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ABSTRACT  

Background. Pediatric dentistry utilizes various restorative materials wherein the durability and longevity 

of these restorations hinge on the maintenance of an intact marginal seal to prevent microleakage and its 

associated complications. Consequently, this study aims to assess the microleakage of self-cure, dual-cure, 

and light-cure glass ionomer-based cements utilizing a stereo microscope. 

Materials and Methods: Sixty therapeutically extracted deciduous molars were taken for the study. The 

restorative materials used for the studies were self-cure Glass Ionomer cement (Chemfil Rock and GC Fuji 

IX GP Fast GIC), dual cure Glass Ionomer cement (EquiaForte and Ionolux GIC), and light cure Glass 

Ionomer cement (GC Fuji II and Ketac N 100 GIC). All samples were stored in commercially available 

artificial saliva for 20 days to simulate the oral environment. The samples were immersed in Rhodamine B 

dye for 24 hours, and microleakage was evaluated using a Stereo microscope. Data were tabulated and 

statistical analysis was done. p < 0.05 is considered significant  

Results: In the individual assessment of glass ionomer-based cement, Ketac N100 GIC exhibited the lowest 

microleakage, whereas Ionolux displayed higher levels of microleakage. 

Conclusion: In terms of the curing method, light-cure glass ionomer cement demonstrated the least 

microleakage compared to both dual-cure and self-cure glass ionomer cement. 
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INTRODUCTION  

Over time, conventional GIC has undergone various enhancements to address the shortcomings in its 

physicochemical and mechanical properties. Consequently, various new types of glass ionomers have 

emerged, each with distinct compositions tailored to meet specific clinical requirements.1 

            Newer types of glass ionomer cement categorized into self-cure, dual-cure, and light-cure based on 

their adhesion to the tooth were introduced. The mechanical and chemical characteristics of these materials 

rely on factors such as compressive strength and resistance to microleakage.2,3  

Chemfil Rock by Dentsply is a novel zinc-reinforced glass ionomer restorative material, claimed to have 

enhanced characteristics such as hardness, wear resistance, and fracture toughness. It is thought to be up to 

25% stronger than alternative glass ionomer materials. Fuji IX GP Fast by GC Corporation is a self-curing, 

high-viscosity glass ionomer cement. Its non-adherent, dough-like texture and straightforward application 

method simplify minimally invasive restorations. It offers all the advantages of a glass ionomer, coupled 

with added benefits of easy packing and handling.4,5 

Equia Forte by GC Corporation introduces a new glass ionomer restorative system, combining a self-

adhesive, chemically cured, highly filled GIC (Fuji IX GP Extra) with a self-adhesive, light-cured, filled 

resin surface sealant (G-Coat Plus). Manufacturers claim increased fracture toughness, flexural strength, 

and flexural fatigue resistance. Ionolux by VOCO is a novel bulk placement filling material offering ion 

release, durability, and dual curing. It provides benefits over conventional glass ionomer blocks, such as 

adjustable setting time, immediate packability, fluoride release, and biocompatibility6. Ketac N 100 by 3M 

ESPE is described as a nanoionomer by the manufacturers, utilizing nanotechnology to enhance wear 

resistance, polishability, and esthetics. With a filler composition of 69%, it represents a new generation 

resin-modified glass ionomer cement. GC Fuji II LC by GC Corporation is a radiopaque, light-cured, 

reinforced glass ionomer cement boasting excellent aesthetics and improved abrasion resistance7. 

Limited literature exists regarding a comparative study of microleakage concerning the curing method: self-

cure, dual-cure, and light-cure glass ionomer cement in a simulated oral environment. This knowledge gap 

prompted our research, which aims to address this issue. 

 

MATERIALS AND METHODS 

 

An in vitro study was conducted in the Department of Pediatric and Preventive Dentistry of a 

Dental College. The sample size was calculated using G* Power version 3.1 software with 80% power and 

5% level of significance. The minimum sample size required was 30. The permission to conduct the study 

was given by the Institutional Review Board (KDC/IRB/PED19-3). 

Sixty therapeutically extracted deciduous molars free from caries,  developmental defects, and 

without hypoplasia were collected, cleaned and immersed in sodium hypochlorite for five minutes and 

stored in saline at room temperature.  Then Samples were mounted on an acrylic block and standardized 

Class V cavities were prepared, approximately 4mm in length,2 mm in width, and 1.5 mm in depth on the 

buccal surface of teeth using a water-cooled, high–speed handpiece and fissure diamond burs. 

            The restoration were done with respective restorative materials which were divided into three major 

groups based on their nature of curing;  namely group A- (self-cure)-20 teeth, group B (dual cure)-20 teeth 

and group C(light cure)-20 teeth, these major groups were again divided into six sub-groups comprising of 

two materials in each group of 10 teeth each, namely group A1 (Chemfil Rock), group A2(GC FUJI IX GP 

Fast), group B1(Equia Forte ), group B2(Ionolux ), group C1 (GC Fuji II LC) and group C2(Ketac N100 ). 

