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Abstract:  
Microleakage remains a significant challenge affecting the long-term retention and cariostatic effectiveness of pit and fissure sealants. 
Therefore, it is of interest to evaluate the microleakage of fluoride-releasing sealants on premolars. Forty extracted non-carious 
premolars were allocated into an experimental group (giomer-based) and a control group (conventional resin-based). After 
thermocycling and dye penetration analysis, the experimental material demonstrated lower microleakage compared to the 
conventional material. Thus, data shows the giomer-based fluoride-releasing sealants exhibited superior marginal sealing ability 
compared to conventional resin-based sealants. 
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Background:  
Despite advances in preventive dentistry, dental caries continues 
to affect children and adolescents as a major chronic microbial 
disease globally [1]. Although the overall incidence of caries has 
declined due to improved oral hygiene practices, fluoride usage 
and preventive dental programs, occlusal caries in pits and 
fissures remains a major clinical challenge [2, 3]. The complex 
anatomy of pits and fissures on the occlusal surfaces of molars 
favours plaque accumulation and limits effective cleaning, 
thereby increasing their susceptibility to caries development [4]. 
Pit and fissure sealants have been widely recommended as a 
reliable preventive approach for protecting these vulnerable 
areas [5, 6]. Conventional resin-based sealants have been 
extensively used because of their good retention and mechanical 
properties. However, these materials possess certain limitations, 
including polymerization shrinkage, technique sensitivity; 
inadequate fluoride recharges capacity and the potential for 
microleakage at the tooth–sealant interface [7, 8]. Microleakage 
permits the penetration of bacteria and oral fluids between 
sealant and enamel surface, which may result in secondary 
caries, discoloration and eventual sealant failure [9, 10]. 
Therefore, assessment of microleakage is considered a vital 
criterion in assessing the success and longevity of sealants. To 
overcome the shortcomings of conventional resin-based 
materials, newer bioactive sealants such as giomer-based 
sealants have been introduced. Giomer sealants contain surface 
pre-reacted glass ionomer (S-PRG) fillers that combine the 
advantages of resin composites and glass ionomer materials [11]. 

These sealants are capable of releasing multiple beneficial ions, 
including fluoride, borate, silicate and aluminum, which 
contribute to acid buffering, inhibition of demineralization, 
remineralization enhancement and antibacterial activity. In 
addition, giomer-based sealants demonstrate fluoride recharge 
ability and self-etch adhesive properties, which may improve 
marginal adaptation and reduce microleakage [12, 13]. 
Therefore, it is of interest to evaluate the microleakage of 
giomer-based fluoride-releasing sealant and resin-based 
fluoride-releasing sealant in premolars. 
 
Materials and Methods: 
Study design:  

A laboratory-based randomized experimental investigation was 
carried out to compare the microleakage of fluoride-releasing 
sealants in premolar. 
 
Sample selection: 
A total of 40 extracted premolar teeth obtained for orthodontic 
or surgical reasons were included in the study. Teeth with intact 
occlusal anatomy were involved, whereas teeth with defects, 
caries, cracks, or deformities were excluded. 
 
Preparation of samples:  

The extracted teeth were cleaned and disinfected using 5% 
sodium hypochlorite solution. Residual periodontal tissue was 
removed and the teeth were microscopically inspected for caries 
and surface defects. Specimens meeting the inclusion criteria 
were subsequently stored in formalin solution until further use. 
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Group allocation:  

Forty teeth were randomly allocated into two groups comprising 
20 teeth each. Group I was treated with the conventional resin-
based fluoride-releasing sealant (Clinpro Sealant), a 
conventional resin-based sealant, while Group II served as the 
experimental group and received BeautiSealant, a giomer-based 
sealant. 
 
