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ABSTRACT 

Nickel titanium wires are the routinely using archwires in orthodontics. The two 

wires which are used in the initial and final stages are round and rectangular wires 

respectively. Biocompatibility of any dental material is now a fundamental requirement 

of successful clinical behavior in oral cavity. NiTi is a universal wire, Nickel in NiTi is 

capable of eliciting toxic and allergic responses and can produce more allergic reactions 

than any other metal elements. So, nickel titanium orthodontic arch wire with a good 

properties including corrosion resistance is essential to its biocompatibility. The metal 

ions leaching from orthodontic wires cannot be fully evaded; but it is possible to use 

materials with lower amounts of ions leaching in the mouth. It was proven that the 

amount of ions, leached from orthodontic wires in saliva was less than the toxic 

concentrations, which is below the critical value necessary to induce allergy and less 

than the daily dietary intake levels. The purpose of this study is to determine the amount 

of Ni and Ti ion release from NiTi wires of three different manufactures and to check 

whether the leached metal ions is lower than the daily dietary intake. 

Methods 

 The study was performed by immersion of the samples in artificial saliva at 

various time intervals and Ni and Ti release was quantified with the use of an 

inductively coupled plasma mass spectrometry. In this study superelastic NiTi 

Archwires of three different manufactures which is in two shapes Round and 

Rectangular of commonly using dimensions 0.016 and 19x25 respectively of 7 

inches long are used in this study. The testing solution used in the study is artificial 

saliva buffer solutions. 
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Procedure 

 Each wires separately dipped into 126 polypropylene beakers containing 50 ml of 

buffer solution. Then incubate and quantify the ions leached at T1=1 hour, T2=24 hour, 

T3=1 week, T4=3 week using the software Thermoscientific QtegraTM Intelligent Scientific 

Data Solution Software (ISDS) which is attached to the ICP MS instrument. This shared 

software approach provides control and data processing for a range of elemental and 

isotopic analysis technologies The output is numerical, and provided in counts per 

second i.e., how  much Nickel and Titanium  (mass-ion ratio) is released per second. 

Results 

From the findings of present study, revealed that Round wire shows least 

metal ion leaching than rectangular wire. This may differ according to the 

manufacturers choice. Least immersion time shows greatest release of metal ions 

and Group Ia is better than all other groups. 

Conclusion 

When comparing three manufactures, Group I shows least Ni and Ti ion 

leaching among other two groups. When comparing round and rectangular wires; 

round wires shows less ion release than rectangular wires. The least Ni and Ti ion 

release is shown by Group Ia at all time periods. The highest Ni and Ti ion release is 

shown by Group IIIb   at all time periods .At each immersion time, T1 shows least Ni 

and Ti ion release than other time periods, which gradually increases with immersion 

period. The average amount of ions leached per day from round and rectangular of 

three manufactures was well below the tolerable daily dietary intake level. 

Key words: Superelastic, Leaching, Artificial Saliva, Nickel Titanium Wire, 

Inductively coupled plasma mass spectrometry. 



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 



Introduction 

 

   Page 1 
 

 

INTRODUCTION 

Nickel titanium wires are the inevitable archwires in orthodontics, for its 

good mechanical and clinical properties1.The major property of nickel titanium 

wires are their springback, which enables a wide deflection and activation range2. 

Traditonally, Round Nickel titanium (NiTi) wires are used in orthodontics in 

the initial stages of treatment in the oral environment due to their excellent shape 

memory and superelasticity, and rectangular wires can be used during final stage of 

orthodontic treatment3.  

Additionally, Nickel in NiTi wires is capable of eliciting toxic and allergic 

responses and can produce more allergic reactions than any other metal elements4. 

When using nickel titanium arch wire, there is a possibility of arch wire 

corrosion results in biologically harmful effects due to the Ni ion release. So, nickel 

titanium orthodontic arch wire with a good properties including corrosion resistance 

is essential to its biocompatibility.  

It could be noted that the surface corrosion of NiTi arch wires may increase 

the friction which appears at the interface between the arch wire and bracket, 

reducing the free sliding action during orthodontic treatment5,6,7. 

Nickel-titanium (NiTi) archwires contain 47%–50% Ni, which are the common 

source of Ni in the intraoral environment of an orthodontic patient. It has been found 

that several cytotoxic, allergenic and mutagenic actions to Ni in various forms and 

compounds are also present8. Studies also shown that Ni is attributed with different 

carcinogenic problems. There is a trend for state laws to create awareness and 

emphasize the necessity for patient awareness about the harmful effects of NiTi9. 
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The metal ions leaching from orthodontic wires cannot be fully evaded; but it 

is possible to use materials with lower amounts of ions leaching in the mouth. It was 

proven that the amount of ions, leached from orthodontic wires in saliva was less 

than the toxic concentrations, which is below the critical value necessary to induce 

allergy and less than the daily dietary intake levels of 200–300 μg/day10. 

Ni and Ti are much less toxic than other heavy metals. Animal research has 

shown that a relatively high concentration of Ni is needed to produce toxic effects 

but that low concentrations of this metal can provoke allergic reactions11,12. Reports 

in the literature indicate that approximately 10% of the general population is 

sensitized to Ni and that the prevalence is much higher in female individuals13, 

average daily intake through food has been estimated at 3.52 mg/day for Mn, 200 to 

300 mg/day for Ni, 11 280 mg/day for Cr, and 300 to 2000 mg/day for Ti14. 

 Most inevitable characteristics of a material to be considered as ideal in 

dentistry are the Biological safety, functionality, adequate tissue response, and 

resistance to corrosion etc. As such, metal alloys have been extensively used in 

orthodontics because of their elasticity, shape memory, hardness, and stress resistance. 

The biocompatibility of orthodontic materials is widely discussed in recent scientific 

literature15. 

 In 2009 Kuhta et al studied the influence of wire type on the leaching of 

metal ions and found that leaching of ions was depended on composition of the arch 

wire, but it was not related to the content of metal. However, there is a lack of data 

in the relevant literature to support an increased prevalence of clinical adverse 

effects of Ni, still the studies is been continued to prove the biocompatibility of 

nickel containing orthodontic appliances16. 
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Biocompatibility of any dental material is now a fundamental requirement of 

successful clinical behavior in oral cavity. Depending on the characteristics and 

solubility of the products, nickel ions may be released in different places and at 

different levels, so introduction of these metal ions into the human body is an 

additional risk to health .Nickel containing alloys has become an integral part of 

almost every routine orthodontic intervention. The majority of dental allergies, 

including responses to nickel containing dental alloys, which are mediated through 

the immune system, comprise type IV hypersensitivity reactions17. 

 The purpose of this study is to determine the amount of Ni and Ti ion release 

from NiTi wires of three different manufactures. The study will be performed by 

immersion of the samples in artificial saliva at various time intervals and Ni and Ti 

release was quantified with the use of an inductively coupled plasma mass 

spectrometry. 
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AIMS 

The aim of this study is 

 To compare the  release of Ni  and Ti ions  from  NiTi wires of three different 

manufactures-Dentarum, Ormco, 3M Unitek 

 To compare the release of Ni and Ti ions from round(0.016), and rectangular 

(19x25) wires of three different manufactures. 

 To compare the release of Ni and Ti ions at different immersion time (T1, T2, 

T3, T4) in artificial saliva. 
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REVIEW OF LITERATURE 

 

John W Edie et al (1981)22 compared corrosion of the two metals under 

clinical conditions and found that Nitinol has more susceptible to electrolytic 

dissolution than stainless steel. 

Bernhard Schwaninger et al (1982)32 investigated that failure of nitinol 

orthodontic wire is because of the presence of surface defects which occurred during 

manufacturing and not due to the effects of corrosion and also they evaluated the 

flexural properties of  both control and corroded samples of nitinol wires and not 

found to be statistically different.  

HY Park D et al (1983)58 estimate the amount of nickel and chromium 

leached from a orthodontic wire incubated in 0.05 percent sodium chloride solution 

and they found that the average release of metals was 40 μg nickel and 36 μg 

chromium per day for a full-mouth appliance, which is in acceptable levels.  

Toms AP et al (1988)63 investigated corrosion of orthodontic wire using the 

electrochemical technique of polarization resistance. They calculated polarization 

resistance from the slope of the plot, and the corrosion current and rate determined. 

Problems associated with the technique are non-linear polarization plots and a prior 

knowledge of Tafel coefficients. In the present work a non-linear optimization 

procedure was developed to solve the corrosion equations directly for corrosion 

current and Tafel coefficients. 

Edward F Harris et al (1988)66 studied that the changes in the mechanical 

properties of a nickel-titanium in a simulated oral environment, at various levels of 
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acidity, they found that, mechanical properties were decreased when compared with 

the group which is kept dry and unstressed. 

Dunlap CL et al (1989)43 stated that nickel hypersensitivity is commonly 

seen in women, because of frequent contact with ornaments which contains nickel. 

Some other metal are also allergenic but less than nickel such as mercury, beryllium, 

chromium, cobalt, and gold. Nickel has high possibility of cutaneous allergy but 

only few cases of oral allergic reactions are reported in dental literature. This prove 

that  high concentration  of nickel is needed to provoke oral mucosal lesions 

compared with skin lesions which is generally regarded as a type IV cell mediated 

reaction.  

Miura F et al (1990)2 stated that Nickel titanium (NiTi) wires are now 

routinely used in dentistry due to their distinctive shape memory and superelasticity. 

In the initial phase of treatment the new superelastic NiTi can be used, this gives a 

three dimensional control as well as a horizontal and vertical leveling.  

Bishara SE et al (1993)41 aimed to find the concentration of nickel in blood 

in orthodontic patients during their initial course of orthodontic therapy. They 

concluded that there was no consistent increase in nickel level in blood during 4-5 

months after appliance insertion. This indicate that orthodontic appliances used, in 

their "as-received" condition, may corrode in the oral environment, in amounts very 

below the average dietary intake level. 

Justin K. Bass et al (1993)1 found that nickel sensitivity is more in females 

than males. (28% in females, 0% in males.) Nickel containing appliance had only 

little effects on the gingiva and allergy may usually occurs due to cutaneous nickel 

contact.  
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Kalimo K et al (1993)40 stated that development of nickel allergy was 

significantly associated with skin piercing (54% compared with 12%). There was a 

slight but non-significant difference in the prevalence of nickel allergy between 

students who had been subjects for orthodontic treatment (49%) compared with non-

treated ones (58%) if they had pierced skin and there were no significant differences 

in the development of nickel allergy among students who had had permanent dental 

braces before (50%) or after skin piercing (48%). They concluded that orthodontic 

treatment may not lead to tolerance induction on all occasions, and sensitization 

through permanent devices seems to be possible. 

Veien NK et al (1994)44 done a study on 5 patients with dermatitis or 

stomatitis related to the use of appliances were selected. All the patients were 

undergone patch test.3 of the patients had recurrent vesicular hand eczema, which 

flared after oral challenge with 1 of the metals used in their orthodontic appliances. 

The dermatitis of 4 of the 5 patients cleared completely upon the removal of their 

metal orthodontic appliances or their replacement with appliances made of acrylics. 

Dietmar Segner Dagmar Ib el et al (1995)29 investigated that many 

materials either did not show any pseudoelastic properties or that the wire 

parameters were such that they did not give any benefit over traditional work 

hardened NiTi materials. In many archwires the beginning of the plateau and desired 

characteristics began only when the archwire was displaced 1 mm or more.  

Waheidi EM (1995)45 stated that nickel is the most common allergen. 

Orthodontic appliances with nickel content are main cause of allergic reactions, 

which results in type IV delayed hypersensitivity immune response. Allergic 

reactions may involve intra- and extraoral clinical signs, comprising diffuse 
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erythema, edema, eczema, fissuring, desquamation, and symptoms such as itching 

and soreness. He aimed to provide orthodontists with the necessary knowledge about 

the biologic mechanisms, diagnostic tools, and clinical signs, as well as the 

treatment alternatives to nickel-induced allergic reactions.  

DJ Wever et al (1997)23 aimed to evaluate the short-term biological safety 

of the NiTi alloy. He concluded that NiTi alloy showed no cytotoxic, allergic or 

genotoxic activity, similar to the clinical reference control material. This biological 

behaviour was most likely due to a minimal release of ions and in that way a 

reflection of the good corrosion resistance of the NiTi alloy.  

Janson GR et al (1998)71 compared the prevalence of nickel hypersensitivity 

reaction before, during, and after orthodontic therapy with conventional stainless 

steel brackets and wires Nickel may induce delayed hypersensitivity reaction (type 

IV immune response) as it is a strong biological sensitizer and he concluded that 

nickel hypersensitivity reactions only occurs in individuals with previous allergic 

history to metals as well as daily use of metal objects. The result was not statistically 

significant in the prevalence of contact dermatitis. He also suggest that orthodontic 

therapy with nickel containing appliances does not initiate or aggravate a nickel 

hypersensitivity reaction. 

