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ABSTRACT

Objectives: Coating orthodontic brackets with metal nanoparticles seem to affect surface roughness and friction.
We aim to compare the effects of coating brackets with copper oxide (CuO), titanium dioxide (TiO,), and silver
hydroxyapatite (S-HAP) on friction between brackets and various sizes and materials of orthodontic wires.

Material and Methods: In this experimental study, we selected four groups of stainless steel (SS) brackets with
eight orthodontic wires (SS and nickel-titanium [Niti]) in different sizes. Three groups were coated with CuO,
TiO,, and S-HAP nanoparticles using dip coating. Then, we attached a 100 g weight to the wires and hung it from
the universal testing machine. The wire passed through the brackets at a speed of 0.5 mm/min for 25 s. Finally, the
friction between wires and brackets was compared using a two-way analysis of variance.

Results: The results showed that friction of brackets coated with TiO, was significantly lower than S-HAP
(P =0.021) and did not differ significantly between CuO and the control (P = 1). Furthermore, friction between
CuO brackets was not significantly different from other groups (P > 0.05). Niti round wires had significantly
lower friction with all brackets compared to 0.16 x 0.22 square inch Niti wire (p< 0.05), which, in turn, showed
significantly lower friction compared to 0.16 x 0.22 square inch stainless steel (SS) wire (P = 0.008).

Conclusion: Coating brackets with TiO, and CuO nanoparticles can reduce the friction Moreover, Niti round
wires show the least friction compared to rectangular or SS wires with all types of brackets.
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INTRODUCTION

Tooth movement is an essential part of orthodontic treatment.™ In fixed orthodontics, brackets
(to connect to the tooth) and an archwire (to move the teeth) are used to correct the irregularity
of teeth.**! For tooth movement, the wire should be able to move inside the bracket, and friction
opposes this ability of the wire.’! Friction opposes the movement of two tangent objects and
is equal to u x N (W is the coefficient of friction and n is the normal force perpendicular to
the direction of movement). A universal testing machine is used to measure friction between
the wire and the bracket."**! Friction is a multifactorial phenomenon that has advantages and
disadvantages. Its advantages include preventing excessive force to move the teeth, controlling
the movement of the teeth in three dimensions, low chair time, and patient comfort.[**!"! The
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disadvantages of friction also cause uncertainty in predicting
the treatment results because it causes loss of useful force
and consequently reduces the efficiency of orthodontic
treatment.""'?! To induce dental movements, it is necessary
to apply mechanical forces in the range from 100 to 200 g
on the tooth.®® After applying force to the tooth, tensile
movements begin, and an angle is formed between the
bracket and the wire.”'¥ When such an angle reaches the
threshold, contact is made between the wire and the edge of
the bracket, resulting in adhesion between the metal surfaces,
and then, the wire gradually bends with the permanent
deformation."”! All phenomena, in turn, prevent the tooth
from moving continuously, leading to the intermittent
cessation of tooth movement. To resolve such a problem, the
applied force should be increased to 40-60% of the initial
force."” On the other hand, these excessive forces lead to
loss of anchorage, which is very important in orthodontic
treatment. Besides, the risk of root resorption increases, and
the treatment period is longer, leading to more pain.*'?

So far, different techniques have been proposed to resolve
such a problem, that is, friction between the wire and
the bracket,'! the most important of which is using
wire of different shapes and sizes or different chemical
compounds!”"! as well as changing features of the bracket
such as changing its width, the technique of making the
bracket, its material, and coating the bracket using different
nanoparticles, especially metal nanoparticles.-2

Metal nanoparticles have been used as solid lubricants since
the 1990s.*! To investigate the effects of these nanoparticles
on frictional forces between orthodontic wires and brackets,
several studies were conducted.?**!

One of the most important metal nanoparticles is silver, the
compounds of which are chemically stable.!'>*) On the other
hand, silver coatings reduce friction at high temperatures,
and silver is very significant because it has the lowest contact
resistance among metals. The coefficient of friction between
silver and stainless steel (SS) is less than that of two SS
metals.?]

