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Abstract

Background: Kkinetic friction force (KFF) between the
orthodontic brackets and wire impacts to the sliding mechanics
that affecting teeth movements and treatment duration. This
sliding media is released metal ions from the fixed appliances.
This study aimed to assess the KFF and surface topography of
stainless steel and | archwires in dry conditions and in media
fully with metal ions that released from fixed appliances.
Methods: In this research study, a set of 60 as-received straight
archwires specimens (50 mm) length wire were employed and
categorized into two groups based on the material type (30 super
elastics new | archwires gauge (0.4572 x 0.3556 inch) and 30
stainless steel archwires 0.4572 x 0.5588" as a control (. The
archwires' KFF was measured while sliding a loaded Roth
Stainless Steel brackets (0.4572) on the archwire using a
universal tensile testing machine in dry and metal ions released
media. While the topography surface was assessed using a
noncontact Atomic Force Microscope.

Results: KFF of | arch wire was significantly lower than SS wire
in dry condition. Metal ions media released from fixed appliance
significantly reduced KFF compared to dry condition for both
wires. surface roughness reports revealed that the highest mean
of all three roughness parameters was in SS group, followed by |
arch wires in descending order. Additionally, Metal ions media
significantly reduce all roughness parameters.

Conclusion: KFF of | archwire lesser than SS standard archwire
in all conditions specially in ion media. Full ion media reduce
KFF for both tested wires.
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Introduction:

In clinical orthodontics, the importance of
friction has gotten a lot of attention,
mostly because of the benefits that could
come from reducing resistance to sliding.
Lowering the resistance can reduce the
time it takes to align the teeth and/or close
the spaces between them, significantly
impacting orthodontic treatment.
Therefore, the primary goal of orthodontic
tooth movement is to decrease friction at
the archwire-bracket interface 2. Friction
refers to the counteracting force that arises
between two objects in contact, hindering
their relative motion and acting in the
direction opposite to that of the surfaces in
contact. In orthodontics, friction occurs
when the bracket, arch wire, and ligature
come into direct contact during the sliding
mechanic's process . When attempting to
move two surfaces that are not in maotion,
the minimum amount of force necessary to
initiate tooth movement during
orthodontic treatment is called static
friction. On the other hand, once the
surfaces are in motion, the force that
opposes the direction of one object against
another at a constant speed is known as
kinetic  friction.  Understanding the
difference between these two types of
friction is essential for effective
orthodontic treatment @, The
differentiation between static and kinetic
friction is a critical factor in orthodontic
tooth movement, as these two forms of
friction produce distinct impacts on the
process ©. Kinetic friction replaces static
friction during the period of motion and is
one of the factors that contribute to the
entire resistance to sliding during tooth
movement @, It is, therefore, essential to
comprehend the dissimilarities between
static and Kkinetic friction to ensure
successful orthodontic treatment.

Kinetic friction offers a valuable
advantage in orthodontic treatments by
allowing for precise regulation of tooth
movement. The ability to adjust the
frictional force can effectively slow down
or even stop the speed of tooth movement,
facilitating more controlled and accurate
treatment outcomes. However, it is
important to maintain a balance between
friction and tooth movement to avoid
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potential adverse effects, such as
prolonged treatment time, patient
discomfort, and potential damage to the
teeth. Therefore, optimizing frictional
force is crucial to achieving successful
orthodontic treatment outcomes ©.

In orthodontics, various methods can be
employed to minimize Kinetic friction
during treatment. One such strategy is
utilizing self-ligating brackets with an in-
built mechanism to secure the wire,
negating the need for metal or elastic
ligatures. This design minimizes the
interaction between the wire and bracket,
resulting in reduced frictional forces .
Additionally, low friction archwires are
available to reduce the contact between the
archwire and bracket, thus decreasing
friction and allowing for more efficient
tooth movement ®. The frictional forces
between stainless-steel brackets and
various wire materials were conducted
using artificial saliva under both dry and
wet conditions. The findings revealed that
the incorporation of copper in the alloys
led to an increase in friction for both
conditions. Interestingly, the study also
observed that the presence of artificial
saliva exhibited a lubricating effect,
resulting in reduced friction under wet
conditions when compared to dry
conditions ®).

Stainless steel was found to have the
lowest frictional resistance among
orthodontic wire alloys @19, Exposure to
oral environment can increase corrosion
and ion release @Y. Additionally, the
composition of the alloy used in the
appliance can influence the amount of
metal ions released, with nickel ions being
released at higher levels than other metal
ions from fixed orthodontic devices.
Additionally, the levels of chromium and
nickel in the saliva were found to be
highest during the first week following
appliance  placement, progressively
diminishing over time @2, The l-arch
system represents a groundbreaking and
innovative approach to orthodontic
archwire systems. This approach is
characterized by its biological focus, high
effectiveness, and ease of use. Rectangular
archwires with immediate torque delivery
are used at the alignment and levelling
stage, resulting in exceptional



Effect of Metal lons Released ....12(2) (2024) 303-322

effectiveness. Furthermore, the system is
compatible  with  any  straight-wire
prescription. Gentle forces (starting at 23
g) ensure biological compatibility,
reducing the traumatic effects and pain
associated with orthodontic treatment,
particularly at the beginning. This
approach also reduces bone damage,
primarily at the vestibular cortical level.
Additionally, chair time and the number of
archwires required for treatment are both
reduced, as reported by 3.