 Torrisi L et al (1998)35 compared NiTi with stainless steel and given Special 

interest to the use of NiTi alloy as orthodontic wires and endodontic instruments. 

The superelastic properties of orthodontic wires and endodontic files are measured 

in accordance with stress, strain, and temperature. Both are subjected to surface 

analysis to control the interface with the biological environment in which they will 

be immersed. 
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Kim H et al (1999)55 stated that orthodontic wires containing nickel is the 

main cause of allergic reactions. The purpose of this study was to determine if there 

is a significant difference in the corrosive potential of stainless steel, nickel titanium, 

nitride-coated nickel titanium, epoxy-coated nickel titanium, and titanium 

orthodontic wires. Variability in breakdown potential of nickel titanium alloy wires 

differed with different manufactures. Least corrosive potential shown by Titanium 

wires and epoxy-coated nickel titanium wires. The use of titanium or epoxy-coated 

wires during orthodontic treatment is recommended for patients allergic to nickel. 

Jia W et al (1999)42 compare and measure the amount of nickel released 

from three types of nickel-containing arch wires into a synthetic saliva, and 

determine if the concentrations were sufficient to elicit either and the result was the 

maximum amount of nickel released from all tested arch wires was 700 times 

lower than the concentrations necessary to elicit cytotoxic reactions in human. 

Widu F et al (1999)50 stated that the corrosion behavior of orthodontic wires 

is an important factor which determining their biocompatibility. They classified the 

wires into two groups, one with a high and a second group with a low tendency 

towards corrosion and analyses of wires after clinical usage indicate that changes of 

wire surfaces show the same characteristics under in vitro conditions. 

Nakagawa M et al (1999)38 clarified the effects of fluoride concentration 

and pH on the corrosion behavior of Ti, he conducted anodic polarization and 

immersion tests in NaF solution of various concentrations and pH values. Then the 

concentrations of dissolved Ti in the test solutions were analyzed. Results showed 

that obvious limits of fluoride concentration and the pH value at which the corrosion 

behavior of Ti changed. The results of this study revealed a relation between the 
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fluoride concentrations and pH values at which Ti corrosion occurred and provided 

data on such corrosion in environments where the fluoride concentration and pH 

value are known. 

NP Hunt et al (1999)27 investigate the effect of surface roughness on the   

corrosion rates of SS, NiTi, Co Cr, and TMA wires. Wires in first group were 

commercially polished for an equal surface finish; wires in the second group were 

kept to compare as “as received”. The relative corrosion rates (expressed in terms of 

corrosion current density) were estimated, in that NiTi wires shows the greatest 

dissolution in the as-received state. Corrosion rate of NiTi decreases with increased 

polishing. 

Chung-Ju Hwang et al (2001)33 divided the patients with orthodontic 

appliance into 4 groups. In his 3-month-long investigation, they found that there was 

no change in the amount of nickel released in all four groups Group A, Group B, 

Group C, and Group D after 14 days, 3 days, 7 days, and 1 month respectively; they 

observed a decrease in metal ion leaching when immersion time increased. 

Nicolas Schiff et al (2002)37 aimed to compare the NiTi, NiTiCo and 

TiAl6V4 alloys with the titanium, regarding the corrosion resistance in artificial 

saliva with different pH and fluoride contents. The corrosion potential was measured 

over time. Their results have shown that TiAl6V4 alloys have a good corrosion 

resistance as good as that of titanium except NiTi and NiTiCo alloys. 

Rahilly G et al (2003)46 stated that Nickel is the most common metal to 

cause contact dermatitis in orthodontics. Nickel-titanium alloys may have nickel 

content in excess of 50 per cent and can thus potentially release enough nickel in the 

oral environment to elicit manifestations of an allergic reaction. Stainless steel has a 
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lower nickel content (8 per cent Stainless steel orthodontic components are therefore 

very unlikely to cause nickel hypersensitivity. This article diagnosed the nickel 

allergy in orthodontics and describes alternative products that are nickel free or have 

a very low nickel content, which is appropriate in patients diagnosed with a nickel 

allergy. 

Faccioni F et al (2003)64 aimed to investigate the biocompatibility in vivo of 

fixed orthodontic appliances, evaluating the presence of metal ions in oral mucosa 

cells, their cytotoxicity, and their possible genotoxic effects. The results indicate that 

nickel and cobalt concentrations were   higher, respectively, in the patients than in 

the controls. The biologic effects, evaluated, results, indicated that both metals 

induced DNA damage. This study corroborates that nickel released from fixed 

orthodontic appliances can induce DNA damage in oral mucosa cells. 

Shin JS et al (2003)18 determined surface corrosion of the archwires   

macroscopically, with scanning electron microscopy, and with spectrophotometry 

for that Simulated fixed orthodontic appliances were constructed, immersed and 

then incubated in artificial saliva for three months. Two types of stainless steel 

archwires and two types of NiTi wires were used. Uniform corrosion was observed 

on stainless steel wires, and a slight colour change was detected on the NiTi wires 

beneath stainless steel ligatures. But the NiTi archwires did not corrode, and there 

was no significant difference in surface morphology. NiTi archwires are 

significantly more stable and resistant to corrosion than stainless steel archwires. 

Theodore Eliades et al (2004)56 found that  orthodontic alloys occurs in the 

intraoral environment, regardless of the alloys metallurgic structure, and it is also 

known that the extent of manufacturing defects may accelerate the corrosion 
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process. Ni at nontoxic concentrations induces DNA damage by base damage and 

DNA strand scission (single strand breaks). 

Kazuyuki Kaneko et al (2004)30 tried to investigate the degradation in 

performance of four orthodontic alloys nickel-titanium, beta titanium, stainless steel, 

and cobalt-chromium nickel, which is dipped in an acid fluoride solutions. Results 

shows that degradation of orthodontic wires of titanium alloys occurs faster.  

Yong Hoon KWON et al (2004)57 examined the effect of acidic fluoride 

solution on NiTi arch wires  and element release from wire under four different test 

solutions after 1 or 3d immersion. Increased tensile strength showed by 3M wires 

whereas G&H and Ormco wires showed decreased strength. Element release in the 

test solution increased as NaF concentration and the period of immersion increased, 

and as pH valued decreased. The factors affecting these properties were NaF 

concentration, pH value, and the period of immersion  

Genelhu MC et al (2005)65 found that dissolution of orthodontic appliances 

and leaching of nickel ions results in an inflammatory response in some patients. 

They concluded that females with a history of allergic reactions had a greater 

predisposition to some steroids. A prior allergy to be taken in account and should be 

recorded in the patient's medical history. 

Cioffi  M et al (2005)25 investigate the alloys based on Ni–Ti intermetallics 

generally exhibit special shape memory and pseudoelastic properties, which make 

them desirable for use in the dental field as orthodontic wires. Because the 

allergenicity of Nickel the possibility of metal ion release from these materials is of 

high concern. 
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Her-Hsiung Huang et al (2005)31 investigated the surface characterizations 

and corrosion resistance of as-received commercial nickel–titanium (NiTi) dental 

orthodontic archwires from different manufacturers using a cyclic potentiodynamic test 

in artificial saliva with various acidities. The results showed that, because of presence 

of   TiO2   and small amounts of NiO, the surface structure of the passive film on the 

tested NiTi. Various manufacturers shows a different surface topography   on the NiTi 

wires. Corrosion potential, corrosion rate, passive current, breakdown potential, and 

crevice-corrosion susceptibility these all depends on the wire manufacturer and solution 

pH. They concluded that the difference in the corrosion resistance of orthodontic 

archwires did not correspond with the surface roughness and pre-existing defects. 

Her-Hsiung Huanga et al (2005)15 investigate the disparity in corrosion 

resistance of NiTi wires from different manufacturers. Nickel-titanium (NiTi) wires 

produced by various manufacturers may have different corrosion resistance in 

acidic oral environment. The results showed that NiTi wires from different 

manufacturers had a statistically significant difference in Rp (P, .001).   

Hyung-SooAhn et al (2006)34 evaluated the effect of pH and temperature on 

orthodontic NiTi arch wires after immersed in an acidic fluoride solution. Each as-

received wire exhibited quite different microhardness values. The reduction of 

microhardness, 1.2-5.7%, occurred after immersion, pH and temperature influence 

the volumetric weight change, concentration of the released elements, and surface 

morphology were influenced by. At pH 3.5 of 60°C solution, the greatest weight 

loss, release of elements, and corrosion of surface occurred from the wires. At pH 6, 

no such loss or release occurred regardless of temperature. At 5°C solution, the 

surface exhibited minor corrosion regardless of pH value.  



Review of Literature 

 

    Page 14 
 

Peitsch T et al (2007)67 investigated the effect of mechanical loading and of 

surface treatment on the leaching of nickel from nickel-titanium orthodontic wires. 

They monitored the release of nickel by atomic absorption spectroscopy and found 

that mechanically loaded wires released significantly more nickel than nonloaded 

wires. The amount of released nickel was little in all cases.  

Wang J et al (2007)39 aimed to study the mechanism of the cracking of 

orthodontic NiTi wire. The results showed that there were three areas at the fracture 

surface of NiTi orthodontic wire. Area '1' was a tool-made notch. Crack initiated 

from the root of this notch and propagated to form Area '2', which was perpendicular 

to the wire axis and covered by surface film. The pH of saliva and applied stress 

influence cracking process of NiTi alloy. They found that at high stress and low pH, 

this NiTi alloy was most sensitive to cracking. 

Olga-Elpis Kolokitha et al (2008)13 investigated the effect of orthodontic 

therapy on the prevalence of nickel hypersensitivity and compare it with the 

prevalence in the general population, they found orthodontic treatment is not 

associated with an increase in the prevalence of Ni hypersensitivity, unless subjects 

have a history of Ni exposure from cutaneous piercing 

 Rodrigo Matos de Souzaa et al (2008)14 investigated variability in ion 

concentration among individuals is a common finding when examining the release 

of metal ions in saliva. This variation may be related to several factors since saliva 

does not present a constant composition and may be different among individuals or 

even among periods for the same individual. The physical properties, amount, and 

composition of saliva are influenced by factors such as diet, period of the day, and 

psychic conditions.  
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 Noble J et al (2008)6 studied two cases and found that  oral exposure to nickel 

may induce immunologic tolerance to nickel and thereby reduce the incidence of 

nickel exposure causes formation of free radicals in various tissues in both human and 

animals. After effects of nickel intoxications are various modifications to DNA bases, 

enhanced lipid peroxidation, and altered calcium and sulphhydryl homeostasis. 

Das KK et al (2008)9 investigate common harmful health effect of nickel in 

humans is an allergic skin reaction in those who are sensitive to nickel. Nickel is the 

most common reason of immediate and delayed hypersensitivity noticed in 

occupationally exposed as well in the general population. The metal is not just an 

allergen but also a potential immunomodulatory and immunotoxic agent in humans. 

Nausea, vomiting, abdominal pain, diarrhea, headache, cough, shortness of breath, 

and giddiness were reported for workers of an electroplating plant who drank water 

contaminated with nickel chloride and nickel sulphate (1.63 g/l). Signs and 

symptoms of toxicity lasted for up to 2 days. Most chronic inhalation exposures 

involve occupational exposure to nickel dust or nickel vapors resulting from welding 

nickel alloys which may lead to respiratory disorders such as asthma, bronchitis, 

rhinitis, sinusitis, and pneumoconiosis.  

Svetlana A Shabalovskaya et al (2009)24 found that the patterns of Ni 

release from Nitinol vary depending on the type of material (Ni–Ti alloys with low 

or no processing versus commercial wires or sheets).The present study of Nitinol 

wires with surface oxides resulting from production was conducted to identify the 

sources of Ni release and its distribution in the surface sublayers. Orthodontic wires 

in the as-received state showed low breakdown potentials. Nitinol wires with the 

thick TiO2 layer showed the highest Ni release.  
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Maja Kuhtaa et al (2009)16 found that leaching of metal ions depends on 

the composition of the archwire, not the components of amount of metal in a 

particular arch wire. Amount of all released metal ions were well below toxic levels 

and did not exceed the daily dietary intake. However, these levels are sufficient to 

cause an allergic reaction because of the high haptenic potential of released 

elements.  

Evangelia Petoumenou et al (2009)28 tried to estimate the chances of risk to 

use nickel-titanium wires in patients who have nickel hypersensitivity to examine 

whether these wires can change  nickel concentration in the saliva.  By using mass 

spectrometry, there is no statistically significant differences were found in the nickel 

concentrations in the samples taken without appliances and in those obtained 2 

weeks after engaging the bands and brackets. Saliva taken immediately after 

placement, associated with an increase of the ion concentration in the patient's 

saliva. 

