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Abstract---Background: Superelastic NiTi wires may experience
change in performance when placed intraorally. Objectives: To
evaluate the effect of intraoral use of three brands of nickel titanium
archwires on their mechanical properties and crowding relief ability.
Methods: Three groups (n=39) of 0.016" round NiTi archwires:
Dentaurum (A), American Orthodontics (B) and IMD Orthodontics (C)
were subdivided according to the intervention (n=13) into: As-received,
no intervention (subgroup 1), in-vivo (subgroup 2), and in-vitro
(subgroup 3). Plateau slope, resilience, and elastic modulus of all
wires were tested using a universal testing machine. The relief of
crowding following intraoral use for 8 weeks was assessed using
Little’s irregularity index. Results were significant at p <0.05. Results:
For all NiTi brands, the highest plateau slope value; among the
subgroups, was recorded following the intraoral use (in-vivo). For the
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in-vivo wires (subgroup 2), the Dentaurum wires revealed the lowest
plateau slope value (0.258 N/mm =+ 0.032) while the IMD wires
revealed the lowest resilience values (36.24 J.mm-3 + 0.6). Within each
subgroup, there was no significant difference in the modulus of
elasticity of wires between the different wires. The Little’s irregularity
index decreased over time, and the difference between the groups was
not significant. No significant difference existed between the groups in
terms of inter-canine width. Conclusion: Dentaurum wire may seem
to deliver light, continuous, and constant forces following intraoral
use compared to the other brands. Despite the change in mechanical
properties that took place in all three wire brands following intraoral
use, their clinical performance was not impaired.

Keywords---Nickel Titanium, plateau slope, Dentaurum, American
orthodontic, IMD orthodontic.

Introduction

Nickel titanium (NiTi) archwires are used for initial alignment of malocclusion
owing to their shape memory and superelastic properties. Superelastic NiTi
archwires are characterized by a load-deflection curve with a plateau during
unloading. Since deflected superelastic archwires behave elastically for weeks to
months, constant force is transmitted to the teeth over long activation periods,
resulting in a desirable biologic response. However, the different commercially
available superelastic NiTi wires may possess different properties depending on
their manufacturing process (1). Furthermore, the mechanical properties of
archwires are directly affected by oral environmental factors such as extreme pH
and temperature variations, complex oral flora, and salivary enzymes (2). These
factors may impact the amount of force delivered by the archwire over time.
Insufficient data regarding the mechanical and clinical performance of such wires
makes it difficult for orthodontists to choose the most adequate material with the
best cost-benefit ratio. To the best of our knowledge, there is not enough
literature discussing the influence of the oral environment on the mechanical
properties of NiTi archwires. Therefore, the current study aimed to evaluate the
mechanical properties of three widely used 0.016-inch Nickel Titanium archwire
brands following their exposure to the oral environment. Furthermore, the
effectiveness of these wires in relieving crowding over time was investigated. The
null hypothesis was that there will be no significant difference in the mechanical
properties of the three brands of Nickel Titanium archwires after exposure to the
oral environment following clinical use.

Materials and Methods
Sample size calculation
Sample size calculation was performed using G*Power Version 3.1.9.2 (3). Based

on the results of Lombardo et al, (2019) (2); 12 subjects per group were
considered sufficient to achieve a power of a study 80 % and alpha (a) level of
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(5%). Sample size was increased to 13 subjects per group to compensate for a
drop-out rate of 10% after 8 weeks. Accordingly, a total of 117 wires of 0.016"
round NiTi archwires were divided into three groups (n=39) based on the wire
brand: Group A (Rematitan Lite®, Dentaurum), Group B (NT3® SE NiTi Wire
American Orthodontics), and Group C (IMD® Orthoshape Superelastic wires, IMD
Orthodontics). Each group was further subdivided into three subgroups (n=13)
according to the intervention: Subgroup 1 (as-received), the wires were measured
as-received from the manufacturer i.e. no intervention (negative control group),
Subgroup 2 (in-vivo), the wires were used intraorally for 8 weeks for initial leveling
and alignment, and Subgroup 3 (in-vitro), the as-received wires immersed in
artificial saliva for 8 weeks (positive control group). Artificial saliva was prepared
following the method reported by Sri et al, (2015) (4). Briefly, albumin, cellulose,
potassium chloride, potassium phosphate, and sodium fluoride were dissolved in
water. Methyl paraben, magnesium chloride and dextrose were dissolved in warm
water and then cooled down before mixing all the solutions together. The as-
received wires were immersed in artificial saliva for 8 weeks. During this
immersion period, the artificial saliva was replaced twice with a fresh mix i.e. once
every 4 weeks.

