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ABSTRACT
Statement of the Problem: During the orthodontic treatment, microbial plaques
may accumulate around the brackets and cause caries, especially in high-risk pa-
tients. Finding ways to eliminate this microbial plaque seems to be essential.
Purpose: The aim of this study was to compare the antibacterial effects of nano
copper oxide (CuO) and nano zinc oxide (ZnO) coated brackets against Streptococ-
cus mutans (S.mutans) in order to decrease the risk of caries around the orthodontic
brackets during the treatment.
Materials and Method: Sixty brackets were coated with nanoparticles of ZnO
(n=20), CuO (n=20) and CuO-ZnO (n=20). Twelve uncoated brackets constituted
the control group. The brackets were bonded to the crowns of extracted premolars,
sterilized and prepared for antimicrobial tests (S.mutans ATCC35668). The samples
taken after 0, 2, 4, 6 and 24 hours were cultured on agar plates. Colonies were count-
ed 24 hours after incubation. One-way ANOVA and Tukey tests were used for sta-
tistical analysis.
Results: In CuO and CuO-ZnO coated brackets, no colony growth was seen after
two hours. Between 0-6 hours, the mean colony counts were not significantly differ-
ent between the ZnO and the control group (p>0.05). During 6-24 hours, the growth
of S.mutans was significantly reduced by ZnO nanoparticles in comparison with the
control group (p< 0.001). However, these bacteria were not totally eliminated.
Conclusion: CuO and ZnO-CuO nanoparticles coated brackets have better antimi-
crobial effect on S.mutans than ZnO coated brackets.
Corresponding Author: Jahanbin A., Dept. of Orthodontics, School of Dentistry, Park Square, Mashhad,
Iran. Tel: +98-51-38829501 Fax: +98-51-38829500 Email: jahanbina@mums.ac.ir
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Introduction
White-spot lesions are the well-known side effect of
fixed orthodontic treatment. During orthodontic treat-
ment, increased proliferation of the facultative bacterial
population, including S.mutans, leads to a decrease in
pH which in turn can lead to development of white-spot
lesions and eventually to cavitation and caries extending

into the dentin. [1-3]
Recently, nanotechnology has legitimated the

development of new properties of materials. The shift
from microparticles to nanoparticles (<100nm in
diameter) comprises an increment in relation to the sur-
face area among other alterations in properties. A larger
surface area of the nanoparticles provides more
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Figure 1a: TEM scan of ZnO nanoparticles ( 30000 magnification) b: TEM scan of CuO nanoparticles ( 30000 magnification)

interfaces with other organic and inorganic molecules.
[4]

The antimicrobial properties of silver nanoparti-
cle, known as the most common nanoparticle, are well
recognized and numerous mechanisms for their bacteri-
cidal effects have been anticipated. [5-8] Silver ions are
broadly employed as bactericides in catheters, burn
wound care, and in the dental practice. [9]

Although only a few studies have reported the an-
tibacterial properties of copper and zinc nanoparticles,
they have also shown copper and zinc nanoparticles to
have a significant role as bactericidal agents. [4, 10-11]
In this regard, Sierra et al. showed a higher antimicrobi-
al effect against S.mutans of silver nanoparticles at low-
er concentrations than gold or zinc, which would permit
attaining imperative clinical effects with lesser toxicity.
[4] In another study, Ruparelia et al. demonstrated that
silver and copper nanoparticles have great promise as an
antimicrobial agent against E. coli, Bacillus subtilis, and
Staphylococcus aureus. Furthermore, their microbial
tests have suggested that for all cultures of Escherichia
coli (E. coli) and Staphylococcus aureus, the antimicro-
bial action of the silver nanoparticles was superior. [11]

As there are concerns regarding the biological
safety of silver nanoparticles (because of the closeness
of size of nanosilver to silver ions) and due to the pig-
mentation effect of silver nanoparticles on teeth, [5-7]
ZnO and CuO nanoparticles were used in this investiga-
tion. The purpose of this study was to examine the an-
timicrobial effects of coated brackets with ZnO and
CuO nanoparticles against S.mutans.

