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Abstract

Introduction: In fixed orthodontics, formation of white spot lesions, enamel demineralization, and tooth decay around appliances are
common complications which mar the outcome.

Aim: The aims of this study were the determination of the shear bond strength (SBS) and adhesive remnant index (ARI) of orthodontic
adhesive doped with N-GO, as well as the assessment of antimicrobial activities of the modified orthodontic adhesive against Streptococ-
cus mutans.

Materials and methods: N-GO was characterized by a scanning electron microscope (SEM), Fourier transformation infrared
(FTIR), X-ray diffraction (XRD), and Zeta potential. The SBS and ARI of modified orthodontics adhesive containing different concen-
trations of N-GO (0, 1, 2, 5, and 10 wt%) were then measured. The influences of adding N-GO on antimicrobial properties of orthodon-
tic adhesive were determined against S. mutans by disc agar diffusion (DAD) testing and biofilm formation inhibition assay.

Results: The SEM, FTIR, XRD, and Zeta potential analysis indicated the successful synthesis of N-GO. Orthodontics adhesive doped
with 5 wt% N-GO showed the highest concentration of N-GO and SBS value (21.71+7.45 MPa, p<0.05) simultaneously with no signifi-
cant differences in adhesive remnant index compared with the control group. SBS in the 1, 2, and 5% N-GO were significantly higher
than that in 10% N-GO (p=0.025, p=0.036, p=0.041, respectively). The disinfection ability of the modified orthodontic adhesive doped
with N-GO against S. mutans in the DAD and biofilm formation inhibition assays were positively associated with increased in N-GO
concentrations (p<0.05). However, the 5 and 10 wt% N-GO showed a statistically significant decrease the CFU/mL of the test microor-
ganisms in biofilm structures (p<0.05).

Conclusions: It could be concluded that 5 wt% of N-GO can be considered as an orthodontic adhesive additive to reduce the microbial
count and biofilm with no adverse effect on SBS and ARI.
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INTRODUCTION

In orthodontics, by introducing bonding techniques, the
banding method has been replaced by the use of bonded
brackets.! The bonding method has several advantages
in comparison with the banding method, including ease
of use and better hygiene control. However, the bonding
method also has disadvantages such as less bracket
strength, the possibility of further food impaction, as well
as increasing the risk of accumulation and formation of
biofilm of cariogenic bacteria including Streptococcus
mutans and the spread of plaque, followed by white spot
lesions and the risk of tooth decay around the brackets.??
Failure in the bracket bands during the treatment period
is one of the greatest failures in orthodontic treatment,
which increases the treatment time, increases the cost and
time of patient visits.*

According to a previous study, oral bacteria will be
increased significantly during orthodontic treatment.®
Previous studies have shown that the level of demineraliza-
tion in people who undergo orthodontic treatment is much
higher than that of others>® in whom the proportion of
adolescents is more than that of adults.”

Since achieving a successful orthodontic treatment and
reducing the risk of dental caries during treatment, and at
the same time, proper bonding of the bracket to the tooth
and having a sufficient bonding strength is of particular
importance, and given the development of nanotechnol-
ogy in the field of antibacterial property, particles nano-
graphene oxide (N-GO) has been proven.® Increased
water solubility, wide range, and tissue compatibility,
allow the use of N-GO in many biomedical applications.®®
In addition, the N-GO is superior in terms of cost-effective,
modifiable, non-toxic metal particles, low toxicity, better
biocompatibility, surface-to-volume ratio, and mechanical
properties.!? Today, the antimicrobial properties of N-GO
and its applications in the field of medicine and even other
sciences have been considered, and the decision to com-
bine these nanoparticles with resin composites used in
orthodontics was taken.!!

To our knowledge, no studies are available regarding
the antimicrobial and anti-biofilm efficacy of orthodontic
adhesive doped with N-GO against any cariogenic bacte-
ria. The success of antimicrobial and anti-biofilm effects
against cariogenic bacteria has encouraged the development
of a novel composite with antimicrobial property since car-
iogenic bacteria play an important role in the tooth decay
around the brackets and also breaks the composite band
due to the forces applied to the bracket.

AIM

The importance of this study is the determination of the
antimicrobial and anti-biofilm of orthodontic adhesive
doped with N-GO as well as maintenance of sufficient shear
strength of orthodontic light-curing composite in combi-

nation with N-GO toward the eradication of S. mutans as
the major cariogenic bacteria.