Many studies were conducted aimed to evaluate the
lubricating feature of copper nanoparticles. Coated copper
nano-additives can significantly improve abrasion resistance
as well as reduce the coefficient of friction.?***?! The study
results of the effects of copper nanoparticles by Hu et al.
on friction surfaces showed that reducing friction at low
velocities is more than high velocities.”

In a study by Na et al, friction between the brackets
coated with titanium dioxide (TiO,) nanoparticles and
wire was measured.’ The result of this study was the
reduction in friction between the bracket and the wire,
which reduced the duration of orthodontic treatment and
better treatment outcomes. Furthermore, in a study by Wu
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et al., TiO, nanoparticles reduced the coefficient of friction
by a protective layer on abrasive surfaces and are used
as lubricants.”>*! Hydroxyapatite is crystalline calcium
and phosphate which was widely used in biomedical and
dental fields due to its properties such as similarity to the
main mineral part of hard tissues of the human body and
biocompatibility.*3

There are different methods for depositing these nanoparticles
on bracket and wire surfaces, which differ in multiple
studies including the use of plasma-based ion coating/
deposition,*® electroplating,*” plasma-enhanced chemical
vapor deposition®” and dip coating in the present study
from which we benefit as it is inexpensive, has low processing
temperatures; relatively cheap as coatings are very thin and
high purity.*”

No study has been conducted aimed to compare frictional
effects of silver hydroxyapatite (S-HAP), copper oxide (CuO),
and titanium oxide (TiO) nanoparticles on orthodontic
brackets with different types of orthodontic wires. Hence,
we aim to compare the friction between these brackets and
investigate the different types and sizes of the arch wire.

MATERIAL AND METHODS

This study was conducted after receiving the code of ethics
(IR.SEMUMS.REC.1399.099) from Semnan University of
Medical Sciences. In this experimental laboratory study, 20 SS
brackets (American Orthodontics, Florida, USA) similar in
the type of tooth (mandibular premolars) and manufacturer
were purchased. Five brackets were randomly coated by CuO
(Laboratory of the Faculty of Physics, University of Tehran),
five brackets were coated by TiO (Laboratory of the Faculty
of Physics, University of Tehran), five brackets were coated
by S-HAP nanoparticles (Tehran Atomic Energy Center),
and five brackets were investigated as a control group with
no intervention. Eight archwires (Ortho Technology, Tampa,
Fla) of two different materials, SS and nickel-titanium (Niti),
with no coating matter, were also selected in two round cross-
sections in sizes 012 inches (Based on a study conducted by
Baccetti et al., we used the 012 inch Niti archwire as the wire
with the lowest friction which can be usually used in the first
stages of orthodontic tooth alignment)** and 018 inch and
rectangular cross-sections in sizes 016 x 022 square inches
and 019 x 025 square inches.

The studied brackets were made of SS with standard slot size
022 in the Roth system.

Scanning electron microscopy (SEM) (SEM, KYKY-EM3200,
China) was used to measure the size of nanoparticles
(<100 nm and x1000) [Figure 1]. We used the dip-coating
method on SS brackets. Coating of nanoparticles on surfaces
is called to form a layer with a thickness of nanometers using
different methods (including dip coating)®! and thickness of
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85.87 nm,

63.93 nm @

Figure 1: Measurement of nanoparticle size by scanning electron microscope (a. TiO,, b. CuO, c. S-HAP). CuO: Copper oxide, TiO,: Titanium

dioxide, S-HAP: Silver hydroxyapatite.

the layer by the dip-coating method as a single layer can be
molecules. Then, an atomic force microscope (AFM) (AFM,
Flex AFM, Switzerland) was used to determine the thickness
of nanoparticles.

