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ABSTRACT:ABSTRACT:ABSTRACT:ABSTRACT:    

In this study, effect of the cross section shape on the ion 
release of different orthodontic alloys as well as subsequent weight 
changes was investigated. In vitro experiments were carried out on 
three different alloys: stainless steel, nickel-titanium, copper-titanium 
alloys. Both round and rectangular wires were utilized. The results 
revealed that the cross section did not have considerable impact. In 
case of stainless steel and nickel-titanium alloys, the round cross 
section revealed high ion release. However, in case of nickel-
copper-titanium alloy, the rectangular cross sectional wires showed 
more ion release. Concerning weight changes, stainless steel wire 
showed more weight increase. Conversely, rectangular copper 
titanium wire showed weight loss. 
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INTRODUCTION 

A considerable increase in orthodontic treatment has drawn the 

attention to potential undesirable effects. The most common alloys used 

in orthopedics and dentistry are stainless steel, nickel-titanium and  

nickel-copper-titanium alloys. 
(1)
   

Electrolytic or electrochemical corrosion occurs in the oral cavity 

due to the wet environment. A metal in aqueous solution will be 

thermodynamically unstable if its tendency to pass from solid state to the 

ionic form is associated with a decrease in energy. The direction of 

energy change is influenced by factors such as the metal itself, shape and 

phase of the metal, galvanic coupling of dissimilar metals, solution 

composition, pH, and temperature. If the metal is unstable, it may 

corrode, releasing ions into solution.
(2)
   

This process will continue until equilibrium is reached, or until some   

occurrence impedes ion release.
(3,4)
 For example, passivating film may 

form to prevent the metal from coming into contact with the solution. The 

surfaces of all metals react with oxygen to form a surface oxide layer, 

which inhibits an attacking substance from reaching the metal surface.  

Metals and alloys that rely on a passive film for corrosion resistance 

all share the property that, at sufficiently high potentials, the passive layer 

can be broken down and the metal or alloy will no longer be protected.
(5,6)
 

Most of those mentioned factors are highly dependent on the shaping 

process, so changing the cross section shape does not have a direct 

influence on the total surface area only but also on those parameters. 

Accordingly our aim from this study was originated.   

Therefore, in this study in vitro ion release from rectangular and 

round cross sectional wires made of several alloys was carried out to 

investigate the influence of material composition as well as the shape on 

the ion release. 

MATERIAL AND METHOD 

Orthodontic wires with rectangular (0.016 x 0.022 inch) and round 

(0.018 inch) cross section made of stainless steel, nickel-titanium,  
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Nickel-copper-titanium alloys were purchased (Ormco, USA). In addition 

the upper central incisor brackets were selected (American Orthodontics, USA). 

A fluid was used as electrolyte. This latter was the commercially available 

normal saline (0.9 NaCl). 

Simulating the oral environment, the mesh area of the bracket was 
isolated by composite (greengloo, Two-way color change adhesive, 
Ormco, USA) .Composite assured isolation of this specific area since the 
experiments were concerned only with the wire and the surface area of the 
bracket slot. 

The orthodontic wires were fixed onto the brackets using elastomeric 
ties (o-Ties). The wire/bracket couples were immersed in separate glass 
tubes containing the simulated human saliva. The amount of the used 
fluid was chosen to keep the solid (wire/bracket couples) to fluid ratio 
1:50 by weight. The glass tube had been incubated at 37 ± 1 ºC for three 
successive weeks. Within specific time intervals (every week), the 
samples were withdrawn from the incubator. Wires were separated from 
the brackets then washed many times carefully using distilled water and 
acetone and vacuously dried for 30 seconds and then weighed. 

 This was done to avoid any effect of the water sorption by the 
composite which can affect the weight. In addition, it was not possible to 
standardize the thickness of the composite layer as well as its weight. It 
has to be noted that weight loss was calculated in grams (gm). 

Moreover, 3 ml samples were withdrawn from the fluid to check the 
ion content by atomic absorption spectroscopy (A Analyst Absorption 
Spectroscopy 100/300 Atomic Absorption Spectrometer). It is noteworthy 
mentioned that, after withdrawing the samples, the fluid was compensated 
to keep the solid fluid ratio in each glass tube constant. Ion release was 
calculated by part per billion (ppb). 

The specimens were given the following codes: 

S: Stainless steel, NT: NiTi alloy, CNT: CUNiTi, R: round cross section, 
S (before the number): Rectangular cross section and finally the number 
represented the week of incubation.  As example, NTR1 stands for rounded 
Nickel-Titanium wire after one week of incubation. Concerning statistical 
analysis, Student's t-test hypothesis was utilized to validate the results.     
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RESULTS 

Fig 1 shows the defect of the incubation time on the weight of the 
utilized orthodontic wires (round and rectangular). Fig 1A represents the 
relationship between the percentage weight change in round wires and the 
incubation time.  An increase in the wires weights was detected in case of 
stainless steel wires. For the other two alloys: nickel-titanium and nickel-
copper-titanium, a non-significant weight change was observed. 

