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Abstract:

Aim: This study aimed to analyze the penetrability and adaptability of three different fluoride-releasing sealants
in different fissure types.

Materials and Methods: Extracted human premolars (n = 45) were randomly divided into three groups of 15
each and randomly allotted to receive the sealants Fisseal (FS), Helioseal F Plus (HS), and Beautisealant (BS).
The sealed samples were sectioned in the buccolingual plane, and the deepest fissures were examined under a
scanning electron microscope (SEM). The samples were also observed for the fissure types (I, IK, U, V, and
inverted Y). The percentage of penetration (POP) and overall gap (OG) between the sealant and fissure wall were
measured from the SEM images using ImagelJ software.

Results: Group FS exhibited the highest POP (68 + 29.3%) and the smallest OG (1.0 £ 0.9 pm). The least POP
was observed for group BS (52.3 + 20.3%). The I-type fissure was seen in most of the teeth (33%), and the V-
type fissure was the least (18%). The mean OG was significantly less in group FS (one-way analysis of variance;
p =0.046). The mean POP was the highest in group FS, followed by groups HS and BS.

Conclusion: This SEM study revealed that FS had relatively superior penetrability and adaptability into the
fissures, whereas BS was the least-performing material.

Keywords: Dental fissures, Dental marginal adaptation, Pit and fissure sealants, Scanning electron microscopy.
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Introduction

The management of dental caries is challenging due
to the biofilm microflora,[1] low dietary fluoride,
and poor hygiene,[2] which cause a socioeconomic
burden. The natural presence of pits and fissures in
molars and premolars makes it difficult to remove
plaque mechanically. The introduction of a physical
barrier between the microflora and the oral
environment at the site limits the exchange of
metabolites, which in turn prevents the initiation of
dental caries.[3] Therefore, the application of a pit
and fissure sealant is a clinical choice for treating
dental caries worldwide due to the non-invasive
nature of the treatment.[4]

The ability of any sealant to be retained at the site of
application (i.e., at occlusal pits and fissures) is
usually associated with its clinical efficacy.[5] The
retention and longevity of the sealant depend on the
sealant’s ability to adhere strongly to the walls of the
fissure, thereby inhibiting the entry of food particles
or microbial organisms.[6] The addition of inorganic
fillers such as fluorides improves wear resistance,
antimicrobial activity, flowability, ease of handling,
and injectability.[7] In addition, fluoridated products
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can replenish dental materials containing fluoride
and prevent dental caries.[8,9] Khalili Sadrabad et
al. reported that the incorporation of fluoride into
fissure sealants can be more effective at inhibiting
dental caries.[10]

Currently, there are two types of pit and fissure
sealants: resins and glass ionomer-based
materials.[11] The primary components of resin-
based sealants are bisphenol  A-glycidyl
methacrylate (bis-GMA) monomers or urethane
dimethacrylate (UDMA), whereas
fluoroaluminosilicate glass powder and water-based
polyacrylic acid solution are the chief components
of glass ionomers.[12]

Both resin and glass ionomers possess remarkable
durability.[13] Nevertheless, resin-based sealants
are preferred due to their micromechanical bonding,
which promotes sealant penetration into the enamel
through the microporous network created by
phosphoric acid etching.[14] However, resin
sealants are susceptible to moisture
contamination[15] and polymerization
shrinkage,[16] resulting in treatment failure. On the
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other hand, glass ionomers readily form chemical
bonds with the surrounding enamel and dentin to
establish a seal.[17] The low viscosity of the glass
ionomer further increases its flow rate, which in turn
offers injectability and easy handling properties.[ 18]

Recently, bioactive smart materials have gained
attention in dentistry due to the improved fluoride
release in comparison to glass ionomers.[19]
Fluorides are known to hinder demineralization,
induce remineralization, and minimize acid
production by bacteria.[20] The addition of fluoride
improves the longevity of pit and fissure sealants by
20%.[21] Some of the fluoride-releasing sealants in
practice include Fisseal (FS) (Promedica Dental
Material GmbH, Neumuenster, Germany), Helioseal
F Plus (HS) (Ivoclar Vivadent AG, Schaan,
Liechtenstein), and Beautisealant (BS) (Shofu Inc.,
Kyoto, Japan).[22-28] The effectiveness of these
sealants in treating different fissure types is yet to be
compared and analyzed.

