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Three Dimensional Evaluation of Marginal
Microleakage at the Adhesive Interface between
Different Fissure Sealants and Enamel:
Micro-CT Analysis
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Background/Aim: Sealing ability and adhesion to enamel of fissure Firdevs Tulga Oz', Kaan Orhan’
sealants are quite critical in prevention of dental caries. The objective ! Pediatric Dentistry, Faculty of Dentistry,

of the present study was to assess the marginal microleakage of different Ankara University, Ankara, Turkey
material-based pit and fissures with non-invasive and invasive techniques ? Pediatric Dentistry, Faculty of Dentistry,

by using the Micro-CT method. Material and Methods: 30 extracted z‘ldmm Beyazit University, Ankara, Turkey
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human permanent molars were randomly assigned to three sealant groups Faculty of Dentistry and Ankara University
(n=10) as resin-based ClinPro, giomer-based BeautiSealant, and glass Medical Design Application and Research Center
ionomer-based Fuji IX-GP. Half of each group was randomly divided into (MEDITAM), Ankara University, Ankara, Turkey
two parts as non-invasive and invasive techniques. The volumetric analysis
of marginal microleakage between the enamel-material interface was
performed by using Micro-CT. The results were analyzed with Student’s t,
One-Way ANOVA, Tukey and Games-Howell tests. Statistical significance
level was considered as 0.05. Results: In non-invasive technique, Fuji
IX-GP showed statistically significantly lower marginal microleakage
values than Clinpro (p=0.022). Other comparisons were not significant
(p>0.05). However, in invasive technique, microleakage values both of Fuji
IX-GP and BeautiSealant were significantly lower than Clinpro (p<0.001,
p<0.001). Besides, regardless of the sealant material, the invasive technique
showed significantly superior results than non-invasive technique regarding
marginal microleakage. Conclusions: Considering the clinical conditions,
it was concluded that glass ionomer-based Fuji IX-GP and giomer-
based BeautiSealant could be used as alternative to resin based sealants.
Additionally, invasive technique (fissure preparation) can be recommended
to reduce marginal microleakage.
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Introduction accumulation of debris, plaque, and microorganisms.
Also, complex morphology makes pits and fissures
Fissure caries in children is the most common type inconvenient for access to saliva compounds and reduces

of caries caused by deep pits and fissures'2. The deeper the preventive effects of fluoride applications'-2.
pits and fissures on the occlusal surfaces has become In recent years, the concept of minimally invasive
a risk factor for the development of dental caries due to dentistry, which is more conservative in caries
unfavorable morphology and difficulties in cleaning. management and treatment approaches, has been
Also, deep grooves on pits and fissures are areas for the developed and the use of caries-preventive materials
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has increased®. Pit and fissure sealants, one of these
preventive applications, prevent or slow down the
development of dental caries by acting as a barrier
between the deep occlusal grooves and the oral flora, food
debris, and acid-producing microorganisms. Sealants are
the most appropriate preventive method for non-cavitated
caries lesions involving pits and fissures on the tooth
surfaces. Besides, the fluoride-releasing of some fissure
sealants potentiates their anti-carious effects>*>.

Pit and fissure sealants differ in their content®. In
preventive dentistry, although the sealants are generally
resin or glass ionomer based, there are recent clinical uses
of glass carbomer, ormoser, and giomer based materials>?.
Fissure sealants also differ regarding the methods of
application. Sealants can be placed by using non-invasive
or invasive (surface preparation) technique’®. In the
invasive technique, the sealant material is applied after
the widening and deepening of the pits and fissures with
varying instruments/methods. This technique allows
cleaning the depth of fissures, managing incipient caries,
and determining the degree of spread of caries lesion
towards the dento-enamel junction. It is also stated that
the invasive technique increases the sealing ability, the
retention, and adaptation of the sealant material’-1°.
Microleakage at the sealant-tooth interface is a significant
criterion in predicting the clinical retention of the
material'l. Microleakage which is observed between tooth
surfaces and dental materials causes bacterial invasion,
loss of sealant material, secondary caries as a result of the
progression of the incipient caries lesion’-!-12,