According to our knowledge, no previous
study was conducted to evaluate the
friction of the newly introduced archwire
(I archwire) in dry, deionized, and ionized
media released from fixed orthodontic
appliances. This study evaluated the
kinetic friction and surface topography of
a newly introduced | archwire
(superelastic NiTi) in dry, deionized
ionized media from the metal released
from fixed orthodontic appliances to
simulate the oral environments during
orthodontic treatments.

Material and Method

Material Used for UTM (universal tensile
machine)

This study utilized 60 straight archwire
specimens, each 5 cm in length, divided
into two groups based on material type:
Thirty superelastic new | archwires
(0.4572 x 0.3556-inch SIA Orthodontic,
Italy).

Thirty stainless steel archwires (0.4572 x
0.5588-inch SIA Orthodontic, Italy).

The archwires' kinetic friction was
evaluated by sliding a SS Roth 0.4572 "
(Dentaurum, Germany) bracket over them
using a universal tensile machine (gester,
China) with an oral texture simulation
template. The stainless steel archwires are
the control group, and the | archwires (test
wire) are the test group. Tests wire was
conducted on 60 Roth stainless steel
brackets (Dentaurum, Germany) for the
maxillary right bicuspid, which was
ligated to the archeries with stainless steel
ligature wires (Dentaurum, Germany). The
tests were performed at zero tipping with
(-7) torque (Frictional resistance doesn't
affect the bracket. The torque up to 12
degrees significantly increased friction,
although the increase was less than that

305

observed for the tip alone . Meaning the
torque does not affect to friction in
experiment) and a new bracket, archwire
segment, and ligature wire were used for
each trial to prevent bias. The same
examiner conducted all tests and
procedures. The methodology utilized in
this investigation draws upon established
techniques for measuring friction @, It
involves the application of a singular,
equivalent force to the root's resistance
center to simulate the forces experienced
by tooth roots @®. Before testing, all
specimens were treated with an acetone
solution to eliminate dust particles and
residual oil layers from their surfaces.
Experimental setup for UTM (universal
tensile machine)

The kinetic friction between the bracket
and archwire was assessed using a custom-
made apparatus comprising a rigid metal
baseplate in a wvertical orientation,
simulating a hemi-fixed appliance. Four
Roth stainless steel 0.4572-inch brackets
were bonded to the metal baseplate
utilizing top X adhesive (Epoxy Steel
Company, USA), applied to the bracket
base. The movable bracket was positioned
on the metal baseplate surface and pressed
under a standard force of 500 gm @7 at 8
mm spacing with a 16 mm space allotted
for the movable bracket. The archwire
samples were inserted into the slots
(0.4572 ") of the brackets on the metal
baseplate, and the archwire in two
terminals was bent to avoid slipping
during the test. The fixed brackets were
secured to the archwire within the slot by
SS ligature wires that were tied (2.2 mm
13 twisting’s) using a Mathew needle
holder (Dentarum, Germany) @, In order
to examine the effect of ionized and
deionized water on frictional forces,
ionized water was obtained from an
orthodontic  appliance submerged in
deionized water. During frictional tests,
the ionized water was administered to the
bracket and archwire samples using a
needle and syringe ®®. A movable SS
bracket with a 10 mm power arm was
utilized to replicate the effect of a single
equivalent force playing at the centre of
resistance of a first premolar tooth. The
power arm held weights (100) gm, and a
powerful SS round wire with a diameter of
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0.9 mm/0.036 inches (Dentarum company)
was employed for the experiment . The
bracket was moved at a rate of 5 mm/min
across the central space for 50 mm, and
load cell readings were obtained to
determine the clinical force of retraction
applied to the tooth 9,

The UTM software measured the Kinetic
frictional force resistance between the
bracket/wire. The XY graph generated by
the software represented the movement of
the bracket in millimeters/second (mm/s)
on the X-axis and the frictional resistance
force in Newtons (N) between the
bracket/archwire on the Y-axis. The
maximum frictional resistance force was
recorded and converted to grams using the
equation: friction in g = friction in (N) +
9.8 x 100019, The kinetic frictional force
was calculated by averaging data obtained
for 3 seconds after the peak in the Kinetic
friction 9,

To test under ion and deionized media, ion
and deionized water were continuously
dropped onto the bracket and archwire
sample using needle and syringe ®®. The
friction force in Newton was determined
as the difference between the load cell
reading / the load on the power arm. All
samples, which included 20 samples tested
in dry, deionized, and ionized conditions
for both wires users (stainless steel and |
archwire), were measured at a room
temperature of 24C°. Each test (for each
bracket-arch wire and ligature
combination) was repeated ten times using
a new as-received archwire, bracket, and
ligature sample.

AFM (Atomic Force Microscope)

The surface topography of each archwire
was examined using the AFM Nano
surface microscope from Switzerland,
which employed noncontact scanning
techniques for assessing 3D surface
configuration and roughness. To analyze
samples of nearly straight specimens, three
different preformed archwires were each
sectioned into three 5 mm samples from
the region where the bracket moves along
the wire. These samples were then
securely affixed to a metal holder using
fast-drying  cyanoacrylate glue and
examined under ambient conditions via a
Naio AFM (Nano surface microscope
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from Switzerland), operating in
noncontact mode. Each specimen was
analyzed by randomly assessing 60 areas
(15 x15 mm) on the surface, resulting in a
total of 180 data points. The roughness
parameters, such as RA (average
roughness), RQ (Root mean square), and
Mh (maximum value height), were
measured by processing the three-
dimensional images using Mountains 9
software. The analysis utilized specialized
AFM probes with a curvature radius of
less than 10 nm, mounted on cantilevers
measuring 250 nm, with a spring constant
of 0.1 N/m.