Patient selection

After approval of the Research ethics committee (code (26)/11-2020), thirty-nine
18- to 24-year-old patients having moderate upper arch crowding with similar
gross malocclusion were selected from the orthodontics outpatient clinic. There
was no significant difference in mean age values, gender distributions and
occlusion classes between the three groups. The treatment procedures, aim of the
study, possible side effects, and treatment alternatives were thoroughly explained
to all the participants. The subjects received a SWA; Roth prescription slot 0.022
x 0.028 mil. The molar tubes and brackets were bonded to the tooth surface
using orthodontic light cured composite resin (Light Bond Medium Push Syringe
Kit Non-Fluoride, Reliance). Participants were randomly assigned into one of three
groups using Microsoft Office Excel 2013 sheet. The 0.016" NiTi wire was ligated
by o-ties using a figure eight configuration (To). In order to eliminate any bias, the
present study was a double-blinded clinical trial, where neither the operator nor
the outcome assessor knew the brand of the 0.016" round NiTi archwire used.
The patients were asked to come back for the follow up visit after 4 weeks (T1) to
change the elastomeric ligature, followed by a second follow up visit after 8 weeks
(T2) to retrieve the NiTi wires (in-vivo subgroup) to test their mechanical
properties.

Mechanical testing

All wires were sectioned and immersed in a 37°C water bath one minute prior to
mechanical testing to simulate the clinical conditions. The water bath
temperature was monitored using a thermocouple and maintained using a
portable water heating coil. The plateau slope, resilience, and elastic modulus of
all wires were evaluated via three-point bending test using an Instron universal
testing machine (Model 4301, Instron Corp, Canton, Mass). The test was
conducted in accordance with the ISO 15841 specification for orthodontic wires
with the exception that the bottom support span was 14 mm rather than 10 mm
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due to fixture limitations (ISO, 2014). The wires were mounted on four non-self-
ligating brackets (0.022 Edgewise standard, American orthodontics) using
elastomeric ligatures tied in figure 8. The brackets were glued to an acrylic resin
base to create a 14-mm span between the internal sides of two adjacent brackets.
The stage was attached to the upper movable head of the Instron machine. A
single pole, fixed to a stage, was attached to the lower head of machine in such a
manner that the tip of the pole was at the center of the wire span (5). The force
applied was regulated by an Instron 4467 dynamometer connected to a 100-N
load cell. The mid-portion of the wire was deflected one mm with a crosshead
speed of one mm/minute and a full-scale load of 100-N (Figure 1).

. b)

Figure 1: Three-point transverse bending setup of the
archwire in the Instron universal testing machine for the load
deflection measurement; a) before loading b) during loading.

The center of each segment was deflected to 3.1 mm of deflection as
recommended by the ISO14841:2006. The wires were unloaded at the same speed
until the force reached zero. The plateau slope was calculated from the plotted
load-deflection curves obtained for each wire. From the unloading curve, the
deflection at the end of the plateau, and the forces (F) delivered at that point, and
at 3-, 2-, 1- and 0.5-mm deflection were recorded. A computer software program
was used to record the Load (N) and deflections (mm) for each specimen. The
plateau slope (Slope 3mm), expressed in N/mm, between 3 mm and S, of
deflection, was calculated using the following equation (6):

(Fdef3mm - Fp)
Slope =—

where Fp is the minimum force level (N) at the end of the plateau (Figure 2) and S,
is the deflection (mm) of the archwire at the end of plateau.
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Figure 2: A schematic illustration of a loading/unloading curve of a NiTi
archwire showing the Fp and the Sp points used for the calculation of the
plateau slope

The obtained load/deflection data were plotted and the linear slope of the
deactivation curve was recorded. The deactivation modulus (E) in MPa, was
calculated using the following equation (7):

_ PL3
" 4BH3e

where P is the load (N), L is wire length (mm), B is wire width, H is wire height,
and e is the deflection (mm). Resilience was measured by the modulus of
resilience and was expressed as the amount of elastic strain energy per unit
volume (J.mm=3) (7). Permanent deformation of the wires was examined using
Stereomicroscope through photographing the wire before bonding (To) and after 8
weeks (T2) (8).