To date, methods such as dye penetration,
radioisotope method, acetate peel technique, confocal
laser scanning, and micro computed tomography (Micro-
CT) have been used to evaluate the microleakage
in dentistry!3. Recently, Micro-CT, non-destructive
method, provides the advantage of obtaining continuous
images, which allows determination of the deepest point
of the marginal microleakage!>!'4. Three-dimensional
reconstruction of the object to be examined in micro-CT
imaging can be evaluated by slicing in any direction to
obtain more accurate information!4. In the literature, not
many studies have evaluated the microleakage of fissure
sealants with non-invasive and invasive techniques.

The aim of this study was to evaluate and compare
the marginal microleakage of different pit and fissure
sealants including ClinPro, BeautiSealant, and Fuji IX
applied with non-invasive and invasive technique.

Material and Methods
Ethical Approval

This study was conducted in accordance with
Declaration of Helsinki and CRIS guidelines for in-vitro
studies'>. The study procedures was approved by the

Ethics Committee of Ankara University Faculty of
Dentistry (Approval Number: No:06/06; Decision
Date:17.06.2020). Additionally, the written informed
consent forms about the study protocol were signed by the
parents of the child patients whose previously extracted
teeth were used in the study.

Sample Size Calculation and Including Criteria

Recently extracted 30 permanent molar teeth were
included in this study according to some inclusion criteria.
Mostly, molar teeth extracted due to orthodontic reasons,
controlled balance and compensation extractions or tooth
impaction were used. The inclusion criteria for permanent
molars were in the following: i) molar teeth with deep
pits and fissures, ii) with no visible occlusal caries lesion,
iii) previously non-sealed or non-restored. The extracted
molars had been stored in a 1% thymol solution until the
study procedures. The teeth were kept in 2.5% sodium
hypochlorite for 48 h to effectively remove organic debris,
food, tissue, and blood remnants and the teeth were
cleaned by brushing with a low speed rotating brush under
water-cooling. The extracted teeth were then controlled
under a stereomicroscope to detect the presence of
developmental defects, clefts, or cracks. In the case of the
presence of these conditions, the teeth were replaced with
samples that meet the mentioned criteria. Afterward, the
samples were randomly assigned to three study groups.

Description of the Study Groups and Treatment
Procedures

The pit and fissure sealants were applied to half
of the samples in each group using the non-invasive
technique and to the other half using the invasive
technique, provided that it was randomized. In invasive
technique, pits and fissures were widened (in a 0.3 mm
dimension) with a tapered fissure diamond bur and a low-
speed handpiece (micromotor) under water spray. For
the study samples subjected to non-invasive technique,
no surface preparation of the pits and fissures were
performed.

Group 1- Resin-based fissure sealant- Clinpro (3M
ESPE, St Paul, USA): After the teeth were prepared for
the sealant application, the Clinpro sealant was applied.
The pits and fissures of the teeth were etched for 20 sec
with 37% phosphoric acid (ETCH-37 TM, Bisco Inc.,
USA), then gently washed and dried with oil- and water-
free air spray. The sealant material was placed using
the syringe needle tip to the pits and fissures and was
manipulated with a dental explorer for avoiding possible
air bubbles. Then, it was cured with light for 10 sec with
a curing light (Freelight 2 Elipar TM, 3M ESPE, Ireland).

Group 2- Giomer based fissure sealant-
BeautiSealant (Shofu Dental, Kyoto, Japan): After
the teeth were prepared for the sealant application,
BeautiSealant was applied. The primer (Beautiprimer,
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Shofu Dental, Kyoto, Japan) was applied to the pits and
fissures of the teeth for 5 sec with a micro-brush and then
dried for 5 sec with oil- and water-free air spray. The
sealant material was placed using the syringe needle tip
to the pits and fissures and was manipulated with a dental
explorer for avoiding possible air bubbles. Then, it was
cured with light for 10 sec with a curing light (Freelight 2
Elipar TM, 3M ESPE, Ireland).