MATERIALS AND METHODS

Synthesis of N-GO

N-GO was produced using a modified hummer’s
method.!? In detail, 10 g of flake graphite, 6 g of KMnO,,
4 g of K,FeO,, and 0.01 g of H,BO, (all purchased from
Merck, Darmstadt, Germany) were dispersed in 100 mL
of concentrated H,SO, (Merck, Darmstadt, Germany) in a
flask and stirred vigorously by keeping it at less than 5°C
in a water bath. Then, 5 g of KMnO, was slowly added into
the solution and the mixture was then reacted for 3 h into a
water bath at 35°C. Deionized water was added slowly so
that the volume of the suspension was 400 mL while the
temperature was kept well below 98°C for 3 h. Afterward,
12 mL of 30 wt% H,O, aqueous solution (Merck, Darm-
stadt, Germany) was added to the mixture and then cen-
trifuged at 10000 rpm for 20 min. The supernatant was
decanted away and the residuals were then washed with 5%
HCI solution and deionized water repeatedly. Finally, the
product was dried at 60°C.

Characterization of synthesized N-GO

The microscopic morphologies of samples were characte-
rized by scanning electron microscopy (SEM; ZEISS, DSM
960A, Germany). The chemical structure of N-GO was
analyzed using Fourier transformation infrared (FT-IR)
spectroscopy (Thermo Fisher Scientific, Massachusetts, US)
with KBr pellet method. Also, the X-ray diffraction (XRD)
patterns were collected on the X’Pert PRO MPD, PANalyti-
cal Company, Netherlands with Cu-K (alpha) radiation and
the generator setting of 40 mA, 40 Kv. Also, the Zeta poten-
tial of N-GO was evaluated directly using the Smoluchowski
equation on a Malvern Zetasizer Nano ZS system.

Fabrication of N-GO adhesives

Transbond™ XT primer (3M Unitek, Monrovia, CA) supple-
mented with 0 (as the control), 1, 2, 5, and 10 wt% N-GO
were used. For the preparation of modified adhesive contai-
ning 1 wt% N-GO, 12.5 mg of N-GO was added to 0.11 g of
orthodontic adhesive by a mixing spatula in a dark condi-
tion to achieve uniform consistency of the modified adhe-
sive. In addition, to achieve modified adhesive containing 2
and 5 wt% N-GO, 25 and 62.5 mg of N-GO were blended
into 0.22 and 0.55 g of orthodontics adhesive, respectively,
in the condition mentioned above. For the preparation of
10% wt N-GO, 125 mg of N-GO was mixed with 1.1 mg of
the orthodontics adhesive. Afterward, the prepared samples
were de-molded, polished, and sterilized according to ISO
11135:1994 for medical devices!? before the tests.
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Mechanical assays of the modified
adhesive samples

Shear bond strength testing

After ethics committee approval was obtained from the
Ethics Commission of IR.NIMAD.REC.1397,101, 25
freshly extracted bovine incisors with intact buccal enamel
with no cracks or any lesions were used as a substitute for
human teeth.

Until preparation for shear bond strength measurement,
the teeth were immersed in 0.5% chloramine T trihydrate
(Sigma Aldrich Chemie GmbH, Taufkirchen, Germany)
for one week at 4°C according to ISO/TS 11405:2003.
Afterwards, they were embedded in cold-cure acrylic res-
in. The surfaces of all teeth were cleaned with a rotational
brush and polished with non-fluoridated pumice using
prophylactic rubber cups at low speed for 10 s, rinsed with
air-water spray for 10 s and air-dried for 10 s. The buccal
surfaces of all teeth were etched using 35% phosphoric acid
gel (Ultra etch; Ultradent Products Inc., South Jordan, UT,
USA) for 20 s, rinsed with water for 20 s, and air dried for
20 s. The prepared teeth were randomly arranged in five
groups (n=25). The etched area of the buccal surface of
teeth was then covered gently with a thin layer of adhesive
(3M Unitek, Monrovia, CA, USA) and light cured with
a LED light-curing unit (Demetron, Kerr, Orange, CA,
USA). Thereafter, orthodontic metal brackets were used
to bond all teeth according to the Felemban and Ebrahim’s
study (2017). After the bonding procedures, all the brackets
bond teeth were stored in distilled water for 24 h at 37°C.
Before shear bond strength testing, the brackets bond teeth
were thermocycled 3000 times in water bath between +5°C
and +55°C, remaining in each reservoir for 30 s according
to ISO/TS 11405:2015 guideline. A mechanical testing ma-
chine using Zwick/Roell, Germany with a speed of 1.0+0.1
mm/min in occlusal-gingival direction at the bracket-tooth
interface was utilized for shear bond testing. Eventually,
bond strength values were calculated in MPa as described
previously.!

Adhesive remnant index

Based on the Oliver study (Oliver 1986), adhesive remnant
index was determined using a stereomicroscope (SMZ800,
Nikon, Tokyo, Japan) at x10 magnification for analysis of
interpretation criteria of residual adhesive adhering to the
enamel surface.

