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Objective: Antibacterial property of pit and fissure sealant enhance the positive effect for caries prevention.  
The aims of this study were to investigate the fluoride release, buffering capacity, and biofilm formation of sealants. 
Materials and Methods: Specimens from BeautiSealant (giomer-based sealant), ClinproTM (fluoride releasing 
resin-based sealant), Fuji VII (glass-ionomer-based sealant), and Concise (nonfluoride releasing resin-based 
sealant) were prepared. Studies of the specimen were conducted to examine fluoride released, buffering capacity 
and formation of S. mutans biofilm, which involved examining the biovolume and live/dead cell ratios. 
Results: Fuji VII released the highest amount of fluoride (11.71 ppm), followed by BeautiSealant (6.20 ppm), 
Clinpro (1.27 ppm), and Concise (0.02 ppm). The smallest change in pH was found in BeautiSealant (-1.35), 
followed by Fuji (-1.85), Clinpro (-2.11), and Concise (-2.67). There was a higher biovolume of biofilms on Concise 
(0.0177 mm3mm-2) than the other materials. Thus, the live/dead cell ratio on the BeautiSealant biofilms (0.5554) 
was less than on the other materials.
Conclusions: BeautiSealant demonstrated benefit in reducing the biovolume of biofilm and the live/dead cell 
ratio with a high buffering capacity.
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Introduction

 Dental caries develops when bacterial 
plaque cannot be removed from the tooth surface. 
Approximately 90% of carious lesions are found  
in the pits and fissures of permanent molars [1]. 
Sealants have been used for decades as  
a preventive measure against caries developing in 
susceptible pits and fissures as they form  
a physical barrier between the oral environment 
and deep fissures [2-4]. Once the pit and fissure 
are covered with a sealant, the bacteria are isolated, 
and the number of cariogenic bacteria, including 
Streptococcus mutans, decreases to 50% [1].

 This positive effect of caries prevention can 
be enhanced by adding antibacterial agents to the 
sealant material [5]. In recent years, chlorhexidine, 
bioactive glass, silver and zinc oxide nanoparticles, 
fluoride compounds, and surface reaction type 
pre-reacted glass-ionomer (S-PRG) filler have been 
added to sealants as antibacterial agents [6-10]. 
These materials may be classified as materials 
with bioactivity.
 Thus, the prevention of pit and fissure caries 
by using the sealant should be considered not 
only physical barrier, but also bioactivity of 
antibacterial effect.
 The purpose of this study was to evaluate the 
antibacterial properties of commercial bioactive 
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sealants containing different additive agents to 
determine their capacity of buffering and inhibiting 
bacterial growth in biofilm formation. The null 
hypothesis of this study was: there was no effect of 
different bioactive sealants on fluoride released, 
pH change, biovolume of S. mutans biofilms,  
and live/dead cell ratios of S. mutans biofilms.

Materials and methods

 This study was performed using protocols 
approved by the Faculty of Dentistry/Faculty of 
Pharmacy, Mahidol University Institutional Review 
Board (COE 2019/041.2607).
 A BeautiSealant containing S-PRG filler 
(giomer-based sealant), a fluoride releasing ClinproTM 
sealant (fluoride-releasing resin-based sealant),  
a glass-ionomer sealant Fuji VII (glass-ionomer-
based sealant), and a nonfluoride releasing 
Concise sealant (resin-based sealant) were used 
in this study. The compositions and manufacturers 
of these materials are shown in Table 1.

