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ABSTRACT
Aim: Polymethyl-methacrylate (PMMA) is commonly used
primarily for baseplates of orthodontic appliances (BOA). The
activities of cariogenic bacteria in biofilm on these surfaces
may contribute to dental caries, gingival inflammation and
periodontal disease. The PMMA incorporated with nanoparticles of silver (NanoAg-I-PMMA) and NanoAg in situ in PMMA
(NanoAg-IS-PMMA) have been shown to control the growth
of cariogenic bacteria, but clinical trial of anti-cariogenic application of these novel materials in orthodontics has not been
evaluated. The main aim of the study is to compare the clinical
effectiveness of using NanoAg-IS-PMMA and NanoAg-I-PMMA
for construction of new BOA in inhibiting the planktonic growth
and biofilm formation of the cariogenic bacteria.
Materials and methods: Twenty four patients with a median
age of 12.6 years (7-15) harboring Streptococcus mutans,
Streptococcus sobrinus and Lactobacillus acidophilus as well
as Lactobacillus casei participated in the randomized, doubleblind, cross-over study. The experimental BOA, NanoAg-ISBOA and NanoAg-I-BOA, contained 0.5% w/w NanoAg while
the control BOA was standard PMMA. Antibacterial effect of
NanoAg-IS-BOA and NanoAg-I-BOA was assessed against
test cariogenic bacteria by planktonic and biofilm bacterial
cells growth inhibition.
Results: The average levels of test cariogenic bacteria in
saliva decreased about 2 to 70 fold (30.9-98.4%) compared to

baseline depending on the microorganism type and test BOA.
Biofilm inhibition analysis demonstrated that NanoAg-I-BOA
and NanoAg-IS-BOA inhibited the biofilm of all test bacteria
by 20.1 to 79.9% compared to BOA. NanoAg-IS-BOA had a
strong anti-biofilm effect against S. mutans, S. sobrinus and
L. casei. However, NanoAg-I-BOA showed only slight antibiofilm effects on test bacteria. Most notably, at all period of
the clinical trial, NanoAg-IS-BOA showed a higher antibacterial
activity than NanoAg-I-BOA.
Conclusion: Based on the novel data that presented here,
the NanoAg-IS-BOA had strong antimicrobial activity in the
planktonic phase and subsequent biofilm formation of the
cariogenic bacteria.
Clinical significance: Wearing of NanoAg-IS-BOA has the
potential to minimize dental plaque formation and caries during
orthodontic treatment.
Keywords: Cariogenic Bacteria, Nano Silver, Orthodontics,
Polymethyl-methacrylate.
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INTRODUCTION
Polymethyl-methacrylates (PMMAs) remain the most
popular material for use in orthodontics as baseplates of
orthodontic appliances (BOA) especially in developing
countries because of their low cost and ease of use.1 In
addition, PMMAs are used for individual impression
trays and early orthodontic appliances for patients with
cleft lip and palate and as splints for orthognathic surgery.
Currently, PMMA resins are commonly used in routine
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orthodontic treatments for construction of removable and
auxiliary fixed appliances as well as Hawley retainers.2
Unfortunately, regarding the long-term existence of
BOA in mouth and their surfaces porosities may have a
negative effect on oral microbiota, promote the biofilm
formation and may contribute to dental caries, gingival
inflammation and periodontal disease.3-5 It is challenging
which results from higher number of plaque-retentive
sites and impaired mechanical plaque removal that most
often seen with BOA.6 The BOA also may affect the composition, metabolic activity, pathogenicity of the biofilm.7
Mechanical cleaning of the BOA is helpful in reducing
biofilm and accumulation of microbial plaque, particularly with the adjunctive use of antimicrobial solutions.8,9
However, such measures rely generally on conformity of
patients, and may not be optimal in pediatric, geriatric,
and handicapped individuals. Therefore, an additive that
robustly enhances the inhibitory effects of BOA, while
maintaining its biocompatibility, is highly desirable.10
Silver in nanoparticulate form (NanoAg) is an effective microbicidal agent due to their high surface area-tovolume ratios which attach to the outer membrane and
affect permeability as well as induce structural changes
in the cell-ultimately leading to cell death. In addition,
NanoAg does not cause resistant microbial species to
develop.11-13 The literature reports various studies related
to NanoAg inhibit the bacterial growth of oral bacteria at
very low concentrations without side effects.14,15
The PMMA incorporated with NanoAg (referred
to as NanoAg-I-PMMA) has been reported to reduce
adherence and inhibited growth of microorganisms.16,17
The PMMA incorporated with NanoAg are also reported
to be noncytotoxic and nongenotoxic.17 However, the
incorporation of NanoAg has been problematic often due
to an inability to disperse homogenously NanoAg, which
is hurtful to the device’s mechanical properties, and the
need for harsh chemicals and complex processes required
for synthesis, which is unsuitable for dental and medical
applications.18-21 Recently, Fan et al22 have developed a
broad-spectrum, antimicrobial PMMA acryl with welldispersed NanoAg and without the use of harsh chemicals
or multistep processes by synthesizing NanoAg in situ
in PMMA (referred to as NanoAg-IS-PMMA). In an
in vitro pilot study Fan22 showed that NanoAg-IS-PMMA
inhibited planktonic growth of Streptococcus mutans, the
primary causative agent in the formation of dental cavities
in human. The activities of cariogenic microorganisms
such as S. mutans, Streptococcus sobrinus, Lactobacillus
acidophilus and Lactobacillus casei in biofilm on BOA may
contribute to dental caries, gingival inflammation and
periodontal disease.23-26 The coexistence of S. mutans and
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S. sobrinus in dental biofilm is associated with higher
caries experience than if only S. mutans is detected.27
To our knowledge no randomized clinical trial has
examined with NanoAg-IS-BOA and NanoAg-I-BOA to
determine its clinical efficacy to inhibited planktonic
growth and biofilm formation of S. mutans and S. sobrinus,
L. acidophilus as well as L. casei as cariogenic bacteria.
Therefore, the purpose of this study is to compare the
clinical effectiveness of NanoAg-IS-BOA and NanoAgI-BOA to inhibition of planktonic growth and biofilm
formation of the cariogenic bacteria.