Microorganism and growth conditions

Standard strain of Streptococcus mutans (ATCC 35668) was
purchased from Iranian Biological Resource Center (IBRC),
Tehran, Iran. S. mutans was cultured in brain heart infu-
sion (BHI) broth (Merck, Darmstadt, Germany) and was
incubated at 37°C for 24 h in aerobic atmosphere with 5%

Properties of N-GO as an Orthodontic Adhesive

CO,. To examine the antimicrobial efficacy of orthodontic
adhesive doped with N-GO, the test microbial suspensions
of approximately 1.5x10% colony forming units (CFUs)/mL
were prepared using both spectrophotometry (optical den-
sity [OD] 600 nm: 0.08-0.1) and colony counting.

Modified orthodontic adhesives samples
preparation

Metal molds with 5 mm in diameter and 1 mm thick were
used to make disc-shaped orthodontic adhesive patterns.
Orthodontic adhesive discs containing different concen-
trations of N-GO were made by the fabrication of N-GO
adhesives section. Based on a previous study!’, molds
containing adhesives were exposed to light cure for 40 s.
Finally, the de-molded samples were polished and sterili-
zed according the ISO 11135:1994."3

Antimicrobial testing

The influence of N-GO on antimicrobial features of ortho-
dontic adhesive by zones of growth inhibition around each
of samples, as well as the prevention of biofilm formation
of cariogenic biofilm-producing bacteria were determin-
ed using disc agar diffusion and biofilm inhibition tests,
respectively.

Disc agar diffusion test

According to the Clinical Laboratory Standards Institute
(CLSI) guideline'®, disc agar diffusion method was perfor-
med by applying the microbial suspensions of approxima-
tely 1.5x108 CFU/mL to the surface of BHI agar plates.!
Orthodontic adhesive discs containing different concentra-
tions of N-GO were then put on the BHI agar surface with
2 c¢m distance from each other. After incubation of plates
for 24 h at 37°C in aerobic atmosphere with 5% CO,, the
diameter of growth inhibition zones was measured.

Biofilm inhibition test

For the biofilm inhibition tests, 50 orthodontic adhesive
discs containing different concentrations of N-GO (n=10
in each concentration) were placed in the wells of the ste-
rile 96-well microtiter plates. Microbial suspensions with
a concentration of 1.5x108 CFU/mL were then added to
each well. The microtiter plates were then incubated under
aerobic atmosphere with 5% CO, at 37°C for 48 h. After
that, discs were rinsed in 1 mL of sterile phosphate-buffered
saline (PBS; pH 7.4) for 1 min to remove planktonic micro-
bial cells. Orthodontic adhesive discs were sonicated under
ultrasonic conditions with an ultrasonic power of 100 W
and a frequency of 30 kHz for 15 s. The obtained microbial
suspensions were then serially diluted and cultured in BHI
agar and the microbial colony counts were determined as
mentioned in the previous study.!” As described previous-
ly!5, one sample as a representative of each group was pro-
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cessed for scanning electron microscopic (SEM) analysis to
evaluate the effect of modified orthodontic adhesive discs
on bacterial biofilm.

Statistical analysis

The shear bond strength data were analyzed using one-way
analysis of variation (ANOVA) and Tukey’s honest signifi-
cant difference tests to compare the groups. Statistical ana-
lysis was performed using SPSS for Windows v. 22.0 (SPSS
Inc., Chicago, IL, USA). The level for statistical significance
was set at p<0.05.

RESULTS

The morphologies of synthesized N-GO

SEM analysis has confirmed the general structure of the
synthesized N-GO (Fig. 1a). The SEM micrographs of syn-
thesized N-GO shows the formation of N-GO sheets that
has a well-packed layered structure with wrinkled surface
morphology formed by the stacking of nano-sheets confir-
ming the successful exfoliation of N-GO.

The structures of synthesized N-GO

The average crystalline properties of the N-GO were de-
termined by XRD analysis. As shown in Fig. 1b, the broad
XRD reflection peak has been shown at 26=10.8° which
proved the successful synthesis of N-GO sheet. The surfa-
ce charge of N-GO was characterized using Zeta potential
that was estimated to be -13.6 mV (Fig. 1¢c). Moreover, the
structure and functional groups of the materials in N-GO
were investigated using FTIR spectra (Fig. 1d). The N-GO
sheet showed the adsorption bands at approximately 1731
cm! corresponding to carboxyl C=0, aromatic C=C at
approximately 1625 cm!, epoxy C-O at 1220 cm}, and al-
koxy C-O at 1056 cmL. Also, the peaks around 3390 cm™
were due to hydroxy —OH stretching vibrations.