Tzu-Hsin Lee et al (2010)4 found that the archwire manufacturer and NaF 

concentration had a statistically significant influence on the corrosion resistance, of 

the four different kinds of commercial NiTi orthodontic archwires in acidic fluoride-

containing artificial saliva. The surface topography of the commercial NiTi 

archwires with identical surface chemical structures, TiO2, and small amounts of 

NiO, did not correspond to the variation in corrosion resistance in fluoride 

containing artificial saliva. 

Luciane Macedo de Menezes et al (2010)36 stated that several metallic 

alloys used in orthodontics have nickel and chromium as their components. These 

metal ions are known to be essential elements but are considered one of the most 
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common causes of allergic contact dermatitis. The allergic reactions are caused by a 

direct relationship with the presence of nickel in the environment and may be caused 

by ingestion or direct contact with the skin and/or mucosa.   

Abalos C et al (2011)68 investigate several topographical features and their 

influence upon fluoride corrosion were studied. Four topographies (smooth, dimple, 

scratch, and crack) according to the main surface defect were characterized .An 

increase in the surface defects and/or roughness was observed on the cracked and 

scratched surfaces. Thus there is an increase in corrosion behavior. Smooth and 

dimpled surfaces are the best surfaces for the orthodontic archwires to reduce 

corrosion. The increase in defects was independent of roughness.   

Fariborz Amini et al (2012)61 concluded that the corrosion of orthodontic 

appliances and their subsequent metal ion release in the oral environment is 

governed by two main factors. The first is the manufacturing process, which 

includes   characteristics of the metals used .second is environmental factors, such as 

mechanical stress, diet, time of the day, salivary flow rate, and health and 

psychosomatic condition of the individual. 

Elisa J Kassab et al (2013)51 compared resistance of NiTi and TMA to 

leaching with and without addition of fluoride, thus assess the influence of fluoride 

content on the corrosive behavior of orthodontic wires. Concluded that in the 

presence of fluoride NiTi corrosion resistance decreases. 

Luca Lombardoa et al (2013)53 stated NiTi archwires have become 

increasingly popular in recent years because of their ability to release light forces, 
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which are considered to improve the efficiency and efficacy of treatment, especially 

during initial alignment and leveling phases.  

Roberto Rongoet al (2014)12 studied the clinical use of wires altered their 

surface properties and increased surface roughness and level of friction. After 

clinical use, surface roughness increased considerably. As-received superelastic 

Titanium Memory Wire shows lowest levels of friction. All the wires shows an 

increase in friction when tested with ceramic brackets. 

Visnja Katica et al (2014)52 tried to assess the effect of various surface 

coating and their influence on leaching of nickel-titanium orthodontic. They 

concluded that uncoated NiTi wires showed anticorrosive properties, than coated 

NiTi wires.   

Manu Krishnan et al (2014)54 tried to evaluate and compare the association 

of corrosion behavior of commercially available surface coated nickel titanium wires 

conventional NiTi wires. He compared the Surface modification of NiTi wires may 

improve its corrosion resistance and decreasing surface roughness. They concluded 

that, anticorrosive features depends on nature of coating material and surface 

roughness. 

Senkutvan RS et al (2014)47 investigated to analyze and evaluate the 

amount of leaching of Ni ions from various manufactures arch wires. They found 

that the daily release of NiTi, SS, Cu NiTi and ion implanted NiTi by an orthodontic 

appliance in acid pH, particularly favorable to corrosion, was well below with a 

normal daily diet.   
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Sandhya M et al (2015)48 aimed to give an awareness to doctors, as the need 

for orthodontic treatment is increasing, reported number of patients with allergy has 

been also increased. Therefore, it is imperative to take thorough history from 

patients. The unexplained occurrence of gingival or mucosal inflammation, 

erythema, or the report of a burning sensation in the patient's oral tissues should be 

investigated as a potential allergic response to their orthodontic appliances. 

Sepideh Arab et al (2015)49 concluded that the daily body intake of nickel 

and chromium via food is approximately 300-500 and 5-100 microgram, which is 

obviously less than daily intake which is not capable of inducing systemic toxicity. 

The average concentration of nickel in drinkable water is less than 20 microgram per 

liter. The results of the present study revealed that the nickel ion release decreases in 

the second 28 days, it is possible to use the biomechanical advantages of these arch 

wires without biological concerns. 

Arash Azizi et al (2016)7 found the amount of nickel and titanium ions 

released from two wires with different shapes and a similar surface area were 

evaluated in this study. Their results clearly revealed that rectangular group shows 

higher leaching than round wires. They concluded that shape of the wire and 

increase of time control the release of metal ions.  

Wendl B et al (2017)70 evaluated the leaching of Mn, and Ni from 

orthodontic appliance during   treatment. They found that Mn, and Ni, release is 

more in bands after that brackets and archwires. After six months of treatment some 

corrosion products may developed on bands in artificial saliva because of some 

metals were welded to the bands. They concluded that leaching of metals by 

orthodontic materials are at very low levels, below typical dietary intake.  
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MATERIALS AND METHODS 

 This study has been conducted at sophisticated instrumentation and 

computation center (SICC), Thiruvananthapuram, Kerala. 

Materials and Instruments 

Archwires 

 0.016 NiTi (Dentarum, Ormco, 3M Unitek) round Orthodontic Archwires 

 19x25NiTi (Dentarum, Ormco, 3MUnitek) rectangular Orthodontic 

Archwires 

Equipment used 

 Inductively coupled plasma mass spectrometry (Thermo scientific, ICPA Q, 

Bremen, Germany) 

 Digester(Anton parrmultiwave 3000 Microwave digester) 

 Incubator (HEPA,Forma series II, Thermo electron Corporation) 

 Shaker 

Materials 

 Artificial saliva (Biotene Glaxo Smith Kline, Consumer, Healthcare, L.P 

Moon Township, USA ) 

 Sodium Hydroxide (Medilisechemicals, Kannur) 

 pH paper (INDICATORS India ,Product No:74026A) 

 6 ml syringe (Dispovan, Hindustan syringes and Medical Devices Ltd, Lour 

Mount) 

 Polypropylene beakers 
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Inclusion criteria: Most commonly using 7 inch long round and rectangular Niti 

wires of three different manufactures  

 (0.016) and (19x25) NiTiarchwires of Dentaurum 

 (0.016) and (19x25) NiTiarchwires of Ormco 

 (0.016) and (19x25 NiTiarchwires of 3M Unitek 

Exclusion: Damaged archwire 

CONSTITUTION OF TEST GROUPS OF THE ARCHWIRES 

Sample size: 126 

Groups: Three main groups, Six subgroups 

Sample size of each group: 21 

Detailed description: 

Six groups and subgroups 

Groups Subgroups 
Colour 

Code 

Sample 

Code 
Size Manufacturer 

Group I 

Group I Red IA 0.016 Dentaurum 

Group II Green IB 19x25 Dentaurum 

Group II 

Group III Blue IIA 0.016 Ormco 

Group IV Orange IIB 19x25 Ormco 

Group III 

Group V Violet IIIA 0.016 3M Unitek 

Group VI Black IIIB 19x25 3M Unitek 
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METHODOLOGY 

Procedure in detail  

 In this study superelastic NiTi Archwires of three different manufactures 

which is in two shapes Round and Rectangular of commonly using dimensions 

0.016 and 19x25 respectively of 7 inches long are used in this study. Wires are 

divided into three groups 

Groups Subgroups 
Colour 

Code 

Sample 

Code 
Size Manufacturer 

Group I 

Group I Red IA 0.016 
Dentaurum NiTi 

wires 

Group II Green IB 19x25 
Dentaurum NiTi 

wires 

Group II 

Group III Blue IIA 0.016 Ormco NiTi wires 

Group IV Orange IIB 19x25 Ormco NiTi wires 

Group 

III 

Group V Violet IIIA 0.016 3M NiTi wires 

Group VI Black IIIB 19x25 3M NiTi wires 

 

 In this study inductively coupled plasma mass spectrometry (Thermo 

scientific, ICPA Q, Bremen, Germany) is used for the quantification of Nickel and 

Titanium from Artificial Saliva (Biotene GlaxoSmithKline Consumer Healthcare, 

L.P Moon Township, USA) 

Sample Preparation 

The testing solution used in the study is artificial saliva (Biotene 

GlaxoSmithKline Consumer Healthcare, L.P Moon Township, USA), components 

are Magnesium chloride 6 H2O - 0.052, Sorbitol solution (70%) - 60, xanthan gum 
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Sodium benzoate - 0.844, Calcium chloride anhydrous - 0.146, Potassium phosphate 

dibasic - 0.34 Methyl paraben - 2, Hydroxyethyl cellulose 3.5, Potassium sorbate - 

1.2 Purified water, sunflower oil; which will be adjusted to pH 6.75 ± 0.15 (neutral 

PH, which is seen in normal oral environment) buffer solutions (which can resist 

changes in pH when acid or alkali  is added to it) by adding 1 mMNaOH (Sodium 

Hydroxide). 

Procedure 

 Each wires separately dipped into 126 polypropylene beakers containing 50 

ml of buffer solution. Then incubate at 37°C (as in normal oral environment) to 

promote cell growth and place on a shaker for mild agitation to simulate in vivo 

situation. 

 After each immersion period(At T1=1 hour, T2=24 hour, T3=1 week, T4=3 

week) Whole 126 polypropalene beakers were taken out from the incubator and 5ml 

of eluent (Fluid used to elute a substance) is removed from each beakers using a 

syringe with a plastic tip and acid digestion has been done. 

This solution contains 2% nitric acid, and 0.5% hydrochloric acid added to 

stabilize the elements. Then the samples are digested (Anton parr multiwave 3000 

Microwave digester) for few minutes (To dissolve the metals, at high temperature 

and pressure upto 2600 C) ,then make up the solution by adding 1 drop of Hcl  and 

place into the auto sampler tray of ICP MS. 

Sample introduction is achieved via analytical nebulizers. Nebulizer converts 

liquids into an aerosol, and that aerosol can then be swept into the plasma to create the 

metal ions. Then the aerosol moves into the bottom of the torch body of the machine. 
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ICP-MS Interface 

The ionisation occurs at atmospheric pressure, the interface between the 

Inductively Coupled Plasma and Mass Spectrometry components becomes essential 

in creating a vacuum environment for the MS system. Ions flow through a small 

orifice, into a pumped vacuum system, and the sample ions are passed into the MS 

system at high speeds. The entire mass spectrometer should be kept in a vacuum so 

that the ions are free to move without collisions with air molecules, meanwhile the 

ICP should be maintained at atmospheric pressure. 

Plasma torch 

The ICP torch comprised of a copper induction coil wrapped around a 

concentric quartz Structure. The plasma used here is partially ionizing argon gas. 

Argon gas is continuously flowing throughout the quartz torch, and a radio-

frequency generator provides power to the RF coil at oscillating frequencies.   

The required energy is obtained by pulsing an electrical current that surround 

the argon gas. After the sample is injected, atomization occurs and thus the plasma's 

extreme temperature causes the sample to separate into individual atoms then the 

plasma ionizes these atoms so that they can be detected by the mass spectrometer. 

The end of this torch is placed inside an induction coil supplied with an 

electric current. When ample argon supplied, the plasma will reach equilibrium and 

remain at a constant temperature of about 6,000°C for the duration of analysis. To 

introduce free electrons into the gas stream argon gas is introduced between the two 

outermost tubes of the torch. These electrons interact with the magnetic field of the 

induction coil. These ions are then separated and detected by the mass 

spectrometer59.   
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Interface 

The interface serves to allow the ICP and MS portions to be coupled. The 

first component in the sample matrix of ICP torch is the sampler cone. This is a 

water cooled cone   allowing the hot plasma gas to enter a depressurizing chamber. 

A fraction of this gas then passes through a skimmer cone, and into a chamber that is 

maintained at a vacuum of that of the MS. This two-step pressure reduction allows 

the ionic gas to enter the MS at proper temperature and pressure. 

Mass Spectrometry 

In the first stage, ions are removed from the plasma by a pumped extraction 

system. After passing through the sample and skimmer cones, the ion stream is focused 

into the quadrapole region by single ion lenses. Then these ions pass through a charged 

metallic cylinder which keeps the ion beam from diverging. The suitable type of 

reaction gas and pressure is set, and adjustments can be done in the computer software.  

Energetic electrons collide with analyst molecules and fragmentation occurs 

to produce ions of lower masses. Ions are dispersed in the mass analyser based on 

their mass-to-charge ratio (m/z).  

Four parallel cylindrical rods (approximately 1 cm in diameter and 15-20 cm 

long) serve as electrodes; opposite rods are connected electrically with one pair 

connected to the positive side of direct current (dc) source, and second one to the 

negative terminal.   