Materials and Method
For preparation of CuO nanoparticles, aqueous solution

of copper acetate (0.02 M) was prepared in round bot-
tom flask. Then, 1 mL glacial acetic acid was added to
the above-mentioned aqueous solution and heated to
100 ! C with constant stirring. About 0.4 g of NaOH was
added to the heated solution till pH reached 6-7.
A large amount of black precipitate was formed imme-
diately. It was centrifuged and washed 3-4 times with
de-ionized water. The obtained precipitate was dried in
air for 24 hours. [12]In order to prepare ZnO nanoparti-
cles, sodium hydroxide solution was added to the aque-
ous solution of zinc sulfate slowly dropwise in a ratio of
1:2 under vigorous stirring and the stirring was contin-
ued for 12 hours. The precipitate obtained was filtered
and washed thoroughly with de-ionized water. The pre-
cipitate was dried in an oven at 100! C and ground to
fine powder. [13-14]

The size and morphology of ZnO and CuO nano-
particles was examined using a transmission electron
microscope (TEM; Philips CM200, Netherlands). Ac-
cording to the TEM evaluation, the mean diameter of
ZnO and CuO nanoparticles was 45 and 37 nm, respec-
tively (Figure 1).In this study, spray pyrolysis was used
for bracket coating. The spray pyrolysis is an excellent
method for deposition of thin films of metallic oxides,
in which, a starting solution, containing metal precur-
sors is sprayed by means of a nozzle, assisted by a carri-
er gas, over a hot substrate. When the fine droplets
reach the hot substrate, the solid compounds react on the
surface and a new chemical compound is developed. It
should be noted that this coating was only bonded to the
metal surface. [15] The coating was approved by using
scanning electron microscope (SEM; Philips XL30,
Netherlands) (Figure 2).

For ensuring the antimicrobial feature of nanopart-
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icles and because of the easy deposition of nanoparticles
on glass slides, CuO and ZnO thin films were deposited
onto glass substrates at 400 "C by spray pyrolysis. After
performing antimicrobial tests, steel pieces in the size of
2 1 cm were used for sequent deposition on the metal.
The final step of sequent deposition was done on the
orthodontic brackets.

Figure 2: SEM scan of bracket coated with CuO-ZnO nano-
particles ( 30000 magnification)

This study used 72 orthodontic brackets of upper
premolar teeth with 0.018 inch slots (Dentaurum;
Pforzheim, Germany) that were divided into four
groups. In ZnO group, the brackets were covered with
ZnO nanoparticles (20 brackets). In CuO group the
brackets were covered with CuO nanoparticles (20
brackets). In ZnO-CuO group, the brackets were cov-
ered with CuO and ZnO nanoparticles with 1:1 ratio (20
brackets). In the control group, the brackets were pre-
pared without any special cover (12 brackets).

Seventy-two upper first premolars extracted for
orthodontic purposes were selected and stored in dis-
tilled water at room temperature until required. No teeth
had carious lesions or enamel surface defects. Their
crowns were cut and their endings were blocked by
flowable composite (Heliomolar; Ivoclar Vivadent AG,
Principality of Liechtenstein). The buccal surface of
each premolar was conditioned with phosphoric acid
35% (Dent Zar Inc; USA). A standard edgewise twin
metal bracket (Dentaurum; Pforzheim, Germany) was
bonded with a self-cured composite (Alfa Dent; Prime
Dent, USA) to the center of the buccal surface of each
tooth. Then, the teeth and brackets were sterilized by an
autoclave at 120"C and a pressure of 15 psi. In this
study we used the reference strain of S.mutans (ATCC
35668) derived from the American Type Culture Colle-

ction (ATCC; Manassas, Virginia, USA).
The standard sample of S.mutans was cultured and

a suspension containing bacteria in a logarithmic phase
with a concentration of 1.5 108 CFU.ml-1 was pre-
pared. Subsequently, the suspension was diluted by
physiologic serum to decrease the suspension concentra-
tion to 1.5 105 CFU/mL.

