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Abstract
Orthodontic treatment is currently increasingly popular in Indonesia. Currently there are various
types of orthodontic wire in Indonesia, including nickel titanium wire. Characteristics of wire include
its deformation properties after wire is subjected to force load. In NiTi wire, when wire is
permanently deformed, the deactivation force of wire is also reduced to move the teeth.
27 samples were used and divided into 3 groups wire products (9 samples each), there were
IMD Orthoshaped, American Orthodontics, and Ormco. All wires were inserted to bracket slot on
research prototype which designed to allow deflection of 7 mm in certain part of wire. Wire was
applied for 28 days and was measured using digital caliper by comparing deflection between new
or control wire and deflected wire (the same product).
There was significant difference in permanent deformation between three thermal NiTi wire
products. The sequence of permanent deformation values in several wire products based on the
smallest value were Ormco, American Orthodontics, and IMD Orthoshaped. Conclusion: The used
of 0.014- in diameters thermal NiTi wire which has the least permanent deformation is good for use
in early stages of orthodontic treatment so that maximum and efficient tooth movement can
occurred.
Experimental article (J Int Dent Med Res 2022; 15(3): 1013-1017)
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Introduction
The type of appliances orthodontic
treatment is divided into removable appliances
and fixed appliances. Fixed orthodontic
appliances include several basic components,
such as
brackets, bands, and archwires.
Archwire has an active function of applying force
to the teeth and passively to resist the force.
Orthodontic archwire and their interactions with
the components that are attached to the teeth
allow the clinician to generate tooth movement.
This can be regulated by changing the diameter
of archwire and construction material.1 At the
fixed orthodontic treatment stage, several types
of
archwires
were
used
to
produce
biomechanical forces that aim to move the teeth.2
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The advantages of a good orthodontic
archwire were expected to have a light and
continuous pressure. This can reduce the
patient's discomfort during the process of tooth
movement and so that there is a good biological
adaptation of the periodontal tissue. Selection of
the type of archwire is important in any
orthodontic treatment plan. The consideration of
the force produced by various types of archwire
is adjusted to the desired tooth movement to
produce optimal force without causing severe
damage to the alveolar bone tissue.3
Many research materials in the
orthodontic field have been carried out to
facilitate the management of cases of
malocclusion so that its use is easy, comfortable
and efficient for orthodontists and patients.
Characteristics of orthodontic wire such as
friction, weldability, resilient, springback, elastic
and permanent deformation were the things that
have to be understood in the selection of
orthodontic wire when we were going to use it.
The forming components wire (alloys) such as
iron, nickel, titanium, cobalt, copper and others,
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composed into different percentages to molding
into a crystal atomic bond that consisting of each
of these alloys.4
Orthodontic archwire which has good
elasticity is nickel titanium (NiTi). NiTi wire
contains 50% nickel and 50% titanium5.In
addition to good elasticity, NiTi archwire also has
the property of shape memory effect. Shape
memory effect is the ability of the wire material to
return to its original shape after being stressed at
the transition temperature. Nowadays, thermal
NiTi is widely used which has a transition
temperature close to body temperature.
Moreover, the addition of other metals such as
copper in the composition of the thermal NiTi
archwire causes the transition temperature to be
more accurately controlled, reduces the friction
and increases the strength of the archwire to
minimize archwire deformation.6
Archwire
deformation
is
a
change/deformation in the shape of the archwire
either macroscopically or microscopically.
Macroscopic deformation of the archwire is a
change in the shape of the archwire from its
original shape. These changes occur due to the
application of loads or forces, in the form of
pressure or torque7. In this study, the authors will
investigate the permanent deformation of several
thermal NiTi orthodontic archwires which widely
used in Indonesia, such as IMD Orthoshaped,
American Orthodontics, and Ormco brands.
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The wires, brackets and ligatures used
were treated the same, so that there were no
influences in the results. The sample calculation
based
on
Lemeshow
formula,
which
recommends 2 specimens of each sample, was
used. However, to minimize the chance of any
technical error and increase reliability of the
results, a number of 9 specimens were chosen
for each group.