Detector 

The ion detector used is the channel tron electron multiplier. This cone or 

horn shaped tube has a high voltage applied to it opposite in charge to that of the 
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ions being detected When they strike the surface additional secondary electrons are 

emitted which move farther into the tube. As the process continues even more 

electrons are formed, resulting in as many as 108 electrons at the other end of the 

tube after one ion strikes at the entrance of the cone.60 

After the analysis of first sample the instrument can be switched to work on 

the next sample, series of such sample measurements requires the instrument to have 

plasma ignited. Then measure the amount of ion released at four immersion times 

Ti=1 hour, T2=24 hour, T3=1 week, T4=3 week using the software 

Thermoscientific QtegraTM Intelligent Scientific Data Solution Software (ISDS) 

which is attached to the ICP MS instrument. This shared software approach provides 

control and data processing for a range of elemental and isotopic analysis 

technologies The output is numerical, and provided in counts per second ie, how  

much Nickel and Titanium  (mass-ion ratio) is released per second . Levels are 

recorded and displayed in computer monitor in parts per million( ppm). 

Statistical Analysis 

The data obtained was analysed using Statistical Package for Social Sciences 

(16.0) version software used for analysis. One way ANOVA (Post hoc) followed by 

Dunnet t test applied to find the statistical significant between the groups. Unpaired t 

test applied to find the statistical significant within the groups. P value less than 0.05 

considered statically significant at 95% confidence interval. 
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Fig 1. Testing sample - artificial saliva 
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Fig 2.  0.016 Dentaurum Wires 

 

 

 

Fig 3.  19x25 Dentaurum Wires 
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Fig 4.  0.016 Ormco Wires 

 

 

 

 

Fig 5.  19 x 25 Ormco Wires 
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Fig 6.  0.016 3M Wires 

 

 

 

 

 

Fig 7.  19 x 25 3M Wires 
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Fig 8.  Group Ia 
 

 

 

 

Fig 9.  Group Ib 
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Fig10. Group IIa 
 
 

 

Fig 11.  Group IIb 
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Fig 12.  Group IIIa 

 

 

Fig 13.  Group IIIb 



Color Plates 

 

    
 

 

 

 

 

 

Fig 14. ICP-MS 

 

 

 

 

Fig 15.  Sample Introduction System 
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Fig 16.  Incubator 
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Fig 17.  Digester 

 

 

 

 

Fig 18.   Shaker 
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RESULTS AND OBSERVATION 

Statistical analysis: The data was expressed in mean and standard deviation.  

Statistical Package for Social Sciences (16.0) version used for analysis. One way 

ANOVA (Post hoc) followed by Dunnet t test applied to find the statistical 

significant between the groups. Unpaired t test applied to find the statistical 

significant within the groups.  P value less than 0.05 considered statically significant 

at 95% confidence interval.  

Table-1: Mean Ni and Ti release values of Group-I  

Time 
Group-IA (MEAN±SD) Group-IB (MEAN±SD) 

Ni Ti Ni Ti 

T1 (1 hour) 0.21±0.004 0.11±0.006 0.21±0.004 0.13±0.008 

T2 (24 hours) 0.25±0.005 0.13±0.008 0.25±0.009 0.14±0.008 

T3 (1 week) 0.28±0.006 0.14±0.005 0.28±0.006 0.15±0.005 

T4 (3 weeks) 0.31±0.008 0.16±0.007 0.32±0.009 0.17±0.008 

 

Table-2: Mean Ni and Ti release values of Group-II 

Time 
Group-IIA (MEAN±SD) Group-IIB (MEAN±SD) 

Ni Ti Ni Ti 

T1 (1 hour) 0.24±0.005 0.14±0.007 0.25±0.009 0.15±0.007 

T2 (24 hours) 0.28±0.006 0.16±0.007 0.31±0.005 0.17±0.007 

T3 (1 week) 0.31±0.005 0.17±0.008 0.34±0.001 0.18±0.008 

T4 (3 weeks) 0.34±0.007 0.20±0.007 0.37±0.008 0.21±0.007 
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Table-3: Mean Ni and Ti release values of Group-III 

Time 
Group-IIIA (MEAN±SD) Group-IIIB (MEAN±SD) 

Ni Ti Ni Ti 

T1 (1 hour) 0.25±0.009 0.18±0.008 0.28±0.006 0.21±0.10 

T2 (24 hours) 0.31±0.005 0.21±0.009 0.37±0.005 0.23±0.001 

T3 (1 week) 0.37±0.005 0.28±0.009 0.44±0.10 0.29±0.006 

T4 (3 weeks) 0.44±0.001 0.30±0.007 0.50±0.10 0.32±0.10 

 

Table-4: Comparison of mean Ti and Ni release values of three different round 

wires at T1 Period  

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IA 0.21±0.004 0.12 0.11±0.006 0.04* 

Group-IIA 0.24±0.005 0.04* 0.14±0.007 0.03* 

Group-IIIA 0.25±0.009 0.03* 0.18±0.008 0.02* 

(*p<0.05 significant compared) 

On comparison of Ni and Ti release of three round wires at T1, Group Ia 

compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.04 and 0.02 respectively for Ni and 

Ti, shows there is significant difference compared with other groups. 
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Table-5: Comparison of mean Ti and Ni release values of three different 

rectangular wires at T1 Period 

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IB 0.21±0.004 0.13 0.13±0.008 0.04* 

Group-IIB 0.25±0.009 0.03* 0.15±0.007 0.03* 

Group-IIIB 0.28±0.006 0.02* 0.28±0.006 0.02* 

(*p<0.05 significant compared) 

 On comparison of Ni and Ti release of three rectangular wires at T1, Group 

Ia compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.03 and 0.02 respectively for Ni and 

Ti, shows there is significant difference compared with other groups. 

Table-6: Comparison of mean Ti and Ni release values of three different round 

wires at T2 Period 

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IA 0.25±0.005 0.14 0.13±0.008 0.17 

Group-IIA 0.28±0.006 0.04* 0.16±0.007 0.04* 

Group-IIIA 0.31±0.005 0.03* 0.21±0.009 0.03* 

(*p<0.05 significant compared) 

On comparison of Ni and Ti release of three round wires at T2, Group Ia 

compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.04 and 0.03 respectively for Ni and 

Ti, shows there is significant difference compared with other groups. 
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Table-7: Comparison of mean Ti and Ni release values of three different 

rectangular wires at T2 Period 

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IB 0.25±0.009 0.17 0.14±0.008 0.19 

Group-IIB 0.31±0.005 0.03* 0.17±0.007 0.04* 

Group-IIIB 0.37±0.005 0.02* 0.23±0.001 0.03* 

(*p<0.05 significant compared) 

On comparison of Ni and Ti release of three rectangular wires at T2, Group Ia 

compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.03 and 0.02 respectively for Ni and 

0.04 and 0.03 for Ti, shows there is significant difference compared with other groups. 

Table-8: Comparison of mean Ti and Ni release values of three different round 

wires at T3 Period 

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IA 0.28±0.006 0.11 0.14±0.005 0.13 

Group-IIA 0.31±0.005 0.04* 0.17±0.008 0.04* 

Group-IIIA 0.37±0.005 0.03* 0.28±0.009 0.02* 

(*p<0.05 significant compared) 

On comparison of Ni and Ti release of three round wires at T3, Group Ia 

compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.04 and 0.03 respectively for Ni and 

0.04 and 0.02 for Ti, shows there is significant difference compared with other 

groups. 
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Table-9: Comparison of mean Ti and Ni release values of three different 

rectangular wires at T3 Period 

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IB 0.28±0.006 0.13 0.15±0.005 0.14 

Group-IIB 0.34±0.001 0.04* 0.18±0.008 0.04* 

Group-IIIB 0.44±0.10 0.02* 0.29±0.006 0.02* 

(*p<0.05 significant compared) 

On comparison of Ni and Ti release of three rectangular wires at T3, Group 

Ia compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.04 and 0.02 respectively for Ni and 

Ti, shows there is significant difference compared with other groups. 

Table-10: Comparison of mean Ti and Ni release values of three different 

round wires at T4 Period 

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IA 0.31±0.008 0.11 0.16±0.007 0.13 

Group-IIA 0.34±0.007 0.04* 0.20±0.007 0.04* 

Group-IIIA 0.44±0.001 0.02* 0.30±0.007 0.02* 

(*p<0.05 significant compared) 

On comparison of Ni and Ti release of three round wires at T4, Group Ia 

compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.04 and 0.02 respectively for Ni and 

Ti, shows there is significant difference compared with other groups. 
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Table-11: Comparison of mean Ti and Ni release values of three different 

rectangular wires at T4 Period 

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IB 0.32±0.009 0.12 0.17±0.008 0.14 

Group-IIB 0.37±0.008 0.03* 0.21±0.007 0.03* 

Group-IIIB 0.50±0.10 0.02* 0.32±0.10 0.02* 

(*p<0.05 significant compared) 

On comparison of Ni and Ti release of three round wires at T4, Group Ia 

compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.03 and 0.02 respectively for Ni and 

Ti, shows there is significant difference compared with other groups. 

Table-12: Comparison of mean Ti and Ni release values between the groups  

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IA 0.21±0.004 0.14 0.11±0.006 0.04* 

Group-IB 0.21±0.004 0.13 0.13±0.008 0.04* 

Group-IIA 0.24±0.005 0.04* 0.14±0.007 0.03* 

Group-IIB 0.25±0.009 0.03* 0.15±0.007 0.03* 

Group-IIIA 0.25±0.009 0.03* 0.18±0.008 0.02* 

Group-IIIB 0.28±0.006 0.02* 0.28±0.006 0.02* 

Comparison of mean Ni release between the groups at T1, P value of Group 

Ia is 0.14 and P value 0.13 of Group Ib shows there is no significant difference 

compared Group Ia and Group Ib with other groups. P value of 0.04, 0.03, 0.03, 0.02 

of Group IIa, Group IIb, Group IIIa, Group III b respectively shows there is no 

significant difference between each other. 
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Comparison of mean Ti release of T1, on comparison with P value  of 0.04  

shows there is statistically significant difference when compared Group Ia  with all 

other groups; P value  of 0.04  shows there is statistically significant difference when 

compared Group Ib  with all other groups; P value  of 0.03  shows there is 

statistically significant difference when compared Group IIa with all other groups; P 

value  of 0.03  shows there is statistically significant difference when compared 

Group IIb  with all other groups; P value  of 0.02  shows there is statistically 

significant difference when compared Group IIIa  with all other groups; P value  of 

0.02  shows there is statistically significant difference when compared Group IIIb  

with all other groups. 

Table-13: Comparison of mean Ti and Ni release values between the groups  

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-Ia 0.25±0.005  0.13±0.008  

Group-Ib 0.25±0.009 0.17 0.14±0.008 0.19 

Group-IIa 0.28±0.006*,# 0.04 0.16±0.007*,# 0.04 

Group-IIb 0.31±0.005*,#,$ 0.03 0.17±0.007*,#,$ 0.04 

Group-IIIa 0.31±0.005*,#,$ 0.03 0.21±0.0095*,#,$,& 0.03 

Group-IIIb 0.37±0.005*,#,$,&,ǁ 0.02 0.23±0.001*,#,$,&,ǁ 0.03 

On comparison of Ni release at T2, P value of Group Ia and Group Ib  is 0.14 

and 0.17 respectively ,which is not statistically significant with other groups ;P value 

of 0.04,0.03,0.03,0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, respectively 

shows  there is statistically significant difference between each other. 
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On comparison of Ti release  at T2,P value of Group Ia and Group Ib  is 0.21 

and 0.19 respectively ,which is not statistically significant with other groups ;P value 

of 0.04,0.04,0.03,0.03  of Group IIa , Group IIb, Group IIIa, Group IIIb, respectively 

shows  there is statistically significant difference between each other. 

Table-14: Comparison of mean Ti and Ni release values between the groups  

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-Ia 0.28±0.006  0.14±0.005  

Group-Ib 0.28±0.006 0.13 0.15±0.005 0.14 

Group-IIa 0.31±0.005*,# 0.04 0.17±0.008*,# 0.04 

Group-IIb 0.34±0.001*,#,$ 0.04 0.18±0.008*,# 0.04 

Group-IIIa 0.37±0.005*,#,$,& 0.03 0.28±0.009*,#,$,& 0.02 

Group-IIIb 0.44±0.10*,#,$,&,ǁ 0.02 0.29±0.006*,#,$,& 0.02 

 

On comparison of Ni release at T3, P value of Group Ia and Group Ib  is 0.14 

and 0.13 respectively, which is not statistically significant with other groups; P value 

of 0.04,0.04,0.03,0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb , respectively 

shows  there is statistically significant difference between each other. 