Hence, the purpose of the present investigation was
to comparatively evaluate the percentage of
penetration (POP) and overall gap (OG) formation
from the fissure walls of three different fluoride-
releasing sealants.

Materials and Methods

This study was conducted in Buddha Institute of
Dental Sciences & Hospital. Patna.

A total of 45 premolars extracted for orthodontic
reasons were collected from the university dental
clinics and stored in 0.9% thymol solution until use.
The teeth were collected from patients in the age
range of 15-20 years who were either planned for or
undergoing orthodontic treatment. The teeth with
distinct pits and fissures were included, and those
teeth with attrition, cracks, dental -caries,
developmental defects, fluorosis, fractures, and
enamel hypoplasia were excluded from the study.
The selected teeth were cleaned using an ultrasonic
scaling unit and a rubber cup in a pumice-water
slurry at low speed. An oil and fluoride-free pumice-
water slurry was used because it may inhibit the
bonding efficiency of the resin.[27] The samples
were subsequently washed thoroughly in water and
stored in distilled water for 1 week at 4°C. After
plaque removal, all the teeth were inspected at 20x
magnification using a stereomicroscope to reject
those that had decay, cracks, or developmental
abnormalities.
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Cold-cure resin was used to mount the sample in
plastic cylindrical blocks, and the entire root was
mounted up to 2 mm below the cementoenamel
junction.] The mounted samples were randomly
divided into three groups of 15 each and were treated
with different fluoride-releasing pit and fissure
sealants as follows: Group FS (Promedica Dental
Material GmbH), Group HS (Ivoclar Vivadent AG),
and Group BS (Shofu Inc.). The methodology of the
study is shown in Figure 1.

The specimens were dried completely using air free
of oil, especially on the occlusal surface, and etched
with 37% phosphoric acid gel (Scotchbond
Universal Etchant; 3M ESPE, St. Paul, MN, USA)
for 30 seconds, followed by thorough washing with
sufficient water. The treated surface was air-dried to
obtain a frosty or chalky white appearance. This
etching procedure was performed only in the case of
the FS and HS. In the case of BS, a self-etching
primer was used instead of an acid etching
procedure.

For FS and HS, following etching for 30 seconds,
rinsing, and drying, the applicator tip of the sealant
syringe was placed over the treatment site, and the
sealant was spread to flow carefully into the pit and
fissures. Intense care was taken to allow the sealant
to flow along the entire pit and fissures without
covering the marginal ridges. In the case of BS, a
self-etching primer was applied, and the sample was
air-dried for 5 seconds before the application of the
sealant. The sealant was then applied for 10 seconds
and light-cured for 30 seconds after a 15-second
time gap using a dental LED-light curing unit
(Bluephase Style, Ivoclar Vivadent AG) with a light
intensity of 1100 mW/cm2.

After sealant application, the tooth samples were
stored in distilled water for 24 hours. To simulate the
intraoral conditions, teeth were subjected to
thermocycling for 10,000 cycles at 5°C and 55°C
and a dwell time of 5 seconds. The aged samples
were sectioned and evaluated using scanning
electron microscopy (SEM) for marginal adaptation.

Teeth specimens were sectioned longitudinally
along the buccolingual plane in the deepest portion
of the pits or fissures. The sectioning was performed
with a water-cooled low-speed saw of 0.3 mm
thickness rotated at 4000 rpm (Isomet; Buchler,
Lake Buff, IL, USA). The tooth was then decorated
and stored in distilled water to prevent specimen
dehydration and shrinkage of the sealant until
analysis.
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Figure 1: Diagrammatic representation of the experimental design

After drying for 24 hours, the specimens were
mounted vertically on an aluminum stub and
subjected to gold sputtering. The sputter-coated
samples were then loaded into the vacuum chamber
and viewed under SEM

(Fig. 2). After initial calibration of the software, a
horizontal line (L1) of 500 um was constructed
connecting the cusp slopes, followed by a
perpendicular line (L2) drawn from L1 to the
deepest part of the fissure, which represented the
fissure depth. Another line (L3) was drawn from L1
to the deepest extent of the sealant into the fissure,
which represented the penetration depth. L3 was
divided equally in the upper, middle, and lower
thirds while measuring the maximum gap between
the sealant and the fissure wall. The POP was
calculated using the formula (L3/L2) x 100, and it
represents the penetrability of the sealant.[1,29]