Viewing rectangular wires (Fig 1B), there was almost no weight 
change in stainless steel wires. NiTi wires showed a good performance 
concerning weight change. This performance is lesser than stainless steel 
wires. However, the difference between the two wires is statistically non-
significant. Concerning nickel-copper-titanium wire, an increase in weight 
followed by a decrease was detected.    

 

                       Fig 1A                                                  Fig 1B                     

Fig.1: Effect of incubation time on the weight of the utilized orthodontic wires;  

(A) round cross section wires and (B) rectangular cross section ones. 

Comparing round and rectangular cross section results, it can be 
denoted that there was no distinct influence on the nickel- titanium alloy. 
There was no significant difference on the behavior of this alloy in the 
two investigated shapes. 

 To properly figure out the cross section shape effect in cases of 
stainless steel and nickel-copper-titanium wires, the corresponding data 
was separately demonstrated in fig 2. It is noteworthy mentioning that the 
same scale was used in both figures. 

Rectangular Cross Section 
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Fig 2A 

 

Fig 2B 

Fig. 2: Effect of cross section morphology on the weight change in case of (A) stainless 

steel orthodontic wires; and (B) Ni-Cu-Ti ones. 
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The effect of incubation time on the iron (Fe) ion (Fig 3A) and 
chromium (Cr) ions (Fig 3B) concentrations in case of round cross section wires 
compared with the rectangular cross section ones which support the results 
obtained in fig 1 and 2A indicating that rectangular cross section stainless steel 
wires showed good performance compared with round cross sections ones.  

 

 

 

 

 

 

 

 

 

 
Fig 3A 

 

 

 

 

 

  

                                            

 

 

 
Fig 3B 

Fig 3: Effect of incubation time on release of Fe; (A) and Cr; (B) ions in case of using 

stainless steel orthodontic wires.  
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With time passing, Fe ion concentration in both morphologies 

decreased. As shown in fig 3B, Cr ion concentration in the soaking fluid 

did not change after the first week. However, in case of round wires, Cr 

concentration did have direct relationship with the incubation time which 

indicated continuous corrosion in such wires. 

The iron release behavior in case of soaking Ni-Cu-Ti orthodontic 

wires with round and rectangular cross sections is represented in Fig 4. 

The change of Cu concentration with incubation time (Fig 4A), Cu ions 

concentration increased with the increase of incubation time in both round 

and rectangular wires. 

Analogy of Fe ion in case of stainless steel wires (Fig 3A) was 

obtained when Ni ions were investigated in the utilized fluid in case of 

Ni-Cu-Ti alloy as shown in fig 4B. 

 

                             

 

 

 

 

 

 

       Fig 4A                                                    Fig 4B 

Fig.4: Effect of incubation time on release of Cu (A) and Ni (B) ions in case of using 

Cu-Ni-Ti orthodontic wires.  

The effect of the incubation time on Cr concentration in the utilized 

simulated human saliva fluid was also studied (Fig 4C). As the Ni-Cu-Ti 

orthodontic wires do not have Cr element, the Cr ion detected in the fluid 

was released from the stainless steel brackets. Cr concentration increased 

with the increase of the incubation time. However, more ions were 

obtained in case of rectangular wires. 

               Round 

               Rectangular 

             Round 

             Rectangular 
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Fig 4C: Effect of incubation time on release of Cr ions in case of using Cu-Ni-Ti 
orthodontic wires.  

DISCUSSION 

The corrosion behavior of dental alloys is of great interest as an 

indication of their biocompatibility. It occurs in aqueous solutions, on the 

surface, as electrochemical reactions which contain free electrons. These 

reactions are continuous resulting in dissociation of metal or loss of 

ions.
(7,8)
 

In orthodontics, a broad spectrum of stainless steel and titanium 

based alloys are used as archwires and brackets. From these alloys, 

different metallic ions are released. The major ones include Fe, Cr, Ti, 

and Ni. Nickel discharge has a strong immunological effect and may 

result in hypersensitivity, contact dermatitis and cytotoxicity. 
(9)
 Nickel 

and chromium received the most attention due to their reported potential 

for producing allergic, toxic or carcinogenic effects. 
(10, 11)

 

Although of the tremendous researches about ion release in the 

mouth due to orthodontic treatment, the effect of wire cross section was 

not given the interest it deserves. Not only the cross section but also the 

loss of weight has not to be overlooked. Accordingly, this study was 

carried out to highlight the effect of cross section on ion release and 

             Round 

             Rectangular 
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subsequent weight loss from three different alloys used in orthodontics: 

stainless steel, nickel-titanium and copper- nickel-titanium. 