Wet media (lonized and deionized) setup
(Sample description and Experimental
design)

This experiment utilized ten hemi upper
and lower sets of fixed orthodontic
appointments, each  containing a
rectangular wire SS measuring 17 x 22
inches, two bands, ten stainless steel
brackets (0.4572 inches), and ten ligature
wires from Dentarum, Germany. To assess
the release of ions, each set was immersed
in a 20 ml black glass container filled with
10 ml of deionized water and then covered
with a well-fit plastic cover. Following a
12-hour incubation period at 37 degrees
Celsius in an incubator, the PH of the
deionized water was measured before and
after the immersion of the appliance. An
atomic  absorption  spectrophotometer
determined the number of ions released
after 12 hours @V,

Statistical analysis

The statistical analysis was performed by
IBM SPSS software version 28, and
statistical significance was considered at P
< 0.05. The sample size was determined
using G Power software, with a power of
80%, a. = 0.05, and a constant proportion
of 0.5. Normal distribution of the data was
tested for each group comparison using the
Kolmogorov-Smirnov test, and Levene’s
test was used for homogeneity of variance.
Parametric tests were applied for all group
comparisons, Descriptive data sets of
means and standard deviations for each
wire in the dry, deionized, and ionized.
One-way ANOVA was used to compare
the means of kinetic force friction, and
Tukey test comparisons were used to
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evaluate group differences. Additionally,
the t-test was used to assess the
significance of the difference between the
means of the two arch wires used. The
level of significance was set at p < 0.05.

Result

The results in ionized water

Following immersion in the appliance, the
deionized water's pH decreases toward the
acidic end, changing from 6.61 to 6.35.
PH, and Ph; represent the deionized
condition (deionized water) and the
ionized condition (ionized water). Table
1presents the outcomes of ion release after
submerging the appliance at 37 degrees
Celsius for 12 hours by using atomic
absorption spectrophotometer. Among the
samples, the highest release was observed
for Ni, followed by Fe and other samples
as in table 1.

Kinetic frictional force Results from
Stainless-Steel  wire, Stainless  steel
Brackets with different media (Dry,
deionized, and ionized).

Table 1 shows the Shapiro-Wilk test and
descriptive for stainless steel measuring
kinetic frictional force in three conditions,
from the table 2 show that the data are
normally distributed. The data presented
here is the result of an analysis comparing
the performance of stainless steel (SS)
wires under three different conditions: Dry
SS wire (A), Deionized SS wire (B), and
lonized SS wire (C).

The statistical analysis uses one-way
ANOVA and the Tukey Multiple
Comparisons tests in Table 3 result show
to evaluate the performance of stainless-
steel wires under three conditions: Dry SS
wire (A), Deionized SS wire (B), and
lonized SS wire (C). The Tukey Multiple
Comparison tests show that all pairs of
groups have significant mean differences,
with p-values less than 0.001. This
indicates that the performance of stainless-
steel wires differs significantly under the
three conditions: Dry, Deionized, and
lonized. Based on the mean differences,
the lonized SS wire (C) has the lowest
mean value, suggesting it might perform
best in the three conditions.

SS Bracket, Super elastic | archwire (Test
wire) with different conditions (Dry,
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deionized, and lonized water) at Kinetic
friction.

For all three conditions, the Shapiro-Wilk
Statistic is above 0.8, which indicates that
the data is approximately normally
distributed in Table 4. The significance
values for each condition are greater than
0.05, which means the null hypothesis
(that the data is normally distributed)
cannot be rejected. There are ten samples
(N=10) for each condition.

The mean values for Dry | archwire,
Deionized | archwire, and lonized |
archwire are 163.20, 158.83, and 155.36,
respectively. The standard deviations are
relatively small (0.62, 0.57, and 0.50,
respectively), indicating that the data
points are relatively close to the mean. The
standard errors for each condition are 0.20,
0.18, and 0.16, respectively.

The one-way ANOVA in Table 5 reveals a
significant difference among the three
conditions with an F-value of 482.3 and a
significance level (Sig.) of less than 0.001.
This indicates a significant difference
among the means of the three groups (Dry,
Deionized, and lonized). The Tukey
multiple comparisons test was conducted
to identify the specific differences
between the groups.

Table 5 results show significant
differences in the mean values between all
the group pairs. In conclusion, these
results indicate significant differences
between the means of the three conditions
(Dry, Deionized, and lonized): lonized
was the lowest and dry was the highest.
The comparison of kinetic friction
between Stainless steel wire (Control) and
superelastic | arch (test wire) using
Stainless steel bracket in three conditions
(dry, Deionized, and ionized).

Table 6 provided results from an analysis
comparing the performance of two types
of orthodontic wires: (I) archwires and
stainless steel, under different conditions:
dry, deionized water, and ionized water.
Independent  samples  t-tests  were
conducted to determine if statistically
significant differences existed between the
mean values for each pair of groups.

Table 5 show T-test results for each pair of
groups are as follows:

1. Dry Stainless Steel vs Dry | Archwire:
t-value = 20.5, p-value (Sig.) < 0.001
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2. Deionized Stainless Steel vs Deionized
I Archwire: t-value = 28.5, p-value (Sig.)
<0.001

3. lonized Stainless Steel vs lonized |
Archwire: t-value = 37.6, p-value (Sig.) <
0.001

In each comparison, the t-test results
demonstrate a significant difference
between the means of the stainless steel
and | archwire groups under the
corresponding conditions, indicated by p-
values less than 0.001.