 Twenty cylindrical specimens from each 
material were prepared. The specimens were  
6 mm in diameter and 2 mm thick and were 
prepared with a plastic mold. Each sealant  
was loaded into the plastic mold, the mold was 
placed on a mylar strip above a glass slide,  
and an LED light curing unit (Bluephase New, 
Ivoclar Vivadent AG, Schaan, Liechtenstein)  
was used to polymerize it from the top for 20 sec 
with the curing tip close to its surfaces. The curing 
unit was set to a high-power program with  
an intensity of approximately 1,200 mW/cm2. 
Glass-ionomer sealant was allowed to self-cure  
for 2 minutes and 20 seconds. All specimens were 
sterilized in a UV chamber for 1.5 hours per side.
 The cariogenic bacteria S. mutans (ATCC 
25175, Thai Can Biotech, Bangkok, Thailand) 
were cultured in brain-heart infusion agar (BHI) in 
a 5% CO2 chamber at 37 °C for 48 hours. Bacteria 
were then cultivated in brain-heart infusion broth 
supplemented with 5% sucrose to achieve the 
desired turbidity at a cell density of 1x108 CFU/mL 
or 0.5 McFarland in a 5% CO2 chamber at 37 °C.

Table 1 List of the materials selected for this investigation and their manufacturers.
Groups Materials Composition Manufacturer

1 ConciseTMsealant TEGDMA, Bis-GMA
(Nonfluoride releasing resin-based sealant)

3 M ESPE, USA

2 ClinproTMsealant TEGDMA, Bis-GMA, Tetrabutyl-
ammoniumtetrafluoroborate, 
Silane-treated silica
(Fluoride releasing resin-based sealant)

3 M ESPE, USA

3 BeautiSealant TEGDMA, UDMA, 
Fluoroboroaluminosilicate glass, 
Micro fumed silica
(S-PRG filler containing giomer-based sealant)

Shofu Inc., Japan

4 Fuji VII Fluoroaluminosilicate glass, CPP-ACP, 
pigment, distilled water, polyacrylic acid, 
polybase carboxylic acid
(Glass-ionomer-based sealant)

GC, JAPAN

TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate; Bis-GMA, bisphenol A glycidylmethacrylate; S-PRG, Surface 
pre-reacted glass-ionomer; CPP-ACP, Casein Phosphopeptide-Amorphous Calcium Phosphate
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Amount of fluoride releasing
 Five specimens f rom each mater ia l 
underwent fluoride release determination tests. 
The specimens were placed in 24-well culture 
plates, immersed in 1 mL of deionized water  
and incubated in a 5% CO2 chamber at 37 °C  
for 24 hours. The specimen was removed.  
The sample solution was transferred into a clean 
plastic tube and mixed with 100 mL TISAB III  
(total ionic strength adjustment buffer, 940911, 
Thermo Scientific Orion, Beverly, MA, USA).  
The solution was used to measure the amount of 
fluoride released three times from each specimen 
of each material using a fluoride-specific ion 
electrode (Orion EA940 expandable, Orion 
Research, Beverly, MA, USA) connected to an ion 
analyzer (Orion ion analyzer EA940, Beverly, MA, 
USA). The fluoride electrodes can detect fluoride 
concentrations down to 0.02 ppm. The mean 
fluoride concentration in part per million (ppm) of 
each specimen was calculated and used as 
representative data of each specimen.

Evaluation of buffering capacity
 Five specimens from each group were 
randomly selected for biofilm formation assays. 
The specimen was placed into a customized 
polymethyl methacrylate model and incubated 
with 1 mL filtrated saliva for 16 hours at 37 °C  
to form an acquired pellicle.
 InLab® pH electrodes (H+ ion-sensitive 
area, length 6 mm, diameter 3 mm) (Mettler-
ToLedo, Greifensee, Switzerland) and pH meters 
(ORION Star A111 mV/pH METER, BAS, Tokyo, 
Japan) were used to determine the pH on the 
material surfaces. Before use, the pH electrode 
was calibrated with buffer solution at pH 4, pH 7, 
and pH 10.
 After 16 hours of pellicle formation, filtrated 
saliva was drawn from the model. Ten saliva-coated 
specimens from each subgroup were immersed 
and incubated with 1 mL of bacterial suspension 

in a 5% CO2 chamber at 37 °C for 24 hours. Then, 
the planktonic bacteria were removed, and the  
tip of the pH electrode was inserted into the 
customized polymethyl methacrylate model and 
placed onto the surfaces of the biofilm-coated 
specimen. A 140 µL sample of 5% sucrose was 
added into the model. The pH measurement was 
started after adding 140 µL of 5% sucrose into  
the model, and the measurements were taken 
after every hour with incubation under 5% CO2  
at 37 °C for 24 hours. The maximum pH changes 
calculated from the 0 to 24 hours after the start  
of incubation were used for statistical analysis.

