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Abstract

Background: Silver ions act as potent antimicrobial agents. Silver coating of brackets and the archwires can help
reduce the formation of white spot lesions and caries which is commonly seen with fixed orthodontic treatment.
However, this may affect the friction and surface roughness of the bracket-wire assembly which in turn affects the
biological tooth movement.

Material and Methods: A total of 60 samples were included in the study which was divided into four groups.
Group-1: « 15 silver coated 0.022 x 0.028” slot MBT prescription maxillary central incisor brackets < 15 silver
coated 0.019 x 0.025” stainless-steel wires; Group-2: ¢ 15 uncoated 0.022 x 0.028” slot MBT prescription maxillary
central incisor brackets ¢ 15 silver coated 0.019 x 0.025” stainless-steel wires; Group-3: ¢ 15 silver coated 0.022 x
0.028” slot MBT prescription maxillary central incisor brackets ¢ 15 uncoated 0.019 x 0.025” stainless-steel wires;
Group-4: * 15 uncoated 0.022x0.028” slot MBT prescription maxillary central incisor brackets ¢ 15 uncoated 0.019
x 0.025” stainless-steel wires. All brackets and wires used were of American Orthodontics, St. Paul, USA. Surface
modification of wires and brackets was carried out using the Vacuum Coating Unit model by Thermal Vacuum
Evaporation method with silver nanoparticles (10 nm size). The frictional resistance of all brackets and wires was
checked using Universal Testing Machine.

Results: On comparison of maximum load, it was found that friction was highest in group 3, followed by group 1,
group 4 and group 2. The mean difference between all groups was found to be statistically significant with a P value
< 0.05. The Scanning Electron Microscope studies showed that the surface roughness of silver-coated wires and
brackets before the friction test was less compared to uncoated wire-bracket assembly. The surface roughness of the
bracket and wire after the friction test was as follows: *Bracket roughness: Group 4> Group 1> Group 2> Group 3
*Wire roughness: Group 4> Group 1> Group 2> Group 3.

Conclusions: This study concluded that friction was least when only the wire was coated with silver and the bracket
was uncoated and it was the most when the bracket was coated and the wire was uncoated. The surface roughness
after the friction test was the least when the wire was uncoated.

Key words: Silver nanoparticles, Frictional Resistance, Surface Roughness.
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Introduction

The main purpose of orthodontic treatment by fixed
appliances is to align the teeth thereby correcting their
function and enhancing their aesthetics. The fixed
appliances mainly include bands, brackets, arch wires
and auxiliaries. The design and surface characteristics of
these appliances influence plaque retention. Moreover,
these appliances make it difficult for patients to achieve
proper brushing and oral hygiene maintenance, which
increases the caries incidence (1,2). The mouth harbors
the most diverse bacterial communities in the human
body and a unique variation in oral microbiome structu-
re is observed according to the different surface proper-
ties of the oral structures (3). The complicated undercuts
on the orthodontic appliances lead to plaque accumu-
lation which changes the oral microbiome thereby in-
creasing the risk of enamel demineralization, white spot
formation, dental caries, gingival inflammation, and pe-
riodontal disease. The issue of bacterial infection can be
solved by adjusting the antimicrobial properties of the
surface of the metal prior to appliance application (4).
Various metals have been used for centuries as bacterici-
dal and bacteriostatic agents. Amongst them, silver ions
or salts are well known for their antimicrobial effects
since ancient times (5). Active silver ion is non-toxic to
mammalian cells but is active against numerous primi-
tive bacterial forms, fungi, or viruses. Thus, it seems an
exotic choice to be used as an antimicrobial agent (5).
Considering the effects of silver ions on plaque accu-
mulation in fixed appliance therapy and the effects of
frictional forces and surface roughness on the orthodon-
tic tooth movement, the assessment, and comparison
of surface topography and frictional resistance of the
silver ion coated and uncoated bracket wire system is
important. The comparison of frictional resistance and
surface roughness of silver-coated and uncoated wires
and silver-coated and uncoated brackets has been done
separately in various studies (6-8). However, to the best
of our knowledge, no study has been carried out on coa-
ting both the brackets and wire simultaneously with the
silver ion. Hence, this study focuses on the comparison
of frictional resistance and surface roughness of coated
and uncoated bracket wire assembly.