The SBS test

Descriptive statistics of the SBS (MPa) of the different con-
centration of N-GO are shown in Table 1. Among the modi-
fied orthodontics adhesives, the samples with 1 wt% N-GO
showed the highest SBS value (26.67+10.06 MPa, p>0.05).
ANOVA showed that the lowest SBS values (5.54+2.19 MPa,
p<0.05) were reported in 10 wt% N-GO. It can be seen in
Table 1 that SBS decreased following an increase in the
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Figure 1. a) SEM image of the synthesized N-GO at 1000x magnification (scale bar represents 1 um); b) XRD patterns of the synthe-

sized N-GO; c¢) Zeta potential values of the synthesized N-GO; d)

FT-IR spectra of the synthesized N-GO.
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Table 1. The mean of shear bond strength (SBS) of bracket to enamel in the five groups

Orthodontics adhesive SBS (MPa)

with N-GO (%) (n=10 in each group) Minimum Maximum Mean + SD
0 17.47 40.31 30.81+12.31
1 15.72 36.28 26.67£10.06
2 14.84 33.56 23.97£8.71
5 12.98 29.23 21.71+7.45*
10 3.41 9.34 5.54+2.19%

SD: standard deviation, *p value <0.05

concentration of N-GO. Table 2 shows the pairwise com-
parison in the five groups in terms of SBS based on Tukey’s
HSD test, which revealed that SBS in the 1, 2, and 5% N-GO
groups were significantly higher than that in 10% N-GO
group (p=0.025, p=0.036, p=0.041, respectively).

Table 2. Pairwise comparison of five groups in terms of shear
bond strength of bracket to enamel

Groups p value
Control-1% N-GO 0.836
Control-2% N-GO 0.717
Control-5% N-GO 0.039%
Control-10% N-GO 0.003*
1% N-GO-2% N-GO 0.735
1% N-GO-5% N-GO 0.572
1% N-GO-10% N-GO 0.025*
2% N-GO-5% N-GO 0.614
2% N-GO-10% N-GO 0.036*
5% N-GO-10% N-GO 0.041*

Adhesive remnant index (ARI)

The frequencies of ARI scores in the test groups are
shown in Table 3. No significant difference was found
in the ARI scores between the different concentrations
of N-GO in orthodontic adhesive samples and control
group (p<0.05).

Table 3. The frequency of adhesive remnant index scores in the
test groups

Orthodontics ARI scores

adhesive

with N-GO (%) 0.00 1.00 2.00 3.00 4.00
(n=10 in each group)

0 0 2 2 3 4

1 1 2 3 3 3

2 0 2 3 3 3

5 1 3 3 3 3

10 1 5 4 2 1

Antimicrobial testing

Disc agar diffusion assay

The antimicrobial property of orthodontics adhesive discs
containing N-GO was assessed using the release of nano-
particles from the discs. As shown in Table 4, the zone of
growth inhibition was noted around 5 and 10 wt% N-GO
in S. mutans plates.

Table 4. The mean of Zone of inhibition growth of S. mutans

Orthodontics adhesive
with N-GO (%)

Zone of inhibition growth
of S. mutans (mm; +SD)

0 00+0.00

1 0.00+0.00
2 0.00£0.00
5 6.97+0.06*
10 8.65+0.09*

* p value < 0.05

Effects of N-GO on biofilm formation
ability

Based on the results in Figs 2 and 3, a reduction in viable
microbial cells was observed following an increase in per-
centages of N-GO incorporated into orthodontics adhesi-
ve. The results revealed that 5 and 10 wt% N-GO signifi-
cantly reduced S. mutans (3.23 Log, ; 50.9% and 3.67 Log, ;;
57.8%, respectively; p<0.05) colony counts.

DISCUSSION

One of the most complex problems in fixed orthodontic
treatment is to control the enamel demineralization around
the brackets used in the orthodontic treatments.'® Brackets
and appliances used in orthodontic treatments make it har-
der for the patient to have oral hygiene and the formation of
biofilms facilitates cariogenic bacteria and plaque accumu-
lation around patient’s brackets.!® Increasing the formation
of biofilms of cariogenic bacteria including S. mutans redu-
ces the pH of the microbial plaque and, as a result, increases
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Figure 2. Cell availability of S. mutans according to the percentages of N-GO incorporated into orthodontics adhesive.
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Figure 3. Cell viability of S. mutans according to the percentages

of N-GO incorporated into orthodontics adhesive.

the risk of dental caries.?’ According to the previous stu-
dy, the increase in S. mutans has been reported in the oral
cavity after the installation of fixed orthodontic appliances.?
Unlike the improvements that have been made to the ortho-
dontics appliances, the use of fixed orthodontic appliances
has been associated with a high risk of white spot lesions.?!
However, most demineralization is irreversible; it has be-
come a long-term concern for patients and orthodontists.??

