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Abstract
Introduction: Glass-ionomer cement (GIC) is known to have an ion exchange and fluoride release activity, which results in
interfering with cariogenic bacteria and has remineralization potential. One such modification was addition of surface pre-reacted
glass-ionomer (S-PRG) particles in GIC as fillers. The S-PRG filler particles are formed by an acid-base reaction between
fluoroaluminosilicate glass and polyacrylic acid.
Aim: The aim of the present study was to compare the microleakage and cariostatic properties of BeautiSealant with S-PRG
particles (Mfg. Shofu) and Helioseal F (Mfg. Ivoclar Vivadent) resin sealants.
Materials and Methods: A total of 60 caries-free premolar teeth indicated for extraction for orthodontic purposes were collected
and divided into two groups; Group A containing 40 randomly selected premolars for the assessment and comparison of
the microleakage properties and Group B containing 20 randomly selected premolars for the assessment and comparison
of the cariostatic properties. In Group A, the dye leakage of all the 40 specimens was measured using the software under
stereomicroscope. The extent of penetration depth of both the materials was determined using stereomicroscope. In Group B,
all the 10 specimens from each group were sectioned longitudinally across buccolingual surface and were finally subjected to
scanning electron microscopic assessment of sealant-tooth surface interface.
Results: There was no significant difference seen in the microleakage of the Shofu BeautiSealant and Ivoclar Helioseal F
(P > 0.05), whereas the wt.% of the contents of the BeautiSealant (33.45) was found to be more than that of Ivoclar Helioseal
F (30.73), which showed a better remineralization potential of BeautiSealant compared to Helioseal F.
Conclusion: In future, due to the bioactive properties of the S-PRG particles, they can be used in clinical restoration of early
carious lesions in a biomimetic, atraumatic, and non-cavitated manner due to its excellent remineralization potential.
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INTRODUCTION
Dental caries and periodontitis are two major causes of
tooth loss in adults. To reduce dental caries, it is necessary to
prevent demineralization of the intact tooth surface and to
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promote remineralization of early stage tooth decay. With
the evolution of dentistry and the progress in preventive
and adhesive technologies, new techniques are applied
for preventing and stopping the carious process.[1] Glassionomer cement (GIC) is known to have an ion exchange
and fluoride release activity, which results in interfering
with cariogenic bacteria and has remineralization potential.
One such modification was addition of surface pre-reacted
glass-ionomer (S-PRG) particles in GIC as fillers. These
fillers have been tried because of its ability of high fluoride
release. The S-PRG filler particles are formed by an acidbase reaction between fluoroaluminosilicate glass and
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polyacrylic acid.[2] S-PRG is also known to release several
types of ions, including Al, B, Na, Si, Sr, and F.[3]
S-PRG particles have been shown to deliver caries resistant
properties by various earlier studies. These particles when
added to pit and fissure sealants will work synergistically
and may improve sealing ability.
Among the diverse kinds of bioactive glass filler, S-PRG
filler has already been used for a relatively long time in some
specific commercial resin-based composites. Therefore, we
are carrying out this study to evaluate the microleakage and
cariostatic properties of S-PRG-containing resin sealant.

MATERIALS AND METHODS
The study was conducted in the Department of Pediatric
Dentistry, Bharati Vidyapeeth Dental College and Hospital,
Pune, after obtaining approval from the Institutional
Research Committee and Institutional Ethics Committee.
A total of 60 caries-free premolar teeth indicated for
extraction for orthodontic purposes were collected from
the Department of Pediatric Dentistry, Bharati Vidyapeeth
Dental College and Hospital, Pune. The teeth specimens
were cleaned ultrasonically to rid them off cellular debris.
These teeth were stored in a thymol solution till the
experimentation. Then, specimens were removed from the
solution, washed, and thoroughly dried.
The samples were divided into two groups; Group A
containing 40 randomly selected premolars for the
assessment and comparison of the microleakage properties
and Group B containing 20 randomly selected premolars for
the assessment and comparison of the cariostatic properties.