Material and Methods

-Study design and participants

This in-vitro study was carried out in the institute and
was approved by the Institutional Research and Ethical
Committee. The selection criteria included (1) 0.022 x
0.028” slots of McLaughin Bennett Trevisi (MBT) pres-
cription central incisor brackets (Maxillary central inci-
sor brackets, American Orthodontics, United States) and
(2) 0.019 x 0.025” SS wires (American Orthodontics,
United States). The defective wires and brackets were
excluded.
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-Study sample size

The sample size was estimated using the sample size
calculator. A minimum of 30 units (15 silver-coated
brackets and 15 silver-coated wires and 15 brackets
and wires without coating) were included in the present
study to estimate the mean difference of frictional force
0.33 N between two groups with SD 0.265 N at 99 %
confidence and 80 % power.

-Procedure of surface modification of stainless-steel wi-
res and brackets with silver nanoparticles

The vacuum coating instrument HINDHIVAC (Hind
High Vacuum Co., Bangalore) Vacuum Coating Unit
Model no-15 F6 (Fig. 1) was used for coating brackets

e C

Fig. 1: (A) Vacuum-Coating Unit Model, HINDHIVAC Vacuum-
Coating Unit Model no. 15 F6 (Hind High Vacuum Co., Bangalore),
helps in producing fine uniform, pure film coating of various met-
als; (B & C) Metal plates with testing apparatus- (B) central incisor
brackets mounted on metal plates and (C) universal testing machine
is used for checking frictional resistance

and wires. It produces homogeneous, thin, pure, uni-
form film coatings of various metals. This instrument
has facilities for ion cleaning (bombardment), thermal
evaporation, etc., with accessories for rotation, substra-
te heating, film thickness monitoring, etc. In this study,
thermal evaporation method was used for Surface mo-
dification of Stainless Steel wires and brackets. A thin
coating of 99.9% pure silver was done on orthodontic
brackets and wires. These appliances were coated with a
uniform thickness of 10nm which was measured in-situ
using a quartz crystal thickness monitor. The gas used
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for sputtering was argon (Ar) gas (7 sccm.) and its flow
was controlled by the mass flow controller (MFC, AAL-
BORG, Germany). Sputtering is a technique where the
target material to be used as the coating is bombarded
with ionized gas molecules causing atoms to be “sputte-
red” off into the plasma. These vaporized atoms are then
deposited as a thin film on the substrate to be coated. In
this study, 40 W DC sputtering power and 10 milli-torr
pressure were used.

In this study, the thickness of the silver nanoparticle film
was kept at 10 nm to avoid any significant alteration in
its dimension. Thirty Stainless Steel sheets were cut in
sizes of one inch wide and one inch in length. The ho-
rizontal and vertical reference lines were drawn on the
plate. Central incisor brackets were attached at the inter-
secting point of these reference lines. The experimental
procedure was carried out under dry conditions and at
room temperature using a Universal Testing Machine
(UTM) as shown in Fig. 1. The SS plate with the bracket
was attached to the friction testing device. The SS plate
with the bracket was fixed to the lower arm of UTM.
The straight part of the posterior segment of the wire
was cut up to 20 mm. This straight segment of each wire
was then ligated to the bracket with the ligature wire.
One end of the wire was fixed in the upper arm of UTM
and the other end of the wire was placed in the slot and
secured with ligature wire. The load cell registered the
force levels required to move the wire along the bracket;
this level was then transferred to a computer hard disk.
The wires were moved on the bracket at a crosshead
speed of Smm/min. The unit for calculating load values
of frictional resistance was Newton (N). After each test,
the testing machine was stopped, the bracket archwire
combination was removed and a new wire bracket as-
sembly was placed and tied with a new ligature wire and
the frictional resistance was tested. This experiment was
done for all 4 groups (Table 1) i.e., silver-coated wire
and bracket (Group 1), silver-coated wire and uncoated
bracket (Group 2), silver-coated bracket and uncoated
stainless-steel wire (Group 3), and uncoated wire and
bracket (Group 4).

Results

The descriptive statistics of the variables under study
showed that the mean load at the limit was 3.047 N and
the average maximum load was 6.955 N. Deflection at

Table 2: Descriptive Statistics.
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Table 1: Grouped samples.

Group Bracket Wire
Group 1 Coated Coated
Group 2 Uncoated Coated
Group 3 Coated Uncoated
Group 4 Uncoated Uncoated

the limit was almost the same for all the groups with the
lowest standard deviation value of 0.040 respectively
(Table 2).

