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INTRODUCTION 

Children and adolescents have an increased risk for 

dental caries, a highly prevalent intraoral illness that 

affects people. This risk can be minimized through 

primary caries prevention.1 50% of carious lesions form 

on the tooth's occlusal surface, though fluoride 

application has effectively minimized caries in the 

cementum and smooth surface, it has not been as 

successful in preventing occlusal caries.2 Dental caries 

affects 58% of children aged 12 to 19 and 21% of 

children aged 6 to 11 in permanent teeth. It has been 

found that up to 66% of patients develop occlusal caries.3 

Inability of saliva to self-clean and complex anatomy in 

deep pits and fissures make them ideal environment for 

microbe retention. When compared to restorative 

cements, occlusal sealing is more affordable and lowers 

the risk of cavities.4 The resin sealant's ability to 

completely fill in the pits and fissures and stay intact is 

directly responsible for the sealant therapy's 

effectiveness.5 The resin-based sealant has shown better 

results compared to the glass ionomer-based sealant. The 
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higher viscosity of the conventional composites made 

them unsuitable as pit and fissure sealants. Composite 

resins with improved flowability and mechanical 

properties have been developed.6 A self- adhering 

flowable composite has also been developed recently. 

Hence, the purpose of this study is to assess the 

efficiency of the recent new flowable composites when 

employed as pit and Fissure sealants. 

METHODS 

Institutional Ethics Committee approval was obtained 

prior to the commencement of the study. The study was 

conducted between February 2024 and June 2024 at 

Vivekanandha Dental College for Women, Tiruchengode, 

Tamil Nadu, India. 

Eighty intact, caries-free permanent maxillary/ 

mandibular premolars which was extracted for 

orthodontic or periodontal reasons, teeth with deep 

groves requiring pits and fissure sealant were included. 

Teeth with caries, fractures, hypoplasia, restorations were 

excluded. To avoid dehydration and brittleness, the 

specimens were stored in saline at room temperature until 

they were subjected to the procedure. 

Sample groups 

The samples were randomly divided into 4 groups 

(n=20).  

Group 1 

Unfilled resin- based pit and fissure sealant (Clinpro; 

3M). 

Group 2 

Filled resin-based pit and fissure sealant (Helioseal F, 

Ivoclar).  

Group 3 

Nano filled flowable composite (Filtek Z350XT, 3M). 

Group 4 

Self-adhering composite (Constic, DMG). 

In groups 1, 2 and 3, the occlusal surfaces were dried 

with cotton pellets and etched for 20 seconds with 37% 

phosphoric acid gel (Best Etch), followed by rinsing with 

water for 20 seconds. After etching, the samples were 

dried with oil-free compressed air and the frosty enamel 

appearance was assessed. 

Two layers of bonding agent (Adper Single Bond 2; 3M) 

were then applied and light-cured for 20 seconds at 650 

mW/cm² using an LED light-curing unit (Woodpecker, 

Beijing, China), following the manufacturer's 

instructions. The respective group sealant was 

subsequently applied from one side of the occlusal 

surface and carefully guided into each occlusal groove 

using a dental explorer to prevent void formation. Each 

specimen was light-cured for 60seconds (20 seconds 

from each of the occlusal, buccal and lingual). 

In Group 4, the material was applied to the pits and 

fissures and uniformly distributed over the entire surface 

for 25 seconds, followed by light curing for 60 seconds. 

The specimens were then immersed in distilled water and 

incubated at 37°C for 24 hours. Thermocycling was 

subsequently performed for 1000 cycles between 5°C and 

55°C, with a dwell time of 30 seconds in each bath and a 

transfer time of 15 seconds. 

The root apex was sealed with sticky wax prior to the dye 

penetration test and the teeth was covered with two coats 

of nail polish, except for 1 mm margin around the sealant. 

To allow dye diffusion into potential spaces between the 

sealant and the tooth, the teeth were submerged in 2% 

basic fuchsine dye for 24 hours at room temperature. The 

roots were cut from the crown at the cementoenamel 

junction after the teeth were thoroughly washed with 

water. After drying, the samples were mounted in acrylic 

resin and a high-speed straight handpiece with diamond 

disk, was used to separate the samples buccolingually. 

Sectioned teeth were evaluated below a stereomicroscope 

at 50X magnification with image analysis software. Two 

blinded observers assessed dye penetration qualitatively 

using the following criteria for microleakage, 

The scores were 0: No dye penetration. 1: Dye 

penetration up to one-fourth of fissure. 2: Dye penetration 

up to one-half of fissure. 3: Dye penetration up to three-

fourth of fissure. 4: Complete dye penetration. 

Statistical analysis 

The statistical analysis was done using SPSS (Statistical 

Package for the Social Sciences, SPSS Inc., v.16). 