Statistical Analysis

The collected data were analyzed with IBM SPSS
Statistics for Windows, Version 29.0 (IBM Corp,
Armonk, NY, USA). Percentage analysis was used
for categorical variables for fissure form, whereas

the mean with SD was used for continuous variables,
namely the fissure depth, depth penetration of
sealant, and width of the gap between the fissure
wall and sealant in the upper, middle, and lower
thirds of the fissure. To determine significant
differences between groups, a multivariate one-way
ANOVA with Tukey’s post hoc test was used, and a
two-way ANOVA with Bonferroni correction was
used to assess the interaction between the type of
sealant and fissures. Multiple linear regression
analysis was performed to determine the association
between the type of sealant or fissures and the POP
or OG. The confidence intervals and the p-values
were set to 95% and 0.05, respectively.

Results

The adaptation and penetration of all three sealants
are depicted in Figure 2. The POP and OG were
calculated to determine the efficiency of each
sealant. Table 1 shows that the group FS had the
greatest POP (68 + 29.3%) and group BS had the
least (52.3 +20.3%) (Fig. 3). The OG was minimum
(1.0 £ 0.9 um) in group FS, whereas it was equally
maximum in both groups HS and BS (Fig. 4).

Figure 2: Scanning electron micrograph representing the measurement protocol
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Table 1: POP and OG (Mean + SD) for different types of fissures

Tipesof Fs HS BS Total samples
fissures  n POP(%)  OG{m) n  POP{%  OG(um) n  POP{% OGQum  n{% POP(%)  OG {um)
| 4 309485 12408 5 4654180 28+26 6 4934128 46+32 15(33) 4594135 31428
IK 300300483 10405 4 2B51+64 20413 3 3724270 23414 1022 3294154 18412
U 7 9714+287 07406 4 8794200 41+41 1 64.2 02 12Q27) N34144 18128
V 1 63.70 2 1 7254216 22429 5 6274227 16414  B(18) 6534106 204156
Total 15 6804293 10409 15 5534292 28427 15 5234203 28+27 45(100) 5864270 22423

Table 2: Mean + SD values for multivariate analysis of three different groups

Sealant penetration Maximumwidth of gap {um)

Group Depth of fissure (um) Depth{um) ~ POP(%)  Upper1/3rd  Middle1/3rd  Lower1/3rd 0G
FS 1768 +120.6 89.2+364 680+203 12409 08+07 11412 10409
HS 224141 10634566 5534292 23423 21420 40450 28417
B 217641051 10034409  523+203 23423 22+20 40450 28427
F 1134 0.543 1474 1739 3271 2485 3326
pyalue 0331 0.585 0.241 0.188 0.048* 0.096 0.046*

¥ne-wav ANOVA: Sinnificant diffarence at 0.05

The maximum width of the gap in the lower third
was maximum, followed by the upper and middle
thirds. The I-type fissure had the highest prevalence
(33%), and the V-type fissure had the lowest
prevalence (17%); the inverted Y-type fissure was
not detected in any of the samples.

Table 2 shows that the depth of fissures was highest
in group HS (242.2 + 124.1) and least in group FS
(176.8 + 129.6). One-way ANOVA analysis
revealed no significant differences among the
groups for all variables except the mean width of the
gap in the middle third (p = 0.048) and OG (p =
0.046). However, all of the intergroup comparisons
for the mean width of the gap in the middle third and
OG were not significant (Tukey’s post hoc test; p >
0.05).
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Univariate analysis using two-way ANOVA showed
that there was no significant interaction between the
two independent variables (groups and type of
fissures) in relation to POP and OG, but there was a
significant interaction with the fissures (p = 0.0005)
but not groups (p = 0.634) in relation to POP. The
Bonferroni post hoc test showed that the mean POP
in type U of all samples was significantly higher
(Fig. 5) than that of type I (p = 0.0001) and IK (p =
0.0005). The mean POP in type V of all samples was
significantly higher than that of type IK (p = 0.003).
Multiple linear regression analysis showed that the
R2 value is 0.67 and 0.2 in relation to POP and OG,
respectively.  The  linear  regression  line
approximates the actual POP by 67%, representing a
meaningful association between the variables and
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the POP. To interpret, the results suggested that the
group FS had greater mean values than the other
sealants in relation to penetrability and adaptability.
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Figure 5: Bar chart representing the mean POP of sealant in different types of fissures

