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Abstract

Background: To reduce the duration of orthodontic
therapy, it has become necessary to accelerate
orthodontic tooth movement. This reduces the risks
that could arise throughout the extended course of
treatment. Orthodontic friction is defined as the
engagement of the archwire with bracket slot and the
ligation. Thus, one of the primary objectives of
biological orthodontic tooth movement is to reduce
friction. One technique to reduce frictional resistance
is orthodontic archwire coating, which modifies
archwire surface characteristics. Several tactics have
been  devised  for
nanotechnology is one of the technologies that was
introduced in the field of orthodontics. The aim of the

study aimed to determine whether zirconium dioxide

wire  coatings. FHowever,

nanoparticles  coated  orthodontic ~ appliances
demonstrate less friction in vitro than non-coated
orthodontic appliances. Material & method: The
study was performed on sixty sample. The specimens
were randomly divided into four groups. Group 1: is
the control group using conventional archwires with
convention uncoated brackets; Group 2: both the
archwires and brackets are coated; Group 3: coated
archwire only with uncoated bracket; and Group 4:
coated brackets only with conventional archwire.
Each group was tested under dry and wet conditions.

The resistance to sliding was measured using a

1 Researcher at Orthodontic Department, Faculty of Dentistry Aswan University.

universal testing machine. Results: There was a
statistically significant difference between G1 and
G2, G3, and G4 in terms of frictional resistance under
both wet and dry conditions. With high friction in G1
and the lowest friction in G3 and G4. There was no
significant difference between the dry and wet

conditions in the same group.

Conclusion: Although clear conclusions on in the
clinical  performance effectiveness have yet to be
determined, these preliminary data indicate that the
nickel

orthodontic archwires cause less friction. To find out

experimental  zirconia-coated titanium
if these coated archwires have a clinically significant

impact on  therapy effectiveness, randomized

controlled clinical trials are required.
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Introduction

To reduce the  duration of
orthodontic therapy, it is necessary to
accelerate orthodontic tooth movement. ©
There are a lot of attempts, proposed methods
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and techniques aim for reducing treatment
duration thus lessen the risks of gingival
inflammation and enamel decalcification that

could arise during the prolonged treatment.
®)

Accordingly, accelerating orthodontic
tooth movement to shorten the treatment period
is mandatory, not only to decrease the hazards
that may occur during the long treatment
period but also to maintain adult patients’
motivation throughout the treatment until the
finishing stage. ® As a result, researchers have
investigated whether it is possible to move the
teeth more quickly than with traditional
techniques, either by changing the application
materials, using different designs, using more
aggressive methods such as surgical-assisted
orthodontic tooth movement, or using
chemicals and medications such as
prostaglandins (PGs), hormones, or vitamins,

either  injected locally or  delivered
systemically. ©
The interaction between the wire,

ligature system, and bracket slot is known as
orthodontic friction. ©® Thus, one of the
primary objectives of biological orthodontic
tooth movement is to reduce friction. Many
tactics have been proposed to reduce the
frictional  resistance, including different
appliance designs, ligation techniques, and
mechanical protocols. @ One of these
strategies involves coating and modifying the
surface of orthodontic metallic wires using a
variety of techniques and materials.
Nanotechnology is one of the greatest and most
useful technologies that has entered the
medical industry for materials manufacturing
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procedures. ® A wire coating was developed to
strengthen the mechanical and biological
properties of the surfaces of materials used in
orthodontics. The application of coatings of a
material with superior properties over the
surface of orthodontic archwires using various
methods can improve the overall archwire
properties. Depending on their intended use,
coatings come in a variety of forms. The
purpose of coating orthodontic archwires is to
influence the surface features, which in turn
affect the properties of the archwires, including
thickness, bacterial adherence, corrosiveness,
mechanical and frictional capabilities, and
coating stability. Various materials and coating
methods have been applied to improve the
surface characteristics. ® Owing to a few
reported coating issues, such as coating wear
and delamination, research is still being
conducted to identify suitable materials and
methods to increase the coating ability of
various materials. Nanotechnology is a
technique used to enhance the coating of wire
materials. 19