Intergroup comparison for microleakage of four different 

materials were assessed using one way ANOVA, 

followed by post hoc test. The level of significance for 

was p value of <0.05. 

RESULTS 

The mean and standard deviation of all four groups is 

shown (Figure 1). Group 1- Clinpro; 3M (3.40) had the 

highest mean, while Group 3- Filtek Z350XT, 3M (0.45) 

had the lowest. Group 2- Helioseal F, Ivoclar (1.399) had 

the highest standard deviation, while Group 3- Filtek 

Z350XT (0.510) had the lowest. ANOVA test (Table 1) 

reveals there is a statistically significant difference when 

applied between and within the groups. 

Tukey’s HSD post hoc test (Table 2) for intergroup 

comparison of microleakage scores among the four 
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groups revealed that the comparison between the unfilled 

resin-based pit and fissure sealant and both the nano-

filled flowable composite and the self-adhering 

composite showed highly statistically significant 

differences (p=0.000). 

 

Figure 1: Mean and standard deviation among four 

groups. 

A statistically significant difference was also observed 

between the unfilled resin-based pit and fissure sealant 

and the filled resin-based pit and fissure sealant 

(p=0.004). 

However, the comparison between the nano-filled 

flowable composite and the self-adhering composite did 

not show a statistically significant difference (p=0.467). 

A statistically significant difference was noted between 

the filled resin-based pit and fissure sealant and the self-

adhering composite (p=0.003). Overall, microleakage 

was highest in Clinpro (unfilled resin-based pit and 

fissure sealant) and lowest in Filtek Z350XT (nano-filled 

flowable composite) (Figure 2). 

 

Figure 2 (a-d): Microleakage of unfilled resin- based 

pit and fissure sealant, filled resin-based pit and 

fissure sealant, nano filled flowable composite, self-

adhering composite. 

Table 1: Comparison for microleakage of four different materials. 

Source of variation Sum of Squares Degree of freedom Mean squares F ratio P value 

Between groups 89.538 3 29.846 
25.443 0.000* 

Within groups 89.150 76 1.173 

*p<0.05 level is statistically significant. 

Table 2: Intergroup comparison for microleakage of four different materials. 

Group (I) GROUP (J) Mean Difference Std. Error P value 

Group 1 

Group 2 1.200* 0.342 0.004* 

Group 3 2.950* 0.342 0.000* 

Group 4 1.700* 0.342 0.000* 

Group 2 

Group 1 -2.950* 0.342 0.000* 

Group 3 -1.750* 0.342 0.000* 

Group 4 -1.250* 0.342 0.003* 

Group 3 

Group 1 -1.200* 0.342 0.004* 

Group 2 1.750* 0.342 0.000* 

Group 4 0.500 0.342 0.467* 

Group 4 

Group 1 -1.700* 0.342 0.000* 

Group 2 -0.500 0.342 0.467* 

Group 3 1.250* 0.342 0.003* 

*p<0.05 level is statistically significant. 

DISCUSSION 

Dental caries is a common disease affecting individuals 

across all geographic regions, irrespective of age or 

socioeconomic status.7 According to Safwat et al nano-

flowable composites performed significantly better and 

showed promising results, demonstrating improved 

microleakage and interfacial morphology compared to 

conventional pit and fissure sealants.8 Nearly 50% of all 

carious lesions in children aged 6–14 years occur on 

occlusal surfaces, as reported by Spolsky et al.9 Nagono 

et al observed that approximately 42% of fissures have 

narrow occlusal openings that change shape as they 

extend deeper into the tooth, making it difficult for an 
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explorer to reach the base of the fissure. Since penetration 

is directly related to viscosity, the primary clinical 

characteristic of pit and fissure sealants that determines 

effective sealing in deep and narrow fissures is 

flowability. Recently developed sealant systems 

demonstrate improved viscosity and enhanced 

penetration depth. Newer low-viscosity composites, such 

as flowable composites and nanocomposites, exhibit 

superior flow properties compared to conventional high-

viscosity composites.10 Nanocomposites have been 

reported to provide better marginal sealing ability than 

conventional pit and fissure sealants. 