MATERIALS AND METHODS
Patients
Between December 2010 and June 2012, 24 patients of
both sexes aged 7 to 15 years who had been referred to
the private orthodontic clinic (Tehran, Iran) for treatment
with removable orthodontic appliances were enrolled in
this study. The inclusion and exclusion criteria were as
reported in Table 1. The included patients were chosen on
the basis of a pre-screening for the presence of S. mutans,
S. sobrinus, L. acidophilus as well as L. casei. In this research
project, written informed consent was obtained from the
parents or legal representatives.

Experimental and Control Baseplates of
Orthodontic Appliances
Baseplates of orthodontic appliances without wire clasps
were constructed on cast models from each patient using
autopolymerizing PMMAs resin (Selecta Plus; Dentsply)
following the monomer-to-polymer ratio advised by the
manufacturer and standard acrylization, trimming and
finishing-polishing techniques.
The NanoAg in situ in BOA (referred to as NanoAgIS-BOA) was prepared using the Fan method.22 Briefly,
0.5% w/w of total monomer (Sigma-Aldrich, Germany)
of silver benzoate (AgBz) were dissolved in dimethylaminoethyl methacrylate (DMAEMA; 2% w/w of total
monomer; Sigma-Aldrich, Germany). This was then
blended with liquid orthodontic monomer (Dentsply, UK),
and subsequently mixing with PMMA powder (Selecta
Plus; Dentsply, UK) as described in the manufacturer’s
guidelines.
The procedure for preparation of BOA incorporated
with NanoAg (referred to as NanoAg-I-BOA) has
been described previously.28 Briefly, for preparation
of NanoAg, aqueous silver nitrate (100 µl, 0.1 M) was
added to isopropyl alcohol (2 ml). The suspension
was centrifuged after 30 minutes vigorous stirring at
room temperature and washed with ethanol. Prepared
NanoAg at 0.5% w/w of total monomer (Sigma Aldrich,
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Table 1: Inclusion and exclusion criteria for participation
in this study
Inclusion criteria
– Subject giving his written informed consent
– Subject considered as normal after clinical examination
– Subject willing to comply with the study procedures
Exclusion criteria
–
–
–
–
–
–
–
–
–
–
–