Sealant application procedure:   
Following the manufacturer’s recommendations, the occlusal 
surfaces were cleaned and dried prior to sealant application. In 
Group I, 37% orthophosphoric acid etchant was applied to the 
fissures using a disposable applicator tip and extended up to the 
cuspal inclines for 30 seconds. The teeth were then thoroughly 
rinsed with water and dried using air syringe until a frosty 
white enamel appearance was obtained. Clinpro Sealant was 
then applied directly into the fissures and light cured for 30 
seconds. In Group II, after cleaning and gentle drying of the 
tooth surface, an adequate amount of primer from BeautiSealant 
was dispensed and applied on fissures using a microbrush. The 
primer was left undisturbed for 10 seconds then gently air 
drying to maintain a shiny moist appearance. Material was then 
placed directly into fissures and light cured for 30 seconds 
according to the manufacturer’s instructions. 
 
Thermocycling and dye penetration:  
All specimens underwent thermocycling between 5°C and 55°C 
with a 30-second dwell time to mimic oral thermal changes. The 
samples were subsequently immersed in 5% methylene blue dye 
for 24 hours and rinsed thoroughly to remove excess dye. 
 
Sectioning and microleakage evaluation:  
The teeth were sectioned longitudinally and the sections were 
assessed for microleakage a stereomicroscope at 10× 
magnification by an examiner blinded to the study groups. 
Microleakage was assessed according to the Ovrebo and Raadal 
criteria, Score 0 indicated no dye penetration; score 1, 
penetration limited to the outer half of the sealant; score 2, 
penetration into inner half; and score 3, penetration into 
underlying fissure [14]. 
 
Statistical analysis:  
The collected data were compiled, tabulated and statistically 
analysed. Mean and standard deviation were calculated as part 
of the descriptive statistics. Intergroup comparison of 
microleakage scores was carried out using the Mann–Whitney U 
test, with statistical significance set at p < 0.05. 
 
Result:  
Table 1 displays the distribution of microleakage scores in both 
groups. The experimental group treated with BeautiSealant 
demonstrated a higher number of samples with score 0 and 
score 1, indicating lesser dye penetration and better marginal 
adaptation when compared to the control group treated with 
Clinpro Sealant. In contrast, higher microleakage scores (scores 2 
and 3) were predominantly observed in the conventional resin-
based sealant group, suggesting greater marginal leakage. As 

shown in Table 2, the mean rank for Group I was 25.40, whereas 
Group II showed a lower mean rank of 15.60. Analysis showed a 
statistically significant difference among the groups (p = 0.021). 
These findings indicate that the giomer-based fluoride-releasing 
sealant exhibited significantly lower microleakage and superior 
sealing ability compared to the conventional resin-based 
fluoride-releasing sealant. 
 
Table 1: Distribution of microleakage scores between the groups 

Microleakage  
Score 

Group I – Clinpro  
Sealant n (%) 

Group II –  
Beauti Sealant n (%) 

Score 0 3 (15%) 
8 (40%) 

Score 1 7 (35%) 9 (45%) 
Score 2 6 (30%) 

3 (15%) 
 

Score 3 4 (20%) 0 (0%) 
Total 20 (100%) 20 (100%) 

 
Table 2: Intergroup comparison of microleakage scores 

Groups Mean  
Rank 

Mann–Whitney  
U value 

Z value 

Group I – Clinpro Sealant 
(n=20) 

25.40 98.00 –2.31 

Group II – Beauti Sealant (n=20) 15.60 

*Statistically significant at p < 0.05. 