To determine friction between the archwire and the brackets,
the following measures were taken: First, we made a frame
to place the brackets inside the machine (SANTAM STM 20
- SAHAND Co., Iran) using the stick and wood glue. Our
frame consisted of eight sticks which were divided into two
(n = 4) groups and each of them was connected by wood
glue and fixed on both sides of the machine with a width of
45 mm. Another stick was selected to attach the brackets.
The brackets were bonded to stick at approximately 10 mm
intervals horizontally so that the guide groove inside the
brackets was inserted vertically into the machine [Figure 2].

The orthodontic archwires were connected one by one to
100 g™ equivalent weight of each bracket to be tested inside
each bracket. Then, the weight-bearing wire was passed
through the guide groove of the desired bracket, and to
record friction by the machine, the archwire was held inside
the brackets by rubber straps called O-ring (Leone® Spa);
finally, hanged 100 g weight wire from the machine. Ligation
can be done using SS ligature wires, which provide a secured
tie of the archwire, lesser friction, and a slower rate of force
decay compared to the elastomeric modules, which, in turn,
are easier to place and take lesser chair side time. As several
studies have shown their greater amount of wire-bracket
friction compared to SS ligatures, we decided to study the
effects of covering brackets with different nanoparticles to
evaluate the changes in friction using the ligation technique
with the highest amount of friction (elastomeric ones).

The machine moved the archwire through the bracket slot
at a speed of 0.5 mm for 25 s,°! during which static friction
(starting or static friction) was measured and recorded by the
computer connected to the machine, in which static friction,
that is, the maximum value, was compared and investigated.
STM 20 is used for doing tensile, compression, and bending
tests (in low loading), and the relative applications. Due to

Figure 2: (a) Method of friction measurement using a universal
testing machine. (b) Holding the bracket on a stick. (c) Passing
100 g weight wire through the groove of the bracket.

the existing variety of tools and various accessories with
relative software (easy operation STM Controller and
JADOO), tensile, compression, bending, and friction tests
will be provided. Accurate extension control through encoder
feedback with high resolution (0.001 mm) and the accuracy
of 0.05 mm to precisely constant test speed and wide range of
grip speed will allow an operator to do a test of various fields.
However, in the present study, we did not mention details
about kinetic friction as we compared the static one between
different groups.

Eight wires were passed from each bracket to record friction
and reduce the percentage of possible error. In general,
the friction test was performed 160 times. The data were
analyzed using Shapiro-Wilk test, one-way analysis of
variance, two-way analysis of variance, and Bonferroni
multiple comparison test. The software SPSS 23.0 was used
and the significance level was 0.05.
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RESULTS

The results of two-way analysis of variance showed that type
of nanoparticle (F [3,128] = 5.67, P = 0.001, )* = 0.117) and
wire (F [7,128] = 6.94, P < 0.001, n* = 0.275) had a significant
effect on friction. The interaction between nanoparticle and
wire type was also significant (F [21,128] = 2.85, P < 0.001,
M? = 0.319). This means that friction of various types of
nanoparticles can vary based on the type and size of the
arch wire used. The results of one-way analysis of variance
of 32 different combinations (four groups and eight arch
wire types) showed a significant difference in friction
(F [31,128] =4.05, P < 0.001).

A) Comparison of nanoparticles

[Table 1] shows that in all types of studied wires, the total
mean friction with TiO, nanoparticles was significantly
lower than S-HAP nanoparticles (P = 0.021) and did not
differ significantly with two groups of CuO (P = 1.00) and
the control (P = 1.00). Furthermore, mean friction in the
CuO group was not significantly different from any other
groups (P> 0.05). The mean friction in the control group was
significantly lower than in the S-HAP nanoparticles group
(P=0.001).