Systemic disease
Infectious or inflammatory diseases in the last month
Taking medicine: antibiotics or fluoride in the last month
Habitual consumers of xylitol products and sorbitol-containing
products
Mouth rinses
Abnormal salivary flow rates of paraffin-stimulated saliva
(<1 ml/min)
Pregnancy
Contraceptive pill
Missed and filled tooth (MDFT) one filled and/or decayed
(in dentine)
Abnormal or particular dietary habits
Consumption of food complements: antioxidant, …

Germany) were added to the acryl liquid and sonicated
for 15 minutes, and subsequently mixing with PMMA
powder (Selecta Plus; Dentsply) as described in the
manufacturer’s instruction. The control BOA constructed
with the standard PMMA (Selecta Plus, Dentsply, UK).

Study Design
The investigation had a cross-over randomized doubleblind prospective design with two arms (Flow Chart 1).29
The study and intervention involved were completely
explained to all participants. Following screening,
patients were randomly allocated into one of two groups.
Patients entered a 4 weeks washout period followed by a
4 weeks treatment period (Group AB/part 1). At the end of
this period, there was a 4 weeks washout period. Patients
then entered a second 4 weeks treatment period when
they received the alternative treatment (Group BA/part 2).
Group AB consisted of NanoAg-IS-BOA for 4 weeks
followed by 4 weeks wash out then matched NanoAg-IBOA as the same as NanoAg-IS-BOA. Group BA consisted
of NanoAg-I-BOA for 4 weeks, a 4 weeks period washout,
and then NanoAg-IS-BOA for a 4 weeks period. The BOA
constructed with standard PMMA were used during the
washout periods.
The patients were requested to wear the BOA full-time,
including during sleep. During this time the patients
were educated not to use mouthwashes, antibiotics
or xylitol products, but to continue their usual tooth
brushing and consume their normal diet. The patients
were instructed not to use tooth brushing and other oral
hygiene procedures for 24 hours before sample collection

and not to eat or drink for 1 hour before the sampling.
At the appointments, the patients were also interviewed
about confounding factors like acute infectious diseases
and use of antibiotics. The patients and researchers in
this study were blinded throughout the study. Also, the
microbiological analyses in Tehran University of Medical
Sciences (TUMS) were carried out blinded.

Planktonic Bacterial Cells Growth Inhibition
Planktonic microorganism’s growth inhibition was
determined using the Bahador method 29 with some
modificat ions. The pre-experimental and postexperimental saliva were collected into sterile Flat-top cap
for BD Falcon™ 50 ml conical centrifuge tubes (Becton,
Dickinson; Tokyo, Japan). The saliva samples were
homogenized by ultra-sonication, 20 µl aliquots of 10-fold
diluted samples were plated on the selective media. Mitis
S. mutans valinomycin (MS-MUTV) agar, Mitis S. sobrinus
(MS-SOB) agar, L. casei (LC) agar and De Man Rogosa
Sharpe agar containing maltose (MRSM) was used for
detection of S. mutans, S. sobrinus and L. casei as well as
L. acidophilus, respectively. After 72 hours of incubation
at 37°C in an anaerobic atmosphere (5% CO2, 10% H2, and
85% N2), colony-forming units (CFU) were enumerated
for the estimation of test microorganisms levels on their
selective media. For confirmation of the selectivity of
media, colonies were identified biochemically using a
rapid ID 32 STREP system (bioMérieux, France).