Composites that are used as direct adhesive have a poly-
mer matrix; they can be environment suitable for coloniza-
tion and biofilm formation of cariogenic bacteria. Their ac-
cumulation can lead to premature deboning and eventually
decalcification of the enamel and periodontal diseases.?®

Therefore, new bonding techniques and materials have
been focused on anti-cariogenic characteristics. Previous
investigations have demonstrated that the failure rates of
orthodontic brackets increase following modification of
orthodontics adhesive via adding antimicrobial agents.!>2*

The literature shows that N-GO has been of intense
interest to many researchers for a broad spectrum of po-
tential application.®!! The N-GO is active because of sev-
eral chemical groups and it can form different interactions
between covalent and non-covalent, whose edges, due
to active oxygen species, show more activity than the
surface.”> The N-GO also contains some negative charge
that activates the oxygen groups on its surface. This results
in its high solubility (approximately 0.5 mg/mL), in water
or other polar solvents such as ethylene glycol, dimethyl-
formamide (DMF), n-ethyl-2-pyrrolidone (NMP) and
tetrahydrofuran (THF).26 A wide N-GO-specific surface,
with a large number of roots of carboxylic acid, hydroxide,
and epoxide on its surface, can connect with a variety of
molecules through n-n coupling, hydrophobic interactions,
hydrogen bonding, and electrostatic interconnection.?”-?8

In the present study, a straightforward and facile
approach was used for N-GO fabrication from GO. Fur-
ther investigation was performed to confirm the synthesis
and high yield of N-GO. The SEM, FTIR, XRD, and Zeta
spectrometry confirmed that N-GO had been successfully
synthesized.

In the study, we evaluated the effect of N-GO on physi-
co-mechanical properties including SBS testing and adhe-
sive remnant index. According to the results we obtained,
by addition of N-GO up to 5%, the SBS of Transbond XT
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composite to enamel did not change considerably and was
within the clinically acceptable score (6-8 MPa). In con-
trast, the SBS in 10% N-GO was statistically lower than
in the control group. According to a previous study', the
SBS in clinical conditions can be 40% less in vitro condi-
tions. Therefore, this makes our SBS results in the accept-
able score what will be in in vivo, adding 5 wt% N-GO can
maintain the SBS for optimum clinical applications.

One of the important parameters in the election of or-
thodontics adhesive which should be considered by clini-
cians is the score of ARIL.* In this study, there is no sig-
nificant difference between the different concentrations
of N-GO in terms of ARI scores, which was in agreement
with the results of Pourhajibagher et al.!®, Sodagar et al.??,
and Asiry et al*. Besides, in the present study, we evaluated
the antimicrobial potential of orthodontic adhesive doped
with different concentrations of N-GO under two differ-
ent experimental conditions, on pure cultures of S. mutans
standard strain in disc agar diffusion assay and biofilm
inhibition test.

Disc agar diffusion test was performed to assess the
antimicrobial effects due to the release of N-GO in ortho-
dontic adhesive samples. The results of our study confirm
that addition of N-GO is a reliable solution to increase
the antimicrobial properties of conventional orthodontic
adhesive via local inhibition of microbial growth. Con-
trary to the data obtained from our experiments, Soda-
gar et al.? showed that despite the optimal antimicrobial
activity, curcumin nanoparticles did not form the growth
inhibition zone in disc diffusion test. On the other hand,
similar to the data obtained from previous studies'>?%,
a progressive increase in inhibition of microbial biofilm
growth was revealed in this in vitro study with increasing
the concentration of N-GO. On the other hand, although
concentrations higher than 5 wt% N-GO could signifi-
cantly inhibit the growth of S. mutans and reduce the
biofilm forms of this cariogenic bacterium, the mean of
shear bond strength decreased.

Much research has been conducted to evaluate the
effects of different nanoparticles loaded in orthodontics
adhesive against oral pathogens.?*3!1-3* The results of Fan
et al.’2 suggested that silver nanoparticles inhibited plank-
tonic growth of S. mutans. However, concerns about the
cytotoxic effect of silver towards human cells have been
announced. The findings of Pourhajibagher et al.'® high-
lighted that the 7.5 wt% orthodontic adhesive contain-
ing cationic curcumin doped zinc oxide nanoparticle can
be considered as an antimicrobial orthodontic adhesive
additive against the growth of cariogenic multispecies
biofilms.

Despite the use of the S. mutans biofilm-producing
microbial model, it must be noted that the antimicrobial
activity of orthodontics adhesive doped with N-GO is
affected by different conditions of the environment which
should be investigated in subsequent studies. Clinical trial
studies should also be performed to confirm the anti-car-
ies properties of orthodontic adhesive doped with N-GO.