Each sample was placed in a separate test tube.
Then 1 mL of the bacterial suspension was added to the
teeth and brackets which were previously sterilized in
an autoclave. Consequently, the teeth and bonded
brackets were completely covered with the bacterial
suspension. The samples were incubated in a shaker
incubator at 37"C using 180 shakes per minute.
The suspension (10µL) was taken from each tube in
intervals of 0, 2, 4, 6 and 24 hours and were cultured on
the plates containing nutrient medium (Brain Heart
Agar + Sheep Blood Agar). The number of colonies was
counted and recorded 24 hours after incubation.

The data were analyzed by SPSS software, ver-
sion 15. One-way ANOVA and Tukey tests were used
for statistical analysis.

Table 1: The mean#SD of the counted number of colonies in
various groups in intervals of 0, 2, 4, 6 and 24 hours

Group Time
(hour)

Mean
(CFU) SD No.

of Samples

ZnO

0 140.84 65.79 19
2 96.78 46.19 19
4 96.10 75.64 19
6 55.89 51.95 19
24 219.32 304.53 19

CuO

0 145.20 65.77 20
2 8.80 22.76 20
4 0 0 20
6 0 0 20
24 0 0 20

ZnO-CuO

0 134.10 69.78 20
2 0 0 20
4 0 0 20
6 0 0 20
24 0 0 20

Control

0 165.91 53.19 12
2 139.33 43.71 12
4 135.08 68.93 12
6 117.75 66.68 12
24 921.25 823.68 12

Results
According to Table 1, in ZnO coated brackets, one sam-
ple was omitted in each interval because of bacterial
contamination. Table 1 shows that in the CuO and ZnO-
CuO groups, bacterial population reduced to zero within

Arch
ive

 of
 SID

m

Arch
ive

 of
 SID

m;