Biofilm Bacterial Cells Growth Inhibition
The biofilm inhibition potential of NanoAg-IS-BOA and
NanoAg-I-BOA was evaluated using the membrane
filter (MF) technique with some modifications.30 Briefly,
the BOA gently washed with sterile PBS three times to
remove the planktonic cells and loosely adherent bacteria. Biofilm forming bacteria on the BOA were dislodged
by ultrasonication (5 min) in a 150 W ultrasonic bath
(Branson Ultrasonics Co, Shanghai, China) operating at
a frequency of 50 Hz. Ultrasonication was followed by
rapid vortex mixing (Scientific Industries, Bohemia, NY,
USA) at maximum power for 1 minute to remove bacteria
that had adhered to the material. This method is known
to be effective for removing biomaterial-adherent bacteria.17 Finally, a microbial cell viability assay based on
the MF technique was performed in order to determine
the number of viable cells adhered to BOA This method
consists of filtering a suspension sample on a sterile filter
with a 0.45 μm pore size which retains bacteria, incubating this filter on a selective medium and enumerating
typical colonies on the filter.
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Table 2: The effect of NanoAg-IS-BOA vs NanoAg-I-BOA on planktonic growth of the cariogenic bacteria. The counts (log10 CFU/ml)
of each microorganism per saliva sample are expressed as logarithmic values of mean ± SD, minimum, maximum and variance
NanoAg-IS-BOA
After wear Mean percent reduction
†
98.4
1.23
(p = 0.004)†
0.78
0.00
3.20
0.61
†
91.6
1.54
(p = 0.023)†
0.71
0.57
3.04
0.51
†
70.2
3.59
(p = 0.014)†
1.04

Microorganisms
Baseline
S. mutans
Mean
3.05
SD
1.38
Minimum
0.39
Maximum
5.45
Variance
1.91
S. sobrinus
Mean
2.60
SD
1.18
Minimum
0.53
Maximum
4.61
Variance
1.42
L. acidophilus
Mean
4.14
SD
1.44
Minimum
1.20
0.70
Maximum
6.11
4.10
Variance
2.08
1.09
L. casei
†
71.1
Mean
2.24
1.71
(p = 0.005)†
SD
1.31
0.91
Minimum
0.31
0.00
Maximum
4.34
3.34
Variance
1.72
0.82
† denotes a statistically significant difference, SD: Standard deviation

Statistical Analysis
Since bacterial (CFU)/ml did not exhibit a normal distribution, the data were transformed to logarithms to confer
homogeneity among the groups and then submitted
to variance analysis with repeated measures. The data
concerning S. mutans, S. sobrinus, L. acidophilus as well as
L. casei salivary levels at the four sampling phases were
analyzed for a normal distribution. Differences between
groups were assessed using the ANOVA test. The level of
statistical significance was set at p < 0.05. The statistical
software package used was SPSS 14.0 (SPSS Inc, Chicago,
Ill, USA). For statistical analyses, where no bacterium
detected, the levels of detection limit were 50 CFU/ml
for each bacterial species.29

RESULTS
Twenty-four (15 females and 9 males) of 58 Pre-included
patients, with a median age of 12.6 years (7-15) completed
the study. Seven persons excluded on antimicrobial
therapy and dietetic criteria (Flow Chart 2).

Planktonic Bacterial Cells Growth Inhibition
After the experimental period the average levels of test
cariogenic bacteria in saliva decreased about 2 to 70 fold
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2.35
1.11
0.40
4.20
1.25

NanoAg-I-BOA
After wear
Mean percent reduction
†
86.1
2.13
(p = 0.017)†
0.90
0.8
4.08
0.81
†
84.3
1.55
(p = 0.025)†
0.74
0.20
2.84
0.55

3.88
1.22
0.81
5.85
1.49

3.69
0.99
0.41
4.92
0.99

34.7
(p = 0.832)

2.51
0.88
0.64
4.11
0.79

2.35
1.09
0.42
4.53
1.19

30.9
(p = 0.410)