The surface roughness of 2 bracket wire assembly, rando-
mly picked up from each group was checked using Scan-
ning Electron Microscope at 100x (coated and uncoated
brackets and wires before friction test and coated and un-
coated brackets after friction test) and 150x (coated and
uncoated wires after friction test) magnification at 20k V.
A comparison of maximum load using one way ANOVA
test showed that load at the limit, maximum load, and
deflection at maximum load had statistically significant
differences between the four groups under study. On
considering load at the limit, it was seen that Group 1
had higher friction, followed by Group 4. For maximum
load, again Group 3 had the highest friction followed by
Group 1. However, considering deflection at maximum
load it was seen that, the friction was higher for Group
2 (Table 3). On comparison of maximum load, it was
found that the friction was higher in Group 3, followed
by Group 1, Group 4, and then Group 2 respectively.
Post hoc Tukey test (Table 4) showed that for load at
the limit, the difference between Group 1 and Group 2,
Group 1| and Group 3, and Group 1 and Group 4 were
statistically significant with a mean difference of 4.6
N, 4.2 N and 3.9 N with p-value < 0.05. However, for
maximum load, findings showed that the mean differen-
ce between all the groups was found to be statistically
significant with p value < 0.05 respectively.

The SEM studies showed that the surface roughness of
silver-coated wires and brackets before the friction test
(Fig. 2) was less compared to the uncoated wire-bracket
assembly. Whereas the surface roughness of the bracket
and wire after the friction test was as follows (Figs. 3,4):
Bracket roughness: Group 4> Group 1> Group 2>
Group 3

Wire roughness: Group 4> Group 1> Group 2> Group 3

Dependent Variable Mean Median Std. Deviation Minimum Maximum
Load at limit 3.047N 2.04IN 3.092 0.098N 10.895N
Deflection at limit 4.988MM 4.996MM 0.040 4.76OMM 5.000MM
Maximum load 6.955N 4.106N 8.288 0.205N 40.255N
Deflection at maximum load 1.347MM 0.604MM 1.598 0.019MM 4.995MM
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Table 3: One-way ANOVA with post hoc Tukey test for comparison of the four group values.

Dependent Variable | Groups | n | Mean+ SD | Statistics/Mean squares F Significance
1 8 6.23+4.55
2 8 1.60+0.96
Load at Limit 36.870 5.556 .004
3 8 2.02+1.47
4 8 2.32+1.66
1 8 4.99+0.03
2 8 4.96+0.08
Deflection at limit .002 1.264 306
3 8 4.11+1.17
4 8 3.06+£2.12
1 8 9.69+7.58
2 8 2.09+1.25
Maximum load 175.388 3.064 .044
3 8 12.04+12.65
4 8 3.98+3.16
1 8 1.21£1.50
: 2 8 2.84+2.03
Deflection e . 8.638 4542 010
maximum loa 3 8 0.82+1.01
4 8 0.49+0.49
Table 4: Post Hoc Tukey test for intergroup comparison.
i i 95 % Confidence Interval
Dependent Variable Comparison ComPared .Mean Sig o
group with Difference | (p-value) | Lower Bound | Upper Bound
2 4.635 0.006 1.118 8.152
1 3 4213 0.014 0.697 7.730
4 3.907 0.025 0.391 7.424
Load at limit
5 3 -0.422 0.988 -3.939 3.095
4 -0.728 0.942 -4.244 2.789
3 4 -0.306 0.995 -3.822 3.211
2 7.595 0.021 2.735 17.924
1 3 -2.350 0.044 2.680 7.979
4 5.704 0.045 4.626 16.033
Maximum load
5 3 -9.945 0.012 0.274 1.384
4 -1.891 0.038 2.220 8.438
3 4 8.054 0.017 2.275 18.383
2 -1.623 0.110 -3.505 0.260
1 3 0.392 0.941 -1.490 2.275
Deflection at 4 0.719 0.726 -1.163 2.602
maximum load ) 3 2.0149750 0.032 0.132 3.898
4 2.3421250" 0.010 0.460 4.225
3 4 0.327 0.964 -1.555 2.210
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X100 100Mm

Fig. 2: (A). Coated Bracket before friction; (B). Coated Wire before friction; (C). Uncoated Bracket before fric-
tion; D. Uncoated Wire before friction