Properties of N-GO as an Orthodontic Adhesive

CONCLUSIONS

Eventually, our findings of this study highlight that 5 wt%
N-GO with a clinically acceptable score of SBS and ARI
can be considered as an orthodontic adhesive with antimi-
crobial and anti-biofilm activities against S. mutans as the
main cariogenic bacteria in vitro.

Acknowledgements

This study was supported by a grant from the National In-
stitute for Medical Research Development (NIMAD, Grant
No. 971197).

Disclosure statement

No potential conflict of interest was reported by the
authors.

REFERENCES

1. Bishara SE, Ajlouni R, Soliman MM, et al. Evaluation of a new nano-
filled restorative material for bonding orthodontic brackets. World J
Orthod 2006; 8:8-12.

2. Anderson AM, Kao E, Gladwin M, et al. The effects of argon laser
irradiation on enamel decalcification: An in vivo study. Am ] Orthod
Dentofacial Orthop 2002; 122:251-9.

3. Powers JM, Kim HB, Turner DS. Orthodontic adhesives and bond
strengthtesting. Seminars in orthodontics. Semin Orthod 1997;
3:147-56.

4. Brantley WA, Eliades T. Orthodontic materials: scientific and clinical
aspects. New York: Thieme, Stuttgart 2011.

5. Bloom RH, Brown LR. A study of the effects of orthodontic appli-
ances on the oral microbial flora. Oral Surg Oral Med Oral Pathol
1964; 17:658-67.

6. Mizrahi E. Enamel demineralization following orthodontic treat-
ment. Am J Orthod 1982; 82:62-7.

7. Kukleva MP, Shetkova DG, Beev VH. Comparative age study of the
risk of demineralization during orthodontic treatment with brackets.
Folia Med (Plovdiv) 2001; 44:56-9.

8. Li Q Hong L, Guangli H, et al. Grapheneoxide-fullereneC60 (GO-
C60) hybrid for photodynamic and photothermal therapy triggered by
near-infrared light. Biosensors and Bioelectronics 2016; 16:30270-6.

9. Marcano D, Kosynkin D, Berlin J, et al. Improved synthesis of gra-
phene oxide. ACSNano 2010; 4:4806-14.

10. Tian B, Wang C, Zhang S, et al. Photothermally enhanced photody-
namic therapy delivered by nano-graphene oxide. ACSnano 2011;
5:7000-9.

11. Akbari T, Pourhajibagher M, Hosseini E, et al. The effect of indocya-
nine green loaded on a novel nano-graphene oxide for high perfor-
mance of photodynamic therapy against Enterococcus faecalis. Pho-
todiagnosis Photodyn Ther 2017; 20:148-53.

12. Hummers Jr WS, Offeman RE. Preparation of graphitic oxide. ] Am

Folia Medica | 20211 Vol. 63 | No. 3

419

Folia Medica



Folia Medica

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Pourhajibagher et al

Hem Soc 1958; 80:1339.

Mosley GA, Gillis JR. Factors affecting tailing in ethylene oxide
sterilization part 1: when tailing is an artifact and scientific defi-
ciencies in ISO 11135 and EN 550. PDA ] Pharm Sci Technol 2004;
58:81-95.

Felemban NH, Ebrahim MI. The influence of adding modified
zirconium oxide titanium dioxide nano-particles on mechanical
properties of orthodontic adhesive: an in vitro study. BMC Oral
Health 2017; 17:43-47.

Pourhajibagher M, Salehi Vaziri A, Takzaree N, et al. Physico-
mechanical and antimicrobial properties of an orthodontic adhe-
sive containing cationic curcumin doped zinc oxide nanoparticles
subjected to photodynamic therapy. Photodiagnosis Photodyn Ther
2019; 25:239-46.

Clinical and Laboratory Standards Institute. Methods for dilution
antimicrobial susceptibility tests for bacteria that grow aerobically;
approved standard. 2018; 10th ed., M07-A11 Clinical and Labora-
tory Standards Institute, Wayne, PA.

Gholibegloo E, Karbasi A, Pourhajibagher M, et al. Carnosine-gra-
phene oxide conjugates decorated with hydroxyapatite as promis-
ing nanocarrier for ICG loading with enhanced antibacterial effects
in photodynamic therapy against Streptococcus mutans. ] Photo-
chem Photobiol B 2018; 181:14-22.

Frazier MC, Southard TE, Doster PM. Prevention of enamel demin-
eralization during orthodontic treatment: an in vitro study using
pit and fissure sealants. Am ] Orthod Dentofacial Orthop 1996;
110:459-65.