Materials are classified as nanoparticles when
their particles size is below 100 nm with a
minimum of one dimension. Y Nanomaterials
are different from other materials in that
compared to larger particles, they have a
significantly higher surface area. Therefore,
changes in the mechanical, physical, and
chemical properties were included. ®? It has
been claimed that over 3500 dental materials
contain nanoparticles that can be obtained from
metals, polymers, or ceramics. *® Noble
metals such as gold, copper, platinum, and
silver, as well as metal oxide nanoparticles
such as magnesium oxide, iron oxide, zinc
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oxide, titanium dioxide, silicon dioxide, and
zirconium dioxide are the most frequently used
nanoparticles in dentistry and orthodontics. ¢4
(15 Application of surface nano coatings to
orthodontic brackets, archwires, and aligners
has become progressively relevant in recent
years. These coatings function as dry
lubricants, eliminating the requirement for
liquid lubrication and effectively reducing the
friction between the two sliding surfaces.
Furthermore, as  discussed  previously,
nanoparticles reduce friction by producing a
smooth surface. 9

Materials and methods:

Four brackets were attached on a metal
rod allowing a 0.018-in stainless steel wire
attached to an opposite rod with a bracket that
was placed passively with the wire and the rest
of the brackets. The wire was ligated to the
bracket using elastomeric ties to standardize
ligation. Resistance to sliding was measured
over seven millimeter distance by the universal
testing machine (Universal testing machine-
model: Instron Industrial products, USA-
Norwood, Department, Minia
University) with a fifty Newton load cell and a
crosshead speed of five mm/min. Straight
stainless 0.018-inch steel wire were cut into
three centimeter long.

Materials

Brackets used were with slot size
0.022x0.028
edgewise brackets with no torque or tip built in
the slot or the base of the brackets. All wires

inch stainless steel standard

and brackets were cleaned with ethanol as
provided before examination. Two metal rods
were made by engraving the width of the
bracket down to the center of the rod. An
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individual metal bracket was placed in the
engravement on one plate. The rod allowed the
straight wire to be engaged to all the five
brackets and passively centered in all bracket
slots. The peak force needed to start movement
was used to calculate the initial resistance to
sliding that is recorded as static resistance to
sliding, and the force at five millimeter of
wire/bracket sliding was used to calculate the
Kinetic resistance to sliding.

Ethical approval:

Research Orthodontic Department of the
Faculty of Dental Medicine, Minia University.
This study was approved by the Scientific
Research Ethics Committee of the Faculty of
Dentistry, Minya University
(RHDIRB2017122004).

Sample size calculation:

The sample size calculation revealed that at
least 15 samples were required for each group
(effect size = 0.8, a = 0.05, 1-B = 0.90). For
each group, fifteen tests were conducted in
both dry and wet settings.

Blinding:

This was a double-blind study in which the
sample preparation group was coded by a
supervisor. The researcher and statistical
outcome assessments were blinded.

Grouping:
Group 1: is the control group using
conventional archwires with  convention

uncoated brackets; Group 2: both the archwires
and brackets are coated; Group 3: coated
archwire only with uncoated bracket; and
Group 4: coated brackets only with

YVolume 66- December 2024

132 —



ISSN: 1110-435X
ONLINE ISSN: 281-5258

conventional archwire. Each group was tested
under dry and wet settings.

Statistical analysis:

Data were analyzed using the Statistical
Program for Social Science (SPSS) version
24. Qualitative data were expressed as
frequencies and percentages. Quantitative
data are expressed as mean =SD. Mean
(average): The central value of a discrete
set of numbers, specifically the sum of
values divided by the number of values.
Standard deviation (SD) is the measure of
dispersion of a set of values. A low SD
indicates that the values tend to be close to
the mean of the set, whereas a high SD
indicates that the values are spread out over
a wider range.

The following tests were done:

Independent sample T test (T): comparing
two groups (for normally distributed data).

One-way analysis of variance (ANOVA)
was used to compare more than two groups
(normally distributed data).

Post-hoc test (LSD) Least

was used for

significant
multiple
comparisons between different variables.

difference

Probability (P value): < 0.05, considered
significant; < 0.001, highly significant; and >
0.05, insignificant.