Arch
ive

 of
 SID

;
f

Arch
ive

 of
 SID

fo

Arch
ive

 of
 SID

ofof

Arch
ive

 of
 SID

fof u

Arch
ive

 of
 SID

ur

Arch
ive

 of
 SID

ruru

Arch
ive

 of
 SID

uru
e

Arch
ive

 of
 SID

er

Arch
ive

 of
 SID

re

Arch
ive

 of
 SID

ed

Arch
ive

 of
 SID

d w

Arch
ive

 of
 SID

wit

Arch
ive

 of
 SID

ith

Arch
ive

 of
 SID

hithit

Arch
ive

 of
 SID

ithit
O

Arch
ive

 of
 SID

O g

Arch
ive

 of
 SID

gro

Arch
ive

 of
 SID

rou

Arch
ive

 of
 SID

up

Arch
ive

 of
 SID

pupu

Arch
ive

 of
 SID

upu t

Arch
ive

 of
 SID

th

Arch
ive

 of
 SID

htht

Arch
ive

 of
 SID

tht e

Arch
ive

 of
 SID

e
a

Arch
ive

 of
 SID

an

Arch
ive

 of
 SID

nana

Arch
ive

 of
 SID

ana op

Arch
ive

 of
 SID

opa

Arch
ive

 of
 SID

ar

Arch
ive

 of
 SID

rara

Arch
ive

 of
 SID

ara ti

Arch
ive

 of
 SID

tirtir

Arch
ive

 of
 SID

rtir c

Arch
ive

 of
 SID

cl

Arch
ive

 of
 SID

le

Arch
ive

 of
 SID

es

Arch
ive

 of
 SID

s (20

Arch
ive

 of
 SID

(20
br

Arch
ive

 of
 SID

brac

Arch
ive

 of
 SID

ack

Arch
ive

 of
 SID

ke

Arch
ive

 of
 SID

et

Arch
ive

 of
 SID

ts

Arch
ive

 of
 SID

s w

Arch
ive

 of
 SID

we

Arch
ive

 of
 SID

er

Arch
ive

 of
 SID

re

Arch
ive

 of
 SID

e c

Arch
ive

 of
 SID

co

Arch
ive

 of
 SID

ov-

Arch
ive

 of
 SID

v-
r

Arch
ive

 of
 SID

rti

Arch
ive

 of
 SID

tirtir

Arch
ive

 of
 SID

rtir c

Arch
ive

 of
 SID

cl

Arch
ive

 of
 SID

le

Arch
ive

 of
 SID

es

Arch
ive

 of
 SID

s w

Arch
ive

 of
 SID

wit

Arch
ive

 of
 SID

ith

Arch
ive

 of
 SID

hithit

Arch
ive

 of
 SID

ithit 1

Arch
ive

 of
 SID

1:

Arch
ive

 of
 SID

:1

Arch
ive

 of
 SID

1 r

Arch
ive

 of
 SID

ra

Arch
ive

 of
 SID

ati

Arch
ive

 of
 SID

tio

Arch
ive

 of
 SID

o (20

Arch
ive

 of
 SID

(20
ro

Arch
ive

 of
 SID

rou

Arch
ive

 of
 SID

up

Arch
ive

 of
 SID

pupu

Arch
ive

 of
 SID

upu ,

Arch
ive

 of
 SID

, t

Arch
ive

 of
 SID

th

Arch
ive

 of
 SID

htht

Arch
ive

 of
 SID

tht e

Arch
ive

 of
 SID

e br

Arch
ive

 of
 SID

brac

Arch
ive

 of
 SID

ack

Arch
ive

 of
 SID

ke

Arch
ive

 of
 SID

et

Arch
ive

 of
 SID

ts

Arch
ive

 of
 SID

s w

Arch
ive

 of
 SID

we

Arch
ive

 of
 SID

er

Arch
ive

 of
 SID

re

Arch
ive

 of
 SID

e pr

Arch
ive

 of
 SID

pr
l

Arch
ive

 of
 SID

l c

Arch
ive

 of
 SID

co

Arch
ive

 of
 SID

ov

Arch
ive

 of
 SID

ve

Arch
ive

 of
 SID

er

Arch
ive

 of
 SID

r (12 br

Arch
ive

 of
 SID

(12 brac

Arch
ive

 of
 SID

ack

Arch
ive

 of
 SID

ke

Arch
ive

 of
 SID

et

Arch
ive

 of
 SID

ts

Arch
ive

 of
 SID

s).

