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1 Title of the 

dissertation 

Effect of different storage temperature and prolonged use on mechanical 

properties of NiTi, Cu-NiTi,  β -titanium and SS orthodontic arch wires: An 

in vitro study  

 

2 Introduction 

 

 

Advancement in material science has allowed the development of many 

alloys which are useful for light force application in orthodontics, thus 

rendering better clinical performance [1]. A few commonly used alloys in 

Orthodontics are Copper Nickel Titanium (Cu-NiTi), Nickel Titanium 

(NiTi), Stainless Steel (SS) and Beta- titanium. 

SS alloy was introduced during the world war 1 and became widely 

acceptable in orthodontic treatment, the properties like passivation and 

corrosion resistance made it the most used material [2]. Nickel titanium also 

called NiTiNOL (Nickel Titanium Naval Ordinance Laboratory), this 

material shows the property of Shape Memory Effect (SME) and spring 

back, but lacks formability[2]. Copper is added to NiTi to enhance this feature 



at the oral temperature which results in greater stability of both the 

transformation temperature as well as the force applied to the teeth for a 

determined cross section and design. Cu NiTi is manufactured in three 

transition temperatures, of them two are heat activated (Cu NiTi 35oC and 

Cu NiTi 40oC) and one superelastic (Cu NiTi 27oC). Beta phase titanium 

molybdenum alloy (also called TMA) when compared to Nitinol is 

inherently smoother, can be welded and has good formability. TMA in 

comparison to SS produces gentle linear force per unit of deactivation and 

greater range and spring back, but the flaw in TMA is that it has the worst 

coefficient of friction [1].  

It is known that heat treatment of NiTi and Cu NiTi [3,4] wires and even their 

intra oral usage[5,6] affect their thermal and mechanical properties but since 

these wires are temperature sensitive, their storage conditions may affect 

their mechanical properties. There is a probability that these change in 

properties could have some clinical implications as well.  

Many a times clinical situation demands that a particular wire stays in the 

patient’s mouth for long time periods. Average time range from 4-6 weeks, 

however sometimes the same wire stays for as long as 12 weeks. Therefore 

it is imperative to verify whether the mechanical properties of wire 

deteriorate over time of clinical usage.[7] 

The aim of this study- 

1. To check whether storage temperatures and prolonged use have an 

effect on mechanical properties. 

2. To find the correct temperature for storage of orthodontic wires. 

3. To check for change in mechanical property of orthodontic wire after 

prolonged use.  



 

A. Problem 

statement 

To check whether effect of storage temperature and prolonged use have 

effect on mechanical properties of various Orthodontic wires 

B. Rationale Effect of storage temperature and prolonged use on mechanical properties of 

orthodontic wire. 

C. Novelty 

 

There is a lack of literature regarding the storage temperature and prolonged 

use of orthodontic wire, thus this study aims to get better knowledge about 

the ideal storage temperature and residual forces left in orthodontic wires 

after prolonged use.  

D. Expected 

outcome and 

application 

The storage temperature and prolonged use will not have any ill-effect on 

mechanical property of orthodontic wire, hence orthodontic wire can be 

stored at various temperatures without its properties getting affected and 

orthodontic wires can be used for prolonged duration just in case the clinical 

situation demands the same. 

 

3 Research question(s) Does prolonged use and storage temperature have any effect on mechanical 

of orthodontic wires? 

 

4 Research hypothesis 

(es), if any 

Storage temperatures with little variation to room temperature will not have 

any effect on mechanical properties. 

Prolonged use will affect the resilience of orthodontic wires. 

 

5 Objectives of the 

Study: 

A. Primary 

objective(s) 

Primary objectives- 

Due to the property of temperature sensitivity of Cu- NiTi and NiTi the 

storage temperature could have an effect on the mechanical properties of the 

aforementioned wire as well as Stainless Steel and β - titanium. The study 



B. Secondary 

objective(s) 

aims at analyzing these properties in standardized temperature ranges in 

laboratory settings. 

In some cases the same wire stays in the patient mouth for prolonged time. 

The study aims at analyzing mechanical properties after prolonged use.  

 

6  Review of literature  Luca frideli et al.[1] in 2020, studied Influence of different storage 

temperatures on mechanical properties of NiTi, Cu NiTi and SS 

orthodontic wires through an in-vitro study. Due to the exceptional 

temperature sensitivity, the mechanical properties of nickel titanium a 

copper nickel titanium wires may be influenced by their storage 

temperature. The study included SS, Cu NiTi (27oC, 35oC an 40oC) and 

NiTi 0.017 *0.025 inches wires at four different storage temperatures, 

namely 5oC, 22oC, 36oC and 60oC. The wires were tested on an Instron 

testing machine and the load deflection results were analyzed. The results 

showed that mechanical load exhibited by 27oC Cu NiTi wire being 

stored at different temperature showed most stable results whereas 35oC 

Cu NiTi showed most variable results. As expected SS did not show any 

variation. The study concluded that emphasis should be given to storage 

temperature of NiTi and Cu NiTi in laboratory setting to avoid 

unexpected bias. 

 Kusy RP in 1997[2] stated that materials used by orthodontists keep 

changing rapidly and will continue to do so in the future. As esthetic 

composite archwires were introduced, metallic archwires were replaced 

for most orthodontic applications in the same way that metals were 

replaced by composites in the aerospace industry. Archwires were 

reviewed in the order of their development, with emphasis on specific 



 

properties and characteristics, such as strength, stiffness, range, 

formability, and weldability. Because an ideal material had not been 

found and archwires had to be selected according to the context of their 

intended use during treatment. 