B) Comparison of various archwires

Niti 012 inch and Niti 018 inch orthodontic archwires
resulted in significantly less friction in the bracket than Niti
016 x 022 square inch archwires [Table 2] (P < 0.001). SS 012
inch orthodontic archwire caused significantly less friction
compared to Niti 016 x 022 square inch (P < 0.001) and Niti
019 x 025 square inch (P = 0.031) archwires in the bracket
[Table 2]. Friction between the Niti 016 x 022 square inch
archwire and the bracket is less than the SS 016 x 022 square
inch archwire (P = 0.008) [Table 2]. In addition, friction in
SS 019 x 025 square inch archwire was significantly more
than Niti 012 inch (P = 0.046) and Niti 018 inch (P = 0.018)
archwires [Table 2].

DISCUSSION

In the present study, three nanoparticles of CuO, TiO,,
and a combination of S-HAP were used to coat the surface
of orthodontic brackets to measure the effects of these
nanoparticles on wire-bracket friction. The results showed
that in all wires studied, total means friction with TiO,
nanoparticles is significantly lower than S-HAP nanoparticles
(P =0.021) and did not differ significantly with two groups of

Table 1: Mean and standard deviation of friction (N) between brackets coating with three types of nanoparticles (CuO, TiO,, and S-HAP)
and wire of different size and materials.
Type of wire Type of nanoparticle
TiO, CuO S-HAP nanoparticles Control

Niti 012 inch 0.12+1.28 0.07+0.84 0.04+0.85 0.14+1.01
Niti 018 inch 0.08+0.85 0.15£1.04 0.07£1.02 0.12+£0.94
Niti 016x022 square inch 0.23+1.53 0.16+1.48 0.14+1.89 0.07+1.17
Niti 019%x025 square inch 0.21+1.34 0.13+1.10 0.16+1.37 0.24+1.43
SS 012 inch 0.08+0.82 0.07+1.10 0.10+0.95 0.06+0.85
SS 018 inch 0.09+1.14 0.27+1.01 0.15+1.65 0.16+£0.98
SS 016x022 square inch 0.19+1.01 0.12+1.10 0.13+1.17 0.11+1.09
SS 019%x025 square inch 0.23+0.85 0.22+1.64 0.36+1.87 0.19+0.79
CuO: Copper oxide, TiO,: Titanium dioxide, S-HAP: Silver hydroxyapatite, Niti: Nickel-titanium, SS: Stainless steel
Table 2: P-value of comparing mean friction of different types of wires.

Niti 012 Niti 016x022 Niti 018 Niti 019x025 SS 012 SS 016x022 SS 018 SS 019%025
Niti 012 . - - - - - - -
Niti 016x022 <0.001 - - - - - - -
Niti 018 1.00 <0.001 - - - - - -
Niti 019%x025 0.186 1.00 0.077 - - - - -
$S 012 1.00 <0.001 1.00 0.031 . - - .
SS 016x022 1.00 0.008 1.00 1.00 1.00 - - -
S 018 1.00 0.149 1.00 1.00 0.600 1.00 - -
SS 019x025 0.046 1.00 0.018 1.00 0.600 0.542 1.00 -
Niti: Nickel-titanium, SS: Stainless steel
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CuO (P = 1.00) and the control (P = 1.00). In some studies,
the antimicrobial effect of different nanoparticles along with
the effects on friction is measured simultaneously.?*+*4 In
some studies, nanoparticles are coated on the orthodontic
archwire,l'">'”! or the wire and the bracket are both coated
together.”'*! Other studies, in addition to friction, measured
and investigated mechanical properties of nanoparticles
including surface roughness, conductivity, kerogen, and
effects on shear strength given that the type of nanoparticles
will also be different in each study.?>*541%1 To measure
friction, eight types of archwires in two types of SS and Niti
were used at the cross-sections of 012 inches, 016 inches,
016 x 022 square inches, and 019 x 025 square inches.