Group 3- Glass ionomer based fissure sealant- Fuji
IX GP (GC Corp, Tokyo, Japan): After the teeth were
prepared for the sealant application, Fuji IX GP was
applied. First, the GC cavity conditioner was applied
to the pits and fissures of the teeth for 10 sec using a
cotton pellet, then washed with water and dried with oil-
and water-free air spray. The powder and liquid of the
material (powder/liquid ratio: 3.6 g/1.0 g) were mixed
within 25 sec. The mixed sealant material was placed to
the pits and fissures using a suitable hand instrument and
was condensed and shaped with a small round-end hand
instrument for avoiding possible air bubbles. When the
setting was obtained, the sealant surface was coated with
light-cured Fuji Coat™ LC. Then, it was cured with light
for 10 sec with a curing light (Freelight 2 Elipar TM, 3M
ESPE, Ireland). Finishing procedures were performed
under water cooling.

Sample Preparation for Micro-CT Analysis

The teeth sealed with different pit and fissure
sealants were stored in distiled water at 24 °C for 48
h before Micro-CT analysis. The samples were then
thermocycled to reflect intraoral thermal changes for
5000 cycles in water at 5 and 55 °C. The roots and
the other tooth surfaces were coated with nail varnish
approximately 1 mm from the pit and fissure sealant.
The crowns of the teeth were kept in 50% silver nitrate
(AgNO;) for 12 h in an unlit room. After then, all the
samples were rinsed under tap water for 5 min and
immersed in photo-developing solution for § h.

Micro-CT Evaluation

For Micro-CT evaluation of the presented study,
a micro-CT device (Bruker Skyscan 1275, Kontich,
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Belgium) in high resolution was used for scanning the
tooth samples. Scanning properties were: 100 kVp,
100-mA beam current, 0.5-mm Al/Cu filter, 10.1 pm
pixel size, rotation at 0.5 step. The detector was air-
calibrated prior each scanning to decrease ring artifacts.
Samples were rotated 360° for the integration for 5 min.
The mean time of scanning was almost 120 min. The
beam hardening correction was set to 40% according to
instructions of the manufacturer. Further more, the input
of optimal contrast limits (0 - 5x10*%) based on prior
scanning and reconstruction of the specimens.

Micro-CT Analysis

The NRecon (v.1.7.10.4, SkyScan, Kontich,
Belgium) and CtAn (v1.18.1.2, SkyScan) softwares
were used for the quantitative measurements and the
visualization of the samples, which used the modified
algorithms described by Feldkamp et al.'® to obtain axial,
two-dimensional, 1000x1000 pixel images. By using the
NRecon software, images obtained by the scanner were
reconstructed to show two-dimensional slices. In total
app. 1024 cross-sectional images were reconstructed
from whole volume. Moreover, The CTAn software was
used for the three-dimensional volumetric visualization,
analysis, and volumetric measurement. The reconstructed
images were also further processed in Skyscan CTVox
(v.3.3.0, SkyScan, Kontich, Belgium) for visualization.
All reconstructions were made with a TFT medical
display (0.3 inch flat-panel color-active matrix) (NEC
MultiSync MD215MG-Munich-Germany) in 2048-2560
resolution at 75 Hz and 0.17-mm dot pitch operated at
11.9 bits.

Afterthat, a volume of interest (VOI) was drawn
to include entire enamel within the sample using CTAn,
in which all specifications of the program were used to
calculate AgNOj; penetration volume under the fissure
sealant. Grayscale thresholds were defined to separate
enamel from fissure sealant material and penetrated
AgNO;. Subsequently, the penetration volume was
calculated and recorded (mm?) (Figure 1).

