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ABSTRACT 

Background: Deflection is one of the properties of the wire that can change if 
the environmental conditions in the oral cavity are acidic, caused by consuming 
isotonic drinks. This study aims to determine the difference in deflection of 
thermal nickel-titanium wire soaked in artificial saliva and isotonic drinks. 
Method: The type of research used was an in vitro experimental analytic study 
with a post-only control group design method. The sample used was 36 thermal 
nickel titanium wire (American Orthodontics) with a wire size of 0.016 inches 
and divided into 2 groups consisting of the artificial saliva group and the isotonic 
drink group. Soaking was carried out for 10.5 hours and stored in an incubator 
at 37oC, then a deflection test was carried out using a Universal Testing 
Machine. Analysis of the results was carried out using the Independent T-Test 
in each group after treatment. 
Result: The results of the study using the Independent T-Test showed a 
significant difference in the deflection value of the thermal nickel titanium wire 
in the artificial saliva group and the isotonic drink group of 0.000 (p<0.05). 
Conclusion: The conclusions obtained in this study indicate that thermal 
immersion of nickel-titanium wire in the artificial saliva group and the isotonic 
drink  group  affects  the  deflection  force  in  orthodontic  treatment. 
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INTRODUCTION 

Orthodontics is a branch of science in dentistry that studies the growth and development of the teeth and mouth 

and treatments to achieve normal occlusion.1 According to Laguhi et al. (2014) abnormalities that occur in the 

teeth can affect the function of the oral cavity, one of which is malocclusion. Malocclusion is a tooth disorder 

that is not parallel to the dental arch or deviates from the normal state. Treatment that can be done in cases of 

malocclusion takes the form of orthodontic treatment. Such treatment can prevent the emergence of functional 

disorders in mastication, speech, and psychosocial areas. Orthodontic treatment has several objectives, namely 

restoring malpositioned teeth so that they can return to normal occlusion, preventing tissue damage, and 

improving orofacial esthetics and function.2 The success of orthodontic treatment is influenced by several 

factors, such as the suitability of the treatment plan, the selection of orthodontic appliances, and operator 

competence. If one of the success factors for orthodontic treatment is not met, it will have an adverse impact, 

such as inflammation of the gingiva area, root resorption, and the occurrence of temporomandibular disorder 

(TMD).3 

Orthodontic treatment consists of fixed orthodontic appliances and removable orthodontic appliances. 

Removable orthodontic appliances are simpler than fixed orthodontic appliances because they can be removed 

by the patient himself.4 Removable orthodontic appliances are usually used for cases of disorders that are not 

complex.5 In fixed orthodontic appliances, gluing is carried out so that they cannot be removed until the treatment 

is complete, which can only be done by a dentist. Fixed orthodontics has components consisting of brackets, 

bands, rubber power chains, rubber O rings, and bow wires made of stainless steel and nickel titanium.6 

Orthodontic wire, as a component of fixed orthodontic appliances, is used to apply force to tooth movement.7 In 

orthodontic treatment, it is necessary to apply light and continuous force in order to achieve good and optimal 

tooth movement.8 The tooth movement referred to is in the form of an activation force (loading) received by the 

wire and a deactivation force (unloading), which will return the wire to its original shape accompanied by tooth 

movement in biological tissue.9 

Orthodontic wire has a number of interesting properties, such as high springback ability, low stiffness, and the 

ability of the wire to adjust shape.10 The requirement for wires at the initial stage of orthodontic treatment has 

minimum stiffness and maximum deflection properties.11 

Orthodontic treatment needs to apply pressure to the orthodontic wire so that it is able to transmit the force that 

is distributed to the dentoalveolar area, resulting in tooth movement, known as the deflection force. From this 

deflection force, it is expected to have good tooth shifting abilities.12 The wire is deflected due to the force 

exerted on the orthodontic wire. Triaminingsih (1996) stated that nickel-titanium wire has better deflection 

properties than other wires. 