Figure 1. The type of some archwire. IMD
Orthoshaped, American Orthodontics, Ormco
(from left to the right).

Materials and methods
Three different NiTi thermally activated
wires were tested for this study: 0.014- in
diameters of NiTi Thermal IMD Ortoshaped,
0.014- in diameters of NiTi Heat Activated
American Orthodontics, and 0.014- in diameters
of NiTi Thermal Ormco (Figure 1). The wires had
been deflected by 7 mm.
All the wires ligated to the 0.22 slot of
Edgewise bracket using RMO ligature wire
(Figure 2). The bracket was bonded to the
typodont prototype which has been set before.
This protype made from dental impression and
was set before that had been deflected by 7 mm.
The position of right and left lateral incisive
located more palatally than the other teeth. The
distance between the labial surfaces of the
canines and central incisors to the labial surfaces
of the lateral incisors was 7 mm (Figure 3).
Measurement using digital calipers (Figure 4).
Volume ∙ 15 ∙ Number ∙ 3 ∙ 2022

Figure 2. Edgewise bracket with 0.022 slot.
There were 27 prototype sets which were
divided into 3 groups (groups A, B, and C), and
each group consisted of 9 prototype sets. Group
A was Niti Thermal IMD Ortoshaped, group B
was Niti Thermal American Orthodontics and
group C was Niti Thermal Ormco.
In each prototype, bonded bracket, wire,
and ligation with ligature wire were then
immersed in an artificial saliva solution and
stored in an incubator for a specified time of 28
days. Previously prepared a new wire that has
never been used as a measurement guide, then
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sticked on millimeter block paper then the paper
was delaminated. After 28 days, the prototype
was removed, and the deflected wire was
compared and measured with new wire that had
never been used.
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wires.
Results
Table 1 represents the results of the
permanent wire deformation test. It was found
that there were mean value, standard deviation,
and maximum-minimum values of right
permanent wire deformation, in group A were
1.3922 mm, in group B were 0.1967 mm, and in
group C were 0.1044 mm. The smallest
permanent deformation occurs in the wire group
C of 0.06 mm and the largest occurs in the wire
group A which is 1.77 mm.

Figure 3. The protoype typodont.
Table 1. Wire group permanent deformation test
results.
Regarding the Table 1, showed that there
were mean value, standard deviation, and
maximum-minimum values of left permanent wire
deformation in group A were 1.4211 mm, in
group B were 0.2811 mm, and in group C were
0.1067 mm. The smallest permanent deformation
occurs in the wire group C of 0.07 mm and the
largest occurs in the wire group A which is 1.76
mm.
Figure 4. Digital caliper.
Measurement of permanent deformation
by placing two wires on one plane of millimeter
block paper and pressing them together. The two
wires were a wire that has been deflected
according to the research procedure and a new
wire that has never been used, both of which are
of the same brand of wire. Then the deflection
distance between the two wires was measured.
Measurements were made using digital calipers.
The results were measured in millimeter scale
(mm). The measured value is defined as the
amount of permanent deformation in the wire
The Kolmogorov Smirnov test was used
to evaluate the normal distribution of the
variables, indicating that the parametric statistical
tests could be applied. Kruskal Wallis and
Wilcoxon Mann Whitney tests were used to
compare different permanent deformation of
Volume ∙ 15 ∙ Number ∙ 3 ∙ 2022