Arch
ive

 of
 SID

).
pp

Arch
ive

 of
 SID

ppe

Arch
ive

 of
 SID

er

Arch
ive

 of
 SID

r f

Arch
ive

 of
 SID

fi

Arch
ive

 of
 SID

ifif

Arch
ive

 of
 SID

fif r

Arch
ive

 of
 SID

rs

Arch
ive

 of
 SID

st

Arch
ive

 of
 SID

t pr

Arch
ive

 of
 SID

pre

Arch
ive

 of
 SID

em

Arch
ive

 of
 SID

mo

Arch
ive

 of
 SID

ol

Arch
ive

 of
 SID

la

Arch
ive

 of
 SID

ar

Arch
ive

 of
 SID

rara

Arch
ive

 of
 SID

ara s

Arch
ive

 of
 SID

s e

Arch
ive

 of
 SID

ex

Arch
ive

 of
 SID

x
rpo Arch

ive
 of

 SID

rpos Arch
ive

 of
 SID

se Arch
ive

 of
 SID

es Arch
ive

 of
 SID

s w Arch
ive

 of
 SID

weArch
ive

 of
 SID

erArch
ive

 of
 SID

reArch
ive

 of
 SID

e sArch
ive

 of
 SID

seArch
ive

 of
 SID

elArch
ive

 of
 SID

lecArch
ive

 of
 SID

ectArch
ive

 of
 SID

teArch
ive

 of
 SID

edArch
ive

 of
 SID

d aArch
ive

 of
 SID

anArch
ive

 of
 SID

nanaArch
ive

 of
 SID

ana dArch
ive

 of
 SID

d
m Arch

ive
 of

 SID

m t Arch
ive

 of
 SID

te Arch
ive

 of
 SID

em Arch
ive

 of
 SID

mpArch
ive

 of
 SID

pmpm Arch
ive

 of
 SID

mpm eArch
ive

 of
 SID

erArch
ive

 of
 SID

raArch
ive

 of
 SID

atArch
ive

 of
 SID

tuArch
ive

 of
 SID

ututArch
ive

 of
 SID

tut rArch
ive

 of
 SID

ruruArch
ive

 of
 SID

uru eArch
ive

 of
 SID

e unArch
ive

 of
 SID

untilArch
ive

 of
 SID

tiluntilunArch
ive

 of
 SID

untilun
or Arch

ive
 of

 SID

or eArch
ive

 of
 SID

enArch
ive

 of
 SID

naArch
ive

 of
 SID

amArch
ive

 of
 SID

meArch
ive

 of
 SID

elArch
ive

 of
 SID

l
h
Arch

ive
 of

 SID

he
Arch

ive
 of

 SID

ei
Arch

ive
 of

 SID

ir
Arch

ive
 of

 SID

r

c

Arch
ive

 of
 SID

c
s

Arch
ive

 of
 SID

s w

Arch
ive

 of
 SID

we

Arch
ive

 of
 SID

er

Arch
ive

 of
 SID

re

Arch
ive

 of
 SID

e
ng

Arch
ive

 of
 SID

ng 180

Arch
ive

 of
 SID

180 s

Arch
ive

 of
 SID

sh

Arch
ive

 of
 SID

ha

Arch
ive

 of
 SID

ak

Arch
ive

 of
 SID

ke

Arch
ive

 of
 SID

es

Arch
ive

 of
 SID

s p

Arch
ive

 of
 SID

p
(10

Arch
ive

 of
 SID(10µ

Arch
ive

 of
 SIDµL

Arch
ive

 of
 SIDL)