On comparison of Ti release  at T3,P value of Group Ia and Group Ib  is 0.16 

and 0.19 respectively, which is not statistically significant with other groups; P value 

of 0.04,0.04,0.02,0.02  of Group IIa , Group IIb, Group IIIa, Group IIIb , 

respectively shows  there is statistically significant difference between each other. 
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Table-15: Comparison of mean Ti and Ni release values between the groups  

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IA 0.31±0.008 0.11 0.16±0.007 0.16 

Group-IB 0.32±0.009 0.12 0.17±0.008 0.14 

Group-IIA 0.34±0.007 0.04* 0.20±0.007 0.04* 

Group-IIB 0.37±0.008 0.03* 0.21±0.007 0.03* 

Group-IIIA 0.44±0.001 0.02* 0.30±0.007 0.02* 

Group-IIIB 0.50±0.10 0.02* 0.32±0.10 0.02* 

(*p<0.05 significant)  

On comparison of Ni release at T4, P value of Group Ia and Group Ib is 0.11 

and 0.12 respectively, which is not statistically significant with other groups; P value 

of 0.04, 0.03, 0.02, 0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 

On comparison of Ti release at T4, P value of Group Ia and Group Ib is 

0.16 and 0.14 respectively, which is not statistically significant with other groups; 

P value of 0.04, 0.03, 0.02, 0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 
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Table-16: Comparison of mean Ni release values between the groups at same 

time period of Group-IA and Ib 

Time 
Ni 

p value 
Group-IA (MEAN±SD) Group-IB (MEAN±SD) 

T1 (1 hour) 0.21±0.004 0.21±0.004 0.34 

T2 (24 hours) 0.25±0.005 0.25±0.009 0.48 

T3 (1 week) 0.28±0.006 0.28±0.006 0.12 

T4 (3 weeks) 0.31±0.008 0.32±0.009 0.45 

When comparing Ni release of Group Ia and Group Ib, P value  at T1 is 0.34, 

T2 is 0.48, T3 is 0.12, T4 is 0.45 respectively shows there  is not statistically 

significant difference between groups. 

Table-17: Comparison of mean Ni release values between the groups at same 

time period of Group-IIA and IIb 

Time 

Ni 

p value 
Group-IIA 

(MEAN±SD) 

Group-IIB 

(MEAN±SD) 

T1 (1 hour) 0.24±0.005 0.25±0.009 0.17 

T2 (24 hours) 0.28±0.006 0.31±0.005 0.04* 

T3 (1 week) 0.31±0.005 0.34±0.001 0.04* 

T4 (3 weeks) 0.34±0.007 0.37±0.008 0.04* 

(*p>0.05 significant) 

When comparing Ni release of Group IIa and Group IIb, P value  at T1 is 

0.17, shows there  is not statistically significant difference between groups.T2 is 

0.04, T3 is 0.04, T4 is 0.04 respectively shows there  is  statistically significant 

difference between groups 
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Table-18: Comparison of mean Ni release values between the groups at same 

time period of Group-IIIA and IIIb 

Time 
Ni 

p value 
Group-IIIA (MEAN±SD) Group-IIIB (MEAN±SD) 

T1 (1 hour) 0.25±0.009 0.28±0.006 0.04* 

T2 (24 hours) 0.31±0.005 0.37±0.005 0.03* 

T3 (1 week) 0.37±0.005 0.44±0.10 0.03* 

T4 (3 weeks) 0.44±0.001 0.50±0.10 0.03* 

(*p>0.05 significant) 

When comparing Ni release of Group IIIa and Group IIIb, P value  at T1 is 

0.4, T2 is 0.3, T3 is 0.3 ,T4 is 0.3 respectively shows there  is statistically significant 

difference between groups. 

Table-19: Comparison of mean Ti release values between the groups at same 

time period of Group-IA and Ib 

Time 
Ti 

p value 
Group-IA (MEAN±SD) Group-IB (MEAN±SD) 

T1 (1 hour) 0.11±0.006 0.13±0.008 0.14 

T2 (24 hours) 0.13±0.008 0.14±0.008 0.12 

T3 (1 week) 0.14±0.005 0.15±0.005 0.26 

T4 (3 weeks) 0.16±0.007 0.17±0.008 0.31 

When comparing Ti release of Group Ia and Group Ib, P value  at T1 is 0.14, 

T2 is 0.12, T3 is 0.26, T4 is 0.31 respectively shows there  is no statistically 

significant difference between groups. 
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Table-20: Comparison of mean Ti release values between the groups at same 

time period of Group-IIA and IIb 

Time 
Ti 

p value 
Group-IIA (MEAN±SD) Group-IIB (MEAN±SD) 

T1 (1 hour) 0.14±0.007 0.15±0.007 0.34 

T2 (24 hours) 0.16±0.007 0.17±0.007 0.28 

T3 (1 week) 0.17±0.008 0.18±0.008 0.17 

T4 (3 weeks) 0.20±0.007 0.21±0.007 0.16 

When comparing Ti release of Group IIa and Group IIb, P value  at T1 is 

0.34, T2 is 0.28 ,T3 is 0.17 ,T4 is 0.16 respectively shows there  is  no statistically 

significant difference between groups. 

Table-21: Comparison of mean Ti release values between the groups at same 

time period of Group-IIIA and IIIb 

Time 
Ti 

p value 
Group-IIIA (MEAN±SD) Group-IIIB (MEAN±SD) 

T1 (1 hour) 0.18±0.008 0.21±0.10 0.12 

T2 (24 hours) 0.21±0.009 0.23±0.001 0.16 

T3 (1 week) 0.28±0.009 0.29±0.006 0.18 

T4 (3 weeks) 0.30±0.007 0.32±0.10 0.32 

When comparing Ti release of Group IIIa and Group IIIb, P value  at T1 is 

0.12, T2 is 0.16, T3 is 0.18 ,T4 is 0.32  respectively shows there  is  no statistically 

significant difference between groups 
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Table-22: Comparison of mean Ti and Ni release values between the groups at 

T1 time period 

Groups Ni   p value Ti   p value 

Group-IA 0.21±0.004 0.12 0.11±0.006 0.04* 

Group-IB 0.21±0.004 0.13 0.13±0.008 0.04* 

Group-IIA 0.24±0.005 0.04* 0.14±0.007 0.03* 

Group-IIB 0.25±0.009 0.03* 0.15±0.007 0.03* 

Group-IIIA 0.25±0.009 0.03* 0.18±0.008 0.02* 

Group-IIIB 0.28±0.006 0.02* 0.28±0.006 0.02* 

(*p<0.05 significant compared)  

When comparing mean Ni and Ti release at different immersion time at T1, 

on comparison of P value 0.12 of Group Ia and P value 0.13 of Group Ib shows 

there is no significant difference compared Group Ia and Group Ib with other 

groups. P value of 0.04, 0.03, 0.03, 0.02 of Group IIa, Group IIb, Group IIIa, Group 

III b respectively shows there is no significant difference between each other  

Comparison of mean Ti release of T1 ,on comparison with P value  of 0.04  

shows there is statistically significant difference when compared Group Ia  with all other 

groups; P value  of 0.04  shows there is statistically significant difference when 

compared Group Ib  with all other groups; P value  of 0.03  shows there is statistically 

significant difference when compared Group IIa  with all other groups; P value  of 0.03  

shows there is statistically significant difference when compared Group IIb with all 

other groups; P value  of 0.02  shows there is statistically significant difference when 

compared Group IIIa  with all other groups; P value  of 0.02  shows there is statistically 

significant difference when compared Group IIIb  with all other groups. 
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Table-23: Comparison of mean Ti and Ni release values between the groups at 

T2 time period 

Groups Ni   p value Ti   p value 

Group-IA 0.25±0.005 0.14 0.13±0.008 0.17 

Group-IB 0.25±0.009 0.17 0.14±0.008 0.19 

Group-IIA 0.28±0.006 0.04* 0.16±0.007 0.04* 

Group-IIB 0.31±0.005 0.03* 0.17±0.007 0.04* 

Group-IIIA 0.31±0.005 0.03* 0.21±0.009 0.03* 

Group-IIIB 0.37±0.005 0.02* 0.23±0.001 0.03* 

(*p<0.05 significant compared)  

On comparison of Ni release  at T2,P value of Group Ia and Group Ib  is 0.14 

and 0.17 respectively ,which is not statistically significant with other groups; P value 

of 0.04,0.03,0.03,0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb , respectively 

shows  there is statistically significant difference between each other. 

On comparison of Ti release at T2, P value of Group Ia and Group Ib is 0.17 

and 0.19 respectively, which is not statistically significant with other groups; P value 

of 0.04, 0.04, 0.03, 0.03 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 
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Table-24: Comparison of mean Ti and Ni release values between the groups at 

T3 time period 

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IA 0.28±0.006 0.11 0.14±0.005 0.13 

Group-IB 0.28±0.006 0.13 0.15±0.005 0.14 

Group-IIA 0.31±0.005 0.04* 0.17±0.008 0.04* 

Group-IIB 0.34±0.001 0.04* 0.18±0.008 0.04* 

Group-IIIA 0.37±0.005 0.03* 0.28±0.009 0.02* 

Group-IIIB 0.44±0.10 0.02* 0.29±0.006 0.02* 

(*p<0.05 significant)  

On comparison of Ni release  at T3, P value of Group Ia and Group Ib  is 

0.11 and 0.13respectively,which is not statistically significant with other groups; P 

value of 0.04,0.04,0.03,0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows  there is statistically significant difference between each other. 

On comparison of Ti release  at T3,P value of Group Ia and Group Ib  is 

0.13and 0.14 respectively, which is not statistically significant with other groups; P 

value of 0.04,0.04,0.02,0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows  there is statistically significant difference between each other. 
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Table-25: Comparison of mean Ti and Ni release values between the groups at 

T4 time period 

Groups Ni (Mean±SD) p value Ti (Mean±SD) p value 

Group-IA 0.31±0.008 0.11 0.16±0.007 0.13 

Group-IB 0.32±0.009 0.12 0.17±0.008 0.14 

Group-IIA 0.34±0.007 0.04* 0.20±0.007 0.04* 

Group-IIB 0.37±0.008 0.03* 0.21±0.007 0.03* 

Group-IIIA 0.44±0.001 0.02* 0.30±0.007 0.02* 

Group-IIIB 0.50±0.10 0.02* 0.32±0.10 0.02* 

(*p<0.05 significant)  

On comparison of Ni release at T4, P value of Group Ia and Group Ib is 0.11 

and 0.12 respectively, which is not statistically significant with other groups; P value 

of 0.04, 0.03, 0.02, 0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 

On comparison of Ti release at T4, P value of Group Ia and Group Ib is 0.13 

and 0.14 respectively, which is not statistically significant with other groups; P value 

of 0.04, 0.03, 0.02, 0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 
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Graph-1: Comparison of mean Ni and Ti release values of three different round 

wires at T1 Period 

 

 

 

Graph-2: Comparison of mean Ni release values of three different round wires 

at T1 Period 
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Graph-3: Comparison of mean Ni release values of three different rectangular 

wires at T1 Period 

 

 

 

Graph-4: Comparison of mean Ti release values of three different rectangular 

wires at T1 Period 
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Graph-5: Comparison of mean Ni release values of three different round wires 

at T2 Period 

 

 

 

Graph-6: Comparison of mean Ti release values of three different round wires 

at T2 Period 
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Graph-7: Comparison of mean Ti release values of three different rectangular 

wires at T2 Period 

 

 

 

Graph-8: Comparison of mean Ni release values of three different rectangular 

wires at T2 Period 
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Graph-9: Comparison of mean Ni release values of three different round wires 

at T3 Period 

 

 

 

 

Graph-10: Comparison of mean Ni release values of three different round wires 

at T3 Period 
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Graph-11: Comparison of mean Ti release values of three different rectangular 

wires at T3 Period 

 

 

 

 

Graph-12: Comparison of mean Ni release values of three different rectangular 

wires at T3 Period 
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Graph-13: Comparison of mean Ti release values of three different round wires 

at T4 Period 

 

 

 

 

Graph-14: Comparison of mean Ni release values of three different round wires 

at T4 Period 
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Graph-15: Comparison of mean Ti release values of three different rectangular 

wires at T4 Period 

 

 

 

 

Graph-16: Comparison of mean Ni release values of three different rectangular 

wires at T4 Period 
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Graph-17: Comparison of mean Ni release values between the groups  

 

 

 

Graph-18: Comparison of mean Ti release values between the groups  
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Graph-19: Comparison of mean Ni release values between the groups  

 

 

 

 

Graph-20: Comparison of mean Ti release values between the groups  
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Graph-21: Comparison of mean Ni release values between the groups  

 

 

 

Graph-22: Comparison of mean Ti release values between the groups  
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Graph-23: Comparison of mean Ni release values between the groups  

 

 

 

Graph-24: Comparison of mean Ti release values between the groups  
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Group-25: Comparison of mean Ni release values between the groups at same 

time period of Group-IA and IB 

 

 

 

Graph-26: Comparison of mean Ni release values between the groups at same 

time period of Group-IIA and IIb 
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Graph-27: Comparison of mean Ni release values between the groups at same 

time period of Group-IIIA and IIIb 

 

 

 

 

Graph-28: Comparison of mean Ti release values between the groups at same 

time period of Group-IA and Ib 
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Graph-29: Comparison of mean Ti release values between the groups at same 

time period of Group-IIA and IIb 

 

 

 

Graph-30: Comparison of mean Ti release values between the groups at same 

time period of Group-IIIA and IIIb 
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Graph-31: Comparison of mean Ti and Ni release values between the groups at 

T1 time period 

 

 

 

Graph-32: Comparison of mean Ti and Ni release values between the groups at 

T2 time period 
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Graph-33: Comparison of mean Ti and Ni release values between the groups at 

T3 time period 

 

 

 

Graph-34: Comparison of mean Ni release values between the groups at T4 

time period 
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DISCUSSION 

The purpose of this study was to estimate the amount of nickel and titanium 

ions leached from NiTi wires of three different manufactures by immersion of the 

wires in artificial saliva. Our main goal is to find out a best wire for clinical use 

which has a main feature of least nickel and titanium ions leaching. 