Results:

The primary objective of this in vitro study was
to isolate all variables that might affect the
results, to accept or refuse the null hypothesis
of the research. The null hypothesis (HO) of the

in-vitro part of the research was: “Coating
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orthodontic  archwires and  orthodontics
brackets with zirconium dioxide nanoparticles
affect The
alternative hypothesis (Ha) was “Coating

archwires and orthodontics

will not friction resistance”
orthodontic
brackets with zirconium dioxide nanoparticles

will reduce friction resistance”

- Compa
rison between studied groups as regard
studied data:

The study revealed a high statistically
significant difference (p value < 0.001)
between the studied groups regarding dry static
frictional resistance measured in Newtons. It
was 0.911 + 0.066 in group I, 0.426 £ 0.049 in
group 11, 0.632 £ 0.053 in group 11l and 0.613
+ 0.065 in group IV. A high statistically
significant difference (p value < 0.001) was
observed between the studied groups regarding
dry kinetic frictional resistance measured in
Newtons. It was 0.828 + 0.066 in group I,
0.365 £ 0.049 in group I, 0.577 £ 0.065 in
group Il and 0.561 + 0.066 in group IV. A
high statistically significant difference (p value
< 0.001) was observed between the studied
groups regarding wet static frictional resistance
measured in Newtons. It was 0.875 + 0.062 in
group 1, 0.406 £ 0.044 in group Il, 0.592 *
0.073 in group I and 0.589 + 0.077 in group
IV. A high statistically significant difference (p
value < 0.001) was observed between the
studied groups regarding wet Kinetic frictional
resistance measured in Newtons. It was 0.792 +
0.070 in group I, 0.320 £ 0.034 in group I,
0.562 + 0.080 in group Il and 0.529 + 0.080 in
group IV. This is summarized in (Tab. 1)
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Groups F P-value

I I i v

n = =|(n =] (n=15)
15) 15) 15)
Dry static | Mean | 0.911 | 0.426 | 0.632 0.613 174. | < 0.001

iSD | 0.066 |0049 |0053 0065 |+ |MS
Dry Mean | 0.828 |0.365 | 0577 |0561 | 143. | < 0.001
kinetic 5 HS

+SD 0.066 | 0.046 | 0.065 0.066
Wet static | Mean | 0.875 | 0.406 | 0.592 0.589 132. | < 0.001

1SD | 0062 |0044 0073 o077 |2 |MS
Wet Mean | 0792 |0320 |0562 |0529 |119. |< 0.001
Kinetic =S5~ 0070 0034 |0080 |o0o0s0 |+ |HS
F: F value of the ANOVA test. HS: p <0.001 was considered highly significant.

Table (1): Comparison between studied groups as regard studied data.

Bar charts show comparisons between studied groups regarding friction examination under
different conditions of resistance measured by Newton.

Dry static Frictional resistance measured by Dry kinetic Frictional resistance measured by
newton newton
1
o9 0.911 : 0.828
0.8
0.7 0632 0613 0.577 0.561
0.6 e — |
05 U.a26 1 1 0365
0.4 — — S W—
03 1T —
0.2 pre—— jr— T
0.1 . W Drystatic Dry kinetic Frictional resis{ ance measured by newton
[}
I n m w |} n v
Wet static Frictional resistance measured by Wet kinetic Frictional resistance measured by
newton newton
1 0.9
0.9 0.875 08— 0792
0.8 0.7
0.7 0.562
0.592 0.589 o8 0.529

0.6 0.5
0.5

0.4

0.406 0.32

0.4 G 03
03 T 0.2
0.2 —
01 § Wet kinetic Frictional resistance measured by newton
0.1 &t static Frictional resistanice measured by newton 0
[ I n m v

1 i n v

g0l
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- The conclusion of the results was:

1. Gl showed the highest frictional
resistance, with a statistically significant
difference (P value <0.001) between all

groups.