The results of the present study showed that the coated brackets
by TiO. nanoparticles as well as the control group brackets
that do not contain any coating material are more effective
in reducing friction between wires (more than 80% of wires)
and brackets than the group of brackets containing S-HAP
nanoparticles. The mean friction in the S-HAP nanoparticle
group is not significantly different from the CuO group.
Moreover, mean friction in the CuO group is not significantly
different from any of the groups. The results also showed that
friction in different types of particles depends on the type of
wire, which according to this result while considering the same
nanoparticles coated in the CuO group, mean friction in this
group varies according to the wire size and friction of wires
with a rectangular cross-section is higher than that of round
wires. This conclusion is also true in TiO, and control groups
but is not significant (P > 0.05). The difference observed in
the amount of wire-bracket friction can be explained by their
microscopic crystalline structure as coating brackets using
TiO, resulted in a smoother surface compared to the other two
coating materials. The crystal structure of TiO, was smaller
than that of the other two matters and its biofilm thickness was
less, which reduced friction well.

Other factors affecting friction are the formation of an
adhesive layer of biofilm and macromolecules in saliva. As
a result, regeneration of oral conditions, including placing
brackets in a humid and salivary medium, can change the
results.”! For orthodontic treatment, because the brackets
are usually placed inside the oral cavity for a long time,
from 6 months onward, the coating layer of the brackets can
prevent the formation of cariogenic biofilms under poor oral
hygiene conditions and to some extent reduce adverse effects
on friction."! Other factors such as eating or brushing may
affect static friction between the bracket and the wire.?>*!

Na et al., in a study on the properties of TiO,, found that TiO
nanoparticles have excellent antibacterial properties. Besides,
TiO can reduce friction between the bracket and the wire.*?
Such as this study, the total mean friction in the TiO, group
was lower than the control group, but no significant difference
was found. This finding was similar in other studies, which

can be attributed to the type of nanocrystalline structure of
metal oxide TiO,**! compared to the combination of S-HAP
nanoparticles, which, in the present study, showed the highest
friction compared to the control group. In this study, the
lowest thickness of TiO2 nanoparticles formed on the surface
of the bracket can be considered by electroplating. We can
even mention the level of surface roughness formed using this
metal oxide, which is comparable to other nanoparticles on a
microscopic scale. Due to its antibacterial properties as well
as the evidence in this study and the present study to reduce
friction,®? this combination can be an ideal orthodontic
treatment by increasing efficiency and reducing time.

Arash et al. coated 15 brackets by silver ions electroplating
method and compared them with 15 uncoated steel brackets.
Silver coating led to higher friction forces in the archwire."’!
Like the present study, the S-HAP coating was not an effective
way to reduce friction in the lubrication mechanism. The silver
nanoparticles were coated in combination with hydroxyapatite
due to their antibacterial effect.*! Finally, our results showed
that coating with S-HAP nanoparticles significantly led to
higher mean friction than the control group, which confirmed
the results of the above study. One of the factors affecting
friction of silver-coated brackets is the coating method, which
was electroplating while we used dip-coating which affects
the thickness of the coating layer and thus the friction. The
differences in the study results in the mouth and the present
study performed in the laboratory should also be noted.
o241 Therefore, silver, whether alone or in combination with
hydroxyapatite, despite having an antibacterial effect, is not
ideal for the first stages of orthodontic treatment (alignment),
because it increases friction and consequently the treatment
time by reducing the rate of tooth movement.

Desai et al. lined 40 SS wires with epoxy coating and ceramic
brackets with metal slots using four different methods under
humid conditions (artificial saliva) using different ligatures.*!!
Under the same laboratory and clinical conditions, if TiO,-
coated brackets were combined with ultra-smooth modules
and used in the buccal teeth, they reported a reduction in
friction between the wire and the bracket and improvement
of orthodontic treatment.

Bacela et al. studied various methods of additives such
as silver nanoparticles and nitrogen-doped TiO, to
orthodontic brackets on antimicrobial properties and
friction measurement.” In this study, as in the present study,
silver and TiO, nanoparticles?>*>*! were used to investigate
friction and the results showed reduced friction and bacteria
accumulation around the orthodontic brace.