Arch
ive

 of
 SID) w

Arch
ive

 of
 SIDwa

Arch
ive

 of
 SIDas

Arch
ive

 of
 SIDs t

Arch
ive

 of
 SIDta

Arch
ive

 of
 SIDak

Arch
ive

 of
 SIDke

Arch
ive

 of
 SIDen

Arch
ive

 of
 SIDn f

Arch
ive

 of
 SIDfro

Arch
ive

 of
 SID rofrof

Arch
ive

 of
 SIDfrof m

Arch
ive

 of
 SID m
,

Arch
ive

 of
 SID, 2

Arch
ive

 of
 SID2,

Arch
ive

 of
 SID, 4

Arch
ive

 of
 SID4,

Arch
ive

 of
 SID, 6

Arch
ive

 of
 SID6 a

Arch
ive

 of
 SIDan

Arch
ive

 of
 SIDnana

Arch
ive

 of
 SIDana d

Arch
ive

 of
 SIDd 24

Arch
ive

 of
 SID24 h

Arch
ive

 of
 SIDho

Arch
ive

 of
 SIDou

Arch
ive

 of
 SIDur

Arch
ive

 of
 SIDruru

Arch
ive

 of
 SIDuru s

Arch
ive

 of
 SIDs a

Arch
ive

 of
 SIDan

Arch
ive

 of
 SIDnana

Arch
ive

 of
 SIDana d

Arch
ive

 of
 SIDd

s

Arch
ive

 of
 SIDs c

Arch
ive

 of
 SIDco

Arch
ive

 of
 SIDon

Arch
ive

 of
 SIDnt

Arch
ive

 of
 SIDtntn

Arch
ive

 of
 SIDntn a

Arch
ive

 of
 SIDai

Arch
ive

 of
 SIDin

Arch
ive

 of
 SIDni

Arch
ive

 of
 SIDing

Arch
ive

 of
 SIDng nu

Arch
ive

 of
 SIDnut

Arch
ive

 of
 SIDtnutnu

Arch
ive

 of
 SIDnutnu r

Arch
ive

 of
 SIDrtrt

Arch
ive

 of
 SIDtrt i

Arch
ive

 of
 SIDie

Arch
ive

 of
 SIDen

Arch
ive

 of
 SIDnt

Arch
ive

 of
 SIDtntn

Arch
ive

 of
 SIDntn m

Arch
ive

 of
 SIDm

+

Arch
ive

 of
 SID+ S

Arch
ive

 of
 SIDSh

Arch
ive

 of
 SIDhee

Arch
ive

 of
 SIDeep

Arch
ive

 of
 SIDp B

Arch
ive

 of
 SIDBl

Arch
ive

 of
 SIDlood

Arch
ive

 of
 SIDood A

Arch
ive

 of
 SIDAg

Arch
ive

 of
 SIDga

Arch
ive

 of
 SIDar).

Arch
ive

 of
 SIDr).ar).a

Arch
ive

 of
 SIDar).a T

Arch
ive

 of
 SIDTh

Arch
ive

 of
 SIDh

o

Arch
ive

 of
 SID

oun

Arch
ive

 of
 SID

unt

Arch
ive

 of
 SID

tuntun

Arch
ive

 of
 SID

untun e

Arch
ive

 of
 SID

ed

Arch
ive

 of
 SID

d a

Arch
ive

 of
 SID

an

Arch
ive

 of
 SID

nana

Arch
ive

 of
 SID

ana d

Arch
ive

 of
 SID

d r

Arch
ive

 of
 SID

rec

Arch
ive

 of
 SID
ecord

Arch
ive

 of
 SID

orde

Arch
ive

 of
 SID

ed

Arch
ive

 of
 SID

d 24

Arch
ive

 of
 SID

24 h

Arch
ive

 of
 SID

h
T

Arch
ive

 of
 SID

Th

Arch
ive

 of
 SID

he

Arch
ive

 of
 SID

e d

Arch
ive

 of
 SID

da

Arch
ive

 of
 SID

at

Arch
ive

 of
 SID
ta

Arch
ive

 of
 SID
a w

Arch
ive

 of
 SID

we

Arch
ive

 of
 SID

er

Arch
ive

 of
 SID

re

Arch
ive

 of
 SID

e
s

Arch
ive

 of
 SID

si

Arch
ive

 of
 SID

io

Arch
ive

 of
 SID

on

Arch
ive

 of
 SID

n 15

Arch
ive

 of
 SID

15.

Arch
ive

 of
 SID

. O

Arch
ive

 of
 SID

On

Arch
ive

 of
 SID

ne

Arch
ive

 of
 SID

e-

Arch
ive

 of
 SID
-w

Arch
ive

 of
 SID
wa

Arch
ive

 of
 SID

ay

Arch
ive

 of
 SID

yaya

Arch
ive

 of
 SID

aya
f

Arch
ive

 of
 SID

for

Arch
ive

 of
 SID

orforf

Arch
ive

 of
 SID

forf s

Arch
ive

 of
 SID

st

Arch
ive

 of
 SID

ta

Arch
ive

 of
 SID

ati

Arch
ive

 of
 SID

tis

Arch
ive

 of
 SID

sti

Arch
ive

 of
 SID

tica

Arch
ive

 of
 SID

cal

Arch
ive

 of
 SID

l a

Arch
ive

 of
 SID
a

Arch
ive

 of
 SID

Arch
ive

 of
 SID

T

Arch
ive

 of
 SID

TT

Arch
ive

 of
 SID

Ta

Arch
ive

 of
 SID

ab

Arch
ive

 of
 SID

bl

Arch
ive

 of
 SID

le

Arch
ive

 of
 SID

e 1

Arch
ive

 of
 SID

1

Arch
ive

 of
 SID

v

Arch
ive

 of
 SID

vv

Arch
ive

 of
 SID

va

Arch
ive

 of
 SID

ari

Arch
ive

 of
 SID

riaria

Arch
ive

 of
 SID

aria ou

Arch
ive

 of
 SID

ou

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

www.SID.ir

www.sid.ir


Comparison of Antibacterial Effects of ZnO and CuO Nanoparticles Coated Brackets against … Ramazanzadeh B., et al.

