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PART B – TECHNICAL DETAILS 

1 Title of the dissertation “A comparative study of the ion release of three different 

orthodontic archwires immersed in artificial saliva: An In 

Vitro study” 



2 Introduction  Orthodontic treatment involves usage of different archwires 

and attachments to bring about desired tooth movement over a 

prolonged period of time and these appliances are subject to 

biodegradation. 

 

Nickel Titanium (NiTi) alloy is one of the most common 

orthodontic wires in orthodontic practice applied clinically due 

to its good working and mechanical properties. 

 

The demand for esthetic orthodontic appliances is constantly 

increasing and therefore the manufacturing of esthetic wires is 

desirable to be used along with the esthetic brackets. 

 

This study aims to conduct an In Vitro evaluation of different 

orthodontic wires subjected to degradation in artificial saliva 

and the amount of ion released in various orthodontic wires. 

 



A. Problem statement  Newer orthodontic archwire materials have been introduced 

constantly by various manufacturers, it has been one of the 

major breakthroughs in research in orthodontic wires. 

Certain metallic archwires with core metallic component such 

as Nickel titanium and stainless steel are coated with the 

epoxy-resin, Teflon or polytetrafluoroethylene (PTFE) to meet 

the esthetic requirements.  

The possible consequences of using Nickel Titanium (NiTi) 

for orthodontic treatment is the release of Nickel ion which is 

known to elicit allergic reactions in patients 

 therefore, it is important to quantify the nickel present in 

orthodontic wires to prevent the unwanted consequences.  

 

 

B. Rationale In order to evaluate the biocompatibility of these esthetic wires 

and the conventional wires, the nickel ion release has to be 

tested in the oral medium. 

  

Since the study done will be in vitro, the natural saliva shall be 

substituted with artificial saliva which will fulfil the optimal 

properties of natural oral environment. 

 

 

 



C. Novelty There are limited studies conducted on the biodegradation of 

various orthodontic wires in the oral environment, and not 

many have reported the significant outcomes in an artificial 

saliva. 

 

 Considering and comparing together, in this study Nickel 

titanium, copper Nickel titanium and esthetic wires together in 

this study is proposed to be recent.  

.  

   

D. Expected outcome and application Significant difference in the amount of release of nickel ion 

from three different orthodontic wires immersed in artificial 

saliva subjected to atomic absorption spectrophotometry in a 

period of 4 weeks, 6 weeks and 8 weeks. 

3 Research question(s) To estimate and compare the amount of release of Nickel ions 

from various orthodontic wires in artificial saliva and to 

determine whether it is acceptable within the biologic limits. 

4 Research hypothesis (es), if any Null Hypothesis: There is no significant difference in the 

amount of Nickel ions released from Nickel titanium wires, 

Copper Nickel titanium and Optima wires immersed in the 

artificial saliva. 

Alternative Hypothesis: There is a significant difference in 

the amount of Nickel ions released from Nickel titanium 

wires, Copper Nickel titanium and Optima wires immersed in 

the artificial saliva. 

 

 



5 Objectives of the Study: 

A. Primary objective(s) 

B. Secondary objective(s) 

 

i. To compare the amount of nickel ion release of three 

different types of orthodontic wires, Nickel titanium, Copper 

Nickel titanium and esthetic orthodontic wire (optima)  

 

ii To assess whether the biodegradation products are within 

acceptable biological limits 

 

 

 



6 Review of literature. 1) A study conducted by Barrett RD, Bishara SE, Quinn JK. 

Biodegradation of orthodontic appliances. Part I. 

Biodegradation of nickel and chromium in vitro, stated that, 

“Metals leaching out of orthodontic wires can cause toxicity 

reactions if they exceed the maximum recommended daily 

intake levels. The daily intake of nickel should not exceed 300 

µg, chromium 0.2 mg, manganese 5 mg, copper 3 mg, 

molybdenum 0.5 mg, iron 18 mg, and cobalt in minute traces. 

Average dietary intake for titanium is 300-2000 µg/day” 

 

2) A study conducted by R. S. Senkutvan, Sanjay Jacob , Anila 

Charles, Vaishali Vadgaonkar, Suruchi Jatol-Tekade, Parag 

Gangurd,”Evaluation of nickel ion release from various 

orthodontic arch wires: An in vitro study.”stated that the 

release of Nickel ions was below the critical value that can 

possibly cause a biological reaction. 