Similar to the results of the present study, anti-frictional
properties of CuO nanoparticles were shown in Wang
et al. study as they reported wonderful anti-wear, reducing
friction, and self-repairing performances of nanoparticles of
CuO.”!
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Regarding differences in vitro and the patient’s mouth, the
patients show different degrees of crowding and irregularity
of teeth, and the duration of treatments will be different in
different groups of patients.**! It is suggested to measure
mean friction in S-HAP, CuO, and TiO nanoparticles
composite on brackets in future studies under clinical
conditions. Other methods should also be considered for
coating these nanoparticles, different types of brackets self-
ligating or ceramic brackets, archwires, and different methods
of ligation. In addition, successful coatings of wires and
brackets or both with the same results in different studies
should be compared (for example, different coatings of both
appliances that reduce friction). More accurate methods to
measure the angle should be applied because the angle will
be effective in reducing or increasing friction; finally, more
samples should be investigated to reduce the chance of results.

CONCLUSION

Coating of the brackets with different nanoparticles affects the
wire-bracket friction. The total mean friction in the TiO, group
was significantly lower than in the S-HAP nanoparticles and
was not significantly different from the CuO and the control
groups. Regarding the wire cross-section and material, round
Niti wires are ideal for primary stages of orthodontic treatment
where lower friction is desirable to meet the irregularities while
SS rectangular wires are recommended for the final stages to
correct the details and control root movements.

Acknowledgment

This article is approved by the Semnan University of Medical
Sciences and Research and Technology Department and is
the result of project No. 1773.

Declaration of patient consent

Patient consent is not required as there are no patients in this
study.

Financial support and sponsorship

Semnan University of Medical Sciences, grant number 1773.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Brook PH, Shaw WC. The development of an index of
orthodontic treatment priority. Eur J Orthod 1989;11:309-20.

2. Kapila S, Angolkar PV, Duncanson MG ]Jr, Nanda RS.
Evaluation of friction between edgewise stainless steel brackets
and orthodontic wires of four alloys. Am J Orthod Dentofacial

APOS Trends in Orthodontics « Volume 12 « Issue 1 « January-March 2022

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

Orthop 1990;98:117-26.

Wahl N. Orthodontics in 3 millennia. Chapter 9: Functional
appliances to midcentury. Am Orthod Dentofacial Orthop
2006;129:829-33.

Scott P, DiBiase AT, Sherriff M, Cobourne MT. Alignment
efficiency of Damon3 self-ligating and conventional
orthodontic bracket systems: A randomized clinical trial. Am
J Orthod Dentofacial Orthop 2008;134:470-€l.

Darling S, Darling J. Elastomeric orthodontic ligator. United
States Patent US 7,204,691; 2007.

Weltman B, Vig KW, Fields HW, Shanker S, Kaizar EE. Root
resorption associated with orthodontic tooth movement:
A systematic review. Am ] Orthod Dentofacial Orthop
2010;137:462-76.

Doshi UH, Bhad-Patil WA. Static frictional force and surface
roughness of various bracket and wire combinations. Am J
Orthod Dentofacial Orthop 2011;139:74-9.

Cacciafesta V, Sfondrini MF, Ricciardi A, Scribante A, Klersy C,
Auricchio E Evaluation of friction of stainless steel and esthetic
self-ligating brackets in various bracket-archwire combinations.
Am J Orthod Dentofacial Orthop 2003;124:395-402.
Behroozian A, Kachoei M, Khatamian M, Divband B. The
effect of ZnO nanoparticle coating on the frictional resistance
between orthodontic wires and ceramic brackets. ] Dent Res
Dent Clin Dent Prospects 2016;10:106.

Arash V, Anoush K, Rabiee SM, Rahmatei M, Tavanafar S. The
effects of silver coating on friction coeflicient and shear bond
strength of steel orthodontic brackets. Scan 2015;37:294-9.
Rahmani A, Oz U. The effect of copper aided nickel-titanium
arch-wire sequences on upper jaw expansion: A comparison
with conventional nickel titanium wire systems in medical
decision support systems in medical internet of things. ] Med
Imaging Health Inform 2020;10:238-43.