Baseline
2.99
1.16
1.10
5.14
1.35

depending on the microorganism type and BOA (Table 2).
Most notably, NanoAg-IS-BOA and NanoAg-I-BOA
showed a higher inhibitory activity than untreated BOA.
As shown in Table 2, exposure to NanoAg-IS-BOA had
a marked antibacterial effect on tested bacteria, with a
reduction in planktonic bacterial cells viability by 70.2 to
98.4% compared to baseline. In planktonic bacterial cells
growth of test bacteria except L. acidophilus, differences
between the antibacterial effects of NanoAg-I-BOA vs
those with untreated BOA were statistically significant
(p < 0.05) with a reduction in cells viability by 30.9 to
86.1%, compared to baseline.
The mean percentage reduction in logarithmic value
for L. acidophilus between the test groups and the BOA
groups was lower than the percentages for the others
(34.7-70.2%). In S. mutans salivary levels, the mean percentage of logarithmic value in the NanoAg-IS-BOA and
NanoAg-I-BOA groups dropped to 1.6 and 13.9%, respectively, after 4 weeks, and this difference was statistically
significant (p = 0.001 and p = 0.017) in comparison to those
in the control/BOA groups. On the other hand, after a
4 weeks exposure NanoAg-IS-BOA inhibited the growth
of all test planktonic bacteria by 2 to 40.2% compared to
NanoAg-I-BOA. The planktonic bacterial cells growth
inhibition by NanoAg-IS-BOA was significant compared
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Flow Chart 1: Algorithm of the study design. Yr: year; W: week; NanoAg-IS-BOA: NanoAg in situ in baseplates of orthodontic
appliances (BOA); NanoAg-I- BOA: BOA incorporated with NanoAg

Flow Chart 2: The patients in the study

L. acidophilus colonies/biofilms were not found on the
three baseplates of the NanoAg-IS-BOA groups (12.5%),
as shown in Table 3, biofilm of L. acidophilus showed
the lowest susceptibility to NanoAg-IS-BOA, which
reduced bacterial viability by 70.2% (p = 0.0641). Biofilm
inhibition analysis demonstrated that NanoAg-IS-BOA
inhibited statistically significant the biofilm growth of
S. mutans, S. sobrinus, and L. casei by 26.8 to 54% compared
to NanoAg-I-BOA (Table 3). Our study demonstrated a
signiﬁcantly lower number of viable cells of test bacteria
except L. acidophilus on the NanoAg-IS-BOA and NanoAgI-BOA compared with the control BOAs by the end of the
experiment.

DISCUSSION

to NanoAg-I-BOA against L. casei (p = 0.038), as shown
in Table 2.

Biofilm Inhibition Potential of Acrylic Disks
Table 3 summarizes the number of CFU/BOA of tested
bacteria after 4 weeks biofilm growth on NanoAg-ISBOA and NanoAg-I-BOA, as a function of NanoAg as
expressed relative to the maximal number of CFU/BOA
recovered from the corresponding control BOA without
Ag-NPs. The number of CFU/BOA on the acryl disks
without Ag-NPs had a maximum of about 4 CFU/BOA to
1.05 × 102 CFU/ BOA, which was dependent of the types
of tested bacteria (Table 3). This maximum was used as
the 100% level for each tested bacteria as well as mixed
cultures of the four species in this study.
The results obtained show that NanoAg-IS-BOA and
NanoAg-I-BOA caused a signiﬁcant reduction in the
formation of colonies/biofilms of test microorganism on
the BOAs surface over the test period (p < 0.05). Biofilm
inhibition analysis demonstrated that NanoAg-I-BOA
and NanoAg-IS-BOA inhibited the biofilm of all test
bacteria by 20.1 to 79.9% compared to BOA. Although