Basdra E, Huber H, Komposch G. Fluoride released from orthodon-
tic bonding agents alters the enamel surface and inhibits enamel
demineralization in vitro. Am J Orthod Dentofacial Orthop 1996;
109(5):466-72.

Qgaard B, Larsson E, Henriksson T, et al. Effects of combined ap-
plication of antimicrobial and fluoride varnishes in orthodontic pa-
tients. Am J Orthod Dentofacial Orthop 2001; 120:28-35.
Wenderoth CJ, Weinstein M, Borislow AJ. Effectiveness of a fluo-

22.

23.

25.

26.

27.

28.

29.

30.

32.

33.

ride-releasing sealant in reducing decalcification during orthodon-
tic treatment. Am J Orthod Dentofacial Orthop 1999; 116:629-34.
Gorelick L, Geiger AM, Gwinnett AJ. Incidence of white spot for-
mation after bonding and banding. Am J Orthod 1982; 81:93-8.
Matasa CG. Microbial attack of orthodontic adhesives. Am J Or-
thod Dentofacial Orthop 1995; 108:132-41.

. Eslamian L, Borzabadi-Farahani A, Mousavi N, et al. A compara-

tive study of shear bond strength between metal and ceramic brack-
ets and artificially aged composite restorations using different sur-
face treatments. Eur ] Orthod 2012; 34:610-5.

Zhou T, Zhou X, Xing D. Controlled release of doxorubicin from
graphene oxide based charge-reversal nanocarrier. Biomaterials
2014; 35:4185-94.

Zhang W, Guo Zh, Huang D, et al. Synergistic effect of chemo-pho-
tothermal therapy using PEGylated graphene oxide. Biomaterials
2011; 32:8555-61.

Mendes RG, Bachmatiuk A, Biichner B, et al. Carbon nanost ruc-
tures as multi-functional drug delivery platforms. ] Mater Chem B
2013; 1:401-28.

Wang Y, Pan C, Chu W, et al. Environmental remediation appli-
cations of carbon nanotubes and graphene oxide: adsorption and
catalysis. Nanomaterials (Basel) 2019; 9:1-7.

Sodagar A, Akhavan A, Hashemi E, et al. Evaluation of the antibac-
terial activity of a conventional orthodontic composite containing
silver/hydroxyapatite nanoparticles. Prog Orthod 2016; 17:40-7.
Asiry MA, Alshahrani I, Alqahtani ND, et al. Efficacy of yttrium
(I1T) fluoride nanoparticles in orthodontic bonding. ] Nanosci Nan-
otechnol 2019; 19:1105-10.

. Oei JD, Zhao WW, Chu L, et al. Antimicrobial acrylic materials

with in situ generated silver nanoparticles. ] Biomed Mater Res B
Appl Biomater 2012; 100:409-15.

Fan C, Chu L, Rawls HR, et al. Development of an antimicrobial
resin-a pilot study. Dent Mater 2011; 27:322-8.

LiuJL, Luo Z, Bashir S. A progressive approach on inactivation of bac-

teria using silver-titania nanoparticle. Biomater Sci 2013; 1:194-201.

420

Folia Medica | 20211 Vol. 63 | No. 3



Properties of N-GO as an Orthodontic Adhesive

OpTOO4OHTUYECKNIA afre3nB, akTUBUPOBaHHbIN
HaHO-OKcuaom rpadpeHa: pusnko-mexaHu4yeckume
M aHTUMUKPOOHBbIE CBOWCTBA

Mapusm Ioypamxkubarep!, A66ac Baxamop?

I lenmanvnoiil uccnedosamenvcxuil uenmp, Viccnedosamencxuil uncmumym denmanvhoil meduvunvl, Tezepanckuil yHusepcumem mMeOUUUHCKUX HAYK,
Tezepan, Mpan
2 Jla6opamopus opanvhoii muxpobuonozuu, Kagedpa muxpobuonozuu, Meduyurcxuii paxynvmem, Tezeparckuti yHusepcumem medUyuHCKUX HAYK,

Tezepan, Mpan

Appec ansa koppecnoHaeHuun: A66ac baxagop, Jlaboparopus opanbHoit Mukpobuonornu, Kadenpa muxkpobuonornm, Megnunacknit GaKkynbrer,

TerepaHckuit yHUBEPCUTET MEAULMHCKUX HayK, TerepaH, Vpasn; E-mail: abahador@tums.ac.ir

[arta nonyyeHuns: 28 anpens 2020 ¢ fata npuemku: 10 Hos6ps 2020 ¢ AaTta nyénukaumm: 30 nous 2021

O6paseLl LUuTUpoBaHUA: Pourhajibagher M, Bahador A. Orthodontic adhesive doped with nano-graphene oxide: physico-mechan-
ical and antimicrobial properties. Folia Med (Plovdiv) 2021;63(3):413-21. doi: 10.3897/folmed.63.e53716.