Calculation of the degree of crowding resolution “Little’s irregularity index”

In order to calculate the relief of crowding that occurred following intraoral use of
the wires; subgroup 2 wires (in-vivo), upper arch impressions were taken for all
the patients before wire placement (To) and after 8 weeks of intraoral use (T59).
Impressions were poured immediately to avoid any distortion. The models were
then scanned with 3Shape TRIOS to record digital orthodontic models. A 3D
image was produced on the monitor and STL file was generated for each patient.
The primary clinical outcome: alignment efficiency, was calculated using Little’s
irregularity index (LII) by two assessors twice for each patient. The assessors were
blinded as to which wire was used in each patient. The degree of resolution of
crowding was measured in mm using Ortho Analyzer 3shape program software
for digital models (Figure 3) where the linear displacement of the anatomic
contact points was measured from the mesial of the left maxillary canine to the
mesial of the right maxillary canine and an additional measurement from the
mesial of the left maxillary first molar to the mesial of the right maxillary first
molar (9). Also, the arch widths (inter-canine and inter-molar) were evaluated as
secondary outcome measures. Canine measurements were made from cusp tip to
cusp tip, and molar measurements were made from central fossa to central fossa.
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Figure 3: 3D images of upper arch model. Figures A-D represent the Dentaurum
wire group: (A) preoperative contact points, (B) preoperative inter-canine & inter-
molar width, (C) postoperative contact points and (D) postoperative inter-canine &
inter-molar width. Figures E-H represent the American Orthodontic wire group: (E)
contact points, (F) preoperative inter-canine & inter-molar width, (G) postoperative
contact points and (H) postoperative inter-canine & inter-molar width. Figures I-K
represent the IMD orthodontic wire group: (I) preoperative contact points, (J)
preoperative inter-canine & inter-molar width, (K) postoperative contact points and
(L) postoperative inter-canine & inter-molar width

Statistical analysis

Numerical data were explored for normality using Kolmogorov-Smirnov and
Shapiro-Wilk tests of normality. For parametric data, results were listed as means
and standard deviations (SD). Repeated measures Analysis of Variance (ANOVA)
was used to compare between the groups as well as to study the changes within
each group. Bonferroni’s post-hoc test was used for pair-wise comparisons when
the results of the ANOVA test were significant. The significance level was set at p
< 0.05. Statistical analysis was performed with IBM SPSS Statistics for Windows,
Version 23.0. Armonk, NY: IBM Corp.
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Results
Results of the Mechanical testing

Representative load deflection curves from which the plateau slope was obtained
are shown in Figure 4.

Dentaurum (Group A) American Orthodontics (Group B) IMD (Group C)
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Figure 4: The load-deflection curves for all wire subgroups

The results of the plateau slope (N/mm), resilience (J.mm-3), and the elastic
modulus (MPa) of each subgroup of wire: Subgroup 1 (as-received), subgroup 2
(in-vivo), and subgroup 3 (in-vitro), and the results of repeated measures ANOVA
test for comparison between the different wire groups: Group A (Dentaurum
wires), Group B (American Orthodontics wires) and group C (IMD wires) within
each condition are shown in Table 1. For the as-received wires (subgroups 1), the
IMD wires (Group C) had the highest plateau slope (0.314 N/mm + 0.041)
whereas the American Orthodontics wires (Group B) had the highest resilience.
On the other hand, the results of the in-vitro wires (subgroups 3) revealed that
IMD wires (Group C) had the highest plateau slope and the lowest resilience
compared to both Groups A and B. As for the in-vivo wires (subgroups 2), the
Dentaurum wires (Group A) revealed the lowest plateau slope value (0.258 N/mm
* 0.032) while the IMD wires (Group C) revealed the lowest resilience values.
Regarding the modulus of elasticity, no significant difference existed between the
tested groups of wires in each of the 3 subgroups.
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Table 1: The mean, standard deviation (SD) values of the plateau slope (N/mm),
resilience values (J.mm=3) and the modulus of elasticity values (MPa), and the
results of repeated measures ANOVA test for comparison between the wire groups
at the different conditions.