The statistical analysis indicates notable
differences in the performance of stainless
steel wires and | archwires under varying
conditions, such as dry water, deionized
water, and ionized water.

AFM Results of wire (I archwire (Test
wire) and SS) in three states (dry,
deionized, and ionized).

In this study, an AFM was employed to
investigate the surface topography and
roughness of three distinct archwire types,
as depicted in Figure (1-a, b-2, c-3, d-4, e-
5, -6, g-7, h-8). The research focused on
analyzing three roughness parameters and
extensively comparing all three conditions
for each archwire type. Based on the
descriptive statistics in Tables 7 and 8, the
dry condition group displayed the highest
mean values for all three roughness
parameters. This was followed by the
deionized and ionized conditions for the
wire | archwire (Test wire) and SS
archwires.

Results of the test roughness parameters
(RQ, RA, and Mh measured in pum) for
three states (dry, deionized, and ionized)
using stainless steel wire (SS)

Table 7 presents an analysis of the
roughness parameters, including root
mean square roughness (RQ), average
roughness (RA), and maximum value
height (Mh), for stainless steel under three
different conditions: dry, deionized, and
ion. Ten samples were examined for each
condition, and the data is summarized in
terms of mean, standard deviation,
standard error, Duncan's groupings, F-
ratios, and p-values (Sig). Statistical
analysis reveals significant differences
among the conditions for all roughness
parameters, as evidenced by the F-ratios
and p-values (Sig < .001). This finding
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indicates that environmental conditions
considerably impact the surface roughness
of stainless steel.

The dry condition consistently shows the
highest mean values for all roughness
parameters compared to the deionized and
ion needs. This indicates that the surface is
rougher under dry conditions. On the other
hand, the ion condition demonstrates the
lowest mean values, suggesting smoother
surfaces under this condition. The
deionized state falls in between the two
extremes.

Duncan's groupings categorize the means
into distinct groups for each roughness
parameter. The dry condition is classified
as Group C, the deionized condition as
Group B, and the ion condition as Group
A. The Duncan multiple range test,
conducted after the ANOVA with the
three roughness parameters (RQ, RA, and
Mh) for the three conditions, demonstrated
significant differences in the mean static
friction forces of the dry, deionized, and
ionized conditions. The dry condition
exhibited the highest mean static friction
force, while the ionized condition
displayed the lowest when utilizing
stainless steel (brackets, wire, and ligature
wire).

Results of the roughness parameters (RQ,
RA, and Mh measured in pum) for three
states (dry, deionized, and ionized) using |
archwire(Test wire) wire.

The descriptive statistics table 8 below
summarizes the results of a study of
parameters roughness (RQ, RA, and Mh)
on | (Test Wire) material that looked at
three different states: dry, deionized, and
ionized. The | archwire (test wire) wire in
the dry state of the mean value showed the
highest statical frictional force, followed
by deionized, while the lon mean value
exhibited the lowest. The largest standard
deviation and the standard error suggest
more variability in the ion data than in dry
and.

Table 8 shows the ANOVA results, which
reveal that there were differences in
significant levels between the three groups
based on the resultant roughness
parameters (RQ, RA, and Mh) in three
states (dry, deionized, and ionized), as
evidenced by the large F-values (484.57
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for RQ), 158.15 for RA), and 661.38 for
Mh, with a small significance level of
"<.,001". Presented table 8 shows the
results of a Duncan post hoc test for the
roughness parameters (RQ, RA, and Mh).
After a significant ANOVA, the test was
done to determine which of the three
groups (lon, Deionized, and Dry) were
most different. Where the ions were
lowest, and the dry state was highest.

Discussion

In clinical orthodontics, friction
management has gained substantial
prominence, primarily due to the

advantages of minimizing resistance to
sliding. Decreasing this resistance can
significantly expedite tooth alignment
and/or gap closure, thereby improving
orthodontic ~ treatment outcomes @2,
Reducing kinetic friction between brackets
and wire is crucial to facilitating smooth
tooth movement @3, The orthodontic
appliance released metal ions from the
first 2 hour of bonding in the patient's
saliva ©. This ionized media is
incorporated between the brackets and
arch wire during the sliding mechanics.
The significant impact of this ionized
media on Kinetic friction is unknown.

The objective of this research was to
evaluate the impact of ion release from
fixed appliances on the kinetic friction at

the interface between archwire and
brackets, and to assess the Kkinetic
frictional resistance and surface

topography of a newly industrialized
material, NiTi super-elastic (I archwire),
in comparison to stainless steel wire (SS
archwire).

Historically, stainless steel (SS) material
has been regarded as the benchmark for
evaluating and comparing the properties of
emerging archwires (I archwire) in the
field®*2, Previous research employing a
universal Instron machine recognized this
apparatus as the standard and conventional
method for assessing resistance to sliding
(26-30,41)

In the -current research, the Roth
prescription  system was employed,
wherein the bracket slides over the wire,
as opposed to pulling the wire through the
bracket, a technique used by another
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researcher. This chosen approach more
accurately simulates the movement of
teeth within the oral cavity 532, The first
premolar was chosen for conducting this
procedure due to its slot torque of -7
degrees and zero tipping, resulting in
minimal impact on frictional resistance,
unlike the canine bracket. A torque
increases up to 12 degrees led to a
significant elevation in friction, albeit less
than the increase observed for the tip alone
(14)

The findings of the current research
demonstrated that the novel NiTi wire
exhibited lower friction than the standard
stainless-steel wire under all
circumstances. This observation became
evident when comparing the two wire
groups (T-test), stainless steel (SS), and I-
arch test wire, under various conditions.
The outcomes indicated that the dry I-arch
test wire surpassed the performance of SS,
likely due to the enhanced design of the
new wire's cross-sectional structure. A
reduced cross-section in the wire can
effectively decrease friction @334, thereby
accounting for the superior performance of
the I-arch test wire.