Figure 1. Micro CT images showing (a) axial image of the tooth with AgNO;, (b) VOI selection on images, (c,d) thresholding, (e), and binarization of
the image by the gray-level histogram
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Statistical Analysis

SPSS 11.5 software was used in the analysis of the
results. The mean+SD and median (minimum-maximum)
were used for descriptive quantitative variables. In terms
of quantitative variables, whether there is a statistical
difference between the categories of qualitative variables
with two categories was analyzed with Student’s t-test
since normal distribution assumptions were provided. In
terms of quantitative variables, whether there is a statistical
difference between the categories of qualitative variables
with more than two categories was analyzed with One Way
ANOVA test since normal distribution assumptions were
provided. If there is a significant difference between these
groups, the Tukey test was used in the comparison of the
binary groups when the assumption of homogeneity of

variances was provided, and the Games-Howell test was
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used when not provided. The statistical significance level
was considered as 5% (p<0.05).

Results

The mean volumetric marginal microleakage values
of three different pit and fissure sealants with the non-
invasive and invasive technique were given in Table 1. The
microleakage values of the invasive technique were found
to be statistically significantly lower than the non-invasive
technique for all sealants. In terms of the success of pit
and fissure sealants, while Group 3 showed the minimum
microleakage values, Group 1 showed the highest values.
In statistical comparisons of two application techniques, a
significant difference was observed between non-invasive and
invasive techniques for Group 1, 2, and 3 (p=0.001, p<0.001
and p<0.001, respectively) (Table 1) (Figure 2 and 3).

Figure 2. Micro-CT images of marginal microleakage of different pit and fissure sealant materials for non-invasive technique (White areas indicate
leaking AgNO3) (a: Group 1, b: Group 2; c: Group 3).

Figure 3. Micro-CT images of marginal microleakage of different pit and fissure sealant materials for invasive technique (White areas indicate
leaking AgNO3) (a: Group 1, b: Group 2; c: Group 3)

Table 1. Statistical comparison of non-invasive and invasive techniques for all pit and fissure sealant materials regarding volumetric

marginal microleakage values (mm?)

Application Technique
Non-Invasive Invasive
p-value
Groups . .
Mean=SD Median Mean+SD Median
(mm?) (Min-Max) (mm?) (Min-Max)
0.047 0.037 .
Group 1 0.045+0.003 (0.041-0.049) 0.035+0.003 (0.031-0.039) 0.001
0.043 0.018
=+ + . *
Group 2 0.043+0.002 (0.040-0.046) 0.016+0.002 (0.011-0.019) <0.001
Group 3 0.036+0.005 0.033 0,015+0,002 0.014 <0.001*

(0.032-0.043)

*indicates statistically significance for Student’s t-test

(0.014-0.018)
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In a statistical comparison of volumetric marginal
microleakage measurements of sealants, a significant
difference was determined between the sealant materials
in non-invasive technique (p=0.003) (Table 2). According
to binary comparisons made for the determination of
the groups that create a significant difference, only
difference between Group 1-3 was found to be statistically

significant (p=0.022) (Figure 2). In invasive technique, a
statistically significant difference was also found between
the sealant materials (p<<0.001) (Table 2). According to
the binary comparisons made for the determination of the
groups that create a significant difference, the differences
between Group 1-2 and Group 1-3 were significant
(p<0.001 and p<0.001, respectively) (Figure 3).

Table 2. Statistical comparison of pit and fissure sealant materials with non-invasive and invasive techniques regarding marginal

microleakage

Application Groups Mean+SD Median value Group 1-2 Group 1-3 Group 2-3
Technique P (mm?) (Min-Max) p p-value p-value p-value
0.047
+
Group 1 0.045+0.003 (0.041-0.049)
Non-Invasive Group 2 0.043+0.002 0.043 0.003* 0.434 0.022%* 0.060
P ’ ’ (0.040-0.046) : ' ) ’
0.033
+
Group 3 0.036+0.005 (0.032-0.043)
0.037
Group 1 0.035+0.003 (0.031-0.039)
Invasive Group 2 0.016+0.002 0.018 <0.001*  <0.001%*%** <0.007*** 0.862
' ’ (0.011-0.019) )
Group 3 0.015+0.002 0.014