Dentaurum American IMD

orthodontics
(Group A) (Group C)

(Group B) P-value

Mean** SD Mean** SD Mean** SD

Plateau Slope )55 0,032 0.2552 0.032 0.314 4 0.041 <0.001*

o - (N/mm)

S a

25 .1

g o (Resilience 57 445 050 38.494 0.64 37.16B 0.62 <0.001*
L ap (J.mm-3)

43

< ® Modulus of

Elasticity (MPa) 36.79 5.11 40.74 5.75 37.64 531 0.160

Plateau Slope ) ,oq 5 5030 0.3094 0.039 0.321 4 0.041 <0.001*

N (N/mm)
o % Resili
5 o NeSHenCe 57554 063 37.734 0.63 36.24B 0.60 <0.001*
) (J.mm-—3)
=5
@ Modulusof 5, 50 494 3833 541 3651 5.15 0.263

Elasticity (MPa)

Plateau Slope , 5555 5033 0.281 8 0.036 0.3154 0.040 <0.001*

%) (N/mm)
§ g (Resilience 5404 064 38114 064 36.68 0.61 <0.001*
DB (J.mm-3)
RSi¥e)

& Modulus of

~ Elasticity (MPa) 36.04 5.09 39.51 5.58 36.96 5.21 0.236

*: Significant at P < 0.05, Different superscripts in the same row indicate
statistically significant difference
**: Mean of 13 specimens

The results of the plateau slope (N/mm), resilience (J.mm-=3), and the elastic
modulus (MPa) of the tested wires: Group A (Dentaurum wires), Group B
(American Orthodontics wires) and group C (IMD wires) and the results of
repeated measures ANOVA test for comparison between the different
subgroups: Subgroup 1 (as-received), subgroup 2 (in-vivo), and subgroup 3 (in-
vitro) within each wire are shown in Table 2. In case of Dentaurum wires (Group
A), the highest plateau slope (0.258 N/mm = 0.032) as well as the lowest
modulus of elasticity were evident in the in-vivo subgroup (34.96 MPa * 4.94)
whereas the highest resilience (38.12 J.mm-3 * 0.64) was revealed in the in-vitro
subgroup. Regarding the American Orthodontics wires (Group B), the in-vitro
subgroup had a plateau slope value that was significantly higher than that of
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the as-received subgroup and lower than that of the in-vivo subgroup. On the
contrary, the resilience values of the in-vitro subgroups were higher than those
of in-vivo subgroup and lower than those of the as-received subgroup. The
lowest modulus of elasticity was revealed in the in-vivo group (38.33 MPa =*
5.41) compared to both the as-received and in-vitro subgroups. For IMD wires
(Group C), both the highest plateau slope (0.321 N/mm * 0.041) and the lowest
resilience (36.24 J.mm-=3 + 0.60) were evident in the in-vivo subgroup whereas
the highest modulus of elasticity (37.64 MPa + 5.31) was evident in the as-
received subgroup. On the other hand, the resilience of the in-vitro subgroup
(36.6 J.mm= * 0.61) was significantly lower than that of the in-vivo subgroup
and higher than that of the as-received subgroup.

Table 2: The mean, standard deviation (SD) values of the plateau slope (N/mm),
resilience (J.mm-3), and the elastic modulus (MPa) of each of the tested wire groups:
Group A (Dentaurum wires), Group B (American Orthodontics wires) and group C
(IMD wires), and the results of repeated measures ANOVA test for comparison
between the different subgroups: Subgroup 1 (as-received), subgroup 2 (in-vivo),
and subgroup 3 (in-vitro) within each wire.