Pe3lomMme

BBeieHMe: B HechEMHBIX OPTOJOHTIYECKYX allllapaTax 06pasoBaHMme Oe/bIX ILATeH, leMUHepaM3alisa SMau M pa3pylleHye 3y60B
BOKPYT aIlllapaToB AB/IAITCA YaCTHIMYU OCTIOKHEHMAMY, YXY/IIAIOWIVMM MCXOf, IeYeHNA.

Llenb: Ienu sToro mccnenoBanus 3aK/I0YaIICh B ONPeie/IeHNN IIPOYHOCTH crervieHus npu casure (shear bond strength — SBS) u
nHpekca octatkoB aaresusa (adhesive remnant index (ARI) oprogonTyeckoro agresusa c sobasnennem N-GO (naHo-okcup rpade-
Ha), a TaKKe OLIeHKAa aHTMMVKPOOHOII aKTMBHOCTY MOAM(HULIMPOBAHHOIO OPTOOHTUYECKOTO afire3yBa IPOTUB Streptococcus mutans.

Marepuanbl u MmeTogbl: N-GO npeHTHMIMPOBAN C TOMOLIbIO CKAaHUPYIOLeil 37IeKTPOHHOIT MuKpockonuy (COM), nHdppaxpac-
HOJI crieKTpockonuyu ¢ mpeobpasoBanueM Pypoe (FTIR), pertreHogasosoro ananusa (POA) (XRD - X-ray diffraction) u g3era-mo-
TeHIMana. 3aTeM usMepsnu SBS u ARI MopuduuupoBaHHOr0 OPTOOHTIYECKOTO aAre3|Ba, COIEPIKAILEro PasIMIHble KOHI[EHTPALMU
N-GO (0, 1, 2, 5 u 10 mac.%). Bnusune go6asnenus N-GO Ha aHTUMMKPOOHBIE CBOICTBAa OPTOLOHTUYECKOTO ajire3uBa IMpPOTUB S.
Mutans oupenernsiiu ¢ ucronb3oBaHueM Tecta and¢ysun B guckosoM arape (disc agar diffusion (DAD) u aHanm3a MHrMOMpoOBaHMs
obpasoBauns 6nonnénok (biofilm formation inhibition assay).

Pesynbrarbl: Anammssl COM, FTIR, XRD u g3era-noTeHnuana NoATBepaum ycrenblit cuate3d N-GO. OpTomoHTIYeCKuIi aire3us
¢ po6asnenneM 5 mac.% N-GO nokasas caMmylo BbICOKYI0 KoHLleHTpauyio N-GO u sHauenne SBS (21.71 £ 7.45 MITa, p <0,05) ogHOBpe-
MEHHO 0e3 3HauUMTeNbHbIX pas/mnunit B ARI 0 cpaBHEHMIO ¢ KOHTPOJIbHOI Ipymnoit. SBS B rpymmax 1, 2 u 5% N-GO 6bU1 3HaUNTENTbHO
BbIIIe, YeM B rpymmax 10% N-GO (p=0.025, p=0.036, p=0.041, cooTBeTCcTBEeHHO). [Je3MHPUIVPYOLIas CIOCOOHOCTD MORUPUIIMPO-
BAaHHOTO OPTOJOHTMYECKOTO aaresusa ¢ fobasrenneM N-GO nporus S. mutans B DAD n ananu3se nHrnbupoBanus 6MOIIEHKN ObLIa
IIOJIOKUTENIBHO CBA3aHA C MOBBIEHHbIMYU KOHIeHTpayAMu N-GO (p<0.05). Opxako 5 n 10 mac.% N-GO mmenu cTaTMcTU4ecKu
3HaunMoe cHypkeHre CFU/mL mccnmenyeMbIx MUKPOOPTaHM3MOB B CTPYKTYpax 6Momiénok (p<0.05).

3akntoueHne: Mo>xHO cfie/aTh BBIBOJ, 4T0 5 Mac.% N-GO MOXKHO paccMaTpuBaTh Kak OPTOZOHTUYECKYIO afire3UBHYI0 0OaBKY /I
CHIDKEHMS YPOBHA MUKPOOOB 1 61OIIEHKNM 6e3 0604HbIX 9 dekToB Ha SBS n ARL

KnroueBble c/oBa

Kap1necoreHHble 6aKTep1/m, HAaHO-OKCHJ rpa(l)eHa, OpTOJIOHTI/I‘IECKI/Iﬂ aaresns
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