In the present study three main groups and six subgroups and two subtypes 

were studied for the assessment ion release from superelastic NiTi wires. 

NiTi wires are the inevitable archwires in orthodontics, for its good 

mechanical and clinical properties1.The major property of nickel titanium wires are 

their springback, which enables a wide deflection and activation range2. 

When using nickel titanium (NiTi) arch wire for dental orthodontic 

treatment, the possible danger associated with arch wire corrosion derives from the 

biologically harmful effects due to the released Ni ion5. 

Nickel-titanium (NiTi) archwires contain 47%–50% Ni, which are the 

common source of Ni in the intraoral environment of an orthodontic patient. It has 

been found that several cytotoxic, allergenic and mutagenic actions to Ni in various 

forms and compounds are also present8. Studies also shown that Ni is attributed with 

different carcinogenic problems. There is a trend for state laws to create awareness 

and emphasize the necessity for patient awareness about the harmful effects of 

NiTi9. 

The present study was carried out with one round NiTi wire, 0.016 

superelastic NiTi wire and one rectangular, 19x25 superelastic NiTi wires of three 

different manufactures.  These two Round and Rectangular NiTi wires are chosen 
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since these are the most commonly using archwires in the initial and final stages of 

orthodontic treatment and it was found in previous studies that the nickel ion 

leaching from NiTi wires are the common problem associated with fixed orthodontic 

therapy and corrosion of nickel and titanium ions may differ with different 

manufactures. 

Traditonally, Round Nickel titanium (NiTi) alloy wires are used in 

orthodontics in the initial stages of treatment for 2-3 weeks in the oral environment 

because of their excellent shape memory and superelasticity, and final stage of 

orthodontic treatment can be done using rectangular wires31,32.  

The corrosive property of orthodontic wires is a significant factor 

determining their biocompatibility26. 

The corrosion of orthodontic appliances and their subsequent metal ion 

release in the oral environment is controlled by two main factors. Manufacturing 

process is the primary factor, which includes the type of alloy and the characteristics 

of the metals used. Second is environmental factors, such as mechanical stress, diet, 

time of the day, salivary flow rate, and health and psychosomatic condition of the 

individual54,69. 

According to Bernhard Schwaninger(1982) the   failure of nitinol orthodontic 

wire is due to surface  irregularities generated during manufacturing and not to the 

effects of corrosion32. 

According to Faccioni (2003) another problem is Nickel induced DNA 

damage64. In a study T Eliades (2004) also found that Ni can activate monocytes and 

endothelial cells and affect the expression of intercellular adhesion molecule by 
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endothelial cells, nontoxic concentrations of Ni may inflict direct DNA base damage 

and site specific DNA strand. Ni ions at nontoxic concentrations may promote 

microsatellite mutations and inhibit the repair of nucleotide excisions, there by 

contributing to genetic instability56,62,64. 

According to Noble J(2008)the response by the immune system to nickel 

include a Type IV cell mediated delayed hypersensitivity also called an allergic 

contact dermatitis. It is mediated by T-cells and monocytes/macrophages. The major 

sensitisation routes are nickel-containing jewellery and foods7,49,65. 

 The poor corrosion resistance of a wire might not only affect the treatment 

effectiveness but may also result in toxic and allergic reactions due to nickel release. 

The wire itself has some form of protective layer,when it comes in contact with the 

aqueous environment63. Titanium oxide (TiO2) is present on the titanium surface, on 

NiTi the ultrathin film has the presence of little amounts of nickel oxide or metallic 

Ni,which make it more prone to chemical attack55,56,61. 

Surface modified NiTi arch wires showed significant improvement in 

corrosion resistance compared with conventional NiTi. Similarly, surface roughness 

values also underwent considerable modification with coating12,23,24. 

This study focused  mainly on the leaching from NiTi archwires at neutral 

PH, here, could achieved by quantification of  nickel and titanium  ions using 

inductively coupled plasma mass spectrometry, the study shows three brands have 

three different corrosion resistance. 

On comparison of Ni and Ti release of three round wires at T1, Group Ia 

compared with IIa and IIIa shows there is no significant difference compared with 
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other groups. P value of Group IIa and IIIa is 0.04 and 0.02 respectively for Ni and 

Ti, shows there is significant difference compared with other groups. 

On comparison of Ni and Ti release of three rectangular wires at T1, Group 

Ia compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.03 and 0.02 respectively for Ni and 

Ti, shows there is significant difference compared with other groups. 

On comparison of Ni and Ti release of three round wires at T2, Group Ia 

compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIais 0.04 and 0.03 respectively for Ni and 

Ti, shows there is significant difference compared with other groups. 

On comparison of Ni and Ti release of three rectangular wires at T2, Group Ia 

compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.03 and 0.02 respectively for Ni and 

0.04 and 0.03 for Ti, shows there is significant difference compared with other groups. 

On comparison of Ni and Ti release of three round wires at T3, Group Ia 

compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.04 and 0.03 respectively for Ni and 

0.04 and 0.02 for Ti, shows there is significant difference compared with other 

groups. 

On comparison of Ni and Ti release of three rectangular wires at T3, Group 

Ia compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.04 and 0.02 respectively for Ni and 

Ti, shows there is significant difference compared with other groups. 
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On comparison of  Ni and Ti release of three round wires at T4, Group Ia 

compared with IIa and IIIa  shows there is no significant difference compared with 

other groups .P value of Group IIa and IIIa  is 0.04 and 0.02 respectively for Ni and 

Ti  ,shows there is significant difference compared with other groups. 

On comparison of Ni and Ti release of three round wires at T4, Group Ia 

compared with IIa and IIIa shows there is no significant difference compared with 

other groups. P value of Group IIa and IIIa is 0.03 and 0.02 respectively for Ni and 

Ti, shows there is significant difference compared with other groups. 

From the findings of present study Group I is better than other two Groups 

ie, Round and Rectangular wire of Group I shows least metal ion release than Group 

II and Group III. Each archwire has its distinctive biologic and surface properties. 

This may differ according to the manufacturers choice. Different manufacturers 

wires comes in variant cross sections and mechanical properties. So selection of 

archwires is very important for clinical use7,15. 

Release of metal ions from orthodontic appliances depend on the pH of 

saliva, components of arch wire, and duration of immersion and depended on the 

composition instead of quantity of metal in the wire19,28. 

Due to   high corrosion resistance and favorable biocompatibility Titanium 

and titanium alloys are widely used in dentistry, NiTi wires have shown surface 

corrosion, degradation, and fracture in the oral cavity. Nickel can produce toxic and 

allergic responses, whereas Ti is not cytotoxic a protective passive film exists on the 

NiTi alloy, Ni or Ti ions may still be released from the metal surface in the acidic 

oral environment through the corrosion processes. The potential danger associated 

with corrosion in the use of NiTi wire comes from the biologically negative effects 
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of the Ni ion. NiTi wires produced by various manufacturers may have different 

corrosion resistances28,31. 

Comparison of mean Ni release between the groups at T1, P value of Group 

Ia is 0.14 and P value 0.13 of Group Ib shows there is no significant difference 

compared Group Ia and Group Ib with other groups. P value of 0.04, 0.03, 0.03, 0.02 

of Group IIa, Group IIb, Group IIIa, Group III b respectively shows there is no 

significant difference between each other. 

Comparison of mean Ti release of T1, on comparison with P value  of 0.04  

shows there is statistically significant difference when compared Group Ia  with all 

other groups; P value  of 0.04  shows there is statistically significant difference 

when compared Group Ib  with all other groups; P value  of 0.03  shows there is 

statistically significant difference when compared Group IIa  with all other groups; P 

value  of 0.03  shows there is statistically significant difference when compared 

Group IIb  with all other groups; P value  of 0.02  shows there is statistically 

significant difference when compared Group IIIa  with all other groups; P value  of 

0.02  shows there is statistically significant difference when compared Group IIIb  

with all other groups; 

On comparison of Ni release at T2, P value of Group Ia and Group Ibis 0.14 

and 0.17 respectively, which is not statistically significant with other groups; P value 

of 0.04,0.03,0.03,0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, respectively 

shows there is statistically significant difference between each other. 

On comparison of Ti release at T2, P value of Group Ia and Group Ib is 0.21 

and 0.19 respectively, which is not statistically significant with other groups; P value 
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of 0.04, 0.04, 0.03, 0.03 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 

On comparison of Ni release  at T3,P value of Group Ia and Group Ib  is 0.14 

and 0.13respectively ,which is not statistically significant with other groups; P value 

of 0.04,0.04,0.03,0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, respectively 

shows  there is statistically significant difference between each other. 

On comparison of Ti release at T3, P value of Group Ia and Group Ib is 0.16 

and 0.19 respectively, which is not statistically significant with other groups; P value 

of 0.04, 0.04, 0.02, 0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 

On comparison of Ni release  at T4, P value of Group Ia and Group Ib  is 

0.11 and 0.12 respectively ,which is not statistically significant with other groups; P 

value of 0.04,0.03,0.02,0.02 of Group IIa , Group IIb, Group IIIa, Group IIIb , 

respectively shows  there is statistically significant difference between each other. 

On comparison of Ti release at T4, P value of Group Ia and Group Ib is 0.16 

and 0.14 respectively, which is not statistically significant with other groups; P value 

of 0.04, 0.03, 0.02, 0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 

These results clearly revealed that these three groups manufacturing process 

is different and these may or may not affect their wire properties. So Selection of the 

orthodontic wires on the basis of the alloy and manufacturing process may be 

fundamental for biocompatibility21.  
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According to Kuhta M (2009) NiTi orthodontic wire products from different 

manufacturers would have different corrosion resistance. Factors which influencing 

the leaching of ions include the manufacturer, pH value, and immersion period16,26. 

When comparing Ni release of Group Ia and Group Ib ,P value  at T1 is 0.34, 

T2 is 0.48, T3 is 0.12, T4 is 0.45 respectively shows there  is not statistically 

significant difference between groups. When comparing Ni release of Group IIa and 

Group IIb, P value  at T1 is 0.17, shows there  is not statistically significant 

difference between groups.T2 is 0.04, T3 is 0.04 ,T4 is 0.04 respectively shows 

there  is  statistically significant difference between groups. When comparing Ni 

release of Group IIIa and Group IIIb, P value  at T1 is 0.4 ,T2 is 0.3 ,T3 is 0.3 ,T4 is 

0.3 respectively shows there  is statistically significant difference between groups. 

When comparing Ti release of Group Ia and Group Ib, P value  at T1 is 0.14, 

T2 is 0.12 ,T3 is 0.26 ,T4 is 0.31 respectively shows there  is no statistically 

significant difference between groups. When comparing Ti release of Group IIa and 

Group IIb, P value  at T1 is 0.34, T2 is 0.28, T3 is 0.17, T4 is 0.16 respectively 

shows there is no statistically significant difference between groups. When 

comparing Ti release of Group IIIa and Group IIIb, P value  at T1 is 0.12, T2 is 

0.16, T3 is 0.18, T4 is 0.32  respectively shows there  is  no statistically significant 

difference between groups . 

As in the findings by Azizi et al The current study showed that, round wire is 

better than rectangular wire as the amount of metal ions leached from rectangular 

wires to the saliva is obviously greater than that of round, it is due to the fact that 

round and rectangular bar shapes with the same surface areas do not have the same 

volume and   also be due to the different edges of the cross sections7.  
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When comparing mean Ni and Ti release at different immersion time at T1, 

on comparison of P value 0.12 of Group Ia and P value 0.13 of Group Ib shows 

there is no significant difference compared Group Ia and Group Ib with other 

groups. P value of 0.04, 0.03, 0.03, 0.02 of Group IIa, Group IIb, Group IIIa, Group 

III b respectively shows there is no significant difference between each other  

Comparison of mean Ti release of T1, on comparison with P value  of 0.04  

shows there is statistically significant difference when compared Group Ia  with all 

other groups; P value  of 0.04  shows there is statistically significant difference when 

compared Group Ib  with all  other groups; P value  of 0.03  shows there is statistically 

significant difference when compared Group IIa  with all other groups; P value  of 

0.03  shows there is statistically significant difference when compared Group IIb  with 

all other groups; P value  of 0.02  shows there is statistically significant difference 

when compared Group IIIa  with all other groups; P value  of 0.02  shows there is 

statistically significant difference when compared Group IIIb  with all other groups. 