(0.014-0.018)

**indicates statistical significance for the One Way ANOVA test
***indicates statistical significance for the Games-Howell test

****indicates statistical significance for the Tukey test

Discussion

The pit and fissures on the tooth surfaces are
susceptible areas for dental caries initiation!”-'%. Although
various approaches are used in preventing occlusal caries,
dental caries is still frequently encountered among oral
health problems. Providing and maintaining oral hygiene
with fluoride applications and the use of sealants are
considered as the best preventive options!”.

The adhesion of fissure sealants to enamel is quite
associated with ensuring better marginal adaptation.
The degree of marginal adaptation also affects the
effectiveness, marginal sealing ability, and lifetime of
fissure sealant material'®!. Besides, if applied material
can not withstand microleakage, caries initiation or caries
progression under the sealed surfaces occur, accordingly,
treatment failure is observed in the tooth-material
interface'!-!°. This creates a difficulty in caries diagnosis
and treatment and hinders the success of fissure sealant
application.!" Therefore, due to the critical importance of
the sealing ability of fissure sealant materials in treatment
success, this study was aimed to investigate the marginal
microleakage of different pit and fissure sealants.

Resin-based fissure sealants have been used in
preventive dentistry for many years?®. Glass ionomer
based materials can also be used as pit and fissure sealants
due to better toleration of moisture/saliva contamination
especially in partially erupted teeth and non-cooperative
pediatric patients. Also, chemical bonding to dental
hard tissues, the release of fluoride/acting as a fluoride
reservoir, and easy handling properties are the main
reasons for preferring glass ionomers?!-?2. Also, in the use
of resin-containing materials, although the polymerization
shrinkage leading to microleakage has been reduced with
the improvement of adhesive systems, polymerization
shrinkage is not seen in glass ionomers?"-?2. Giomer based
fissure sealants are used in caries prevention in recent
years®. Based on this point, resin, high viscosity glass
ionomer, and giomer based sealant materials were used
in this study. Due to the in-vitro nature of our study, the
inability to simulate all the physiological oral conditions
is the limitation of this study. However, all samples were
thermocycled to reflect the intraoral thermal changes!'®.

In dentistry, microleakage is one of the important
criteria in the evaluation of the success of restorative
materials. To date, the most commonly used method for
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microleakage evaluation is dye penetration test. However,
although many studies evaluated the microleakage of
the restorative materials or pit and fissure sealants using
dye penetration test>%10:1922.23 © Micro-CT method is the
current and popular approach for performing microleakage
evaluation!®. In the Micro-CT method, it is possible for
the entire margins to be visible for evaluation without
damaging the samples and there is no loss of information.
This method allows the accurate evaluation of bonding
levels of the tested sealants or restorative materials?*. On
the other hand, it has been reported since glass ionomer
based materials have hydrophilic properties, they can
absorb the dye material resulting in false-positive findings’.
For these reasons, marginal microleakage assessments were
performed using Micro-CT in this study. In the marginal
microleakage evaluation of the samples, the volumetric
measurement of the silver nitrate leaking from the enamel-
sealant interface was taken as the criterion.