 
Discussion:  

Sealants are routinely used to protect occlusal surfaces from 
dental caries by forming a barrier that limits microbial 
accumulation and food retention within deep pits and fissures 
[15, 16]. The long-term success of sealants depends mainly on 
their retention and resistance to microleakage. Microleakage 
may permit the ingress of bacteria, oral fluids and debris 
beneath the sealant, leading to secondary caries and eventual 
sealant failure [17]. Therefore, the present in vitro research was 
conducted to assess the microleakage of BeautiSealant and 
Clinpro Sealant on premolar. The results of the present study 
demonstrated that the giomer-based sealant exhibited lower 
microleakage scores and superior marginal adaptation when 
compared to the conventional resin-based sealant. A greater 
number of specimens in the giomer-based group showed score 0 
and score 1 microleakage, whereas higher scores indicating 
deeper dye penetration were predominantly observed in the 
conventional resin-based group. Statistical analysis 
demonstrates a significant variance between the groups (p < 
0.05), suggesting improved sealing ability of the giomer-based 
material. The introduction of giomer technology has combined 
the favorable properties of glass ionomer cements and resin 
composites through the assimilation of surface pre-reacted glass 
(S-PRG) fillers. These bioactive fillers deliver sustained fluoride 
release and recharge capability, thereby enhancing 
remineralization and caries prevention [18]. In the present study, 
the reduced microleakage observed with the giomer-based 
sealant may be attributed to the self-etch primer system and the 
presence of S-PRG fillers, which improve adaptation to enamel 
and reduce marginal gaps. Unlike conventional acid etching, the 
self-etch primer preserves enamel integrity by partially 
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dissolving hydroxyapatite and facilitating resin infiltration 
without excessive demineralization. The dual adhesive 
monomers present in the primer possess a higher pH and enable 
deeper penetration into pits and fissures, resulting in effective 
chemical bonding to the enamel surface. In contrast, the 
conventional resin-based sealant requires 37% orthophosphoric 
acid etching prior to application. Although acid etching 
enhances micromechanical retention, it may also lead to 
dehydration and demineralization of healthy enamel. 
Furthermore, resin-based sealants require precise clinical 
technique and necessitate adequate dry field for optimal 
bonding. These factors may have contributed to the 
comparatively higher microleakage scores observed in the 
control group [19]. The observations of present research are in 
line with earlier reports that have reported favorable sealing 
ability and clinical performance of giomer-based sealants. 
Hemashree et al. demonstrated improved clinical efficacy and 
retention of giomer-based sealants compared with conventional 
resin-based sealants [12]. Similarly, studies evaluating S-PRG 
filler-containing materials have suggested that their bioactive 
and fluoride-releasing properties contribute to enhanced 
remineralization and long-term caries prevention [20]. In 
contrast to the present study, Ibrahim reported greater 
microleakage in the giomer-based sealant compared with the 
conventional resin-based sealant. This discrepancy may be 
attributed to differences in the sealant materials, bonding 
protocols, thermocycling procedures, and experimental 
methodology employed in the two in vitro studies [21]. 
Thermocycling was incorporated in the present study to 
simulate thermal variations occurring within the oral cavity, 
while dye penetration analysis using scanning microscopy 
enabled precise evaluation of marginal leakage [22-24]. The use 
of a blinded examiner further minimized observational bias 
during scoring. Despite the positive findings, certain limitations 
should be considered. Since the present investigation was 
conducted under in vitro conditions, factors such as salivary 
contamination, masticatory stresses, pH fluctuations and long-
term oral wear could not be completely simulated. Therefore, 
further long-term in vivo studies with greater sample sizes are 
recommended to evaluate durability, retention and clinical 
performance of giomer-based sealants under oral conditions. 
Considering the shortcomings of the existing research, the 
giomer-based fluoride-releasing sealant demonstrated 
significantly lower microleakage and superior marginal sealing 
ability compared to the conventional resin-based fluoride-
releasing sealant. Hence, giomer-based sealants may be 
considered a promising alternative for effective occlusal caries 
prevention. 
 
Conclusion:  
We that the giomer-based fluoride-releasing sealant showed 
lower microleakage and better marginal adaptation than the 

conventional resin-based sealant. The giomer-based sealant 
showed superior sealing performance following thermocycling 
and dye penetration analysis. Thus, giomer-based sealants may 
be considered a promising alternative for long-term occlusal 
caries prevention. 
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