On comparison of Ni release at T2, P value of Group Ia and Group Ib is 0.14 

and 0.17 respectively, which is not statistically significant with other groups; P value 

of 0.04, 0.03, 0.03, 0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 

On comparison of Ti release at T2, P value of Group Ia and Group Ib is 

0.17 and 0.19 respectively, which is not statistically significant with other groups; 

P value of 0.04, 0.04, 0.03, 0.03 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 

On comparison of Ni release  at T3, P value of Group Ia and Group Ib  is 

0.11 and 0.13respectively ,which is not statistically significant with other groups ;P 
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value of 0.04,0.04,0.03,0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows  there is statistically significant difference between each other. 

On comparison of Ti release  at T3, P value of Group Ia and Group Ib  is 

0.13and 0.14 respectively, which is not statistically significant with other groups; P 

value of 0.04,0.04,0.02,0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows  there is statistically significant difference between each other. 

On comparison of Ni release at T4, P value of Group Ia and Group Ib is 0.11 

and 0.12 respectively, which is not statistically significant with other groups; P value 

of 0.04, 0.03, 0.02, 0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 

On comparison of Ti release at T4, P value of Group Ia and Group Ib is 0.13 

and 0.14 respectively, which is not statistically significant with other groups; P value 

of 0.04, 0.03, 0.02, 0.02 of Group IIa, Group IIb, Group IIIa, Group IIIb, 

respectively shows there is statistically significant difference between each other. 

These results clearly indicate that group I is better than all three groups then 

Group II and Group III respectively. The round wire of all groups is better than 

rectangular wire; when comparing three manufactures the least Ni and Ti  ion 

release is seen in  Group Ia at all immersion periods and highest Ni and Ti ion 

release is shown by Group IIIb at all immersion periods and T1 shows least Ni and 

Ti ion release than other time periods.  

As in the findings of Chung-Ju Hwang et al, in my study also there is a 

decrease in metal released as immersion time increased and there was no change in 

the amount of metal released after one month33. 
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Another significant finding of this study is that the amount of metal ion 

leached  was below daily dietary intake, and the threshold value necessary to induce 

hypersensitivity overall quantity of ions leached is 700 times lower than the 

concentrations necessary to elicit cytotoxic reactions in human.20,35 

Daily body intake of nickel via food is approximately 300-500 mg/dl. 

Release of titanium from fixed orthodontic appliances is less than nickel. However, 

release of these ions is below the daily dietary intake and does not bring about 

biological concerns61,69,70. 

 Prevalence of nickel allergy is higher in females than males (28% in 

females, 0% in males). Nickel-containing orthodontic appliances had little or no 

effect on the gingival and oral health of the patient .Nickel hypersensitivity may 

occur in patients with a prior history of hypersensitivity to these metals16,18,47.  

According to Kolokitha OE(2008) and Janson GR(1998)Orthodontic patients 

with no cutaneous piercing or with skin pierced have no statistically significant 

differences of nickel hypersensitivity after treatment compared with the general 

population also found that orthodontic treatment is not associated with an increase in 

the prevalence of nickel hypersensitivity unless subjects have a history of cutaneous 

piercing. Orthodontic therapy with nickel containing appliances does not initiate or 

aggravate a nickel hypersensitivity reaction24,46. 

The range of salivary metal levels found did not exceed those of daily intake 

through food and air5,19.  

This present study has shown that at neutral PH nickel and titanium release is 

much below than the toxic limits .Further test via any other PH level of saliva or any 

other dimension of wires or any other manufactures could be carried out in future. 
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CONCLUSION 

The release of metal ions from NiTi wires cannot be fully avoided. Based on 

the statistical analysis, the following conclusions were drawn: 

 When comparing three manufactures, Group I(0.016” and 19*25”Dentauram 

NiTi) shows least Ni and Ti ion leaching among other two groups.  

 When comparing round and rectangular wires; round wires shows less ion 

release than rectangular wires.  

 The least Ni and Ti ion release is shown by Group Ia(0.016”Dentauram 

NiTi) at all time periods. The highest Ni and Ti ion release is shown by 

Group IIIb (19*25 3M NiTi) at all time periods. 

 At each immersion time,T1 shows least Ni and Ti ion release than other time 

periods, which gradually increases with immersion period  

 The average amount of ions leached per day from round and rectangular of 

three manufactures was well below the tolerable daily dietary intake level. 

 

 



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  BIBLIOGRAPHY 



Bibliography 

 

   x 
 

BIBLIOGRAPHY 

1. Bass JK, Fine H, Cisneros GJ. Nickel hypersensitivity in the orthodontic patient.  

Am J Orthod Dentofac Orthop 1993; 103:280-85. 

2. Miura F, Mogi M, Okamoto Y. New application of superelastic NiTi rectangular 

wire. J Clin Orthod 1990; 24(9):544-8 

3. El Medawar L, Rocher P, Hornez JC, Traisnel M, Breme J, Hildebrand HF. 

Electrochemical and cytocompatibility assessment of NiTiNOL memory shape 

alloy for orthodontic use. Biomol Eng 2002; 19:153-60.   

4. Lee TH, Huang TK, Lin SY, Chen LK, Chou MY, Huang HH et al. Corrosion 

resistance of different nickel-titanium archwires in acidic fluoride-containing 

artificial saliva. Angle Orthod 2010; 80:547-53.   

5. Mikulewicz M, Chojnacka K, Woźniak B, Downarowicz P. Release of metal 

ions from orthodontic appliances: an in vitro study. Biological trace element 

research 2012; 146(2):272-80. 

6. Noble J, Ahing SI, Karaiskos NE, Wiltshire WA. Nickel allergy and 

orthodontics, a review and report of two cases. Br J Orthod 2008; 204:297-300. 

7. Azizi A, Jamilian A, Nucci F, Kamali Z, Hosseinikhoo N  et al. Release of metal 

ions from round and rectangular NiTi wires. Prog Orthod 2016; 17:110-12. 

8. Brantley WA, Eliades T. Orthodontic Materials: Scientific and Clinical Aspects. 

Stuttgart, Germany: Thieme; 2001. p.77-104.   

9. Das KK, Das SN, Dhundasi SA. Nickel, its adverse health effects & oxidative 

stress. Indian J Med Res 2008; 128: 412-42. 



Bibliography 

 

   xi 
 

10. Eliades T, Athanasiou AE. In vivo aging of orthodontic alloys: implications for 

corrosion potential, nickel release, and biocompatibility. Angle Orthod 2002; 

72(3):222-37. 

11. Kocadereli I, Atac A, Kale S, Ozer D. Salivary nickel and chromium in patients 

with fixed orthodontic appliances. Angle Orthod 2000; 70(6):431-4. 

12. Rongoa R, Ametranob G, Gloriac A, Spagnuolob G, Galeottid A, Paduanoe S, et 

al. Effects of intraoral aging on surface properties of coated nickel-titanium 

archwires. Angle Orthod 2014; 84: 665-72 

13. Kolokitha OE, Kaklamanos EG, Papadopoulos MA. Prevalence of nickel 

hypersensitivity in orthodontic patients: a meta-analysis. Am J Orthod 

Dentofacial Orthop 2008; 134(6):722-e1. 

14. De Souzaa RM, De Menezesb LM. Nickel, Chromium and Iron Levels in the 

Saliva of Patients with Simulated Fixed Orthodontic Appliances. Angle Orthod 

2008; 78:238-44. 

15. Huang HH. Variation in corrosion resistance of nickel-titanium wires from 

different manufacturers. Angle Orthod 2005; 75(4):661-5. 

16. Kuhtaa M, Pavlinb D, Slajc M, Vargad S. Type of Archwire and Level of 

Acidity: Effects on the Release of Metal Ions from Orthodontic Appliances. 

Angle Orthod 2009; 79:102-10.  

17. Es-Souni M, Es-Souni M, Fischer-Brandies H. On the properties of two binary 

NiTi shape memory alloys. Effects of surface finish on the corrosion behaviour 

and in vitro biocompatibility. Biomaterials 2002; 23(14):2887-94. 

18. Shin JS, Oh KT, Hwang CJ. In vitro surface corrosion of stainless steel and NiTi 

orthodontic appliances. Aust Orthod J 2003; 19(1):13-8 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Shin%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=12790351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oh%20KT%5BAuthor%5D&cauthor=true&cauthor_uid=12790351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=12790351
https://www.ncbi.nlm.nih.gov/pubmed/12790351


Bibliography 

 

   xii 
 

19. Huang HH, Chiu YH, Lee TH, Wu SC, Yang HW, Su KH, Hsu CC. Ion release 

from NiTi orthodontic wires in artificial saliva with various acidities. 

Biomaterials 2003; 24(20):3585-92. 

20. Eliades T. Salivary metal levels of orthodontic patients: a novel methodological 

and analytical approach. Eur J Orthod 2003; 84:103-6. 

21. Ryhanen J,  Niemi E, Serlo W, Niemela E,  Sandvik P, Pernu H, Salo T. 

Biocompatibility of nickel-titanium shape memory metal and its corrosion 

behavior in human cell cultures. J  Biomed Mat Res 1997; 35:451-7. 

22. Edie JW, Andreasen GF, ZAYToUN MP. Surface corrosion of nitinol and 

stainless steel under clinical conditions. Angle Orthod 1981;51(4):319-24. 

23. Wever DJ, Veldhuizen AG, Sanders MM, Schakenraad JM, Van Horn JR. 

Cytotoxic, allergic and genotoxic activity of a nickel-titanium alloy. 

Biomaterials 1997; 18(16):1115-20. 

24. Shabalovskaya SA, Tian H, Anderegg JW, Schryvers DU, Carroll WU, Van 

Humbeeck J. The influence of surface oxides on the distribution and release of 

nickel from Nitinol wires. Biomaterials 2009; 30(4):468-77. 

25. Cioffi M, Gilliland D, Ceccone G, Chiesa R, Cigada A. Electrochemical release 

testing of nickel - titanium orthodontic wires in artificial saliva using thin layer 

activation. Acta Biomaterialia 2005; 1(6):717-24. 

26. Waters NE. Superelastic nickel-titanium wires. Br J Orthod 1992; 19(4):319-22. 

27. Hunt NP, Cunningham SJ, Golden CG, Sheriff M. An investigation into the 

effects of polishing on surface hardness and corrosion of orthodontic archwires. 

Angle Orthod 1999; 69(5):433-40. 



Bibliography 

 

   xiii 
 

28. Petoumenou E, Arndt M, Keilig L, Reimann S, Hoederath H, Eliades T, Jager A, 

Bourauel C. Nickel concentration in the saliva of patients with nickel-titanium 

orthodontic appliances. Am J Orthod Dentofacial Orthop 2009;1 35(1):59-65. 

29. Segner D, Ibe D. Properties of superelastic wires and their relevance to 

orthodontic treatment. Eur J Orthod 1995; 17(5):395-402. 

30. Kaneko K, Yokoyama KI, Moriyama K, Asaoka K, Sakai JI. Degradation in 

performance of orthodontic wires caused by hydrogen absorption during short-

term immersion in 2.0% acidulated phosphate fluoride solution. Angle Orthod 

2004; 74(4):487-95. 

31. Huang HH. Surface characterizations and corrosion resistance of nickel - 

titanium orthodontic archwires in artificial saliva of various degrees of acidity. J 

Biomed Mater Res 2005; 74(4):629-39. 

32. Schwaninger B, Sarkar NK, Foster BE. Effect of long-term immersion corrosion 

on the flexural properties of nitinol. Am J Orthod1982; 82(1):45-9. 

33. Hwang CJ, Shin JS, Cha JY. Metal release from simulated fixed orthodontic 

appliances. Am J Orthod Dentofacial Orthop 2001; 120(4):383-91. 

34. HS Ahn, MJ Kim, HJ Seol, JH Lee, HI Kim. Effect of pH and temperature on 

orthodontic NiTi wires immersed in acidic fluoride solution. J Biomed Mater 

Res B Appl Biomater 2006; 79(1):7-15 

35. Torrisi L. The NiTi superelastic alloy application to the dentistry field. Biomed 

Mater Eng 1999; 9(1):39-47. 

36. De Menezes LM, Quintao CC. The release of ions from metallic orthodontic 

appliances. Sem Orthod 2010; 16(4):282-92. 