2. G2
resistance with a statistically high significant
difference (P value <0.001) between G1 and
statistically difference (P value <0.05) between
G2 and G3.

showed the Ilowest frictional

3. G3 and G4 showed statistically no
difference between each other.

4.  There were no differences between dry
and wet conditions.

5. Statistically significant differences were
observed between the static frictional
resistance and Kinetic frictional resistance (P
value <0.001) the highest value related to the
static frictional resistance.

Discussion:

Our research question was “Does
ceramic nanoparticles coating improves the
clinical performance of orthodontic archwires
and orthodontic brackets?”. Therefore, the aim
of this in vivo randomized clinical trial was to
conduct a split-mouth study, measure the rate
of canine retraction, and compare canine
retraction rates in different cohorts of patients.
The clinical importance  of  ceramic
nanoparticle wire coatings in clinical practice
was investigated in this study. The null
hypothesis (Ho) of the of the research was:
“coating orthodontic
orthodontics brackets with zirconium dioxide
nanoparticles will not affect canine retraction

archwires and
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rate.” The alternative hypothesis (Ha) was
“coating orthodontic
orthodontics brackets with zirconium dioxide
nanoparticles will

archwires and

increase rate of canine

retraction”.
Coating orthodontic archwires enhances
archwire  qualities, including  surface

topography, frictional resistance, tarnish and
corrosion resistance, antibacterial properties,
and esthetics of the wires. Several studies have
focused on novel coatings to cover orthodontic
archwires and brackets with various materials.
In this study, zirconium dioxide was the
material of choice. Zirconium dioxide, also
referred to as zirconia, isa white crystalline
particle with excellent thermal and mechanical
properties. It displays excellent mechanical and
aesthetic qualities, as well as remarkable
biocompatibility. It has become popular in all
dental fields, such as in the manufacturing of
orthodontic  brackets, implant abutments,
crowns, and bridges. ??

Following a review of the literature, it was
determined that nearly all in vitro studies found
that coating orthodontic archwires with various
materials improved frictional resistance. 3 All
research, however, has suggested the use of
coated orthodontic wires in standard clinical
orthodontic procedures after in vivo human
clinical trials. Accordingly, the present study
was conducted.

Friction occurs due to microscopical
interaction of different materials
microstructure, such as electrons, protons,

atoms, and molecules. ?%

Orthodontic  friction falls under the

category of dry friction and is caused by
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contact of the wire, ligature, and bracket slot.
The relative lateral motion of the two solid
surfaces in contact was resisted by the dry
friction. Only the microscopic peaks on the
surfaces make contact when two materials slide
over one another. These peaks are referred to
as asperities. There are two types of dry
friction: kinetic and static friction. 2

The friction between different solid
materials that do not move in relation to each
other 1is defined as “static friction”. Its
magnitude is necessary for starting the motion
before it moves. For description the movement
of two objects relative to one another it is
defined as “kinetic friction”. Kinetic friction is
less significant in the field of orthodontics
because there is no continuous motion of teeth
along the archwire. Orthodontic motion occurs
at a very slow rate that is less than one
millimeter in a month, which approaches a
scenario where static friction is more

representative for the process.

There is more involvement in resistance to
tooth movement than friction. The resistance of
tooth movement can be divided into three
distinct elements: The first element is the
"classical friction,” which is further separated
into kinetic and static friction and occurs
between the wire and bracket surfaces. The
next part is the "binding" that takes place when
a wire is bent, or a tooth is tipped to contact the
bracket's edge. The third element is "notching,"
which is a denting of the wire that stops the
teeth from moving until the notch is released at
the junction of the wire and bracket.
Consequently, the combined effects of binding,
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notching, and friction are equal to resistance to
tooth movement. (26)

In the design of a research module to study
friction in vitro, friction can be studied in
passive or active configurations. When the
contact angle between the bracket slot and the
archwire is smaller than a critical contact
angle, passive configurations occurs. Because
binding and notching do not occur when a
passive arrangement is used, slide mechanics
are only controlled by classical friction.