Subgroup 1 Subgroup 2 Subgroup 3

(As-received) (In-vivo) (In-vitro)

Wire type P-value

Mean** SD Mean** SD Mean** SD

Dentaurum 0.2558 0.032 0.258 2 0.032 0.255B 0.033 <0.001%*

Plateau Slope
(N/mm)

American 4 ho5c 032 0.3094 0.039 0.281EB 0.036 <0.001*
Orthodontics
IMD

. 0.314B 0.041 0.3214 0.041 0.315B 0.040 <0.001*
Orthodontics

Dentaurum 37.448 0.50 37.55B 0.63 38.124 0.64 <0.001%*

(]

Sl :

€ L American 40494 064 37.73C 0.63 38.115  0.64 <0.001*

= g Orthodontics

n

(O]

r = IMD . 37.16A 0.62 36.24C 0.60 36.6B 0.61 <0.001*
Orthodontics

Dentaurum 36.794 5.11 34.96B 494 36.044 5.09 <0.001%*

American

A B A *
Orthodontics 40.74 5.75 38.33 5.41 39.51 5.58 <0.001

IMD
A B B *
Orthodontics 37.64 5.31 36.51 5.15 36.96 521 <0.001

Modulus of
Elasticity (MPa)

*: Significant at P < 0.05, Different superscripts in the same row indicate
statistically significant difference
**: Mean of 13 specimens
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The comparison of pre- and post-operative stereomicroscopic photographs of
the different wires revealed no signs of permanent deformation, (Figure 5).
Striations parallel to the long axis of the wires, which may be characteristic for
the manufacturing process, were noticed on the surface of the as-received
archwires.

Dentaurum American Orthodontics IMD Orthodontics
(Group A) (Group B) (Group C)

E(A) | © (E)

Postoperative

Figure 5: Stereo microscope images (50x magnification) of wires from Dentaurum
wire (A) preoperatively (as-received subgroup), (B) post-operatively (in-vivo
subgroup), American Orthodontic wire (C) preoperatively (D) postoperatively and
IMD Orthodontic wire (E) preoperatively (F) postoperatively.

Results of the resolution of crowding “Little’s irregularity index testing”

All wire types revealed a significant decrease in the Little’s irregularity index
over time (p-value <0.001). Regarding the inter-canine width, whether at TO or
To2; no significant difference existed between wire types (P-value = 0.290, 0.296,
respectively). As for the inter-molar width, whether at To or T, American
orthodontics had a smaller mean width than that of Dentaurum and IMD
orthodontics wires, (Table 3).

Table 3: The mean, standard deviation (SD) values of the inter-canine and inter-
molar width values (mm) and the results of repeated measures ANOVA test for
comparison between the different wire types.

American Dentaurum IMD
. Orthodontics Orthodontics
Time P-value

Mean** SD Mean** SD Mean** SD

To 34.69 1.04 35.39 125 3543 1.6 0.290
Ta 34.93 1.01 35.64 1.22 35.64 1.63 0.296

Inter-canine

To 46.19B8 0.86 47.854 1.15 47.824 1.23 <0.001*
To 46.44B 0.84 47994 1.17 47.684 1.28 0.002*

Inter-molar

* Significant at P < 0.05, Different superscripts in the same row indicate
statistically significant difference. **: Mean of 13 specimens
To: preoperative  Ta: postoperative
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Discussion

To date, Nickel titanium (NiTi) orthodontic archwires remain the most commonly
used leveling and aligning wires. Once deflected, irrespective of the degree of
deflection, nickel titanium archwires behave as superelastic i.e. they deliver
constant forces to the teeth over a long activation period. Hence, they result in a
desirable biologic response (1). Since several brands of NiTi wires are
commercially available in the market, this study aimed to compare the
mechanical and clinical performance of three commercially available brands of
nickel titanium archwires. The three wire brands selected in this study;
Dentaurum, American Orthodontics and IMD Orthodontics, are among the most
commonly used commercially available brands in the field of orthodontics. Each
group of wires was subdivided into as-received (negative control), in-vivo wires,
placed intraorally for 8 weeks, and in-vitro: as-received wires immersed in artificial
saliva for 8 weeks (positive control group). The artificial saliva group was included
in this study to rule out any individual variation in patient oral hygiene,
temperature fluctuations and mechanical forces during mastication. The design of
the current study was a prospective study. Prospective studies are preferred since
they provide results with fewer potential sources of bias and confounding
compared to retrospective studies (10). This clinical trial was conducted for a
duration of 8 weeks (11)since this is usually the maximum duration for a wire to
be placed intraorally. The wires used in each group were from different batches in
order to eliminate any batch discrepancy.