Success in fixed orthodontic treatment depends on the choice of wire to be used.13 The wire that is often used 

for orthodontic treatment is nickel-titanium. Nickel-titanium wire was introduced in 1971 by Andreasen and 

Hileman.14 Nickel-titanium wire has a composition of 55% nickel and 45% titanium.15 Nickel-titanium wire has 

two properties, namely shape memory and high elasticity.16 

Along with the discovery of materials in the field of orthodontics, nickel-titanium wire has various types, such as 

superelastic nickel-titanium wire and thermal nickel-titanium wire.16 Thermal nickel-titanium wire has a 

composition of nickel and titanium; besides that, there is an additional composition of other metals in the form 
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of copper and chromium. The addition of a metal composition to the wire causes the transition temperature to 

be controlled accurately, reduces friction, and increases material strength. The transition temperature on 

thermal nickel-titanium wire is from the active phase of maternite to the austenite form.17 

Wires that interact with the oral environment, which is influenced by microorganisms, changes in temperature, 

acidity, and enzymes present in the oral cavity, will potentially experience the release of metal ions that make 

up the wire.18 Orthodontic wire that is applied to the oral cavity will directly come into contact with saliva, so the 

wire material contained in the oral cavity will be affected by the oral environment in the form of food or drinks 

consumed, such as isotonic drinks.19 

Isotonic drinks contain carbohydrates with a concentration of 6–9% and minerals with a concentration of 4–8% 

as a substitute for lost electrolyte ions.20 Isotonic drinks contain sodium, potassium, and sucrose, which produce 

citric acid, phosphoric acid, malic acid, and tartaric acid.21 Sodium chloride in isotonic packaged drinks is higher 

than in non-isotonic packaged drinks because it can restore lost body fluids and reduce urine loss due to 

moderate or severe dehydration and high sweat loss.22 Sodium chloride is an electrolyte ion that can trigger 

electrochemical reactions.23 Isotonic drinks have a pH of 2.4–4.5 below the critical pH limit.24 The pH level of 

the isotonic drink consumed by fixed orthodontic users will release ions from the metals that make up the wire, 

and as a result, the wire will experience deformation so that it can change the characteristics of the wire.12 

Several other studies, such as those conducted by Mahaddah, A., and Prijatmoko (2016) and Hasyim et al. 

(2016) showed that thermal nickel titanium wire immersed in drinks with an acidic pH, such as carbonated drinks 

and packaged tea drinks, will experience the release of ions on the wire, which will affect the resulting deflection 

of the wire. 

 

 
RESEARCH METHOD 

The type of research used in this study was laboratory experimental research with a post-test only control 

design. The subjects of this study used orthodontic thermal nickel-titanium wires. The number of samples used 

was determined using the Federer formula, and samples with a total of 16 were obtained. The number of 

samples was then added by 10%, and the results obtained were 36 samples. The research sample was divided 

into two groups, namely group I and group II. Samples in group I will be soaked using artificial saliva, and 

samples in group II will be soaked using isotonic drinks plus artificial saliva. Each sample group will then go 

through a deflection test. The research design will be described in the following scheme: 

 

Figure 1. Sample Distribution 

The work phase begins with preparing samples consisting of orthodontic nickel titanium wires (American 

Orthodontics) with a diameter of 0.016 inches and a length of 11.6 cm, totaling 36 pieces, which are then labeled 

with petradisks 1–18 for group I and petradisks 19–36 for group 2. Samples of artificial saliva solution and 
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isotonic solution were given a dose of 29 ml each. 

The sample immersion stage was determined based on the duration of one-time isotonic drink 

consumption; the results were 15 minutes multiplied by the duration of use of nickel-titanium wire in the oral 

cavity; the average usage was 6 weeks, so the immersion time was 10.5 hours. Group I will be immersed in 29 

ml of normal pH 7 artificial saliva solution, and group II will be immersed in 29 ml of normal pH 7 artificial saliva 

plus 29 ml of isotonic drink. Each group will be put into a labeled petridisk package, then put in an incubator for 

10.5 hours at a temperature of 37oC. 

After going through the immersion period, the sample will be dried in a desiccator to remove traces of the 

immersion solution and keep the sample moist. All samples will then go through a testing process with the three- 

point bending method using the Universal Testing Machine. The initial step of the test is carried out by placing 

the sample in a clamp, clamping it on both sides of the specimen, and giving a load with a point position in the 

middle of 1/2 L. The sample will be tested using a computer program that is connected to the Universal Testing 

Machine. The data results are determined based on the point that will give the wire a load until it is cut off. The 

results of the Universal Testing Machine tool are in the form of a monitor that shows the deflection value. 

