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Objective: This study aimed to investigate the antimicrobial activity
and shear bond strength (SBS) of orthodontic brackets to bovine enamel
using experimental composites with different concentrations of silicon
dioxide-coated silver nanoparticles (Ag@SiO, NPs).

Methods: Fifty bovine incisors were divided into five groups accord-
ing to the composite (n =10): G1 - Control Group (Transbond XT Resin),
G2 - Experimental composite without Ag@SiO, NPs; G3 - Experimen-
tal composite with 0.5% of Ag@SiO, NPs; G4 - Experimental compos-
ite with 1% of Ag@SiO, NPs; G5 - Experimental composite with 3%
of Ag@SiO, NPs. The SBS test was performed using a universal me-
chanical testing machine, and the adhesive remnant index (ARI) was
analyzed by optical microscopy. For the antimicrobial activity evalu-
ation, Streptococcus mutans (S. mutans) biofilm was formed for three
days in hydroxyapatite discs. Posteriorly, S. mutans colony forming
units (CFU) were evaluated. For SBS analysis, Analysis of Variance was
used, followed by the Tukey test, at a 5% statistical significance level.
The CFU data were analyzed by Kruskal-Wallis, followed by Dunn as a
post-hoc test. The ARI results were analyzed descriptively.

Results: There was no statistically significant difference in SBS values
between the experimental and control groups (p > 0.05). A 3% incorpora-
tion of Aga@SiO, NPs statistically reduced the SBS values (p < 0.05) com-
pared to the 1% group. The addition of 3% of Ag@SiO, NPs to the com-
posites significantly reduced S. mutans biofilm formation, compared to
group G2 (p<0.05).

Conclusion: Composites incorporating 3% of Aga@SiO, NPs presented
similar SBS values compared to the control group, and showed signifi-
cant antimicrobial activity.

Keywords: Dental materials. Orthodontics. Composites resins. Demin-
eralization. Nanoparticles.
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Objetivo: O presente estudo objetivou investigar a atividade antimi-
crobiana e a resistencia de uniao ao cisalhamento (RU) de braquetes
ortodonticos colados em esmalte bovino, utilizando compositos expe-
rimentais com diferentes concentracoes de nanoparticulas de prata
revestidas com dioxido de silicio (NPs Ag@SiO,). Material e Métodos:
Cinquenta incisivos bovinos foram divididos em cinco grupos, de
acordo com o composito utilizado (n = 10): G1 - Grupo Controle (Resi-
na Transbond XT); G2 - Composito Experimental sem NPs Ag@SiO,;
G3 - Composito Experimental com 0,5% de NPs Ag@SiO,; G4 - Com-
posto Experimental com 1% de NPs Ag@SiO,; e G5 - Composito Ex-
perimental com 3% de NPs Ag@SiO,. O teste de RU foi realizado em
maquina universal de ensaios mecanicos, e o indice de adesivo rema-
nescente (IAR) foi analisado por microscopia oOptica. Para a avaliacao
da atividade antimicrobiana, biofilme de S. mutans foi formado por
trés dias em discos de hidroxiapatita. Posteriormente, foram avalia-
das as unidades formadoras de colonias (UFC) de S. mutans. Para a
analise de RU, foi utilizada a Analise de Variancia, seguida do teste de
Tukey, com nivel de significancia estatistica de 5%. Os dados de UFC
foram analisados por meio do teste de Kruskal-Wallis, seguido do tes-
te post-hoc de Dunn. Os resultados de IAR foram analisados descriti-
vamente. Resultados: Nao houve diferenca estatisticamente signi-
ficativa nos valores de RU entre os grupos experimentais e o grupo
controle (p > 0,05). A incorporagao de 3% de NPs Ag@SiO, reduziu
estatisticamente os valores de RU (p < 0,05), em comparacao ao grupo
com 1%. A adi¢ao de 3% de NPs Ag@SiO, ao composito reduziu signifi-
cativamente a formacao de biofilme de S. mutans, em relacao ao grupo
G2 (p < 0,05). Conclusao: Os compositos com incorporacao de 3% de
NPs Ag@SiO, apresentaram valores de RU semelhantes ao grupo con-
trole e demonstraram significativa atividade antimicrobiana.

Palavras-chave: Materiais dentarios. Ortodontia. Resinas compostas.
Desmineralizacao. Nanoparticulas.
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White spot lesions (WSLs) are a great concern for orthodontists.
The prevalence of WSLs, based on post-treatment evaluations,
ranged from 25 to 97%."3 This high frequency is related to the
fact that orthodontic accessories increase the risk of biofilm
retention (especially Streptococcus mutans, S. mutans), create
numerous retention sites, and hamper adequate oral hygiene.**®
The incorporation of antimicrobial agents into dental materials
has been pointed out as an effective strategy to reduce WSLs
risk, since there is no need of patient compliance for effective
biofilm control.”