Amaya et al., (2020) (12), reported that after 3 months of clinical usage, wires
experienced reduction in their mechanical properties and showed less resistance
to breakage. Therefore, mechanical evaluation of orthodontic archwires seemed of
utmost importance in understanding their behavior during clinical use. The
three-point bending test was used in the current study since it was reported as
the most appropriate method for obtaining load-deflection results in-vitro (13). In
the current study, only the straight end of the wires (posterior segments) was
used to avoid the influence of possible differences in shape of the curved (anterior)
region, which could lead to increased levels of stress as the wires were tested (14).
As the activated archwire tends to return to its original position, the tooth
movement constitutes the unloading force. Thus, the leveling and aligning force is
not the activation force but rather the deactivation or unloading force of the wire.
On a load-deflection curve, the unloading plateau is characterized by a horizontal
region where a constant force is exerted over a particular range of tooth
movement. The closer the slope value is to zero, the more constant the force is
(15). From a clinical perspective, such unloading plateau denotes that the wire
will apply a light, continuous force to the teeth even though the teeth are moving,
and the deflection of the wire is decreasing significantly (16). Therefore, the
primary objective of the current study was to evaluate the plateau slope of the
tested wires at different conditions. Although all wires revealed an increase in the
plateau slope following clinical use, yet Dentaurum wires had the lowest plateau
slope value (Table 1 and Table 2). Hence, Dentaurum wires may provide a more
favorable clinical performance.

The resilience/activation forces represent the energy stored in the NiTi wire as it is
engaged into the bracket slot. Since orthodontic biomechanics is based on the
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conversion of stored elastic energy into mechanical energy during the tooth
movement (15), comparison of the resilience values of the different brands of
wires seemed necessary. The results revealed that the resilience of the wires was
significantly affected by the intervention. During leveling and aligning, low
stiffness wires are preferred since they deliver lighter and more constant forces
during arch deactivation (16). Such stiffness is determined by the modulus of
elasticity of the wire. Regarding the elastic modulus, in all subgroups, there was
no statistically significant difference between wire brands. The lack of difference
between the wires could be attributed to the fact that they all had the same cross-
section and diameter. These findings agree with those reported by Garrec et al,
(2004) (17) who concluded that the wire size rather than the brand was a
significant variable for stiffness. Oltjen et al., (1997) (18) stated that wire stiffness
was significantly affected by the size and number of strands as well as the alloy
composition. The reduction in the modulus of each wire brand following intraoral
use (Table 2) may be attributed to phase transformation that may have taken
place due to intraoral aging and/or mechanical loading during mastication.
However, further investigation is required to validate such finding.

Absence of any permanent deformation in the tested wires following their use
(Figure 5) may be attributed to the superelastic property of the NiTi wires that
allows delivering a constant force over a larger range of deactivation without
permanently deforming (19). However, our results demonstrated that both
immersion in saliva and introral use impacted the mechanical properties of the
wires where the in-vivo groups revealed the highest plateau slope. On the other
hand, the in-vitro resilience was higher than that obtained in the in-vivo group.
Holec et al., (2008) (20) stated that microcracks or microvoids that appear on the
surface of the wire, may affect the mechanical properties of the wire and
moreover, corrosion. This may explain the difference in between the as-received
wires and those immersed in saliva for 8 weeks. Such effects were aggravated by
the intraoral conditions in case of the in-vivo group.

The clinical performance of the wires and their crowding-relief ability was
calculated using Little’s Irregularity Index (LII) which measures the horizontal
linear distance between anatomic contacts of the incisors in the labiolingual
direction parallel to the occlusal plane, ignoring vertical displacement (21). The
higher the index value, the more severe the labiolingual displacement of the teeth.
Although, the LII was developed for use on the mandibular incisors to monitor
relapse, researchers have used it to evaluate incisor irregularity in both arches
(22-25). In the current study, 3shape Trios intraoral scanner was used to scan
complete upper arches since it possesses one of the highest accuracies and
precision between commercially available intraoral scanners at this time.