203

two hours. The ZnO group, in comparison with the con-
trol group was effective in decreasing the number of
S.mutans colonies, but had less antimicrobial effect
compared with the two former groups. Mean difference
in the number of colonies in the interval of 0 to 2 hours,
4 to 6 hours, and 6 to 24 hours in different groups were
compared by the One-way ANOVA (Table 2). The re-
sults revealed a significant difference in the intervals of
0 to 2, 4 to 6, 6 to 24 hours; however, between 2 to 4
hours the mean difference in colony counts was not
significant.

Table 2: Comparison of the change in the number of
colonies in the studied groups in different intervals

Variation in colony count in
various intervals between groups DF P-value

0-2 hours 3 0.000*
2-4 hours 3 0.940
4-6 hours 3 0.001*

6-24 hours 3 0.000*

*Significant p< 0.05 

The Tukey test showed that the mean differences
were statistically significant among all the study groups
except in ZnO-CuO group (p= 0.999), as well as in the
ZnO and control groups (p=0.844) with an interval of 0
to 2 hours (Table 3). As illustrated in Table 4, the anti-
microbial effect of the ZnO group in the interval of 6 to
24 hours showed a statistically significant difference
(p<0.001). Based on the Tukey test in the paired com-
parison of groups in the interval of 0 to 24 hours, all of
the groups were significantly different (p<0.05) except
the CuO and ZnO-CuO groups (p= 0.998). In the ZnO,
CuO and ZnO-CuO groups, the number of colonies in
different intervals was lower than the control group.
(Table 5)

Discussion
Nanotechnology has opened new trends in health. One

of its most interesting characteristics is the antimicrobial
feature that some nanoparticles demonstrate. [4-5, 7]

According to Table 1, the best findings were ob-
served in group CuO and ZnO-CuO, which reduced the
bacterial population to zero within two hours. The ZnO
group, in comparison with the control group, was also
effective in decreasing the number of S.mutans colonies
but had less antimicrobial effects compared with the two
former groups.

In the ZnO and control groups, we observed a de-
crease in the number of bacteria between 0 to 6 hours
(Table 2). This may be due to the reduction of nutrients
as a result of the dilution of bacterial suspension; bacte-
rial growth was not observed in the lag phase and as
they continued to die naturally, the population of micro-
organisms decreased as time passed. [4-5]

Between 6 to 24 hours, an increase in the bacterial
population was observed in the control, as well as in
ZnO groups, which may be related to the long interval
of 18 hours between the two colony counts. However,
the rate of bacterial growth was lower in the ZnO group
because of its bacteriostatic characteristics. This may be
due to the fact that the microorganisms had adapted to a
new environment and their entrance into the logarithmic
growth phase was probable.

Many studies examined the effects of different
nanoparticles on various bacterial strains. [11, 18-20]
One of the important mechanisms of the antimicrobial
effects of nanoparticles is the destruction of the micro-
organism membrane. [5, 16-17] As Bacillus subtilis and
S. mutans are both gram-positive bacteria, it may be
expected that Cu nanoparticles may also affect S. mu-
tans, as their anti-microbial effects on S. mutans were
observed in our study.