Fig. 3: (A) Group 1: Coated Bracket; (B) Group 2: Uncoated Bracket; (C) Group 3: Coated Bracket; (D)
Group 4: Uncoated Bracket
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Fig. 4: (A) Group 1: Coated Wire; (B) Group 2: Coated Wire; (C) Group 3: Uncoated Wire; (D) Group 4: Un-

coated Wire

Discussion

The fixed orthodontic appliances accelerate the plaque
accumulation rate which in turn causes enamel decalci-
fication and gingival inflammation. Various studies (9,
10) have found a relationship between the bacteria in
the oral cavity and fixed orthodontic treatment. It was
noted that there is an increase in the incidence of den-
tal caries and S. mutans bacterial counts with fixed or-
thodontic appliances. Not only cariogenic bacteria, the
colonization of periodontal pathogenic bacteria such as
P. nigrescens, P. intermedia, P. gingivalis, and F. nuclea-
tum was also found with the placement of orthodontic
appliances (3).

Adhesion of bacteria to the surface of fixed orthodon-
tic appliances is an extremely complicated process that
is affected by many factors like environmental factors,
bacterial properties and the material surface characteris-
tics such as bonding structure, surface charge, chemi-
cal composition, hydrophobicity and topography-rou-
ghness. Wang et al. (2). pointed out that carbon films
prevent bacterial adhesion and several authors (11-14)
have also reported that carbon films show antibacterial
properties.

Surface modification with a suitable element such as
gold, platinum, silver, zinc, copper, or a combination
of them has been proven to greatly increase antibacte-
rial properties. Amongst them, silver is known to be the
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most effective antibacterial agent since ancient times in
medicine and has been used in many different forms in
biomedical engineering with good effects (nanoparti-
cles, nanocomposite, colloids, foams, polymers, fibers,
etc.) to hinder the biofilm formation and hence the inci-
dence of infections (15). Silver is also effective against a
large range of fungi and viruses.

Metals and their alloys present with various physical and
mechanical properties. Amongst them, corrosion and
elemental release are some of the major disadvantages of
metals when used as biomaterials. Saliva, as it contains
bacteria, viruses, yeast, fungi, and their products may
cause corrosion of orthodontic appliances. The alloys
used in orthodontic appliances rely on the formation of
a passive oxide film to resist corrosion, but this layer
can be disrupted by chemical and mechanical attacks.
Moreover, orthodontic treatment with fixed appliances
provides a unique environment for the colonization of
microorganisms since these devices contain structural
irregularities that make it difficult for patients to main-
tain adequate oral hygiene (6).

Additional challenges like friction are also encountered
when using metals as orthodontic biomaterials. Frictio-
nal control is a major obstacle since a percentage of the
applied force is dissipated to overcome friction, while
the remaining percentage is transmitted to the suppor-
ting structures to induce tooth movement.
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The amount of archwire deformation is dependent on
the applied force and elasticity of the wire. Some of the
applied force is used to overcome the friction between
the bracket and the archwire. It is therefore conferred
that materials with low coefficients of friction should
be used for straight wire mechanics as they can reduce
the strain on anchorage and hence reduce the force le-
vels on the tooth. Numerous factors have an impact on
friction. Besides the alloy composition of the archwire,
the elasticity, the wire size, and the surface structure in-
cluding surface treatments also play an important role.
In situ studies have shown the influence of both friction
and biocompatibility on the surface characteristics of ar-
chwires. Plaque accumulation is affected by the surface
roughness which in turn affects the surface properties of
the wire (16).

In order to overcome such weaknesses, various kinds of
research have been conducted by coating the surface of
the archwire with different metals such as silver, gold,
zinc, molybdenum, etc., to render these materials more
suitable for orthodontic applications. Literature shows
that surface treatment of the archwires reduces friction
by up to 46 % (17).

Arash et al. (4) in one of their studies, electroplated the
brackets with silver films of 810 micrometer thickness
and did not find any significant improvements in the
frictional resistance. They hypothesized that the reason
why friction was not reduced was due to the increased
thickness of the deposited silver layer. However, with
the advent of nanoscience, pure silver can now be con-
verted into nanometer-sized particles which helps us use
the various benefits of pure silver (10) and enables the
coating of the ultra-thin layer of silver on the fixed or-
thodontic appliances. In our study, we have coated the
bracket-wire assembly with nanoparticles of silver of 10
nm thickness.

