069 0.000 0.0063 0.0075 

16 * 22 L 
0.0385 

(0.0001) 

0.0194 

(0.0001) 
0.0191 0.000 0.0185 0.0197 

16 * 22 U 
0.0363 

(0.0001) 

0.0283 

(0.0001) 
0.0080 0.000 0.0074 0.0085 

The value is the mean 

 

4. Discussion 

The unique property of NiTi archwires among the different generations used in orthodontics is the ability to 

apply light, stable, and continuous forces with a wide range of activation. [4], [6], [9], [20]. 

 

This property is due to the phase transition at the crystalline structure [3]. 

 

It happens either under the effect of externally applied forces as in super elastic NiTi arches generation or 

temperature changes as in thermal NiTi heat-activated branches [6], [9]. During orthodontic treatment, 

engaging NiTi arch into brackets incites the start phase transition. The transition occurs between austenite 

and the martensite phase and is called stress-induced martensite (SIM) [6], [14]. 

 

It happens in most NiTi generations of archwires, while the reverse transition occurs at the unloading stage 

and corresponds with the biological reaction of the tooth during orthodontic movement, affected mainly by 

wires generations [6], [9], [14]. 

 

On the other hand, thermal wires showed lighter forces than the superelastic category and this could be 

attributed to the temperature effect on the crystalline structure and the chemical composition [12], [13]. 

1. Impact of the composition of the wire on the velocity of electrochemical corrosion 

1. Our study showed no statistically significant difference between the two types of arch wires used in 

round wires (regardless of whether it is mandibular or maxillary). 

2. Our study showed that the rectangular mandibular NiTi arch wires suffered a larger, statistically 

significant corrosion than that of CuNiTi arch wires. 

3. Conversely, our study showed that the rectangular maxillary NiTi arch wires suffered a smaller, 

statically significant corrosion compared to that of CuNit arch wires. 

The difference in corrosion velocity in the NiTiCu arch wire groups compared to that of NiTi is likely 
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attributed to the existence of copper which enhanced the properties of the arch wire’s alloy.  

Our findings correspond with those of [5] who found that the super elastic NiTi arch wires released a larger 

amount of nickel. Nickel release from the heat-activated NiTi wires immersed in artificial saliva indicates 

corrosion. 

 

2. Impact of the cross-section shape of the wire (whether it is round or rectangular) and its placement 

(maxillary or mandibular) on the velocity of electrochemical corrosion 

1. Rectangular wires suffered a larger amount of corrosion compared to round wires, which is likely 

due to the specific topography of the former which contributes to large surface area that increases the total 

amount of corrosion. 

2. Mandibular wires suffered a larger amount of corrosion compared to maxillary wires, which is likely 

due to the more corrosion-inducing conditions (e.g. large amount of saliva produced in around the wires. 

 

3. Impact of the duration of placement of the wire on the velocity of electrochemical corrosion 

For both groups of wires (NiTi and NiTiCu) and for both types of wire cross-section (round and rectangular) 

as well as both placements (maxillary, mandibular), our study demonstrated that the velocity of 

electrochemical corrosion was larger in newly-placed wires compared to less recently-placed ones. This is 

potentially attributed to the oral environment inducing the formation of an oxidized layer slowing down 

further corrosion of the underlying wire material. 

 

Our findings do not agree with Suarez, [19] which demonstrated there were no changes in the surface 

roughness of static-immersed lingual NiTi wires in a laboratory environment. This mismatch could be 

explained by the different medium used for immersion, which for that study was a saline solution. 

 

5. Conclusions 

1. There is no significant difference in the velocity of corrosion between round NiTi and NiTiCu arch 

wire groups. 

2. Rectangular, mandibular NiTiCu arch wires suffer smaller, statistically significant corrosion than 

similar NiTi wires. 

3. Rectangular, maxillary NiTiCu arch wires suffer larger, statistically significant corrosion than similar 

NiTi wires. 

4. Rectangular arch wires suffer larger, statistically significant corrosion than round arch wires in both 

groups of arch wire materials. 

5. The velocity of electrochemical corrosion slows down after placing the wire in the oral medium in 

both types of wires studied. 
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