In the study by Ruparelia et al., the antimicrobial
effect of Cu and silver nanoparticles against different
types of bacteria was investigated and they concluded t-

Table 3: Comparison of groups two by two in the interval of 0 to 2 hours

Group I Group J Mean Difference (I-J) Standard Error P-value Confidence Interval
Lower Bound Upper Bound

ZnO
CuO -92.40 18.48 0.000* -141.13 -43.66

ZnO-CuO -90.10 18.48 0.000* -138.83 -41.36
Control 17.41 21.20 0.844 -38.48 73.31

CuO ZnO-CuO 2.30 17.99 0.999 -45.13 49.73
Control 109.81 20.77 0.000* 55.04 164.58

ZnO-CuO Control 107.51 20.77 0.000* 52.74 162.28

*Significant p< 0.001
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Table 4: Comparison of change in the number of colonies in different intervals between ZnO and the control group

Time (hours) Mean difference (I-J) Standard Error P-value Confidence Interval
Lower Bound Upper Bound

2-4 -1.08 16.59 1.000 -44.82 42.66
4-6 20.16 11.76 0.325 -10.83 51.17
6-24 643.76 1.36 0.000* 283.74 1003.77

*Significant p< 0.001

hat bacterial sensitivity to nano particles varied depend-
ing on microbial species. [11] In the study by Yoon et
al., Cu nanoparticles showed favorable anti-microbial
effects on E-coli and Bacillus subtilis, which is in
agreement with the results obtained by Ruparelia et al.
[18] In the study conducted by Adams et al., the anti-
bacterial effect of ZnO nanoparticles on Bacillus subtilis
and E-coli was showed. [19]

Another study showed that ZnO-Parylene-glass
composites had a significant antibacterial activity
against E-coli (gram-negative) and Staphylococcus au-
reus (gram-positive) strains. [20] In this regard, few
studies have been published on the antimicrobial feature
of CuO and ZnO nanoparticles against S. mutans. [4]

In the study performed by Hern$ndez-Sierra et al.,
the antimicrobial effect of ZnO nanoparticles was in
agreement with our findings. In their study, the colloidal
nanoparticles were studied but in our study sequent
deposition of nanoparticles on the bracket surfaces were
scrutinized. [4] There was an unfavorable color change
in brackets after heating at high temperatures. Consider-
ing that ZnO nanoparticles are transparent, it was hard
to differentiate them from uncoated glasses when they
were deposited on glass. However, when the brackets
were deposited with ZnO nanoparticles at 400"C, the
color of the bracket changed briefly to very light gold,
which was just as beautiful as steel brackets.

In the CuO and ZnO-CuO groups, the color of the
brackets changed to copper, which was cosmetically
unsuitable (Figure 3).

Considering that fact that brackets in the mouth

are in contact with saliva, abrasions caused by a tooth-
brush and toothpaste and different types of foods and
drinks with various temperatures and pHs, the authors
suggest to evaluate the stability of the coated layers in
the future studies.

Although the findings of this study on the antimi-
crobial effect of brackets in short-term were positive,
other investigations should be carried out in order to
prove our notion.

Figure 3: Brackets color changes after coating with CuO-ZnO
nanoparticles, CuO nanoparticles and ZnO nanoparticles in
comparison with controls (left to right).

Conclusion
In the short term, the antimicrobial effect of coated
brackets with CuO and ZnO-CuO nanoparticles on
S.mutans was excellent since after almost two hours the
number of bacteria were reduced to zero. The coated
brackets with ZnO nanoparticles ranked second due to
its antimicrobial effects which, although in comparison
with the control group caused dramatic reduction in the
number of mutans, it could not reduce the population of

Table 5: Paired comparison of groups based on the overall average of the number of colonies in the interval of 0 to 24 hours

Group I Group II Mean difference (I-II) Standard Error P-value Confidence Interval
Lower Bound Upper Bound

ZnO
CuO 90.98 24.42 0.001* 27.91 154.06

ZnO-CuO 94.96 24.42 0.001* 31.89 158.04
Control -174.07 28.11 0.001* -246.67 -101.43

CuO ZnO-CuO 3.98 24.11 0.998 -58.27 66.23
Control -265.06 27.84 0.000* -336.95 -193.17

ZnO-CuO Control -269.04 27.84 0.000* -340.93 -197.15

*Significant p< 0.05
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