 Oshagh M in 2012 [7] sated that about half of the orthodontists recycle 

and reuse orthodontic wires because of their costs. So while talking about 

reuse and sterilization of wires, their effects on mechanical properties of 

wires should be clarified. The purpose of his study was to assess the 

effects of sterilization and clinical use on mechanical properties of 

stainless steel wires. Thirty stainless steel orthodontic wires were divided 

into three equal groups of control, autoclave (sterilized by autoclave), 

and recycle group (wires were used for orthodontic patients up to 4 

weeks, cleaned by isopropyl alcohol and sterilized by autoclave). The 

mechanical properties (tensile test, three-point loading test for load-

deflection curve) were determined. Results showed that fracture force, 

yield strength, stiffness and modulus of elasticity in recycled groups were 

significantly lower than the other groups (P < 0.05).                                                            

.  

He concluded by saying that although recycled wires were softer than 

those of control group, relatively small differences as well as various 

properties of wires that are available, have obscured the clinical 

predictability of their application. There is seemingly no problem in 

terms of mechanical properties to recycle orthodontic wires. 

7  Methodology  

A. Study design Prospective comparative quantitative in vitro 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 

Inclusion criteria- fresh wires and wires used after 1 month of patient use.   

Exclusion criteria- wire with gross deformities 

 

The study groups will be 

Group 1(control) – Stainless steel. 

Group 2 – NiTi 

Group 3 – Cu-NiTi 35o (thermo elastic) 

Group 4 – β -titanium. 

 



adequate 

efficacy of the 

study drug or 

placebo)                                                                    

v. Number of 

groups to be 

studied, identify 

groups with 

definition 

C. Sampling  

a. Sampling 

population 

b. Sample size 

calculation 

c. Sampling 

technique 

Sample size: 

It is calculated from below formula. 

𝑁 =
2 × (𝑍

1−
∝
2×𝑘

+ 𝑍1−𝛽)
2

𝑑2

𝜎2

 

Where N is the total sample size required, k is the number of pairwise 

comparisons, 𝑍1− ∝

2×𝑘
is Z score adjusted for the α level of significance 

(Boneferroni correction), 𝑍1−𝛽  is Z score for (1-β)% power, d is the clinically 

significance difference (It is the smallest measured difference between 

comparison groups that the researcher would like the study to detect), σ is 

the standard deviation. 

In this study, we assume effect size as large (
𝑑2

𝜎2
=0.7), i.e., there is significant 

effect of temperature on metal characteristics. By assuming 80% power, 95% 

confidence level sample size required for each group from the above formula 

is 42 samples.  

That is, for each temperature as well as each prolonged time duration within 

the group contains 14 samples. 



 

Sample size required for the study is 336 samples. 

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) 

 

F. Study procedure The study groups will be 

Group 1(control) – Stainless steel. 

Group 2 – NiTi 

Group 3 – Cu-NiTi 35o (thermo elastic) 

Group 4 – β -titanium. 



All the wires will be 0.017 * 0.025 inches rectangular wires. The stainless 

steel wire will be used as a non – thermo active control.  

Forty two, 2cm wire will be cut for each wire type. Previous to the 

mechanical testing 14 samples from each group will be stored at 3 different 

temperatures which ranges from 16oC (room temperature), 30oC (oral 

temperature) and 45oC, 24 hours. 

Test for prolonged use – Forty two wires from each group will be used 

clinically on orthodontic patients out of which 14 wires will be retrieved after 

a period of 6 weeks, another 14 will be retrieved after 8 weeks and last 14 

will be retrieved after 12 weeks. After clinical application, the wires will be 

cleaned with 70% isopropyl alcohol and dried in open air. The mechanical 

properties will then be evaluated.[7] 

Three point bending test 

Three point bend test will be performed with an Instron testing machine at 

36o C to simulate normal temperature of the oral cavity. The wires will be 

kept on a two prong support with the 0.025inch width part facing down. The 

third prong from the opposite side will apply a constant force until a 

displacement of 3.1mm is reached. After reaching the maximum 

displacement the prong will start to come to its original position and will 

analyze the force applied by the wire at the displacement of 3.1mm, 3mm, 

2.5mm, 2mm, 1.5mm,1mm, 0.5mm. The force applied by wire on the third 

prong will be recorded in the form of a graph.  

Calibration reset of the Instron machine will be done after every ten samples, 

to ensure that the third prong will touch the wire without any force at primary 

contact. 

 



Storage temperature of wires 

The samples will be stored at three different temperatures for 24hrs after 

which the test will be performed, first one being 16oC the samples will be 

stored in temperature regulated incubator at 16oC, second one being the 

temperature of oral cavity 30oC will be stored in an incubator at 30oC and 

the third one being 45oC will be stored in a hot water bath. 

Testing software 

The load deflection test will be performed. The load deflection graph will be 

plotted for all the 336 and samples will then be recorded on an Instron testing 

machine. 

Statistical analysis 

The data recorded will then be statistically analyzed using appropriate 

statistical test. The data will be analyzed for normal distribution using 

quantile-quantile plots (Q-Q plots). The values received for wire at different 

temperature will be compared using Student t test, p-value of less than 0.05 

will be taken significant. 

 

G. Data collection 

methods including 

settings and 

periodicity 

Study subject- Cu-NiTi, NiTi, B-titanium, SS wires 

Study area- Dharwad- Hubli 

Study period – 8 month 

 

H. List of statistical 

tests to be used for 

data analysis 

Tests will be used to analyse the data: 

Data will be analysed using R software and Microsoft Excel. To check the 

normality of the variables Shapiro-Wilk’s test/QQ plot will be used. To 

compare the mean/distribution of parameters within the groups One-way 

ANOVA/Kruskal-Wallis test will be used. To check the dependency 



structure between two variables Chi-square test will be used. p- value less 

than or equal to 0.05 shows statistical significance. 
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