A study by Juan Francisco ef al. (6) was conducted to
compare the antibacterial properties of silver, gold,
and zinc nanoparticles against the S. mutans. Findings
showed that the nanoparticles of silver, as compared
with those of gold and zinc oxide, required a lower con-
centration to inhibit the development of the S. mutans
strains. These results suggest that silver nanoparticles
may be the most effective ions in controlling S. mutans
and therefore caries. Silver nanoparticles (Ag NPs) are
also effective against Gram-positive and Gram-negati-
ve bacteria, some antibiotic-resistant strains, and also,
against fungi and viruses. Hence, in our study, we coa-
ted the wire-bracket assembly with silver nanoparticles.
Gamze et al. (18) performed an in vivo study on nano
silver-coated orthodontic brackets placed on the man-
dibular incisors of Wistar Albino rats to evaluate the
antibacterial properties and ion release from the coated
brackets. The study showed that the nano silver-coa-
ted orthodontic brackets favoured the inhibition of the
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S. mutans and reduction of caries on smooth surfaces
which suggested that these brackets act as an antibacte-
rial agent without patient compliance and could be help-
ful for the prevention of white spot lesions during fixed
orthodontic treatment.

Ameli et al. (8) investigated the effects of orthodontic
brackets coated by silver hydroxyapatite (S-HAP), co-
pper oxide (CuO), and titanium oxide (TiO2) nanopar-
ticles on wire-bracket friction. In this in-vitro study, the
friction between wires (Stainless Steel and Nickel-Tita-
nium) and brackets were compared. The study concluded
that coating brackets with TiO2 and CuO nanoparticles
can reduce friction. Moreover, Niti round wires show the
least friction as compared to rectangular or round Stain-
less Steel wires with all types of brackets.

Mathew et al. (19) reviewed the effect of nanoparticle
coatings on frictional resistance (FR) of orthodontic
archwires in a systematic review and Meta-analysis. A
total of ten in vitro studies were included in the qua-
litative analysis and five studies were included in the
quantitative analysis for this review; eight of the inclu-
ded articles identified a significant decrease in FR of the
coated wires when compared to uncoated wires. There
was a significant reduction in FR of Nanoparticle (NP)
coated SS wires when compared with uncoated wires.
Hence both qualitative and quantitative assessments of
the available literature suggested a significant reduction
in FR of orthodontic archwires subjected to NP coating.
The antibacterial activity of silver nanoparticles is in-
fluenced by their size. There is an increase in biocom-
patibility and stability with a decrease in their size. The
smaller Ag-NPs have a higher surface area-to-volume
ratio, which allows them to readily penetrate biological
surfaces. Therefore, the smaller Ag-NPs are more toxic
than the larger particles.

The mechanism of action of silver involves the conti-
nuous release of nanoparticles of silver and the adhe-
rence to the cytoplasmic membrane. The adhered ions
enhance the permeability of the cytoplasmic membrane
and result in the disruption of the bacterial envelope. Af-
ter the uptake of free silver ions into cells, the respira-
tory enzymes are often deactivated, generating reactive
oxygen species but interrupting ATP production. The in-
teraction of silver ions with the sulphur and phosphorus
of DNA can cause problems in DNA replication, and cell
reproduction and may even lead to the termination of
the microorganism. Moreover, silver ions can inhibit the
synthesis of proteins by denaturing ribosomes within the
cytoplasm (20).

Various methods can be used to coat silver nanoparticles
on the wire-bracket system such as Physical vapor de-
position (PVD) (e.g., evaporation and sputtering), elec-
troplating, chemical vapor deposition, atomic layer de-
position, spin coating, spray pyrolysis, etc. In our study,
the bracket-wire assembly was coated by the sputtering
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method of Physical Vapour Deposition (PVD) in the Va-
cuum Coating Unit wherein argon (Ar) gas was used as
a sputtering gas. Pure silver (99.9 %) was used to obtain
a thin coating on the orthodontic wire and bracket. The
advantages of the PVD method are that it is relatively
safe and can be used on any inorganic material including
orthodontic brackets and wires. PVD coatings are some-
times harder and more corrosion-resistant than coatings
applied by electroplating processes (21). Most coatings
have high temperatures and good impact strength, ex-
cellent abrasion resistance. Moreover, the vacuum en-
vironment also provides the ability to reduce gaseous
contamination in the deposition system to a low level.
The disadvantages of coating by PVD are higher cost
and the process requiring complex machines that need
skilled operators.