Biofilm formation of S. mutans
 The remaining ten specimens from each 
material were used for biofilm formation assays. 
The specimen was placed in a 24-well culture 
plate and incubated with 1 mL filtrated saliva for 
16 hours at 37 °C to form an acquired pellicle. Then, 
filtrated saliva was drawn from the culture plate. 
Ten saliva-coated specimens from each subgroup 
were immersed and incubated with 1 mL of 
bacterial suspension in a 5% CO2 chamber at 37 °C 
for 24 hours. After incubation, the specimens were 
washed with 1 mL distilled water 3 times and 
transferred to a clean 24-well culture plate.
 Five specimens from each subgroup were 
used to rule out whether a biofilm formed using  
a crystal violet (CV) assay, which will be described 
later. When biofilm formation was found in the  
CV assay, further study on biofilm formation on  
the other five specimens from the same group  
was carried out using a confocal laser scanning 
microscope (CLSM, Fluoview 10i; Olympus Corp, 
Shinjuku-Ku, Tokyo, Japan) to determine the 
biovolume and the live and dead cell ratio.
 The specimen was placed in a petri dish 
and stained using the Live/Dead Bac LightTM 
Bacterial Viability kit (Molecular Probes, Eugene, 
USA). The staining kit is composed of two 
fluorescent nucleic acid-binding dyes: SYTO 9, 
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which can penetrate all bacterial membranes, 
stain the cells and produce green fluorescing 
cells, and isopropidium iodide, which penetrates 
only cells with damaged membranes. Cells  
with damaged membranes were subjected to  
a combination of the two stains, producing red 
fluorescing cells. Three microliters of each dye 
were mixed into a tube containing 1 mL of filtrated 
distilled water. Mixed dyes were placed onto  
a specimen in which a biofilm was formed, and the 
cells were stained for 20 minutes under light 
protection.
 Three neighboring points at the center of 
each specimen were analyzed with CLSM for each 
specimen. An excitation wavelength of 488 nm 
was used, and the emitted light between 500 and 
560 nm was collected by different filters. The 
specimens were observed using optical lenses 
with magnifications of 60x. The observational 
sections were then reconstructed to a 3-dimensional 
model using FV 10-ASW (V 1.7a, Olympus, Tokyo, 
Japan) software. The biovolume or the bacterial 
densities over a studied area (45000 µm2) were 
calculated using the color segmentation method. 
In addition, the live and dead numbers of  
S. mutans cells in biofilms were calculated from 
the total number of green and red pixels from 
FV10-ASW software.

Statistical analysis
 Statistics were calculated using PASW 
statistics 18 (SPSS Inc., Chicago, IL, USA). The 
means and the standard deviations of all groups 
were calculated. Testing for a normal distribution 
of data with Komolgorov-Smirnov test and for 
homogeneity of variance of samples with Levene’s 
test were performed. One-way analysis of variance 
was used to examine the effect of material types 
on the amount of fluoride released, pH change, 
biovolume and bacterial live/dead ratio. Post hoc 
tests were performed using Tukey’s multiple 
comparison test for fluoride release, pH change, 
biovolume and Dunnett T3 test for live/dead 
bacteria with a significance level of p-value 0.05.

Results

 According to the analysis of fluoride release, 
one-way ANOVA revealed the effect of materials 
on fluoride release at p<0.01. Means and standard 
deviations of fluoride release (ppm) are demonstrated 
in Table 2. Fuji VII, a glass-ionomer sealant, 
showed the highest amount of fluoride release 
(11.71 ± 1.29 ppm), followed by BeautiSealant 
(6.20 ± 0.25 ppm), Clinpro (1.27 ± 0.16 ppm), and 
Concise (0.02 ± 0.02 ppm). There were statistically 
significant differences among the tested materials 
(p<0.05).