Colonization and plaque formation of cariogenic bacteria on BOA may result in biofilm formation and may
contribute to dental caries, gingival inflammation and
periodontal disease.23-25,31 The use of PMMA containing or coating with antimicrobial agents is advocated
to combat this problem.8,10,32-33 Thus, a broad-spectrum,
antimicrobial resin without the risk of developing
resistant species of bacteria is needed as appliances to
prevent post-treatment adverse effects. In recent years,
much focus has been given to the potential role of nanoparticles-containing or coating orthodontic appliances
in inhibiting the growth of the cariogenic bacteria. The
application of nanoparticles for the control of cariogenic
biofilm on BOA has not been widely investigated. Herein
we performed randomized study to compare the efficiency of anti-cariogenic activity of NanoAg-IS-BOA
and NanoAg-I-BOA in terms of orthodontic treatment
time by using inhibition of cariogenic planktonic and
biofilm bacteria.
This study is part of a series to explore the selective
NanoAg activity that can be used as anti-cariogenic
agent. Kassaee et al 28 showed a strong antibacterial activity of PMMA incorporated with NanoAg
(NanoAg-I-PMMA) as a new dental acrylic resin against
E. coli. In a pilot in vitro study, although NanoAg in situ
in PMMA (NanoAg-IS-PMMA) has been reported to
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Table 3: The effect of NanoAg-IS-BOA vs NanoAg-I-BOA on biofilm formation of the cariogenic bacteria. The counts (log10 CFU/ml)
of each microorganism per BOA sample are expressed as logarithmic values of mean ± SD, minimum, maximum and variance
NanoAg-IS-BOA
After wear
Mean percent reduction

Microorganisms
Baseline
S. mutans
Mean
1.95
1.37
74.1
(p = 0.010)†
SD
0.75
0.92
Minimum
0.21
0.00
Maximum
3.41
3.08
Variance
0.56
0.86
S. sobrinus
Mean
2.02
1.32
79.9
(p = 0.009)†
SD
1.07
0.84
Minimum
0.53
0.00
Maximum
3.72
2.91
Variance
1.15
0.70
L. acidophilus
Mean
1.32
1.11
40.3
(p = 0.94)
SD
0.76
0.65
Minimum
0.20
0.00
Maximum
2.72
2.60
Variance
0.74
0.43
L. casei
Mean
0.61
0.19
61. 5
(p = 0.031)†
SD
0.22
0.33
Minimum
0.21
0.00
Maximum
1.10
0.90
Variance
0.04
0.10
† denotes a statistically significant difference, SD: Standard deviation

significantly reduce the S. mutans levels;22 its effect
against cariogenic bacteria in a clinical trial has not
been explored. Another study in this series showed the
effectiveness of NanoAg-IS-PMMA on the A. bumannii,
P. aeruginosa, P. mirabilis and S. aureus.34 In the present
study, we tested the efficiency of NanoAg in situ in
baseplates of orthodontic appliances (NanoAg-IS-BOA)
and BOA incorporated with NanoAg (NanoAg-I-BOA)
in reducing planktonic and biofilm load of S. mutans,
S. sobrinus, L. acidophilus as well as L. casei, as cariogenic
agents in randomized controlled clinical trials.
Our results showed that 4 weeks wearing of NanoAgIS-BOA and NanoAg-I-BOA reduced significantly the
planktonic levels of test bacteria in saliva compared to
baseline levels. However, NanoAg-IS-BOA had a higher
antibacterial activity than NanoAg-I-BOA against the
cariogenic bacteria. For instance, unlike NanoAg-ISBOA, NanoAg-I-BOA did not significantly affect the
L. acidophilus level in saliva and biofilm formation. It
is possible that the activities were influenced by the
NanoAg dispersing and homogeneous incorporation
into the resin. Many studies have demonstrated the
addition of NanoAg in to PMMA for production of
NanoAg-I-PMMA has been problematic often due to an
inability to disperse homogenously NanoAg, which is
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Baseline

NanoAg-I-BOA
After wear
Mean percent reduction

1.55
0.89
0.22
3.20
0.85

1.46
0.72
0.16
3.01
0.52

20.1
(p = 0.276)

1.86
0.86
0.40
3.62
0.76

1.73
0.74
0.20
2.84
0.55

25.4
(p = 0.92)

1.02
0.47
0.31
1.9
0.22

0.95
0.37
0.15
1.7
0.29

27.2
(p = 0.18)