Theideal antimicrobial agent should present a broad-spectrum
action,®?long-term duration,'®'" and no toxicity.'? Furthermore,
its incorporation should not negatively interfere with optical
and mechanical properties.’*'* Silver particles present most
of these desirable characteristics, such as a broad spectrum
of action and low antimicrobial resistance.’ " Still, its addition
causes significant material color changes,” compromising aes-
thetics, which is not acceptable, especially for patients with
ceramic appliances. Therefore, recently, studies have proposed
the synthesis of silicon dioxide-coated silver nanoparticles as
an alternative to masking the material metallic coloration.°
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The antimicrobial efficacy of silver nanoparticles against the
main caries pathogens, especially S. mutans, is well known.?"-%
Recently, studies have shown that silver nanoparticles (50 nm)
addition to commercial composites reduced up to 40% of the
S. mutans population.?? When smaller particles (20 nm) were
added, the results were even more expressive, providing a
94% reduction of S. mutans.?® It is important to emphasize that,
although some studies have shown that silver nanoparticles
can have a cytotoxic potential and some side effects in the sur-
rounding dental tissues, these harmful effects are depended
on factors such as concentration and particle size used.?*?>
For the composites’ synthesis, only a low concentration of sil-
icon dioxide-coated silver nanoparticles is necessary, which
does not present any cytotoxic potential.®®

Based on the fact that fixed orthodontic treatment carries a
high risk of WSLs development, it seems promising to investi-
gate the effect of incorporating different concentrations of sili-
ca-coated silver nanoparticles (Ag@SiO,NPs) on the mechanical
property and antimicrobial activity of experimental composites.
The null study hypothesis was that the addition of Ag@SiO, NPs
(0.5%, 1%, and 3%) would not reduce the S. mutans population
around orthodontic brackets and would not affect its shear
bond strength to the enamel.
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The organic matrix was prepared with BisGMA (2.2bis
[4-(2-hydroxy-3-metacryloxpropoxy) - propane, ESSTECH
Technology Inc., Essington, PA) and TEGDMA (2-methyl 2-pro-
poic acid, ESSTECH) at 1:1 (mol). Photoinitiators DMAEMA
(Sigma-Aldrich Inc., USA) and camphorquinone (Sigma-
Aldrich Inc., Germany) were added at 0.5 wt%. Barium glass
was added at 70 wt% in the experimental composite without
Ag@SiO, NPs, to achieve a similar filler content of the com-
mercial material (Transbond XT, 3M ESPE, USA). The silver
nanoparticles coated with silicon dioxide were synthesized
and characterized according to Rodrigues et al,”° and added
to this polymeric matrix at concentrations of 0.5%, 1%, and
3% by weight. The barium glass content was adjusted accord-
ingly, to obtain 70 wt% of the filler content for all groups.
As a comparison standard, a commercial composite was also
tested (Transbond XT, 3M ESPE, USA).

Fifty freshly-extracted bovine incisors were randomly divided
into five groups (n=10). Before the adhesive procedure,
prophylaxis was performed using rubber cups and pumice
paste. Teeth surfaces were etched with 37% phosphoric acid
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(Dentsply, USA) for 30 seconds in the center of the buccal sur-
face, in a standardized area corresponding to the size of the
base of the metallic brackets of the maxillary incisors (Morelli,
Brazil). Then, the teeth were washed with water spray for
twice the etching time, and the enamel was air-dried. For the
commercial group (G1), a thin layer of the orthodontic primer
Transbond XT (3M ESPE, USA)was appliedtothe etched surface
and air-dried. Then, the Transbond XT composite was applied
to the metallic brackets base and light-cured for 20 seconds.
For the experimental groups (G2, G3, G4, and G5), a universal
adhesive (Tetric N-Bond, Ivoclar Vivadent, Liechtenstein) was
applied to the etched surface as a thin layer and air-dried.
The experimental composites were then applied to the base
of the brackets and light-cured for 40 seconds. The brackets
were pressed to the center of the buccal face, with a 500-
gram force (gf) pressure standardized with a tensiometer, fol-
lowed by removing composite excess using dental explorer
#5 (Duflex, Brazil). All light activations were performed using a
polywave light-emitting diode (Bluephase N, Ivoclar Vivadent,
Liechtenstein), with an irradiance of 1200 mW/cm?Z.