Table 2 Means ± standard deviations of fluoride released in part per million (ppm), pH change, 
biovolume of S. mutans biofilms (mm3mm-2) and live/dead cell ratios of S. mutans biofilms

Materials

Concise Clinpro BeautiSealant Fuji VII

Fluoride releasing 0.02 ± 0.02 d 1.27 ± 0.16 c 6.20 ± 0.25 b 11.71 ± 1.29 a

pH change -2.67 ± 0.20 d -2.11 ± 0.09 c -1.35 ± 0.07 a -1.85 ± 0.10 b

Biofilms
Biovolume 0.0177 ± 0.0006 a 0.0158 ± 0.0009 b 0.0159 ± 0.0008 b 0.0152 ± 0.0010 b

Live/dead cells 0.6757 ± 0.0069 a 0.6445 ± 0.0287 a 0.5554 ± 0.0230 b 0.6980 ± 0.0488 a

The data with the same superscript letter of the same row demonstrate no statistically significant difference.
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 The biofilm pH measurements that were 
taken every 1 hour for 24 hours are shown in 
Figure 1. A gradual decrease in pH was found for 
all materials. A relatively low rate of change and 
the least overall pH change were observed in the 
BeautifilSealant group. The highest pH change 
was found for the Concise sealant.
 According to the analysis of pH change, 
one-way ANOVA revealed the effect of materials 
on fluoride release at p<0.01. The means and 
standard deviat ions of  pH changes are 
demonstrated in Table 2. The least change in pH 
was found for the BeautifilSealant (-1.35 ± 0.07), 
followed by the Fuji VII (-1.85 ± 0.10), Clinpro 
(-2.11 ± 0.09), and Concise (-2.67 ± 0.20).
 According to the biovolume analysis of  
the S. mutans biofilms, one-way ANOVA revealed 
the effect of the materials on the biovolume of  
S. mutans at p<0.01. The biovolume means and 
standard deviations of S. mutans (mm3mm-2)  
are demonstrated in Table 2. The biovolume of  
S. mutans biofilm on Concise (0.0177 ± 0.0006) 
was higher than that of the other materials (p<0.05). 
There were no significant differences in the 
biovolume of S. mutans biofilms among Clinpro 

(0.0158 ± 0.0009), BeautiSealant (0.0159 ± 0.0008) 
and Fuji VII (0.0152 ± 0.0010), which were less 
than that of Concise.
 According to the analysis of live/dead cells of 
S. mutans biofilms, one-way ANOVA revealed the 
effect of materials on the biovolume of S. mutans 
at p<0.01. Means and standard deviations of live/
dead cell ratios of S. mutans are demonstrated in 
Table 2. The live/dead cell ratio of S. mutans 
biofilms on BeautiSealant (0.5554 ± 0.0230) was 
significantly less than that on other materials. 
There were no significant differences in the live/
dead cell ratios of S. mutans among Concise 
(0.6757 ± 0.0069), Clinpro (0.6445 ± 0.0287) and 
Fuji VII (0.6980 ± 0.0488), which were higher than 
those of BeautiSealant.
 The representative images of biovolume 
and live/dead cells staining are shown in Figure 2. 
The intensity of green (live cells) and red (dead cells) 
were somehow in consistent with the biovolume, 
which were lower in the group of BeautiSealant.
 The null hypothesis was rejected at a 
significance level of 0.05.