Numerous prior studies have suggested
that archwire alloys composed of stainless
steel (SS) are associated with the lowest
levels of frictional resistance (10.223536),
According to the current investigation, the
utilization of ionized conditions resulted in
lower friction while using a stainless-steel
wire than deionized conditions. This
phenomenon can be attributed to the
abundance of ions present on the surface,
which reduces the number of surface
irregularities (asperities) and renders the
surface smoother, the smoothing effect
subsequently triggers a reduction in
friction, a characteristic that is comparable
to that observed in the l-arch test wire.
Alternatively, the existence of ionized
polar liquids may enhance adhesion and
attraction owing to increased atomic
interactions among the ionic species ©37,
found that surface charge and roughness
affect friction and adhesion between two
surfaces in solution, with a non-charged
surface providing the best adhesion and a
charged surface providing poor adhesion.
Increasing the roughness of the surface
results in stronger adhesion, whereas
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decreasing the roughness leads to
decreased friction ©®.  Moreover, a
reduction in friction was observed in wet
conditions when utilizing deionized water
®). Furthermore, human saliva has been
reported to decrease frictional force by
approximately 15-19% @9, Consequently,
the outcomes of the T-test, which
compared ionized and  deionized
conditions using stainless steel wire, can
be elucidated.

Based on the research, the deionized state
of the l-arch test wire showed reduced
friction compared to the stainless-steel
wire in its deionized state. Likewise, the
ionized condition of the I-arch test wire
exhibited lower friction relative to the
stainless steel wire, attributable to the
same fundamental reason responsible for
the diminished friction in the new wire
(68333437-39) - Contrary to certain research,
this study discovered that the wet
conditions exhibited the greatest friction,
potentially leading to more extensive
microfractures in brackets. Furthermore,
brackets are likely to experience increased
surface roughness after clinical usage,
which may raise the coefficient of friction
and the frictional force (29:30:4042),
Orthodontic wires are essential
components in orthodontic treatment,
where their surface roughness significantly
affects the frictional resistance between
the bracket and wire. Numerous
investigations have employed Atomic
Force Microscopy (AFM) to assess the
surface  roughness  parameters  of
orthodontic wires. Through the application
of AFM, accurate surface roughness
measurements can be acquired, enabling a
more comprehensive comprehension of
the influence of surface roughness on
frictional resistance “23),

In the current research, the surface
topography of the new I-arch test wire was
observed to be smoother than that of the
stainless steel wire. Notably, the RQ, RA,
and Mh values, which are indicative of
surface roughness, were considerably
lower for the l-arch test wire than the
stainless steel wire. Additionally, the
roughness values exhibited a more
significant increase in dry conditions
compared to deionized or ionized states.
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The roughness of the orthodontic wire is
determined by  the microscopic
irregularities on the surface of the wire,
known as asperities *®. These asperities
were found to be more pronounced in SS
than in I archwire and also found to be less
in deionized and ionized conditions. The
effective area of contact between two
surfaces is determined by these asperities
that bear the entire load between the
surfaces. In general, an increase in surface
roughness (Rq, Ra and Mh) can lead to an
increase in friction, especially in dry or
boundary lubricated conditions. This is
because rougher surfaces have a higher
contact area and produce more asperity
(microscopic  peaks and  valleys)
interactions, which can cause greater
resistance to sliding.

Clinical application

The combination of l-arch wire with a
stainless steel bracket and ligature wire
has the potential to improve sliding
mechanics, such as leveling, alignment,
and space closure, due to its low-friction
properties. Consequently, the number of
archwires required per treatment may be
reduced, leading to minimized patient
discomfort, shortened chair time, and
decreased treatment costs. Additionally,
the ions released from the orthodontic
appliance have been found to reduce
friction at the wire-bracket interface,
highlighting the advantages of these ions
on Kkinetic friction while maintaining
nontoxic levels.

Limitation

A primary limitation of the current study
may stem from the employment of new
archwires without accounting for the
clinical context, wherein the retraction
process of teeth often occurs over a period
of several days. Another potential
limitation of this study was the use of
deionized water rather than saliva for
testing  friction.  Additionally, the
laboratory investigation was centered on
comparing the friction generated by
various  combinations of  brackets,
ligatures, and archwires. It is imperative to
acknowledge that, akin to any in vitro
research, this study may not fully replicate
the clinical (in vivo) conditions
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experienced during orthodontic tooth
movement. Furthermore, an additional
limitation stems from the employment of a
universal Instron machine with load
simulation, as it does not adequately
replicate the complexities of actual tooth
movement. This aspect should be taken
into account when assessing the
applicability of the study's findings to real-
life tooth movement.

Conclusions

1.The greatest average static friction force
was observed under dry conditions when
utilizing a stainless steel bracket and
super-elastic NiTi wire (0.4572 x 0.3556
inches).

2. In comparison to the dry state, the
deionized and ionized states exhibited
superior Kinetic friction for both I archwire
and SS wire.

3. In the ion state, kinetic friction was
observed to be lower than in both
deionized and dry states for stainless steel
and new | archwire, with the new test wire
demonstrating the best performance in the
ion state.

4. The new NiTi (I archwire) wire
displayed lower kinetic friction compared
to the old stainless-steel wire across all
states.