Table 2. One sample Kolmogorov Smirnov test
results.
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Table 3. Wilcoxon Mann-Whitney test results.
Based on Table 2, it could be seen the
results of the Kolmogorov-Smirnov test. If a = 5%
is used, it could be concluded that H0 is accepted,
which means that the permanent deformation
(right) and permanent deformation (left) for wire
groups A (NiTi Thermal IMD Ortoshaped), B (NiTi
Thermal American Orthodontics) and C (Niti
Thermal Ormco) was normally distributed.
Because the data was normally distributed and
the variance of the data was heterogeneous, it
was continued with the Wilcoxon Mann Whitney
test.
From the results of the Wilcoxon MannWhitney test, showed that there were differences
in the permanent deformation of each group of
wires when compared in every two types of the
wire groups on the right and left sides, such as A
with B, A with C, and so on (Table 3).
Furthermore, it could be explained that there
were differences in the permanent deformation of
wire group A (Niti Thermal IMD Orthoshaped)
and wire group B (Niti Thermal American
Orthodontics) both on the right and left sides.
There were differences in permanent deformation
of the wire group A (Niti Thermal IMD
Ortoshaped) and wire group C (Niti Thermal
Ormco) both on the right and left sides. The last
comparison also showed the difference in the
permanent deformation of the wire group B (Niti
Thermal American Orthodontics) and wire group
C (Niti Thermal Ormco) both on the right and left
sides.
Discussion
The aims of this research were to
determine the amount of permanent deformation
between several nickel titanium thermal
orthodontic wires with a diameter of 0.014 inches,
i.e. Niti Thermal IMD Ortoshaped wire, Niti
Thermal American Orthodontics and Niti Thermal
Ormco which deflected by 7 mm on both right
and left sides of the wire bend during 28 days
soaked in artificial saliva. The reason for
choosing this wires was because these wires
were widely used in Indonesia. According to
research by Hudgins and Erikson (1990), Nickel
Titanium wire will not occurred some significant
permanent deformation if it is deflected by ≤ 5
mm within one month, so the researchers chose
to do a deflection of 7 mm.
Morover, from the research conducted, it
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was obtained based on the average value, the
minimum value occurred on wire C (Ormco)
which was 0.06 mm and the largest deformation
was on wire A (IMD Orthoshaped) which was
1.77 mm. Meanwhile, judging from the
permanent deformation of 3 groups of wires on
the left side at the same time of application,
based on the average value, the minimum value
occurs in wire C (Ormco) which is 0.07 mm and
the largest is in wire A (IMD Orthoshaped) which
is equal to 1.76mm.9
Based on the results, Ormco wire had the
inimum value of deformation. It means that there
was changes in the molecular structure
(restructuring of the crystal-forming atoms) that
occured less than in other wires. This is related
to its superelasticity, because in the literature
mentioned that the characteristics of nickel
titanium wire are determined by the stability of
the crystal atomic arrangement (crystallographic).
Therefore, it could be said that Ormco wire has a
more stable crystallographic than other wires,
thus the wire has better superelastic
properties.9,10
The choice of immersion in artificial
saliva for 28 days, because when applied
clinically, that time is the ideal control time for
orthodontic treatment, during which time a bone
resorption process has formed which is
characterized by activation of osteoclast cells in
the periodontal ligament on the pressure side up
to tooth movement occurs. During this period, it
is advisable to remove the old wire to be
replaced with a new wire sequence before the
perfect apposition process occurs on the
pressure side (i.e 3 months) in order to facilitate
the process of tooth movement in orthodontic
treatment.10,11
The
difference
in
permanent
deformation that occurs in thermal nickel titanium
orthodontic wires with a diameter of 0.014 inches
in each group can occur due to several things. In
the literature, things that affect the amount of
permanent deformation in nickel titanium wire
can be due to internal or external factors. Internal
factors include differences in the percentage of
wire-forming alloys, such as differences in the
number of nickel, titanium, cobalt, copper and
iron ions in the wire.11,12,13 External factors are
related to the amount of force load to the wire,
the temperature of the oral cavity, how much the
force load repeatedly applied to the wire and the
manufacturing process at the factory.5,15 These
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two factors influenced the results of significant
differences in permanent deformation between
the wires.12,13,15
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Fruit (Averrhoa Bilimbi L.) Leaf Extract as Corrosion Inhibitors of
Stainless Steel Orthodontic Wires. J Int Dent Med Res
2018:11(2);634-38.

Conclusion
There was a significant difference in the
permanent deformation of the wire in the three
groups of wire, with the minimum sequence of
deformation respectively (from the least minimum
permanent deformation) were Niti Thermal
Ormco, Niti Thermal American Orthodontics and
the last was Niti Thermal IMD Orthoshaped.
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