In the present study, 80 non-carious premolars were 

selected considering they are frequently extracted for 

orthodontic purposes and their occlusal morphology 

remains intact. The collected samples underwent pumice 

prophylaxis, as Ansari et al reported that pumice 

prophylaxis improves sealant retention and reduces 

microleakage.12 Sample selection criteria were based on 

studies by Stritikus et al and Burrow et al.12,13 Sealants 

were applied without enameloplasty, similar to studies 

conducted by Prabhakar et al and Bahrololoomi et al.14,15 

The samples were stored in saline to prevent 

dehydration.16 In Groups 1, 2 and 3, acid etching was 

performed for 20 seconds using 37% phosphoric acid, 

which enhances sealant bonding, as reported by Hannig 

et al.17 Resin-based sealants are hydrophobic in nature; 

therefore, acid etching produces a honeycomb-like 

pattern on enamel, increasing surface roughness and 

allowing deeper resin penetration to establish 

micromechanical retention. The durability of the sealant 

primarily depends on this mechanical bonding, as it does 

not form a hydrolytically stable bond. Waggoner et al 

recommended etching for 15–20 seconds to improve 

sealant retention.18 

Following etching, bonding agents were applied to the 

enamel surface. Studies by Bahrololoomi et al and Dukic 

and Glavina reported that the application of a dentin 

bonding agent prior to sealant placement did not 

significantly influence microleakage.15,19 However, 

Tulunoğlu et al and Pérez-Lajarín et al found that 

bonding agents improved fissure sealant retention and 

reduced microleakage.20,21 

Sealants were then applied according to the 

manufacturers’ instructions and light-cured for 60 

seconds (20 seconds each from occlusal, buccal and 

lingual directions). Stritikus et al and Owens et al 

concluded that conventional light curing is an appropriate 

method for Class I composite restorations.12 Wadhwa et 

al suggested that self-adhering composites can serve as 

alternatives to traditional pit and fissure sealants when 

time constraints exist.22 Gomes-Silva et al reported that 

self-adhering composites and adhesives reduce the risk of 

saliva contamination.23 In Group 4, the self-adhering 

composite was placed and light-cured for 60 seconds, 

similar with Rahimian-Imam et al methodology.24 

Sealants are continuously exposed to thermal and pH 

fluctuations in the oral environment.25 Marginal gaps may 

form due to differences in the coefficients of thermal 

expansion between resin materials and tooth structure.26 

Based on investigations by Penugonda et al and Styner et 

al  specimens in the present study were thermocycled for 

1000 cycles between 5°C and 55°C, with a dwell time of 

30 seconds and a transfer time of 15 seconds.27,28 The 

coefficient of thermal expansion ranges from 25–60 

ppm/°C for resin materials, compared to 11.4 ppm/°C for 

enamel and 8 ppm/°C for dentin. Therefore, 

thermocycling is an effective method for simulating long-

term thermal stress on restorative materials.29 

The specimens were immersed in 2% basic fuchsin dye 

for 24 hours. Dye penetration is a simple, cost-effective 

and widely used method for evaluating microleakage.30 

The dye diffuses into any gaps between the tooth and 

sealant interface. This method was employed as described 

by Arastroo et al.3 

In the present study, nanocomposites exhibited the least 

microleakage, followed by the self-adhering composite 

and filled resin-based sealant, while the unfilled resin-

based sealant showed the highest microleakage. All 

materials demonstrated some degree of microleakage, 

consistent with the findings of Theodoridou et al who 

reported that all restorative materials exhibit marginal 

leakage to some extent.31 Nano-filled composites exhibit 

lower polymerization shrinkage and higher 

microhardness. Reduced polymerization shrinkage may 

contribute to improved marginal adaptation and 

decreased microleakage.32 

Constic, a self-adhering flowable composite, contains the 

adhesive monomer glycerol phosphate dimethacrylate 

(GPDM), which facilitates simultaneous etching and 

bonding.33 Oz et al reported that self-adhering flowable 

composites combined with adhesive resins demonstrate 

improved dentin bond strength and marginal sealing.34 

However, Oz et al in a two-year follow-up study, 

concluded although self-adhesive flowable composites 

performed satisfactorily, they exhibited inferior marginal 

adaptation compared to highly filled conventional resin 

composites.35 The stereomicroscope was used to evaluate 

the enamel-sealant interface, as it is a simple and cost-

effective method for assessing resin tag formation and 

dye penetration.36 Similar methodologies were adopted 

by Dixit et al and Singh et al.1,7 

The limitations of this study include it’s in vitro design, 

which does not completely simulate clinical conditions. 

Sealant performance may vary depending on fissure 

morphology and intraoral factors such as saliva 

contamination. No enameloplasty was performed, which 

may have influenced microleakage outcomes, as 

suggested by Zervou et al.37 Additionally, moisture 

control is easier to maintain under laboratory conditions 

than in clinical settings. Therefore, further in vivo studies 
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are required to evaluate long-term clinical performance 

under variable oral conditions. 

CONCLUSION  

The nano-flowable composite exhibited the lowest 

microleakage, while the unfilled resin-based pit and 

fissure sealant demonstrated the highest microleakage. 

The superior marginal sealing ability demonstrated by the 

nano-flowable composite suggests its potential as a 

reliable alternative to conventional pit and fissure 

sealants in pediatric patients. 
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