To assist the specimen’s preparation for the SBS test (embed-
ding and alignment inside the PVC pipe), a device with a sys-
tem for fixing the tooth bracket into a rectangular orthodontic
wire was used to guarantee perpendicularity of the specimen
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The debonded surfaces were examined using a stereomicro-
scope (ZEISS Axiocam 105 color, Germany) at 8X magnifica-
tion. The amount of adhesive left on the surface was scored
by using the adhesives remnant index (ARI).?® The ARI scale
ranges from 0 to 3: 0 indicates no adhesive remaining on the
tooth; 1, less than half of the enamel bonding site covered
with adhesive; 2, more than half of the enamel bonding site
covered with adhesive; and 3, enamel site covered entirely
with adhesive,

Orthodontic brackets were bonded with commercial and
experimental composites, either without the incorporation of
Ag@SiO, NP (G2) or modified by the addition of 0.5, 1, and 3 wt%
of Ag@SiO, NPs (G3, G4, and G5, respectively) to hydroxyapatite
discs(12.3-mmdiameter, 1.43-mm thickness -“Clarkson Calcium
Phosphates”, USA), used as the substrate for biofilm forma-
tion. The photoactivation was performed for 40 seconds using
a polywave light-emitting diode (Bluephase N, Ivoclar Vivadent,
Liechtenstein) with an irradiance of 1200 mW/cm?.
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S. mutans UA159 was reactivated from stock cultures in Brain
Heart Infusion Media (BHI) for 18-24 hours at 37°C, 5% co,
and grown in BHI agar plates. After microbial growth, indi-
vidual colonies were removed with a platinum loop and then
suspended in the BHI medium to start the growth curve. After
3 hours and 30 minutes, S. mutans reached the mid-log phase
and were used as inoculum for biofilm formation.?’

Avolume of 100 pL of log-phase microbial suspension (described
above) was inoculated into 100 mL of BHI medium with
1% of sucrose, to obtain a bacterial concentration around
1-2x10° CFU/mL. Immediately after homogenization, a vol-
ume of 2.5 mL of the inoculated medium was added to each
well of the 24-wells microplate with hydroxyapatite discs.

The monospecies biofilms of S. mutans UA 159 were formed
on hydroxyapatite discs with bonded brackets for 116 hours
(5 days) and incubated at 37°C, 5% CO,, with daily changes
of culture medium. At the end of the 5th day of biofilm for-
mation, biofilms were sonicated, diluted, and the microbial
count (colony forming units /mL count) was performed.?’

Foranalysisoftheshearbondstrengthvalues, one-way ANOVA
was used, followed by the Tukey test, at a 5% statistical sig-
nificance level. The CFU data were analyzed by Kruskal-Wallis,
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followed by Dunn as a post-hoc test. The chi-square test was
used to determine significant differences in ARl scores among
the groups.

The results of the SBS test are displayed in Table 1. One-way
ANOVA revealed a statistically significant difference in SBS
among the groups (p <0.05). When compared to the commer-
cial group (G1), there was no significant difference among
groups with the incorporation of Ag@SiO, NPs, regardless of
their concentration (p > 0.05). However, the 3% incorporation
of Ag@SiO, NPs (G5) statistically reduced the bracket-tooth
shear bond strength, when compared to the group with 1% of
nanoparticles incorporated (G4) (p <0.05).

Table 1: Mean, 95% confidence interval (IL - inferior limit; SL - superior limit), standard
deviation (SD), median, minimum and maximum shear bond strength values (MPa).

290.16"8 2418 3414 6.96 31.63 12.42 38.31
G2 29.35"8 24.99 33.70 6.09 32.46 20.72 35.34
G3 31.55% 26.92 36.17 6.47 31.52 18.68 40.60
G4 33.208 30.46 35.94 3.83 31.58 28.96 39.74
G5 24.64* 20.18 29.10 6.24 24.96 13.85 33.10

* Distinct letters indicate presence of statistical difference between the groups (p < 0.05).
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The frequency distribution of the ARI and the chi-square compar-
ison of the groups are displayed in Table 2. There was no signif-
icant difference between the groups (p > 0.05). The bond failure
pattern was similar in all the evaluated composites. The most fre-
quent failure pattern among the groups indicated less than half
of the enamel bonding site covered with adhesive (ARI 1).

Table 3 shows the results of the S. mutans biofilm formation
test. The addition of Ag@SiO, NPs at 3% (G5) to the orthodon-
tic experimental composite reduced the CFUs from biofilm
formation compared to the experimental composite without
Ag@SiO, NPs (G2) (n = 6; p<0.05).

Table 2: Frequency distribution of the adhesive remnant index (ARI) scores.

__ARIscores | 61| G | G | G
0

0 0 1 0 0
1 9 10 9 10 9
2 1 0 0 0 1
3 0 0 0 0 0

Table 3: Counts of biofilm colony forming units (CFUs) formed on hydroxyapatite discs
with brackets bonded with the different experimental groups: G1 (commercial adhesive);
G2 (Experimental composite without Ag@SiO, NPs); G3 (Experimental composite with 0.5%
of Ag@SiO, NPs); G4 (Experimental composite with 1% of Ag@SiO, NPs); G5 (Experimental
composite with 3% of Ag@SiO, NPs).