The specimens (wire/bracket couple) constituted of upper incisor 

brackets, to profit from its minimum curvature and larger contact area 

with the wire, as well as wires (0.018 round or 0.016x 0.022 rectangular) 

attached by elastomeric ties. The mesh surface was isolated by composite. 

Stainless steel brackets were used due to their popularity. It was 

thought that using the same kind of brackets in all experiments did not 

affect the general drawn conclusion in our study because if the brackets 

release some ions it will be the same in all cases.     

From the various method of studying ion release, weighing the 

couple alloy before and after immersion in the corrosive solution and 

using atomic absorption spectroscopy were valid. 
(8)
  

In the present study, a normal saline solution (0.9% Na Cl) was used 

because Na Cl is a corrosive agent. The solution temperature was 

controlled at 37
ο 
C with thermostat to simulate the oral condition. This 

temperature (37
ο 
C) represents normal temperature of oral-cavity

(12)
. 

Previous study recommended that corrosion testing of dental material 

should be carried out at 37
ο 
C as standard temperature 

(13)
. 

The static immersion tests were carried out at specific periods  

(7, 14, 21 days). At the end of each period, the specimens were removed. 

The effect of incubation time on the wire (round and rectangular) weight 

as well as on the ion release was studied. 

Viewing change in weight, increase in wires weight was detected. 

This can be attributed to the formation of the metal oxide layers (passive 

layer) on the wires surfaces.
(14,15,16,17)

 Therefore, one can say that more 

increase in the wire weight may be explained as more metal oxide was 

formed on the surface which indicates that low corrosion resistance of 

that wire. 

Round stainless steel wires did have the lowest corrosion resistance 

as they demonstrated high change in the weight compared to round NiTi 

and CuNiTi wires. However, the weight of metal oxides layer on the 

stainless steel wires almost did not change after the first week.  
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Rectangular stainless steel wires showed better performance 

compared to round ones. Conversely, the rectangular CuNiTi wires 

exhibited least performance concerning weight loss. This can be 

explained as Niti wires also form a passive layer consisting of several 

oxides of TiO2, TiO and Ti2O5 which provide the good biocompatibility 

of the NiTi alloy. This was proved by many researches. 
(18, 19, 20)  

No doubt that the wires with rectangular cross section do have higher 

total surface area per unit length than those having round cross section 

area  when the rectangular diagonal equals the circle diameter. However, 

our aim in this study does not relate to the total surface area but to the 

other factors coming from changing the shape. 

To properly investigate the corrosion behavior of the utilized 

orthodontic wires, the concentration of some specific ions in the soaking 

fluid had been also determined. The release of Fe, Cu, Ni and Cr was 

inspected. 

Although isolation of the mesh area (apparently of the base) does not 

imply isolation of the buccal area of the bracket base as well, which may 

be implicated in the corrosion process along with the wire and the bracket 

slot. The study tried to simulate the situation inside the oral cavity. 

Accordingly, the derived conclusions will not be affected by the release  

of some ions from the labial surface or even the bracket slot.    

Depletion in Fe ion concentration was detected. This can be 

attributed to the formation of iron hydroxide precipitate which reduces the 

Fe ions in the solution. The results are in accordance with those of Hunt 

(1999)
(21)
 and Keun-taek et al (2002). 

(22) 

Concerning Cr ions release in the soaking solution, the result 

obtained support our conclusion saying that rectangular stainless steel 

wires corrode less than round ones.  It has to be noticed, when inspecting 

Cr ion concentration in case of using CuNiTi wires, that these wires do 

not have chromium element in their composition. Accordingly the 

detected Cr ion in the solution is released from the stainless steel brackets. 

 As same as Fe, Ni concentration decreased with incubation time. 

This is due to the formation of nickel hydroxide precipitate. Moreover, 
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the results support our previous conclusion about CuNiTi wires. The 

figures can be considered as additional evidence for recommending using 

CuNiTi with round cross section rather than rectangular one. 

CONCLUSIONS 

1- NiTi wires have the lowest corrosion rate (highest corrosion resistance) 
compared to stainless steel and CuNiTi wires. In addition the wire 

cross section has a negligible effect. 

2- In case of stainless steel wires, the rectangular wires revealed better 
performance compared to round ones. 

3-  CuNiTi wires have the least corrosion resistance manifested by weight 
loss and ion release. However, round wires showed better performance 

compared to rectangular ones.   

4- An increase in the wires weights was detected in case of stainless steel 
wires. For the other two alloys: nickel-titanium and nickel-copper-

titanium, a non-significant weight change was observed. 

5- In case of rectangular copper-titanium, weight loss was observed 
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