The results of the data will then go through a normality test using the Shapiro-Wilk test and a homogeneity 

test using Levene's Test. If the data obtained is normally distributed or homogeneous, then it is continued with 

a parametric statistical test (Independent T-Test), and if the data obtained is not normally distributed or 

homogeneous, then it is continued with a non-parametric statistical test (Mann Whitney). 

 
RESULTS 

Based on the results of the deflection test in this study, table 1 describes the average value of the 2 

groups of thermal nickel titanium wire immersion in artificial saliva and isotonic drinks mixed with artificial saliva. 

Table 1. The results of the mean value and standard deviation of the deflection force between the artificial saliva 

group and the isotonic drink group 

 

Group Average 

(mm) 

Standard 

deviation 

Artificial 

Saliva 

14,40 2,80 

Isotonic 

Beverage 

10,57 1,44 

 

Based on the results of the data in Table 1, it shows that the average deflection test on a wire that has 

been soaked in artificial saliva is 14.40 mm and the isotonic drink is 10.57 mm. The results of the data obtained 

from research on the effect of thermal nickel titanium wire that has been soaked with artificial saliva and isotonic 

drinks on the deflection force were then analyzed statistically. The normality test results using the Shapiro-Wilk 

test can be seen in Table 2. The artificial saliva group obtained a p value of 0.144 (p > 0.05), so the results of 

the data normality test showed that the data were normally distributed, and the isotonic drink group obtained a 

p value of 0.792 (p > 0.05), so the results of the data normality test show that the data are normally distributed. 

The overall results of each group show that the data is normally distributed and can be continued by carrying 

out a homogeneity test using Levene's Statistical test. 

Table 2. Shapiro-Wilk Data Normality Test 
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Group Sig.(P) Definition 

Artificial Saliva 0,144 Normal Data 

Isotonic Beverage 0,792 Normal Data 

 

The results of the analysis of the homogeneity test using Levene's Test are listed in Table 3, showing 

a p value of 0.014 (p> 0.05). If the data from each group shows that the data results are greater than 0.05, so 

that the variation between the artificial saliva group and the isotonic drink group is homogeneous, then it can be 

continued by conducting an unpaired t-test to find out whether there is a difference between the number of 

deflections in the wire thermal nickel titanium that has been soaked with artificial saliva and isotonic drink. 

Table 3. Levene Data Homogenity Test 
 

Levene test Sig. Definition 

 0,014 Homogen Data 

 

The results of the data from the unpaired t-test can be seen in Table 4.4. Unpaired t-test was used to 

determine the differences between the 2 groups in this study, namely the artificial saliva group and the isotonic 

drink group. The results of the analysis showed a (p) value of 0.00 (p <0.05), it could be concluded that there 

was a significant difference between the artificial saliva group and the isotonic drink group. 

Table 4. Unpaired T-test results 
 

Group Avg. 

(mm) 

Standard 

Deviation 

Sig (2- 

tailed) 

Artificial 

Saliva 

14,40 2,80 0,000 

Isotonic 

Beverages 

10,57 1,44  

 

DISCUSSION 

The purpose of this study was to determine the effect of thermal nickel-titanium wire soaked in artificial 

saliva and isotonic drinks on the deflection force. This study used 36 American Orthodontic thermal nickel- 

titanium wires. There were 2 groups, namely group I, in which the wires were soaked using artificial saliva and 

group II, in which the wires were soaked using isotonic drink, then stored in an incubator at 37oC, and then 

deflection tests were carried out using the Universal Testing Machine (UTM). 

Immersion performed on groups I and II was proven to affect the deflection results of orthodontic thermal 

nickel-titanium wire. The analysis test performed showed that there was a significant difference between the 

artificial saliva group and the isotonic drink group. The immersion group in artificial saliva obtained 14.40 mm 

results, and immersion in isotonic drinks mixed with artificial saliva had a deflection result of 10.57 mm, resulting 

in a decrease in deflection in the immersion treatment. This shows that the content and environment of the 

immersion solution can affect the resulting deflection of the thermal nickel-titanium wire. The results of this study 
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are in accordance with research conducted by Mawaddah, A., and Prijatmoko (2016), which states that there is 

an effect of nickel-titanium wire soaked in carbonated drinks on the deflection force. 