Friction becomes less significant as the contact
angle between the wire and bracket increases,
whereas binding and notching become more
powerful factors that interfere with movement.
Sliding mechanics are solely affected by
friction when the contact angle
between the orthodontic archwire and the long

classical

axis of brackets slot is less than 3.7° (6

Although friction is a straightforward
orthodontic component to research, it can be
challenging to do so in a way that accurately
simulates the intraoral experience. Although
techniques for investigating friction in vivo
have been established, most research is based
on in vitro investigations because of their more

straightforward nature.

Limitations of in vitro studies: Research

carried out in vitro has various drawbacks.
First, most studies are passive systems that
only measure friction after the binding and
notching components are eliminated. In these
experiments, a bracket was mounted such that
the wire was dragged through it exactly parallel
to the slot, creating no angle between the wire
and the bracket. All these measures are the
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friction that exists between the ligature,
bracket, and wire.
Advantages of in vitro studies: These

investigations have the benefit of determining
the precise amount of friction caused by the
wire, bracket, and ligature type, without the
need for additional variables. The drawback is
that brackets are frequently positioned in ways
that are passive toward one another in clinical
settings.

Some authors have reported that resistance to
sliding increases as the contact angle between
the bracket and archwire increases and this
finding has been confirmed in multiple studies.
(27 as in a study comparing resistance to sliding
in passive versus active configurations, was
performed with various bracket and archwire
materials. When the angle between the slot axis
of the bracket and the wire is more than 3
degrees, the binding overtook friction. It was
observed that in the case of a stainless steel
wire in a ceramic bracket, binding accounted
for up to eighty percent of the resistance to
sliding when the contact angle was seven
degrees and up to Ninety-nine when the contact
angle was thirteen degrees®. 8

Owing to the importance of binding in the
study of resistance to sliding a component with
different angulations between the wire and
bracket slot has been added in numerous
friction tests due to the significance of binding
as a variable that play an important factor
during tooth movement. ?%

A secondary constraint of passive in vitro
friction research is the lack of slight alterations
or disruptions that are typically caused by
different oral functions. Random, small
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movements  occur  within  orthodontic
appliances during speech, chewing,

swallowing, or contact with food or tissues.
These motions caused the archwire to shift in
the bracket slot. It has been demonstrated that
this movement modifies the appliance friction.
One study attempted to measure this aspect.
They mounted brackets at different angles and
pulled orthodontic arch wires of different sizes
through them using an Instron while applying
simulated oral perturbations. They discovered
that disturbances resulted in the frictional
resistance briefly decreasing to zero. G0

When the in vitro studies were stimulated with
these perturbations, variables such as bracket
angulation, archwire/slot clearances, and
ligature did not have a detectable impact on
friction. These friction reductions could play a
major role in the equation if the average
frequency of masticatory interactions was
between 32 and 80 cycles per minute. The
binding and notching at the bracket/archwire
interface were momentarily removed, resulting
in the resistance being lowered to zero.

These investigations demonstrated that the bulk
of prior in vitro frictional resistance
experiments do not accurately reflect the mode
of frictional resistance that may occur in the
oral cavity, and that small motions at the
bracket/arch wire interface that occurs in
repetitive cycles for a long period significantly
reduced, if not eliminated, frictional resistance.
This happens periodically when a person
chews, speaks, swallows, and when their
tissues and food contact with an orthodontic
appliance.
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studies, the wide
heterogeneity in methodologies makes direct
comparison among these studies difficult.
There are many different types of brackets,
numbers of brackets, wire sizes, coating
materials, types and timing of lubrication, and
machine sizes and settings used in the
literature. In addition, there are no systematic
reviews pertaining directly to the different
types of ceramic nanoparticles coated wires
and their effects on friction. Owing to these
discrepancies in methodology and the lack of
high levels of evidence, no definite conclusions
can be made on which coating materials have
the lowest level of friction and if it has clinical
significance. Therefore, in almost all studies, it
was recommended to conduct controlled
clinical trials to measure the significance of
wire coating regarding the rate of tooth
movement.

As with most

Conclusion

This study suggests that zirconia-coated
nickel titanium orthodontic archwires create
than non-coated appliances.
more  clinical  trials are

less friction
Therefore,
recommended to study the behavior of coated
wires under different conditions, and it is
important to navigate the clinical behavior with
different research modules.
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