Table 1: Distribution of microleakage scores
among the study groups, n (%)
Groups

Microleakage score
0

1

2

Total
3

Shofu BeautiSealant (A1) 4 (20) 5 (25) 6 (30) 5 (25) 20 (100)
Ivoclar Helioseal F (A2)
2 (10) 9 (45) 3 (15) 6 (18) 20 (100)

Table 2: Comparison of mean microleakage score
among the study groups
Groups

Mean±SD Median Difference z value

Shofu
BeautiSealant
(A1)
Ivoclar
Helioseal F
(A2)

1.60±1.10

2.00

1.65±1.04

1.00

−0.05

P‑value

−0.099 0.921 (NS)

Mann–Whitney U‑test; NS: Non‑significant, P>0.05 – not significant,
*P<0.05 – significant, **P<0.001 – highly significant

Graph 1: Distribution of microleakage scores among the study
groups

Group A: Assessment and Comparison of Microleakage
Properties

Group A was divided into two subgroups; Group A1
(Shofu BeautiSealant) and Group A2 (Ivoclar Helioseal F)
with 20 samples in each group. The occlusal surfaces on
pit and fissure areas of all teeth were etched using 37.5%
phosphoric acid gel for 30 s. Subsequently, the etching
gel was thoroughly washed using a water spray and the
application of adequate amount of primer on the enamel
surface of pit and fissure was done using a brush. It was
left undisturbed for a second and the surface was light
cured for 20 s until a thin and uniform bonding layer was
obtained. Later, the application of necessary amount of
conventional resin sealant on 20 samples and the resin
sealant containing S-PRG particles on other 20 samples was
done directly on the pit and fissures. The excess material
was removed using a cotton pellet and the surface was light
cured for 40 s using a dental light curing unit.
57

Graph 2: Mean microleakage scores of both the study groups

The restored teeth were stored for 1 week in water at
room temperature and then thermocycling was carried out
500 times at 5° and 55°C with 20 s dwell time. The teeth
were then soaked in methylene blue dye for 24 h at room
temperature and longitudinally sectioned in buccolingual
direction. The dye leakage was measured using the software
under stereomicroscope. The extent of penetration depth of
both the materials was determined using stereomicroscope.
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All the 40 specimens, which included the buccal and lingual
halves, were then observed under the stereomicroscope
at ×15 for determining both the depth of penetration (in
microns) and microleakage [Figures 1 and 2]. The Williams
and Winter scoring criteria were used to calculate the dye
penetration for marginal microleakage along the wall.
Group B: Assessment and Comparison of the Cariostatic
Properties

The Group B was divided into two subgroups; Group B1
(Shofu BeautiSealant) and Group B2 (Ivoclar Helioseal F)
with 10 samples in each group. The specimens were entirely
covered with dental wax, leaving exposed only the area
to be restored later and 2 mm area around their margins.
They were immersed in lactic acid gel to create artificial
demineralized lesions on occlusal enamel.
After the white spot lesions are seen on the enamel surface,
the occlusal surfaces on pit and fissure areas of all teeth
were etched using 37.5% phosphoric acid gel for 30 s.

Subsequently, the etching gel was thoroughly washed using
a water spray. An adequate amount of primer was applied
on the enamel surface of pit and fissure using a brush.
It was left undisturbed for a second and the surface was
light cured for 20 s until a thin and uniform bonding layer
was obtained. Later, the application of necessary amount
of conventional resin sealant on 10 samples and the resin
sealant containing S-PRG particles on other 10 samples was
done directly on the pit and fissures. The excess material
was removed using a cotton pellet and the surface was light
cured for 40 s using a dental light curing unit.
Ten specimens from each group were sectioned
longitudinally across buccolingual surface and were finally
subjected to scanning electron microscopic assessment of
sealant-tooth surface interface [Figures 3-5].