Discussions

The present in vitro study evaluated the effect of
fissure morphology and sealant composition on the
penetrability and adaptability of three different
fluoride-releasing pit and fissure sealants. Thymol
does not change the structure of enamel or proteins,
in contrast to formaldehyde, which fixes the protein.
Therefore, a 0.01% thymol solution was used as a
disinfection and storage solution in this
investigation.[18] Pumice prophylaxis does not
always eliminate plaque and debris, particularly
when the fissure is deep.[18] Blackwood et al.
revealed that traditional pumice prophylaxis caused
the least amount of microleakage when compared to
enameloplasty, air abrasion, and pumice
prophylaxis.[30] The traditional pumice procedure
was applied in the current investigation to clean
before etching, in spite of all the controversies, as it
is routinely followed during the treatment. The
conventional phosphoric acid etching method used
in this study demineralizes and dehydrates the
enamel.[26] Ataol et al. investigated the effect of
etching methods (etch and rinse/self-etch) on the
microleakage of different sealants, including BS,
which, irrespective of the etching method used, was
comparable to that of a sealant when etched using
phosphoric acid.[14]

The difference in mean OG of group FS among the
groups were statistically low (one-way ANOVA; p
= 0.46); however, the intergroup comparison using
Tukey’s post hoc test turned out to be insignificant.
This could be due to the p-value close to 0.05. On
the other hand, two-way ANOVA showed
significantly high POP among the types of fissures
but not among the groups irrespective of fissures.

Jaiswal et al.

Overall, the interpretations obtained above
underscore the favourable performance of group FS
and the significant influence of sealant composition
and fissure morphology on the efficacy of sealants.
Hence, the first null hypothesis was completely
rejected.

The penetrability of the sealant is a major factor that
enhances sealant retention, and it strongly relies
upon the fissure type or pattern present. The
occurrence of isolated or closed-end capillaries
makes it challenging for sealants to completely
penetrate intricate fissure systems.[18] The inverted
Y-shaped fissure reduces the sealant penetration,
while the U and V forms exhibit maximum
penetration of the sealant.[31] In our study, inverted
Y-shaped fissures were not observed, which could
be attributed to the type of teeth (premolars)
selected. Muntean et al. confirmed the correlation of
fissure types with penetrability, where the U-type
fissure is identified to exhibit maximum sealant
penetration, while minimal penetration is noted
among I-type fissure patterns.[29] Iyer et al.
reported that the U-type fissure showed the highest
penetration of pit and fissure sealants, and the V-
type fissure exhibited the highest adaptation,
whereas the IK-type fissure exhibited the poorest
penetration and adaptation of sealants.[1] These
results also coincided with the current study, where
the highest POP was reported among the U-type
fissures, followed by the V-type fissures. This could
be attributed to the broad entrance of fissures
facilitating the flow of sealant against minimum
resistance. Thus, the second null hypothesis was also
completely rejected.
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Adaptability of a sealant to the fissure wall is another
important property concerned with its sealing
efficiency, as it barricades the entry of bacteria and
food particles in the pits and fissures, thereby
preventing caries progression.[27] A lack of
adaptation or poor adherence leads to microleakage,
which results in bacterial accumulation, causing
infection and caries progression.[28] Since
microleakage is a sequela of poor adaptation of the
sealant, assessment of adaptability using SEM was
preferred, and the assessment of microleakage by the
dye penetration method was spared. The mean OG
was significantly less in FS when compared with
other groups in our study. Motayam et al. reported
relatively high nanoleakage and short resin tag
length in relation to FS, suggesting poor
adaptation.[32] This finding is in disagreement with
the current findings, which could be because of the
bis-GMA present in the composition, which has a
high molecular weight with fewer carbon-to-carbon
double bonds, which results in less polymerization
shrinkage.[33] Moreover, the use of the dye
absorbance method in addition to SEM to measure
the adaptation on a nanoscale could have contributed
to the difference in results. A comparison of HS with
other self-adhering flowable composites and resin-
based glass ionomers in a randomized controlled
trial showed that children treated with HS had less
microleakage, better retention, low caries
reoccurrence, and good quality of seal.[34] In
contrast, the HS in our study had a higher mean
depth of fissures compared to the other groups,
which could be the probable reason for relatively
low penetrability.

Conclusions

Under the limitations of the study, it could be
concluded that FS, a bis-GMA-containing resin,
possessed better penetrability and adaptability. U-
type fissures showed a high POP when compared to
the other types. The results of this study should be
carefully interpreted while applying the pit and
fissure sealants on dental patients.
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