In the current study, despite the significant difference between the pre- and post-
clinical inter-molar width resulting in case of the IMD wires (Table 3), no clinically
significant difference in the relief of crowding was achieved by the different wire
brands. Absence of any significant difference between the mean age values,
gender distributions and between occlusion classes in all three groups may be
thought to support our reported results. The differences in the amount of
crowding relief obtained in the current study compared to other studies may be
attributed to the difference in the duration of intraoral use and/or the use of
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wires with different diameters. Furthermore, evaluating the maxillary arch rather
than the mandibular arch may have caused an increase in wire flexibility,
resilience, and possibly the amount of tooth movement owing to the increase in
the inter-bracket distance.

The results of the present study revealed that the wire brand did not affect the
resolution of crowding. The chemical composition of the different brands of NiTi
wires seems to be similar resulting in similar aligning efficiency, given that all
wires had identical testing period. These findings are in agreement with those
reported by both Riley and Bearn (2009) (26) and Jain et al., (2021) (27) where no
significant difference in the alignment efficiency between the tested archwires was
evident. On the contrary, Nakano et al., (1999) (13) reported great variation in
force values delivered with different NiTi wires of the same diameter, indicating
that despite the similar chemical composition of the wires, they are intrinsically
different. This was attributed to the fact that the mechanical properties of NiTi
alloy wires are greatly influenced by the different technological manufacturing
parameters. Although the null hypothesis was rejected, since the results showed
difference in mechanical properties between different brands of NiTi wires, yet the
difference in the mechanical properties did not impact the clinical performance of
the wires since our clinical findings revealed insignificant difference in the leveling
and alignment achieved as measured using Little’s Irregularity index. Further
prospective randomized clinical trials should be carried out to reveal the long-
term effects on the different types of NiTi archwires.

Conclusions

Despite the change in mechanical properties that took place in the three tested
wire brands following intraoral use, their clinical performance was not impaired.
There was no difference in the alignment efficiency between the different wire
brands. All wires had similar clinical effects in terms of the changes in inter-
canine and inter-molar width. Further studies are needed on severe crowding
cases to confirm such findings.

Funding: This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Conflict of Interest: The authors have no proprietary, financial, or other
personal interest of any nature or kind in any product, service, and/or company
that is presented in this article.

References

1. Miura F, Mogi M, Ohura Y, Hamanaka H. The super-elastic property of the
Japanese NiTi alloy wire for use in orthodontics. Am J Orthod Dentofac
Orthop. 1986; 90(1):1-10.

2. Lombardo L, Toni G, Mazzanti V, Mollica F, Spedicato GA, Siciliani G. The
mechanical behavior of as received and retrieved nickel titanium orthodontic
archwires. Prog Orthod. 2019; 20(1):1.

3. Faul F, Erdfelder E, Lang A-G, Buchner A. Faul, F., Erdfelder, E., Lang, A.-
G., & Buchner, A. (2016). G*Power 3: A flexible statistical power analysis



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

2633

program for the social, behavioral, and biomedical sciences. J Mater Environ
Sci. 2007; 39(2):175-91.

Sri A, Amal S, Hussain S, Amin Jalaluddin M. Preparation of Artificial Saliva
Formulation. Proceeding - ICB Pharma II. “Current Breakthrough in
Pharmacy Materials and Analyses” 2015;7:6-12.

Lombardo L, Marafioti M, Stefanoni F, Mollica F, Siciliani G. Load deflection
characteristics and force level of nickel titanium initial archwires. Angle
Orthod. 2012; 82(3):507-521.

Bellini H, Moyano J, Gil J, Puigdollers A. Comparison of the superelasticity of
different nickel-titanium orthodontic archwires and the loss of their
properties by heat treatment. J Mater Sci Mater Med. 2016;27(10):158.

da Silva DL, Mattos CT, Sant' Anna EF, Ruellas AC, Elias CN. Cross-section
dimensions and mechanical properties of esthetic orthodontic coated
archwires. Am J Orthod Dentofacial Orthop. 2013;143(4 Suppl):S85-91.
Al-dwary E. Factors Affecting on Permanent Deformation of Orthodontic Arch
wires (An In vitro Study). Al-Rafidain Dental Journal, 2011; 11(2), 317-322.
Atik E, Gorucu-Coskuner H, Akarsu-Guven B, Taner T. A comparative
assessment of clinical efficiency between premium heat-activated copper
nickel-titanium and superelastic nickel-titanium archwires during initial
orthodontic alignment in adolescents: a randomized clinical trial. Prog
Orthod. 2019;20(1):46.