As the efficiency of fixed appliance therapy depends on
the fraction of force delivered with relevance to the for-
ce applied, high frictional forces resulting from the in-
teraction between the bracket and therefore the guiding
arch-wire affect the treatment outcomes and duration in
a negative way. Methods and properties of arch-wire li-
gation have a very important role in generating friction.
Most investigations (22-24) have concluded that elas-
tomeric modules significantly increase the resistance to
sliding compared to the stainless-steel ligatures, especia-
lly when the latter are tied loosely. Hence in our study,
we’ve ligated the wire to the bracket with 0.008 mm
thick stainless steel ligature wire.

The results of this study suggested that the friction was
seen higher when the bracket was coated with silver na-
noparticles and the wire was uncoated (Group 1), whe-
reas the friction was lowest in the group with an uncoa-
ted bracket and coated wire (Group 2). The friction of
the bracket-wire assembly in descending order was as
follows: Group 3> Group 1> Group 4> Group 2.

The surface roughness of the bracket and wire after the
friction test was as follows: Bracket roughness: Group
4> Group 1> Group 2> Group 3.

Wire roughness: Group 4> Group 1> Group 2> Group 3.
In our study, when the bracket and wire were coated
with silver nanoparticles, it was found that the surface
roughness and the frictional resistance both were high
after the friction test was done. This could be because
of the wearing off of the surface coating when the wires
slid against the bracket.

When the wire was coated and the bracket was uncoated,
the surface roughness was less and the frictional resis-
tance of the same was reduced. This shows the shearing
forces when the coated wire was slid against the uncoated
bracket, which causes less wearing off, of the coating.
When both the brackets and wires were uncoated, the
surface roughness was the highest compared to the fric-
tional resistance. This could be due to the increased
shearing forces between the uncoated surfaces. This
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shows that the coating reduces the frictional resistance.
This infers that the surface roughness and frictional resis-
tance are the lowest when only the wire is coated, and the
bracket is uncoated whereas the frictional resistance was
highest when only the bracket was coated with silver ions.
However, since the friction is not only affected by the de-
gree of surface roughness but also by the geometry of the
roughness, orientation of roughness features, passive sur-
face film, and the relative hardness of the two contacting
surfaces (22), the variation between the surface roughness
and the frictional resistance among the different groups
needs further investigations and studies to be justified.
Orally administered silver in ionic and nanoparticula-
te forms has been described to be deposited in a wide
range of organs. Owing to advances in nanotechnology,
nanoparticles potentially decrease the required dosages
while increasing safety through reduced side effects. In
a study by Van der Zande et al. (26), less deposition was
observed following silver nanoparticle administration
than following ionic silver administration.

Our study was in-vitro and was focused on reducing
the chances of white spot lesions and bacterial adhesion
thereby reducing the incidence of caries which is most
commonly seen in fixed orthodontic therapy. Hence, we
have coated the bracket and wire with silver nanoparti-
cles which is a good antibacterial agent. However, with
every alteration made to the bracket-wire assembly, the-
re will be changes in their properties like friction and
surface roughness, which will in turn affect the ortho-
dontic tooth movement. Moreover, in the mouth, the
situation is much more complex and bracket archwire
interaction varies continuously, which can be stated as
the limitation of our study. Also, further studies are re-
quired regarding the toxicity of silver when used in-vivo
and more in-vivo evidence is needed regarding its anti-
microbial effects.

Conclusions

The results of the study suggested that:

* The friction was highest in group 3 (Coated bracket
and uncoated wire), followed by group 1 (Coated brac-
ket and wire), group 4 (Uncoated bracket and wire), and
was least in group 2 (Uncoated bracket and coated wire).
* The SEM studies suggested that the surface roughness
of silver-coated wires and brackets before the friction
test was less compared to the uncoated wire-bracket as-
sembly.

* The surface roughness of the bracket and wire after
the friction test was as follows: (i) Bracket roughness:
Group 4> Group 1> Group 2> Group 3 (ii) Wire rough-
ness: Group 4> Group 1> Group 2> Group 3.

Hence, we can conclude that the coating of brackets and
archwire improves the surface roughness, but frictional
resistance appears to be much more reduced when only
the wire is coated with silver nanoparticles.
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