0.67
0.41
0.15
1.8
0.17

0.47
0.32
0.10
1.10
0.19

34.7
(p = 0.086)

detrimental to the device’s mechanical properties, and
the need for harsh chemicals and complex multistep
processes required for synthesis which is unsuitable for
medical and dental applications.18-21 Recently, Fan et al22
used the novel approach to generate NanoAg in situ in
PMMA (NanoAg-IS-PMMA). The NanoAg-IS-PMMA
were eliminated the problem of non-uniform NanoAg
dispersion as well as the need for harsh chemicals. This
NanoAg-IS-PMMA showed excellent antimicrobial
properties against planktonic bacterial cells growth of
A. bumannii, P. aeruginosa, P. mirabilis, S. aureus and S.
mutans.34 Our data demonstrated the NanoAg-IS-BOA
exhibited a high antimicrobial efficacy, even if the content
of silver nanoparticles in NanoAg-IS-BOA is as low as
0.5% w/w all test bacteria in saliva are inhibited over 53.2
to 98.4% within 4 weeks. This low amount of NanoAg
does not have any adverse effect on the mechanical
properties of the polymer.16
Aside from NanoAg-IS-BOA, studies involving
NanoAg-I-BOA suggests that it has little effect on actively
reducing cariogenic bacteria levels and did not effect on
in vivo biofilm formation of test bacteria. However, the
effect of NanoAg-IS-BOA was lower for test cariogenic
bacteria growing in bioﬁlm compared with cells in saliva
or planktonic counterparts (at least 2-fold). In the present
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study, complete elimination of biofilm did not occur, since
bioﬁlm structures represent an anchor structure and
protection for microorganisms. Our biofilm inhibition
data seems consistent with several studies that have
reported of increase of biofilm resistance to antimicrobial
agents compared with their planktonic counterparts.35,36
This makes bioﬁlms of cariogenic bacteria particularly
disturbing in tooth health, while their presence often
creates dental caries.23 Mechanisms proposed to increase
of biofilm resistance to antimicrobial agents compared
with their planktonic counterparts can be divided into
three categories: transport limitation, modulation of the
environment and new genes expression.37 The NanoAg
initially killing the microorganisms and the recovery in
cell number is then due to the dead bacteria forming a
layer through which the Ag ions must diffuse. However,
the exopolymers matrix excludes and/or deters the access
of agents to microorganisms within a bioﬁlm.38 Some cells
may differentiate into a new phenotype once attached to
a surface, which gives them increased resistance. These
resistant bacteria survive, multiply, and result in an
increase in the viable cell count of the bacterial biofilm.
The limitation of nutrients within the biofilm leads to a
decreased growth rate of bacteria and results in a gradient
of antimicrobial agents sensitivity from the upper layers
to the innermost layers of biofilm, where the metabolism
and targets of microorganisms may be altered.39 Change
in gene expression in biofilm forming bacteria could then
influence the susceptibility of bacteria to biocide.40
In this NanoAg-IS-BOA time course study, it exhibited a wide spectrum inhibition of planktonic and biofilm bacterial cells growth of S. mutans, S. sobrinus and
L. casei, the cariogenic bacteria. An advantage of a wide
spectrum bactericidal action may be that it permits trial
to proceed without bacterial interference and reduces the
likelihood for resistance to develop. The varied and broad
spectrum activity of NanoAg in vitro has been reported
before.41 Based on results of the present study, the strong
antimicrobial activity of NanoAg-IS-BOA in comparison
to NanoAg-I-BOA and PMMA, regarding other studies
which have shown considering non-detrimental effects of
NanoAg-IS-BOA on mechanical properties of acrylic,22,34
it seems clinically advantageous to use NanoAg-IS-BOA
and benefit their antimicrobial properties. However,
further studies are needed to evaluate the proper concentrations for final products. We acknowledge that further
evaluation of the anticariogenic activity of NanoAg-ISBOA against additional common cariogenic agents, such
as A. naeslundii will enhance our study, since A. naeslundii
has the potential to invade dentinal tubules and is associated with root caries.42

CONCLUSION
In the present randomized, double-blind cross-over
clinical trial, we have shown that the NanoAg-IS-BOA
has strong antimicrobial activity in the planktonic phase
and subsequent biofilm formation of cariogenic bacteria
than NanoAg-I-BOA. It shows that wearing of NanoAgIS-BOA has the potential to minimize plaque formation
of cariogenic bacteria and dental carise.
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