RESULTS
The following results can be extrapolated from the above
tables –
• There was no significant difference seen in the
microleakage of the Shofu BeautiSealant and Ivoclar
Helioseal F (**P > 0.05)

Figure 1: Image under stereomicroscope for Shofu
BeautiSealant (Group A1)
Figure 3: Group B1 showing the compact deposition of the
elements on the demineralized enamel surface after the
application of Shofu BeautiSealant

Figure 2: Image under stereomicroscope for Ivoclar Helioseal F
(Group A2)
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Figure 4: Group B2 showing open/loose deposition of the
elements on the demineralized enamel surface after the
application of Ivoclar Helioseal F

58

Gholap, et al.: Microleakage and Cariostatic Properties Pit and Fissure Sealants

Group B2 (Ivoclar Helioseal)
Spectrum: Objects 10068
El

AN

Series

[wt.%] [wt.%]
O
Ca
C
P
Na
Au
Total

8
20
6
15
11
79

K‑series
K‑series
K‑series
K‑series
K‑series
M‑series

Unn.

C norm. C Atom.

C Error

[wt.%]

[at.%]

[wt.%]

(1 Sigma)

12.05
7.31
5.46
5.30
0.61
0.00
30.73

37.18
27.76
16.84
16.36
1.87
0.00
100.00

46.22
13.78
27.88
10.50
1.62
0.00

2.30
0.42
1.32
0.27
0.09
0.00

Figure 5: Resin tag formations after the application of pit and
fissure sealants

•

T he mean averag e microleakag e of Shofu
BeautiSealant was 1.60 ± 1.10 than the microleakage
of Ivoclar Helioseal F (1.65 ± 1.04) with a difference
of −0.05 [Tables 1,2 and Graphs 1, 2].

RESULTS OF CARIOSTATIC PROPERTIES
BETWEEN GROUP B1 (BEAUTISEALANT)
AND GROUP B2 (HELIOSEAL F)
Savitribai Phule Pune University, Central Instrumentation
Facility, EDS Report

•

Group B1 – Shofu BeautiSealant

•

Spectrum: Objects 10069
El

AN

Series

[wt.%] [wt.%]
O
C
Ca
P
Si
Al
Mg
Na
Au
Total

8
6
20
15
14
13
12
11
79

K‑series
K‑series
K‑series
K‑series
K‑series
K‑series
K‑series
K‑series
M‑series

Unn.

C norm. C Atom.

C Error

[wt.%]

[at.%]

[wt.%]

(1 Sigma)

13.28
9.00
5.31
3.83
1.04
0.56
0.32
0.11
0.00
33.45

39.66
23.98
17.42
12.57
3.09
1.84
1.07
0.37
0.00
100.00

44.63
35.95
7.83
7.31
1.98
1.23
0.79
0.29
0.00
100.00

2.43
1.73
0.30
0.22
0.10
0.08
0.07
0.05
0.00

The following energy-dispersive X-ray spectroscopy
(EDS) results suggest that the elements such as Si, Al,
and Mg were found additionally in Group B1
The wt.% of the contents of the BeautiSealant (33.45)
was found to be more than that of Ivoclar Helioseal F
(30.73), which shows a better remineralization potential
of BeautiSealant compared to Helioseal F.