Bednar JR, Gruendeman GW, Sandrik JL. A comparative study
of frictional forces between orthodontic brackets and arch
wires. Am ] Orthod Dentofacial Orthop 1991;100:513-22.
Alkemper J, Mendoza R, Voorhees PW. Morphological
evolution of dendritic microstructures. Adv Engin Mater
2002;4:694-7.

Shpack N, Geron S, Floris I, Davidovitch M, Brosh T,
Vardimon AD. Bracket placement in lingual vs labial systems
and direct vs indirect bonding. Angle Orthod 2007;77:509-17.
Elhelbawy N, Ellaithy M. Comparative evaluation of Stainless-
steel wires and brackets coated with nanoparticles of Chitosan
or Zinc oxide upon friction. Int Orthod 2021;19:274-80.
Kashyap N. Evaluation of canine retraction with self ligating
brackets versus conventional edges wise brackets a comparative
in vivo study. Res Rev ] Dent Sci 2018;6:22-8.

Kusy RP, Stevens LE. Triple-stranded stainless steel wires
evaluation of mechanical properties and comparison with
titanium alloy alternatives. Angle Orthod 1987;57:18-32.

Funk AC. The heat-treatment of stainless steel. Angle Orthod
1951;21:129-38.

Drake SR, Wayne DM, Powers JM, Asgar K. Mechanical
properties of orthodontic wires in tension, bending, and
torsion. Am J Orthod 1982;82:206-10.

Tanbakuchi B, Bahador A. Nanoparticles in orthodontics.
A review article. ] Dent Med 2018;31:119-33.

39



Ameli, et al.: Nanoparticles and wire-bracket friction

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

Abiodun-Solanke ~ IM, Ajayi DM, Arigbede AO.
Nanotechnology and its application in dentistry. Ann Med
Health Sci Res 2014;4:171-7.

Bacela J, Labowska MB, Detyna ], Ziety A, Michalak I
Functional coatings for orthodontic archwires a review. Mater
2020;13:3257.

Dai W, Kheireddin B, Gao H, Liang H. Roles of nanoparticles
in oil lubrication. Tribol Int 2016;102:88-98.

Zhang H, Guo S, Wang D, Zhou T, Wang L, Ma J.
Effects of nanostructured, diamondlike, carbon coating
and nitrocarburizing on the frictional properties and
biocompatibility of orthodontic stainless steel wires. Angle
Orthod 2016;86:782-8.

Wang X, Yin Y, Zhang G, Wang W, Zhao K. Study on antiwear
and repairing performances about mass of nano-copper
lubricating additives to 45 steel. Phys Proc 2013;72:466.

Kumar R, Miinstedt H. Silver ion release from antimicrobial
polyamide/silver composites. Biomater 2005;26:2081-8.
Ruggiero A, Gomez E, Merola M. Experimental comparison
on tribological pairs UHMWPE/TIAL6V4 alloy, UHMWPE/
AISI316L austenitic stainless and UHMWPE/AL203 ceramic,
under dry and lubricated conditions. Tribol Int 2016;96:349-60.
Trajano MF, Franceschini DF, Silva EF, Correa MA, Bohn F,
Alves SM. Enhancement of Cu nanoparticles dispersion in
nanolubricants by magnetron sputtering deposition and its
influence on the tribological behavior. ] Tribol 2021;143:112101.
Padgurskas ], Rukuiza R, Prosycevas I, Kreivaitis R.
Tribological properties of lubricant additives of Fe, Cu and Co
nanoparticles. Tribol Int 2013;60:224-32.

Hu C, Bai M, Lv ], Liu H, Li X. Molecular dynamics investigation
of the effect of copper nanoparticle on the solid contact between
friction surfaces. Appl Surf Sci 2014;321:302-9.

Zhang Y, Xu Y, Yang Y, Zhang S, Zhang P, Zhang Z. Synthesis
and tribological properties of oil-soluble copper nanoparticles
as environmentally friendly lubricating oil additives. Indust
Lub Tribol 2015;67:227-232.