Figure 1 Continuous pH measurement every 1 hour for 24 hours
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Figure 2 The representative images of biovolume 
and live/dead cells under a confocal 
laser scanning microscope. Live and 
dead cells are shown in green and red, 
respectively.

ppm from BeautiSealant, a giomer sealant;  
1.27 ± 0.16 ppm from Clinpro, a fluoride releasing  
resin-based sealant; and 0.02 ± 0.02 ppm from 
Concise, a nonfluoride releasing resin-based 
sealant. The amounts of fluoride released agreed 
with previous studies in which the highest amount 
of fluoride was from glass-ionomer sealants 
followed by giomer-based sealants and fluoride-
releasing resin-based sealants [14-15]. In addition, 
various ions, such as aluminum (Al3+), sodium 
(Na+), strontium (Sr2+) and borate (BO3-), have 
been proven to be released from BeautiSealant 

[16-17]. In addition to the cariostatic effect of 
fluoride being released, which is based on the 
antibacterial effects [18-19] and the inhibition  
of bacterial acid production [20], there is a 
bactericidal effect from the borate ions released 
from PRG filler in BeautiSealant [17,21]. Both of 
these properties contribute to the pH increase of 
the plaque around materials. The lowest pH 
change was found with BeutifilSealant, followed  
by Fuji VII, Clinpro and Concise. The amount of 
fluoride and borate ions released might be an 
important explanation. The result of this study 
agreed with the results of Kaga and co-worker 

[22]. Thus, lower live/dead cell ratios were found in 
the giomer-based sealant group (BeautiSealant) 
than in other groups.
 By using any sealants that had the ability to 
release not only fluoride (Fuji VII, Clinpro) but also 
borate ions (BeautiSealant), the amount of S. mutans 
biovolume could be reduced significantly in 
contrast to nonreleasing resin-based materials 
(Concise). Thus, lower live/dead cell ratios were 
found in the giomer-based sealant group than  
in other groups (BeautiSealant). The high 
effectiveness of BeautiSealand for antibacterial 
effects was expected, which was in agreement 
with a previous study [23]. The effect of various 
ions released from this sealant might play an 
important role in this phenomenon [14-21].

Discussions

 Traditionally, pit and fissure sealants have 
been used to seat pits and fissures, leading to the 
prevention of cariogenic bacterial invasion and 
plaque accumulation [11]. For pit and fissure 
sealants with fluoride-releasing properties,  
the capability for caries prevention, reduction of 
enamel demineralization and promotion of 
remineralization has been proposed [12]. 
Therefore, the limitation of fluoride as a protective 
agent for caries control has been reported  [13].
 The fluoride released was 11.71 ± 1.29 ppm 
from Fuji VII, a glass-ionomer sealant; 6.20 ± 0.25 
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 Generally, interference of the caries process, 
reduction of demineralization and enhancement  
of remineralization of enamel and dentin have 
been proposed with the presentation of fluoride 

[24]. When the pH in biofilm fluid dropped due to 
sugar consumption, mineral dissolution was 
reduced in the presence of fluoride because the 
fluoride returned part of the demineralized 
hydroxyapatite to the fluoroapatite [25]. The metal 
ions released from these materials provide  
a combination of antibacterial effects [23], and 
materials that can release various ions, including 
fluoride ions, calcium ions, aluminum ions, and 
borate ions [14-17] may enhance the effective 
reduction of dental caries.
 Pit and fissure sealants are used to prevent 
the accumulation of food debris and plaque and  
to minimize the exchange of metabolic products 
between fissure micro- organisms and the oral 
environment. Therefore, perfect penetration of 
sealant materials deep into pits and fissures is 
difficult to clinically obtain because of the 
complicated structures of pits and fissures on the 
occlusal surfaces of posterior teeth. The application 
of a sealant that can release substantial amounts 
of ions may be beneficial for protecting sealed 
teeth because of its effectiveness in neutralization 
and anti-demineralization.

Conclusions

 Amount of fluoride-releasing from sealants 
was an important property that allow them to be 
effective in reducing S. mutans biofilm formation. 
Giomer-based sealants were more beneficial than 
other materials in reducing the biovolume of  
S. mutans biofilms and reducing the live/dead cell 
ratio with a high buffering capacity.
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