DISCUSSION
Fissure sealants provide a mechanical barrier against
microorganisms and plaque by sealing the pits and fissures
and are an effective way for the prevention of caries.[4] They
protect pits and fissures from caries by preventing food and
bacterial impaction.[5] Young permanent molars are at an
increased risk of decay due to the complicated morphology
of the occlusal surface and increased percentage of organic
component.
Glass-ionomer sealants bond chemically to enamel without
acid etching. The setting reaction of this type of sealant
is initiated by the photoactivation of the resin component
followed by the acid-based reaction for the ionomer
component.
The resin-based pit and fissure sealants present polymerization
shrinkage and have different linear coefficients of thermal
expansion compared to the tooth. These factors affect the
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clinical performance of resin-based sealants by disrupting the
adhesive interface, resulting in microleakage.[6] In the present
study, microleakage was evaluated using dye penetration
technique. The scoring criteria used to evaluate the level of
dye penetration at the tooth restoration interface which was
the criteria described by Williams and Winter and we found
no such difference between the microleakage of the S-PRGcontaining sealant and the conventional resin sealant.[7]
The results of the present study are in accordance to a study
done by Indira and Archana in 2016 with similar results where
they concluded that there was no statistically significant
difference between nano-ionomer and resin-modified
GIC.[8] Furthermore, in our study, we did not observe any
difference in microleakage between S-PRG-containing filler
and conventional resin sealant with P = 0.921.
Another study done by Shin et al. in 2013 showed similar
results in accordance to our study with no significant
difference in the microleakage between an S-PRG fillercontaining pit and fissure sealant, BeautiSealant® (Shofu,
Japan), and a composite resin sealant, Concise®(3M
ESPE,USA).[9] The S-PRG filler-containing pit and fissure
sealant also showed higher anticariogenic effect than that
of flowable resin sealant.
Furthermore, in the present study, the mean average
microleakage scores were 1.60 for Group A (Shofu
BeautiSealant) and 1.65 for Group B (Ivoclar Helioseal).
This depicts that there was no significant difference seen in
microleakage of S-PRG fillers containing sealant compared
to conventional resin-based sealant (P > 0.05*), which
concludes that addition of S-PRG particles to resin sealants
does not have any effect on bonding abilities.
There have been several resin-based sealants with antidemineralization properties, of which one of them is
the S-PRG-containing fillers resin sealant. S-PRG is also
known to release several types of ions, including Al, B, Na,
Si, Sr, and F. The functions of these ions are summarized
in Table 3.
Moreover, the mechanical properties of glass-ionomer
sealants are reportedly inferior to those of resin-based
sealants.[10] However, the procedure for resin-based sealant
Table 3: Functions of S‑PRG ions
Ions

Functions

F

Fluorapatite production, antibacterial effect,
remineralization of demineralized lesions
Improvement of bone formation and mineralization
Suppression of hypersensitivity
Remineralization of tooth
Antibacterial effect, promotion of bone formation

Sr
Al
Si
B

application involves placement of the etching material,
waiting time, rinsing, and drying followed by sealant
application and exposure to the curing light. These timeconsuming steps increase the risk of saliva contamination
during the procedure, which may have a deleterious effect
on bonding if it occurs after etching.[11,12] Consequent
microleakage and gaps may result in the formation of
secondary caries around the sealed fissure. Consequent
microleakage and gaps may result in the formation of
secondary caries around the sealed fissure.
The results of this study had similar results with our
study, where the S-PRG-containing fissure sealant (Shofu’
BeautiSealant) showed better remineralization properties
with the release of additional elements such as Si, Al, and
Mg in comparison to conventional resin sealant (Ivoclar
Helioseal F) as seen according to the EDS report.
In the present study, the sealant bonded by self-etching primer
showed an excellent preventive effect on demineralization
compared with conventional resin-based sealant. The
findings suggest that an S-PRG filler-containing sealant
bonded by self-etching primer can prevent demineralization
and provide a good cariostatic effect to the tooth enamel. On
the basis of the present results, a fissure sealant containing
S-PRG filler and bonded by self-etching primer can inhibit
enamel demineralization regardless of the enamel condition.
S-PRG fillers release several types of ions into distilled
water or lactic acid solution, such as Sr, B, Na, Al, and Si
ions, implying that a sealant containing S-PRG filler can
release and recharge fluoride. A long-term follow-up study
is necessary to confirm the remineralization – promoting
effect of fissure sealants containing S-PRG fillers.

CONCLUSION
In the present study, it has been found that the BeautiSealant
release ions such as Sr, B, Na, Al, and Si ions, implying that
a sealant containing S-PRG filler can release and recharge
fluoride. Due to the release of these additional elements, the
S-PRG-containing fissure sealant has even proved to show
good caries preventive effect and better remineralization
potential compared to the conventional resin sealant.
In future, due to the bioactive properties of the S-PRG
particles, they can be used in clinical restoration of
early carious lesions in a biomimetic, atraumatic, and
non-cavitated manner. They can be used in varnishes as
coating materials, creating a solid film after physical or
chemical changes, which show excellent remineralization
and antimicrobial effects. The S-PRG fillers can be
incorporated with the silver nanoparticles to have an
additional antibacterial effect to the restoration.
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