Z-Axis - Scan forward Polynomial fit

Palynomial fit 430nm

Figure 1-a-stainless steel wire in
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standard condition
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Z-Axis - Scan forward Polynomial fit

=

Polynomial fit 351nm

Figure 2-b -stainless steel wire in dry condition
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Z-Axis - Scan forward Polynomial fit

Palynomial fit 79.8nm

Figure 3-c - stainless steel wire in deionized condition
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Z-Axis - Scan forward Polynomial fit

Palynomial fit 8.67nm

Figure 4-d - stainless steel wire in ionized condition

314




Effect of Metal lons Released ....12(2) (2024) 303-322

Z-Axis - Scan forward Polynomial fit

Palynomial fit 195nm

Figure 5-e -1 archwire(Test wire) in standard condition
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Z-Axis - Scan forward Polynomial fit

Palynomial fit 253nm

Figure 6-f - | archwire(Test wire) in dry condition
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Z-Axis - Scan forward Polynomial fit

Paolynomial fit 256nm

Figure 7-g - I archwire (Test wire) in deionized condition

317




Effect of Metal lons Released ....12(2) (2024) 303-322

Z-Axis - Scan forward Polynomial fit

Paolynomial fit 181nm

Figure 8-h - I archwire (Test wire) in ionized condition

Table 1 shows the main released metal ions from the fixed orthodontic appliance
after a 12h immersion appliance in deionized water at 37°.

No. lons released Concentration (ppm ) Std. Deviation

1 Cu* 0.19 0.0515
2 Ni* 0.39 0.0425
3 Cd* 0.12 0.0254
4 Mn* 0.01 0.00311
5 Sit 0.13 0.045

6 Cr* 0.12 0.0125
7 Fe* 0.23 0.0124
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Table 2 shows the shapiro test and descriptive statistics of the mean of kinetic
frictional force for SSW in three conditions.

Shapiro-Wilk Descriptive SS
Std. .
Conditions | statistic | Sig. | N | Mean | Deviatio Std. Minimum Maximu
n Error m
Dv%is 0.880 | 0.130| 10 | 1689 063 02 | 16802 | 169.84
Deionized | aa3 | 9140 10 | 1659 061 019 | 165.04 | 166.66
SS wire
'0”\';;9258 0962 |0810| 10| 1641 047 | 015 | 16378 | 164.98

Table 3 show ANOVA and Tukey Multiple comparisons for stainless steel
measuring Kinetic frictional resistance in three conditions

ANOVA Tukey Multiple Comparisons
() Mean
Conditions F Sig. G (J) Group | Difference | Sig.
roup

(1-9)
Dry SS wire (A) A B 3.03" <.001
Deionized SS wire (B) | 179.8 | <.001 484" | <.001
lonized SS wire (C) B C 1.81° <.001

Table 4 results show of the Shapiro-Wilk test and descriptive statistics for three
different conditions ( Dry, Deionized , and lonized )

Shapiro-Wilk Descriptive SS
Conditions Statistic | Sig. | N | Mean Sf[d'. Std. Minimum | Maximum
Deviation | Error
Dry | archwire 0.876 |0.117 | 10| 163.20 0.62 0.20 | 162.16 163.99
Deionized | archwire | 0.910 |0.278 | 1o | 158.83 0.57 0.18 | 158.12 159.87
lonized | archwire 0.880 | 0.129 | 10| 155.36 0.50 0.16 | 154.56 155.88
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Table 5 shows the results of the one-way ANOVA and Tukey multiple
comparisons for the three conditions

ANOVA Tukey Multiple Comparisons
y . 0 o) _ Mean .
Conditions F Sig. Difference (I- | Sig.
Group | Group 3)
Dry I archwire (A) [ 482.3 | <.001 A B 4.37* <.001
Deionized | archwire (B) 7.83* <.001
lonized | archwire (C) B 3.46* <.001

Table 6 show Descriptive statistics and T-test to compare the mean Kinetic
friction values for SS and | archwire (test wire) in three conditions.

Group Statistics t-test
Std. Std. )
Deviati | Error T | Sig.
Group condition N Mean on Mean
dry water Dry Stainless Steel 10 | 168.94 | 0.63 0.20
205 | <00
Dry | archwire 10 | 163.20 | 0.62 0.19 ' 1
Deionize Deionized Stainless 10 | 165.97 0.56 0.17
d water Steel 28.5 <00
Deionized | archwire 10 | 158.83 0.57 0.18 1
ionized ionized Stainless Steel | 10 | 163.90 0.52 0.16
376 <.00
UL jonized | archwire | 10 | 155.36 | 050 | 0.15 o

Table 7. Descriptive statistics, ANOVA, and Duncan’s multiple range test to
compare the mean values of outcome variables among the three conditions (Dry
and deionized states and ionized water) of materials for Roughness parameter

(RQ, RA, and Mh measured in pm) by (AFM) for SS wire.

Roughness Std. Duncan’s

parameter N|Mean| Deviation |[Std. Error Group F | Sig

Dry RQ SS 10} 55.87 0.41 0.13 C 258.6 |<.001
Deionized RQ SS |10} 52.64 0.22 0.07 B

lon RQ SS 10} 51.70 0.57 0.18 A

Dry RA SS 10] 40.59 0.27 0.08 C 202.61]<.001
Deionized RA SS |10} 38.09 0.08 0.02 B

lon RA SS 10] 34.65 0.23 0.07 A

Dry Mh SS 10]184.08 0.65 0.20 C 261.52]<.001
Deionized Mh SS |10{141.71 0.46 0.14 B

lon Mh SS 10[131.92 0.51 0.16 A
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Table 8. Descriptive statistics, ANOVA, and Duncan’s multiple range test to
compare the mean values of outcome variables among the three conditions (Dry
and deionized and ionized water) of materials for Roughness parameter (RQ, RA
and Mh measured in pm) by (AFM) for I archwire wire.