In-pit and fissure sealant applications, the invasive
technique eliminates the organic material content and
plaque by widening and deepening of pit and fissures.
Besides, this approach exposes more reactive enamel
tissue and allows thicker sealant layer which is more
wear-resistant’->. Singla et al.’ stated that sealant material
penetrated deep with the preparation of fissure surfaces,
thereby increasing retention and adaptation. Vineet and
Tandon'” reported that if the invasive technique was
applied in fissure sealant application, marginal integrity
was strengthened. Therefore, the authors concluded that
the non-invasive technique should be used only with
materials that presented well adaptation ability. Similarly,
Herle et al'® reported that plaque and debris were
present in the depths of pit and fissures with non-invasive
technique in SEM analysis and the authors emphasized
that invasive technique offers the best flow and adaptation
results. Therefore, both invasive and non-invasive
techniques were included in this study for microleakage
evaluation of different pit and fissure sealant materials.
Moreover, in invasive techniques, different types of
burs were used in the mechanical surface preparation
of enamel®®?’. Geiger et al.?’ reported that the least
microleakage values were observed in use of tapered
fissure diamond burs. In the present study, the tooth
surfaces were prepared using tapered fissure diamond burs
with water cooling.

According to the results of this study, the volumetric
measurement values of marginal microleakage in all
fissure sealant materials were found to be lower in
invasive technique compared to non-invasive technique.
This finding coincides with the other previous studies’!°.
Hatibovic-Kofman et al.’ reported that the best results for
microleakage were obtained when surface preparation
was performed and Bagherian et al.® also reported that
microleakage values decreased by fissurotomy procedure.
Previous studies have indicated that the quality of
material penetration, marginal integrity and tooth-material

adaptation, which were closely related to microleakage,
were increased by using invasive technique and surface
preparation”!%17-27. However, considering that the
prepared enamel surface will be vulnerable to the risk
of secondary caries and marginal microleakage in case
where the sealant is partially or completely lost, we -as
the authors- recommend the cases applied invasive fissure
sealant should be followed-up regularly.

In the literature, not many studies have evaluated the
marginal microleakage of fissure sealants in invasive and
non-invasive techniques using Micro-CT; microleakage
evaluations were mostly performed with dye penetration
test>610:19.22.23 T some studies using dye penetration’>!0-28
although the microleakage values of resin-based fissure
sealants were less than glass ionomer based sealants, in
our study, microleakage values of glass ionomer-based
fissure sealant were found to be significantly lower
compared to resin-based sealant for both application
techniques (p=0.022 for non-invasive technique, p<0.001
for invasive technique). However, Fracasso et al.?
reported that glass ionomers presented significantly
better results compared to resin-based sealants in terms
of microleakage assessment, and the authors stated that
this finding was associated with the physicochemical
properties of glass ionomer materials. Similarly, Chen
et al** reported in the micro-CT study that the use of
high viscosity glass ionomers (ART sealant) as fissure
sealants showed lower leakage values than resin-based
sealants. On the other hand, the authors also stated that
adding energy to high viscosity glass ionomers had no
significant effects on marginal leakage. In this study, the
lower leakage results of glass ionomer can be attributed to
the assessment technique and the high viscosity properties
of glass ionomer material used. Based on the mentioned
findings of our study, considering the clinical advantages
of glass ionomers, these materials can be used as pit and
fissure sealant as stated in other studies'®-21-2328  Indeed,
Borsatto et al.?® reported that glass ionomer sealants
offered better results in marginal microleakage evaluation
with saliva contamination.

Giomer is the material consisting of methacrylate-
based composite and surface pre-reacted glass ionomer
(S-PRG) fillers®3%3!, In this study, there was no
significant difference between giomer based and glass
ionomer based fissure sealant for both application
techniques (non-invasive and invasive) in terms of
marginal microleakage (p=0.060 for non-invasive
technique, p=0.862 for invasive technique). However,
giomer based fissure sealant has been found to have
significantly lower microleakage values than resin fissure
sealant in invasive technique (p<0.001). In this respect, it
is possible to say that fissure sealants with giomer content
can also be used in routine clinical practice. Similarly,
Ataol et al.® reported that giomer sealants can be used
in pediatric patients with high caries risk and cases of
isolation difficulties.
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Conclusions

Considering the advantages of glass ionomer and

giomer materials in routine clinical practice, it was
possible to concluded that both glass ionomer-based Fuji
IX GP and giomer-based BeautiSealant materials could
be effective as an alternative to resin-based pit and fissure
sealants.
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