 

3) Jia W, Beatty MW, Reinhardt RA, Petro TM, Cohen DM, 

Maze CR in their study titled,” Nickel release from orthodontic 

arch wires and cellular immune response to various nickel 

concentrations” demonstrated that there is a significant 

increase in release of Nickel ions from NiTi wires immersed 

in an artificial saliva solution and when put under cycling 

straining. 

 

 

 



4) Grimsdottir MR, Hensten-Pettersen A, in their study  

“Cytotoxic and antibacterial effects of orthodontic appliances, 

stated that “The least number of metal ions were released from 

orthodontic wire alloys when compared to face bows, molar 

bands, and brackets”. 

 

 

 

 

7 Methodology  

A. Study design  Prospective comparative quantitative invitro study. 

B. Study participants (human, animals 

or both) 

N/A 

    



 i. Inclusion criteria 

ii. Exclusion criteria 

iii. Withdrawal criteria, if any 

(trial-related therapy, follow-

up and documentation are 

terminated prematurely as it is 

indicated to ensure safety of 

the participants) 

iv. Rescue criteria, if applicable 

(starting symptomatic therapy 

either to control symptoms of 

disease or to overcome lack of 

adequate efficacy of the study 

drug or placebo) 

v. Number of groups to be studied, 

identify groups with definition 

  i. Inclusion criteria: Wires in the “As received” state by the 

manufacturers shall be included in the study. 

 

 ii. Exclusion criteria- Wires with deformities shall be 

excluded from the study. 

 

 

 iii Withdrawal criteria: Nil.  

 iv Rescue criteria: Nil 

v. Number of groups to be studied 

 Group 1(control) – Nickel Titanium. 

Group 2 – Copper Nickel Titanium 

Group 3 – Optima  

  

 C. Sampling 

a. Sampling population 

b. Sample size calculation 

c. Sampling technique 

 In the study conducted by Senkutvan et al, the mean change 

with standard deviation of Nickel ion release from one group 

of samples between 7 to 21 days is 1.98+0.51. 

 

To increase the validity of the study, sample size can be  

increased upto ten wires per group 

 

 



 D. Randomization details (for 

interventional studies)- 

Intervention details with 

standardization techniques (drugs 

/ devices / invasive procedures / 

noninvasive procedures / 

others) 

 N/A 

 E. Ethical Clearance from the 

Institution’s Ethics 

Committee Obtained? (Copy to be 

Attached) 

Yes  

 F. Study procedure Three Groups of the following arch wires Nickel Titanium, 

Copper nickel Titanium and esthetic wire(optima) with ten 

samples in each group will be stored in artificial saliva and will 

be estimated at different time intervals i.e, on the 4th week, 6th 

week, and 8th week. 

The amount of Nickel ions released from the samples will be 

evaluated using an atomic absorption spectrophotometer. 



 G. Data collection methods 

including settings and periodicity 

Three groups of arch wires (NiTi, Cu NiTi and Optima)  will be 

used in the “as received” state from the manufacturers. 

 The Nickel ion release will be evaluated by placing each sample in 

a separate polyethylene screw top bottles containing 100 ml of 

artificial saliva. The composition of the artificial saliva to be used 

for the study will consist of: Sodium chloride - 0.4g, potassium 

chloride - 1.21 g, sodium hypo phosphate - 0.78 g, sodium 

sulfide - 0.005 g, urea – 1g, distilled water - 1000 ml. 

 pH level of the artificial saliva will be maintained at 6.8  

The wire samples will be immersed in artificial  

saliva at the temperature of (36.5°C) to simulate the 

temperature of the oral cavity at a pH of 6.8 shall be 

maintained 

 The wire samples will be tested at different intervals, i.e, 

4 weeks, 6 weeks, and 8 weeks. 

 A volume of 10 ml of the artificial saliva will be taken and 

the amount of Nickel ions released from Nickel Titanium, 

Copper nickel titanium and Optima wires will be determined 

by an atomic adsorption spectrophotometry test. 

 H. List of statistical tests to be used for 

data analysis 

 1. Kruskal Wallis test  

 2. Mann Whitney’s test 

 I. If it’s a Clinical Trial: Clinical 

Trials Registry of India or 

equivalent registration number to 

be mentioned 

N/A 



8. List risk and benefits of the study   

Benefits of the Study : 

1)  Aims to gain a better understanding about the amount of 

ion leaching from various orthodontic wires.  

 

Risks of the study: Nil. 
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