CFU of S. mutans biofilm

2.47E+092P 2.70E+092 1.89E+092P 9.83E+082P 8.46E+08P

(£ 4.11E+08) (£ 1.42E+09) (£ 8.69E+08) (£ 3.18E+08) (£ 1.58E+08)

* Distinct letters indicate presence of statistical difference between the groups (p < 0.05).
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The null hypothesis tested was rejected. Composites contain-
ing 3% of Ag@SiO, NPs presented significant antimicrobial
activity (70% reduction of CFUs), compared to the experimen-
tal group without NPs (G2). Additionally, there was a statisti-
cally significant difference in SBS values between groups with
the incorporation of 1% and 3% of Ag@SiO, NPs.

Although there is no consensus on the mechanism of action
of silver particles, authors believe that it occurs by superficial
contact with microorganisms,?®and that its antibacterial effect
increases as smaller particles are used.?? In this study, Ag NPs
with 11 nm were used, and asmall area of the material (bracket
cementation line) was exposed to the oral environment. It is
essential to highlight that, although the antimicrobial effect of
Ag NPs is proven in the scientific literature, there are still no
scientific studies that have evaluated the impact of incorpo-
rating Ag@SiO, NPs in experimental orthodontic composites.

The ability to mask the material metallic coloration is the
inherent advantage of these nanoparticles, compared to
the conventional silver particles.?® Also, the present results
showed that the incorporation of 3 % of the Ag@SiO, NPs into
the experimental material presented a significant antimicro-
bial activity. The scientific literature presents positive results
regarding the antimicrobial potential of materials with silver
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nanoparticles with concentrations ranging from 0.5 to 1% in
weight.2%#23> Moreover, a recent research demonstrated anti-
microbial activity against S. mutans of Ag@SiO, NPs not incor-
porated at any material.?° It is worth mentioning that a higher
percentage of silver than the one reported in the literature
was incorporated to evaluate the resin antimicrobial activity,
since the effective mass of silver in nanoparticles coated with
silicon dioxide is less than the same percentage of uncoated
nanoparticles (18% of the nanoparticle mass percentage cor-
responds to silicon dioxide).

It is also necessary to investigate its influence on mechani-
cal properties, especially when used for bonding orthodontic
brackets.? Ideally, the bracket should be maintained fixed to
the tooth throughout the orthodontic treatment, and it should
be removed without any damage to the enamel structure.
31 The SBS test represents the method of choice to evaluate
the efficiency of orthodontic bonding systems.3?3 The sci-
entific literature points out that the minimum value of SBS
for clinical use varies between 5.9 and 7.8 MPa.3* Despite a
very classic reference, this study presents important limita-
tions. Therefore, a commercial composite control group was
included for comparison (Transbond XT), since it represents
the gold standard material in several studies, presenting SBS
values ranging from 7 MPa up to 19 MPa.??3>3¢ When com-
paring the present study results with the reference values**
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and with previous studies,?23*>3¢ all materials presented higher
resistance values, ranging from 24.64 to 33.20 MPa, indicating
their suitability for clinical use.

Higher SBS values are commonly associated with a higher risk
of enamel damage during debonding.?” Despite high SBS val-
ues, the optical microscopy analysis was unable to identify any
enamel damage. The most frequent failure pattern indicated
less than half of the remaining adhesive bonded to the tooth
(score 1), regardless of the group evaluated. More than 90%
of the samples tested presented little or almost no amount of
adhesive bonded to the tooth after debonding. The advantage
of detecting a few adhesive remnants bonded to the enamel
is related to the lower chance of surface damage during rem-
nant removal. Still, some authors believe that adhesive failure
would ideally occur at the adhesive-bracket interface, resulting
in a large amount of remaining adhesive bonded to the enamel
(score 3) and a lower risk of enamel fracture.®® Conflicting
with our results, this last scenario has been widely observed
in previous studies in which the Transbond XT composite was
used.?*4941 Still, some authors have also reported that less than
half of the composite remained in the tooth, with the highest
prevalence in the Transbond XT groups,* corroborating with
the present study results. Similarly, according to Hellak et al,*?
the Transbond XT group showed more frequently the score 0O,
with no significant enamel changes after debonding.
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This manuscript represents an initial and promising in vitro
study. More research should be performed to identify the
optimal concentration that would enable antimicrobial effect
with no negative influence on the orthodontic bonding mate-
rial's mechanical properties. Future clinical and in situ studies
should also be performed to monitor aging's impact, to ver-
ify the bonding stability and the antimicrobial activity during
fully orthodontic treatment,

The addition of 3 wt% silicon dioxide-coated silver nanopar-
ticles to dental adhesives reduced the S. mutans population
around orthodontic brackets. Moreover, it did not affect its
SBS to enamel, when compared to a commercial orthodontic
composite resin.
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