Na L, Zhou H, Han B, Zhang Y, Cao B. Friction properties of
orthodontic brackets coated with TiO2-xNy. Chin ] Tissue
Engin Res 2014;18:7621-26.

Wu Y, Tsui W, Liu T. Experimental analysis of tribological
properties of lubricating oils with nanoparticle additives. Wear
2007;262:819-25.

Ferraz M, Monteiro F, Manuel C. Hydroxyapatite nanoparticles:
A review of preparation methodologies. ] Appl Biomater
Biomech 2004;2:74-80.

Grocholewicz K, Matkowska-Cichocka G, Makowiecki P,
Drozdzik A, Ey-Chmielewska H, Dziewulska A, et al. Effect of
nano-hydroxyapatite and ozone on approximal initial caries:

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

A randomized clinical trial. Sci Rep 2020;10:1-8.

Muguruma T, Iijima M, Brantley WA, Nakagaki S, Endo K,
Mizoguchi I. Frictional and mechanical properties of diamond-
like carbon-coated orthodontic brackets. Eur ] Orthod
2013;35:21-6.

Akaike S, Kobayashi D, Aono Y, Hiratsuka M, Hirata A,
Hayakawa T, et al. Relationship between static friction and
surface wettability of orthodontic brackets coated with
diamond-like carbon (DLC), fluorine-or silicone-doped DLC
coatings. Diam Relat Mater 2016;61:109-14.

Baccetti T, Franchi L, Camporesi M, Defraia E. Orthodontic
forces released by low-friction versus conventional systems
during alignment of apically or buccally malposed teeth. Eur J
Orthod 2011;33:50-4.

Ramazanzadeh B, Jahanbin A, Yaghoubi M, Shahtahmassbi N,
Ghazvini K, Shakeri M, et al. Comparison of antibacterial effects of
ZnO and CuO nanoparticles coated brackets against Streptococcus
mutans. ] Dent 2015;16:200.

Metin-Giirsoy G, Taner L, Akca G. Nanosilver coated
orthodontic brackets: In vivo antibacterial properties and ion
release. Eur ] Orthod 2017;39:9-16.

Desai H, Gandhi FM, Patel K, Agrawal S. Comparison of
friction in sliding mechanics using different ligation methods
on ceramic bracket with metal slot and epoxy resin-coated
stainless steel esthetic wire: An in vitro study. J Indian Orthod
Soc 2019;53:101-8.

Ozyildiz F, Uzel A, Hazar AS, Giiden M, Olmez S, Aras I, et al.
Photocatalytic antimicrobial effect of TiO, anatase thin-film-
coated orthodontic arch wires on 3 oral pathogens. Turk J Biol
2014;38:289-95.

Pourhajibagher M, Sodagar A, Bahador A. An in vitro
evaluation of the effects of nanoparticles on shear bond
strength and antimicrobial properties of orthodontic
adhesives: A systematic review and meta-analysis study. Int
Orthod 2020;18:203-13.

Ciobanu CS, Iconaru SL, Chifiriuc MC, Costescu A,
Le Coustumer P, Predoi D. Synthesis and antimicrobial activity
of silver-doped hydroxyapatite nanoparticles. Biomed Res Int
2013;2013:916218.

Papageorgiou SN, Keilig L, Hasan I, Jager A, Bourauel C.
Effect of material variation on the biomechanical behaviour of
orthodontic fixed appliances: A finite element analysis. Eur |
Orthod 2016;38:300-7.

How to cite this article: Ameli N, Ghorbani R, Asadi S, Zarrinzade Z.
Investigation of the effects of orthodontic brackets coated by silver
hydroxyapatite, copper oxide, and titanium oxide nanoparticles on wire-
bracket friction. APOS Trends Orthod 2022;12:27-33.

APOS Trends in Orthodontics « Volume 12 « Issue 1 « January-March 2022 | 33