Std. Std. |Duncan’s
Roughness parameter NJ] Mean | Deviation | Error | Group F | Sig

Dry RQ | archwire (Test wire) |10/ 50.94] 0.05 0.02 &

Deionized RQ | archwire (Test [10[40.34| 0.13 0.04 B  [484.57<.001
wire)

lon RQ | archwire (Test wire) [10]35.13| 0.61 0.19 A

Dry RA | archwire (Test wire) |10} 39.02] 0.49 0.15 &

Deionized RA | archwire (Test [10[32.19] 0.51 0.16 B  [|158.15<.001
wire)

lon RA | archwire (Test wire) [10]27.20] 0.39 0.12 A

Dry Mh | archwire (Test wire) |10} 169.4| 0.44 0.2 <

Deionized Mh | archwire (Test [10[156.34 0.5 0.14 B  [661.38<.001
wire)

lon Mh I archwire (Test wire) [10] 103.6 0.3 0.1 A

References

1- Burrow SJ. Friction and resistance to sliding in
orthodontics: a critical review. Am J Orthod
Dentofacial Orthop. 2009;135(4):442-447.

Pacheco MR, Jansen WC, Oliveira DD. The role of
friction in orthodontics. Dent Press J Orthod.
2012;17(2):170-177.

2-Uribe G. Fundamentos de odontologia, ortodoncia
(Ortodoncia: teoria y clinica). 2nd ed. Corporacion
para investigaciones bildgicas; 2010:49-67.
3-Vartolomei, A.-C., Serbanoiu, D.-C., Ghiga, D.-
V., Moldovan, M., Cuc, S., Pollmann, M.C.F. and
Pacurar, M. Comparative evaluation of two bracket
systems' kinetic friction: conventional and self-
ligating. Materials. 2022;15(12):4304.
4-Montesinos FA. A comparative study of static and
kinetic frictional resistance during the sliding of
arch wires through orthodontic brackets, using
different methods of ligation, in the dry state.
Bioceram Dev Appl. 2015;5(1).

5-Prashant PS, Nandan H, Gopalakrishnan M.
Friction in orthodontics. J Pharm Bioallied Sci.
2015;7(Suppl  2):S334-S338.  do0i:10.4103/0975-
7406.155934

6-Dragomirescu, A.-O., Bencze, M.-A., Vasilache,
A., Teodorescu, E., Albu, C.-C., Popoviciu, N.O.
and lonescu, E. Reducing Friction in Orthodontic
Brackets: A Matter of Material or Type of Ligation
Selection? In-Vitro Comparative Study. Materials.
2022;15(7):2640.

7-Phukaoluan A, Khantachawana A, Kaewtatip P, et
al. Comparison of friction forces between stainless
orthodontic steel brackets and TiNi wires in wet and
dry conditions. Int Orthod. 2017;15(1):13-24.

321

8-Mikulewicz M, Chojnacka K, Wotowiec P.
Release of metal ions from fixed orthodontic
appliance: An in vitro study in continuous flow
system. Angle Orthod. 2013;84(1):140-148.
9-Schmeidl K, Wieczorowski M, Grocholewicz K,
Mendak M, Janiszewska-Olszowska J. Frictional
Properties of the TiNbTaZrO Orthodontic Wire-A
Laboratory Comparison to Popular Archwires.
Materials. 2021;14(21):6233.

10-Chantarawaratit PO, Yanisarapan T. Exposure to
the oral environment enhances the corrosion of
metal orthodontic appliances caused by fluoride-
containing products: Cytotoxicity, metal ion release,
and surface roughness. Am J Orthod Dentofacial
Orthop. 2021;160(1):101-112.

11-Dwivedi A, Tikku T, Khanna R, Maurya RP,
Verma G, Murthy RC. Release of nickel and
chromium ions in the saliva of patients with fixed
orthodontic appliance: An in-vivo study. Natl J
Maxillofac Surg. 2015;6(1):62-66.

12-Sia Orthodontics. 1-Arch. Accessed April 20,
2023.

13-Ahmad Hamdan, Peter Rock. The effect of
different combinations of tip and torque on
archwire/bracket ~ friction. Eur J  Orthod.
2008;30(5):508-514.

14-Tidy DC, Orth D. Frictional forces in fixed
appliances. Am J Orthod Dentofacial Orthop.
1989;96(3):249-254.

15-Burstone CJ, Pryputniewicz RJ. Holographic
determination of centers of rotation produced by
orthodontic forces. Am J Orthod. 1980;77(4):396-
409.

16-Basudan AM, Al-Emran SE. The effects of in-
office reconditioning on the morphology of slots



Effect of Metal lons Released ....12(2) (2024) 303-322

and bases of stainless steel brackets and on the
shear/peel bond strength. J Orthod. 2001;28(3):231-
236.

17-Kumar A, Husain N. Frictional Resistance
between Orthodontic Brackets and Archwire: An in
vitro Study. J Contemp Dent Pract. 2011;12(2):91-
99.

18-Almakhzoomi KA, Ghaib NH. Evaluation of
frictional forces generated by different bracket and
orthodontic archwire. J Bagh Coll Dentistry.
2013;25(Special Issue 1):126-131.