LaMorte W. Prospective and Retrospective Cohort Studies. Bost Univ Coll
Public Heal. 2013.

Thompson SA. An overview of nickel-titanium alloys used in dentistry. Int
Endod J. 2000;33(4):297-310.

Amaya S, Pérez A, Guzman H, Espinosa A, Motta G, Mojica J, et al. Changes
in the mechanical properties of two nickel-titanium archwires after 3 months
of clinical usage. J World Fed Orthod. 2020;9(4):175-180.

Nakano H, Satoh K, Norris R, Jin T, Kamegai T, Ishikawa F, et al. Mechanical
properties of several nickel-titanium alloy wires in three-point bending tests.
Am J Orthod Dentofacial Orthop. 1999; 115(4):390-5.

Santoro M, Nicolay OF, Cangialosi TJ. Pseudoelasticity and thermoelasticity
of nickel-titanium alloys: A clinically oriented review. Part I: Temperature
transitional ranges. Am J Orthod Dentofac Orthop. 2001; 119(6):587-593.
Ferreira M do A, Luersen MA, Borges PC. Nickel-titanium alloys: A systematic
review. Dental Press J Orthod. 2012;17(3):71-82.

Lombardo L, Ceci M, Mollica F, Mazzanti V, Palone M, Siciliani G. Mechanical
properties of multi-force vs. conventional NiTi archwires. J Orofac Orthop =
Fortschritte der Kieferorthopadie Organ/official J Dtsch Gesellschaft fur
Kieferorthopadie. 2019;80(2):57-67.

Garrec P, B T, L J. Evolution of flexural rigidity according to the cross-
sectional dimension of a superelastic nickel titanium orthodontic wire. Eur J
Orthod. 2005;27(4):402-7.

Oltjen JM, Duncanson MG Jr, Ghosh J, Nanda RS, Currier GF. Stiffness-
deflection behavior of selected orthodontic wires. Angle Orthod.
1997;67(3):209-18.

Walker MP, White RJ, Kula KS. Effect of fluoride prophylactic agents on the
mechanical properties of nickel-titanium-based orthodontic wires. Am J
Orthod Dentofac Orthop Off Publ Am Assoc Orthod its Const Soc Am Board
Orthod. 2005;127(6):662-9.



2634

20.

21.

22.

23.

24.

25.

26.

27.

Holec D, Bojda O, Dlouhy A. NisTiz precipitate structures in Ni-rich NiTi
shape memory alloys. Materials Science and Engineering: A. 2008; 481-
482:462-465

RM L. The irregularity index: a quantitative score of mandibular anterior
alignment. Am J Orthod Dentofac Orthop. 1975;68(5):554-63.

Evans TJ, Durning P. Aligning archwires, the shape of things to come?--a
fourth and fifth phase of force delivery. Br J Orthod. 1996; 23(3):269-75
Proffit W, Fields H, Sarver D. The Orthodontic Problem. Contemporary
Orthodontics. St Louis. 2013.

Arnold DT, Dalstra M, Verna C. Torque resistance of different stainless steel
wires commonly used for fixed retainers in orthodontics. J Orthod.
2016;43(2):121-9.

Evans TJ, Jones ML, Newcombe RG. Clinical comparison and performance
perspective of three aligning arch wires. Am J Orthod Dentofacial Orthop.
1998;114(1):32-9

Riley M, Bearn DR. A systematic review of clinical trials of aligning archwires.
J Orthod. 2009;36(1):42-51.

Jain S, Sharma P, Shetty D. Comparison of two different initial archwires for
tooth alignment during fixed orthodontic treatment-A randomized clinical
trial. J Orthod Sci. 2021; 10:13.