Bibliography 

 

   xiv 
 

37. Schiff N, Grosgogeat B,   Lissac M, Dalard F et al. Influence of fluoride content 

and pH on the corrosion resistance of titanium and its alloys. Biomaterials 2002; 

23(9):1995-2002 

38. Nakagawa M, Matsuya S, Shiraishi T et al. Effect of Fluoride Concentration and 

pH on Corrosion Behavior of Titanium for Dental Use. J Dent Res 1999; 

78(9):1568-72. 

39. Wang J, Li N, Rao G, Han EH, Ke W. et al. Stress corrosion cracking of NiTi in 

artificial saliva. Dent Mater 2007;23(2):133-7.  

40. Staerkjaer L, Menne T. Nickel allergy and orthodontic treatment. Eur J Orthod 

1990; 12(3):284-9. 

41. Bishara SE, Barrett RD, Selim MI. Biodegradation of orthodontic appliances. 

Part II. Changes in the blood level of nickel. Am J Orthod Dentofacial Orthop 

1993; 103(2):115-9. 

42. Jia W, Beatty MW, Reinhardt RA, Petro TM, Cohen DM, Maze CR, et 

al. Nickel release from orthodontic arch wires and cellular immune response to 

various nickel concentrations. J Biomed Mater Res 1999; 48:488-95.    

43. Dunlap CL, Vincent SK, Barker BF. Allergic reaction to orthodontic wire: 

Report of case. J Am Dent Assoc 1989; 118:449-500.   

44. Veien NK, Bochhorst E, Hattel T, Laurberg G. Stomatitis or systemically-

induced contact-dermatitis. Contact Dermatitis 1994; 30:210-213.          

45. Waheidi EM. Allergic reaction to nickel orthodontic wire: A case report. 

Quintessence Int 1995; 26:385-7.    

46. Rahilly G, Price N. Nickel allergy and orthodontics. J Orthod 2003;30:171-4.      



Bibliography 

 

   xv 
 

47. Senkutvan RS,  Jacob S,  Charles A,  Vadgaonkar V,  Tekade SJ,   Gangurde P. 

Evaluation of nickel ion release from various orthodontic arch wires: An in 

vitro study. J Int Soc Prev Community Dent 2014; 4(1):12-6. 

48. Maheshwari S, Verma SK, Dhiman S. Metal Hypersensitivity in Orthodontic 

Patient. J Dent Mater Tech 2015; 4(2):111-4. 

49. Arab S, Cham MH, Morsaghian M, Ghamari M, Mortezai O. Evaluation of 

nickel and chromium ion release from stainless steel, HANT and NiTi arch wires 

in two 28-day time Spans. Iran J Ortho 2015; 10(1):e4863. 

50. Widu F, Drescher D, Junker R, Bourauel C. Corrosion and biocompatibility of 

orthodontic wires. J Mater Sci: Mater Med 1999; 10(5):275-81. 

51. Kassab EJ, Gomes JP. Assessment of nickel titanium and beta titanium corrosion 

resistance behavior in fluoride and chloride environments. Angle Orthod 2013; 

83(5):864-9. 

52. Katic V, Curkovic HO, Semenski D, Barsic G, Marusic K, Spalj S. Influence of 

surface layer on mechanical and corrosion properties of nickel-titanium 

orthodontic wires. Angle Orthod 2014; 84(6):1041-8. 

53. Lombardo L, Toni G, Stefanoni F, Mollica F, Guarneri MP, Siciliani G. The 

effect of temperature on the mechanical behavior of nickel-titanium orthodontic 

initial archwires. Angle Orthod 2012; 83(2):298-305. 

54. Krishnan M, Seema S, Kumar AV, Varthini NP, Sukumaran K, Pawar VR, 

Arora V. Corrosion resistance of surface modified nickel titanium archwires. 

Angle Orthod 2013; 84(2):358-67. 

55. Kim H, Johnson JW. Corrosion of stainless steel, nickel-titanium, coated nickel-

titanium, and titanium orthodontic wires. Angle Orthod1999; 69(1):39-44. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4015154/


Bibliography 

 

   xvi 
 

56. Eliades T, Zinelis S, Papadopoulos MA, Eliades G, Athanasiou AE. Nickel 

content of as-received and retrieved NiTi and stainless steel archwires: assessing 

the nickel release hypothesis. Angle Orthod 2004; 74(2):151-4. 

57. Kwon YH, Cheon YD, Seol HJ, Lee JH, Kim HI. Changes on NiTi orthodontic 

wired due to acidic fluoride solution. Dent Mater J 2004; 23(4):557-65. 

58. Park HY, Shearer TR. In vitro release of nickel and chromium from simulated 

orthodontic appliances. Am J Orthod Dentofacial Orthop 1983; 84(2):156-9. 

59. Batsala M, Chandu B, Sakala B, Nama S, Domatoti S. Inductively coupled 

plasma mass spectrometry (ICP-MS). Int J Res Pharm Chem 2012; 2(3):671-80. 

60. Profrock D, Prange A. Inductively coupled plasma-mass spectrometry (ICP-MS) 

for quantitative analysis in environmental and life sciences: a review of 

challenges, solutions, and trends. Applied spectroscopy 2012; 66(8):843-68. 

61. Amini F, Jafari A, Amini P, Sepasi S. Metal ion release from fixed orthodontic 

appliances - an in vivo study. Eur J Orthod 2011; 34(1):126-30. 

62. Wataha JC, Lockwood PE, Marek M, Ghazi M. Ability of Ni‐containing 

biomedical alloys to activate monocytes and endothelial cells in vitro. J Biomed 

Mater Res1999; 45(3):251-7. 

63. Toms AP. The corrosion of orthodontic wire. Eur J Orthod 1988; 10(1):87-97. 

64. Faccioni F, Franceschetti P, Cerpelloni M, Fracasso ME. In vivo study on metal 

release from fixed orthodontic appliances and DNA damage in oral mucosa 

cells. Am J Orthod Dentofacial Orthop 2003; 124(6):687-93. 

65. Genelhu MC, Marigo M, Alves-Oliveira LF, Malaquias LC, Gomez RS. 

Characterization of nickel-induced allergic contact stomatitis associated with fixed 

orthodontic appliances. Am J Orthod Dentofacial Orthop 2005; 128(3):376-8 



Bibliography 

 

   xvii 
 

66. Harris EF, Newman SM, Nicholson JA. Nitinol arch wire in a simulated oral 

environment. Changes in mechanical properties. Am J Orthod Dentofacial 

Orthop 1988; 93(6):508-13 

67. Peitsch T, Klocke A, Kahl‐Nieke B, Prymak O, Epple M. The release of nickel 

from orthodontic NiTi wires is increased by dynamic mechanical loading but not 

constrained by surface nitridation. J Biomed Mater Res A 2007; 82(3):731-9. 

68. Abalos C, Paul A, Mendoza A, Solano E, Gil FJ. Influence of topographical 

features on the fluoride corrosion of Ni–Ti orthodontic archwires. J Mater Sci 

Mater Med 2011; 22(12):2813-21. 

69. Madamba DLL. The Effect of Surface Treatment on Nickel Leaching from 

Nitinol. 2013; San Jose State University: Master's Theses and Graduate Research 

4287.  

70. Wendl B, Wiltsche H, Lankmayr E, Winsauer H, Walter A, Muchitsch A, Jakse 

N et al .Metal release profiles of orthodontic bands, brackets, and wires: an in 

vitro study. J Orofac Orthop 2017; 78(6):494-503 

71. Janson GR, Dainesi EA, Consolaro A, Woodside DG, de Freitas MR. Nickel 

hypersensitivity reaction before, during, and after orthodontic therapy. Am J 

Orthod Dentofacial Orthop 1998; 113(6):655-60 

https://www.ncbi.nlm.nih.gov/pubmed/28913542
https://www.ncbi.nlm.nih.gov/pubmed/9637569
https://www.ncbi.nlm.nih.gov/pubmed/9637569


   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ANNEXURE 



 

ANNEXURE - I

 

 



 

ANNEXURE - II 

 

 



 

ANNEXURE - III 

 


	Appendix
	01 COVER PAGE
	02 Certificate
	03 Tables
	05 Introduction
	06 Aim of the study
	07 Review of Literature
	John W Edie et al (1981)22 compared corrosion of the two metals under clinical conditions and found that Nitinol has more susceptible to electrolytic dissolution than stainless steel.
	Bishara SE et al (1993)41 aimed to find the concentration of nickel in blood in orthodontic patients during their initial course of orthodontic therapy. They concluded that there was no consistent increase in nickel level in blood during 4-5 months af...
	Justin K. Bass et al (1993)1 found that nickel sensitivity is more in females than males. (28% in females, 0% in males.) Nickel containing appliance had only little effects on the gingiva and allergy may usually occurs due to cutaneous nickel contact.
	Veien NK et al (1994)44 done a study on 5 patients with dermatitis or stomatitis related to the use of appliances were selected. All the patients were undergone patch test.3 of the patients had recurrent vesicular hand eczema, which flared after oral ...
	Her-Hsiung Huang et al (2005)31 investigated the surface characterizations and corrosion resistance of as-received commercial nickel–titanium (NiTi) dental orthodontic archwires from different manufacturers using a cyclic potentiodynamic test in artif...
	Her-Hsiung Huanga et al (2005)15 investigate the disparity in corrosion resistance of NiTi wires from different manufacturers. Nickel-titanium (NiTi) wires produced by various manufacturers may have different corrosion resistance in acidic oral enviro...
	Peitsch T et al (2007)67 investigated the effect of mechanical loading and of surface treatment on the leaching of nickel from nickel-titanium orthodontic wires. They monitored the release of nickel by atomic absorption spectroscopy and found that mec...


	Headings
	08 Material and method
	09 Color plates
	10 results and observations
	11 Graph
	12 Discussion
	According to Faccioni (2003) another problem is Nickel induced DNA damage64. In a study T Eliades (2004) also found that Ni can activate monocytes and endothelial cells and affect the expression of intercellular adhesion molecule by endothelial cells,...
	According to Noble J(2008)the response by the immune system to nickel include a Type IV cell mediated delayed hypersensitivity also called an allergic contact dermatitis. It is mediated by T-cells and monocytes/macrophages. The major sensitisation rou...
	According to Kuhta M (2009) NiTi orthodontic wire products from different manufacturers would have different corrosion resistance. Factors which influencing the leaching of ions include the manufacturer, pH value, and immersion period16,26.
	Another significant finding of this study is that the amount of metal ion leached  was below daily dietary intake, and the threshold value necessary to induce hypersensitivity overall quantity of ions leached is 700 times lower than the concentrations...
	Daily body intake of nickel via food is approximately 300-500 mg/dl. Release of titanium from fixed orthodontic appliances is less than nickel. However, release of these ions is below the daily dietary intake and does not bring about biological conce...
	Prevalence of nickel allergy is higher in females than males (28% in females, 0% in males). Nickel-containing orthodontic appliances had little or no effect on the gingival and oral health of the patient .Nickel hypersensitivity may occur in patients...
	According to Kolokitha OE(2008) and Janson GR(1998)Orthodontic patients with no cutaneous piercing or with skin pierced have no statistically significant differences of nickel hypersensitivity after treatment compared with the general population also ...

	16 Conclusion
	17 Bibliography
	27. Hunt NP, Cunningham SJ, Golden CG, Sheriff M. An investigation into the effects of polishing on surface hardness and corrosion of orthodontic archwires. Angle Orthod 1999; 69(5):433-40.
	32. Schwaninger B, Sarkar NK, Foster BE. Effect of long-term immersion corrosion on the flexural properties of nitinol. Am J Orthod1982; 82(1):45-9.
	33. Hwang CJ, Shin JS, Cha JY. Metal release from simulated fixed orthodontic appliances. Am J Orthod Dentofacial Orthop 2001; 120(4):383-91.
	34. HS Ahn, MJ Kim, HJ Seol, JH Lee, HI Kim. Effect of pH and temperature on orthodontic NiTi wires immersed in acidic fluoride solution. J Biomed Mater Res B Appl Biomater 2006; 79(1):7-15
	35. Torrisi L. The NiTi superelastic alloy application to the dentistry field. Biomed Mater Eng 1999; 9(1):39-47.
	36. De Menezes LM, Quintao CC. The release of ions from metallic orthodontic appliances. Sem Orthod 2010; 16(4):282-92.
	37. Schiff N, Grosgogeat B,   Lissac M, Dalard F et al. Influence of fluoride content and pH on the corrosion resistance of titanium and its alloys. Biomaterials 2002; 23(9):1995-2002
	39. Wang J, Li N, Rao G, Han EH, Ke W. et al. Stress corrosion cracking of NiTi in artificial saliva. Dent Mater 2007;23(2):133-7.
	40. Staerkjaer L, Menne T. Nickel allergy and orthodontic treatment. Eur J Orthod 1990; 12(3):284-9.