In group I, the thermal nickel-titanium wire was soaked using artificial saliva with a pH of 7. Saliva is a 

colorless liquid that has organic and inorganic components. The organic components are in the form of proteins, 

and the inorganic components are in the form of Na+, K+, Ca2+, Mg2+, Cl-, and H3PO4. One of the ingredients 

contained in artificial saliva is Cl- (chloride) ions as electrons, which can trigger the release of nickel ions from 

nickel titanium wire because it is included in the acid category, which can cause corrosion.25 

Group II thermal nickel titanium wires were soaked using an isotonic drink containing Na+, K+, Ca2+, 

Cl-, C6H8O7, C3H6O3, and C4H6O6 with a pH of 4.6. One of the ingredients in isotonic drinks is NaCl (sodium 

chloride) and citric acid. Citric acid in isotonic drinks is used as a sour taste enhancer. NaCl is a salt that is 

formed in water to become an electrolyte solution and is categorized as a strong electrolyte group. Chloride ions 

can damage the oxide layer on the wire and are very aggressive in triggering the release of ions on the wire. In 

immersion, there is an interaction between Cl- (chloride) ions, which undergo a reduction reaction so that they 

can bind to the oxide layer released from nickel ions on the thermal nickel titanium wire. The release of ions that 

occurs can cause the wire to corrode.26 The higher the chloride ion level, the higher the release of nickel ions 

on the thermal nickel titanium wire, which will cause a higher corrosion rate. Corrosion that occurs in thermal 

nickel-titanium wire can cause a decrease in the quality of the wire, which is marked by a decrease in the 

deflection of the wire.21 

The acidic environment that occurs in isotonic drink immersion will cause a high increase in H+ 

(hydrogen) ions. This occurs because the H+ ions present in the immersion environment undergo a reduction 

reaction and then bind to electrons released from the oxidation reaction of nickel ions on the thermal nickel 

titanium wire. The more H+ ions, the higher the reduction reaction that occurs. Nickel ions, which act as anodes 

(oxidation), and H+ ions, which act as cathodes (reduction), will trigger the release of nickel ions, causing 

corrosion.25 Environmental conditions in the acidic oral cavity can cause an increase in the release of metal 

ions.23 

The release of metal ions on the thermal nickel-titanium wire is characterized by damage to the surface 

of the TiO2 (titanium oxide) layer, which is the outermost protective layer of the wire. After the outer layer of the 

wire is removed, the main ingredient of the wire, nickel, will experience oxidation and detach.27 Nickel ions have 

a role as a material that is resistant to heat and provides flexibility to the wire. Oxidation that occurs in a wire 

material is an early sign of a decrease in the quality of the wire.28 

Thermal nickel titanium wire material that has been immersed in an acidic environment will experience 

the release of nickel ions, which can cause damage to the wire, decrease in quality, and reduce safety. The 

release of nickel ions is a sign of corrosion on the wire and can affect the quality of the braces themselves.29 

Wire corrosion can cause discoloration on the metal surface, reduce strength, and cause allergic reactions in 

some orthodontic wire users.26 

The choice of wire in the early stages of fixed orthodontic treatment must be considered, such as the 

composition of the wire used, the diameter of the wire, and the shape of the wire.30 In this study, when the wire 
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experiences too much nickel ion release because it is in an acidic environment, the strength and quality of the 

wire will decrease, causing the wire to experience a reduction in mass, which will reduce the properties and 

characteristics of the wire. The decrease in the quality of the wire that occurs will result in a decrease in the 

elastic properties of the wire, so that the deflection force generated by the thermal nickel-titanium wire will also 

decrease [11]. Orthodontic treatment requires the mechanical ability to move the teeth in order to produce proper 

tooth movement. A decrease in deflection force can result in inconstant tooth movement, which will result in less 

optimal tooth movement in orthodontic treatment and will require a longer treatment time.31 

 

 
CONCLUSION 

Based on the results of this study, it can be concluded that the deflection value of thermal nickel-titanium 

wire immersion in isotonic drinks is lower than that of artificial saliva immersion. 
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