19-Hsu J-T, Wu L-C, Chang Y-Y, Weng T-N,
Huang H-L, Yu C-H. Frictional Forces of
Conventional and Improved Superelastic NiTi-
Alloy Orthodontic Archwires in Stainless Steel and
Plastic Brackets. IFMBE Proceedings. 2009;23:312-
315.

20-Azizi A, Jamilian A, Nucci F, Kamali Z,
Hosseinikhoo N, Perillo L. Release of metal ions
from round and rectangular NiTi wires. Prog
Orthod. 2016;17(1):1-6.

21-Bhat KRR, Ahmed N, Joseph R, Younus AA.
Comparative evaluation of frictional resistance
between different types of ceramic brackets and
stainless steel brackets with Teflon-coated stainless
steel and stainless steel archwires: an in-vitro study.
Cureus. 2022;14(4):e24161.

22-Akaike S, Hayakawa T, Kobayashi D, Aono Y,
Hirata A, Hiratsuka M, Nakamura Y. Reduction in
static friction by deposition of a homogeneous
diamond-like carbon (DLC) coating on orthodontic
brackets. Dent Mater J. 2015;34(6):888-895.
23-Kusy RP, Whitley JQ. Influence of archwire and
bracket dimensions on sliding mechanics:
derivations and determinations of the critical contact
angles for binding. Am J Orthod Dentofacial
Orthop. 1999;115(3):199-208.

24-Mamatha B, Nashiroddin M, Ch L, Kumar S,
Naidu V, Fatima S. Frictional Resistance in
Orthodontics -A Review. South Asian Res J Oral
Dent Sci. 2022;4(2):10-14.

25-Krishnan V, Kumar KJ. Mechanical properties
and surface characteristics of three archwire alloys.
Angle Orthod. 2004;74(6):825-831.

26-Patil B. Friction between Archwire of Different
Sizes, Cross Section, Alloy and Brackets Ligated
with Different Brands of Low Friction Elastic
Ligatures- An Invitro Study. J Clin Diagn Res.
2016;10(9):2C34-37.

27-Dinesh  SPS. An Indigenously Designed
Apparatus for Measuring Orthodontic Force. J Clin
Diagn Res. 2013;7(8):1763-1766.

28-Alsabti N, Talic N. Comparison of static friction
and surface topography of low friction and
conventional TMA orthodontic arch wires: An in-
vitro study. Saudi Dent J. 2021;33(5):268-275.
29-Chang CJ, Lee TM, Liu JK. Effect of bracket
bevel design and oral environmental factors on
frictional resistance. Angle Orthod. 2013;83(6):956-
965.

30-Bourauel C, Fries T, Drescher D, Plietsch R.
Surface roughness of orthodontic wires via atomic
force microscopy, laser specular reflectance, and
profilometry. Eur J Orthod. 1998;20(1):79-92.
31-Jain M, Varghese J, Mascarenhas R, Mogra S,
Shetty S, Dhakar N. Assessment of clinical
outcomes of Roth and MBT bracket prescription

322

using the American Board of Orthodontics
Objective Grading System. Contemp Clin Dent.
2013;4(3):307-312.

32-Roda-Casanova  V,  Pérez-Gonzélez A,
Zubizarreta-Macho A, Faus-Matoses V. Influence
of Cross-Section and Pitch on the Mechanical
Response of NiTi Endodontic Files under Bending
and Torsional Conditions-A Finite Element
Analysis. J Clin Med. 2022;11(9):2642.
33-Drescher D, Bourauel C, Schumacher H-A.
Frictional forces between bracket and arch wire. Am
J Orthod Dentofacial Orthop. 1989;96(5):397-404.
Cash A. A comparative study of the static and
kinetic frictional resistance of titanium molybdenum
alloy archwires in stainless steel brackets. Eur J
Orthod. 2004;26(1):105-111.

34-Braun S, Bluestein M, Moore BK, Benson G.
Friction in perspective. Am J Orthod Dentofacial
Orthop. 1999;115(6):619-627.

Koran A, Craig RG, Tillitson EW. Coefficient of
Friction of prosthetic tooth materials. J Prosthet
Dent. 1972;27(3):269-274.

35-McNamee CE, Higashitani K. Effect of the
charge and roughness of surfaces on normal and
friction forces measured in aqueous solutions.
Langmuir. 2013;29(16):5013-5022.

36-Baker KL, Nieberg LG, Weimer AD, Hanna M.
Frictional changes in force values caused by saliva
substitution. Am J Orthod Dentofacial Orthop.
1987;91(3):316-320.

37-Downing A, Mccabe JF, Gordon PH. The Effect
of Artificial Saliva on the Frictional Forces between
Orthodontic Brackets and Archwires. Br J Orthod.
1995;22(1):41-46.

38-Cury S, Aliaga-Del Castillo A, Pinzan A, Sakoda
K, Bellini-Pereira SA, Janson G. Orthodontic
brackets friction changes after clinical use: a
systematic  review. J Clin Exp Dent
2019;11(11):e1053-e1061.

39-Mohan R, Jain RK. An in vitro comparative
evaluation of surface roughness characteristics of
different orthodontic archwires: An atomic force
microscopy study. J Dent Res Dent Clin Dent
Prospects. 2022;16(2):91-94.

40-D'Anto V, Rongo R, Ametrano G, Spagnuolo G,
Manzo P, Martina R, Paduano S, Valletta R.
Evaluation of surface roughness of orthodontic
wires by means of atomic force microscopy. Angle
Orthod. 2012;82(5):922-928.