After these all sixty restored samples were stored in commercially available artificial saliva for 20 

days in order to simulate the oral environment. Samples were dried and then sealed with 2 coats of nail 
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varnish except 1-2mm around the margins of the restoration to limit dye penetration to the cavity margin. 

The following samples were immersed in Rhodamine B dye for 24 hours, later these specimens were 

removed from the solution, washed thoroughly using running water, and subjected for longitudinal 

sectioning in a buccolingual direction through the center of the restorative materials using a diamond disc. 

Thus, each restoration was sectioned into two equal parts for scoring leakage at the tooth-material interface. 

The degree of dye penetration was examined at ×30 magnification under the Stereo microscope. (Figure 2). 

Scoring of dye penetration was done according to a previous study by Singla T et al9  (Table 1 ) 

The results obtained were tabulated and subjected for statistical analysis. The data was expressed 

in mean and standard deviation. Statistical Package for Social Sciences (22.0) version is used for analysis. 

One way ANOVA (Post hoc) followed by an Independent t test applied to find the statistical significant 

between the groups. P value less than 0.05 is considered statistically significant. 

RESULTS 

Table 1 shows the inter-comparison of Microleakage between the groups. One-way ANOVA with 

Tukeys post hoc test was used to compare Microleakage between the groups and it was observed that there 

was a significant difference in Microleakage between the groups Group A [self-cure GIC] demonstrated 

with least Microleakage, with a mean value of 0.85±0.813 whereas Group B [dual cure GIC] demonstrated 

with highest Microleakage of 1.85 ±1.268 and Group C [light cure GIC] demonstrated with moderate 

Microleakage having mean value of 1.30 ±1.129. 

 

SCORE 0 No dye penetration 

SCORE 1 Dye penetration up to1/4 th buccal and lingual wall 

SCORE 2 Dye penetration up to1/2 of buccal and lingual wall 

SCORE 3 Dye penetration along the buccal /lingual wall 

SCORE 4 Dye penetration up to1/4th of pulpal wall 

SCORE 5 Dye penetration up to1/2 of pulpal wall 

Table 1:  The dye penetration scores 

 

Table 2 shows the intra-comparison of Microleakage between the groups. One-way ANOVA with Tukey 

post hoc test was used to compare Microleakage between the groups and it was observed that there was a 

significant difference in Microleakage between the groups. Group C2( Ketac N 100) showed the least 

microleakage followed by Group A1(Chemfil rock), Group B1( Equia Forte), Group A2 (GC Fuji IX GP 

Fast), and  Group C1 (GC Fuji II LC) whereas maximum Microleakage was for Group B2( Ionolux). Group 

A1(Chemfil rock) demonstrated a mean value of 0.50±0.52, Group A2 (GC Fuji IX GP Fast) demonstrated 

with a mean value of 1.20±0.91, Group B1( Equia Forte)  demonstrated a mean value of 0.70±0.48, Group 

B2 ( Ionolux)  demonstrated with highest Microleakage of 3.00±0.47, Group C1 (GC Fuji II LC)   

demonstrated with a mean value of 2.30±0.48 whereas Group C2(Ketac N 100) demonstrated with least 

Microleakage, with mean value of 0.30±0.48. 
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 N Mean Std. Deviation p-value 

A 20 .85 .813  

B 20 1.85 1.268 0.019 

C 20 1.30 1.129  

     

Table 2:  Inter comparison of Microleakage between the Groups 

 

Table 3 shows the mean comparison of Microleakage between Groups A1 (Chemfil rock)   and A2 (GC 

Fuji IX GP Fast). Group A1 (Chemfil rock) demonstrated with a mean value of 0.50±0.52 whereas Group 

A2 (GC Fuji IX GP Fast) demonstrated, with mean value of 1.20±0.91. Independent t-test was used to 

compare Microleakage between Groups A1 (Chemfil rock) and A2 (GC Fuji IX GP Fast) and it was 

observed that there was no significant difference between the groups with p>0.05 indicating that Group 

A1(Chemfil rock) shows least Microleakage compared to Group A2(GC Fuji IX GP Fast). 

 

 N Mean Std. Deviation p-value 

A1 10 .50 .527  

A2 10 1.20 .919  

B1 10 .70 .483  

B2 10 3.00 .471 <0.001 

C1 10 2.30 .483  

C2 10 .30 .483  

     

Table 3:  Intra comparison of Microleakage between the Groups 

 

Table 4 shows the mean of Microleakage between Groups A1 (Chemfil Rock GIC) and A2 (GC Fuji IX 

GP Fast GIC) demonstrating with mean value of 0.50±0.527 whereas Group B2 ( Ionolux) demonstrates 

with mean value of 1.20±0.919 Independent t-test was used to compare Microleakage between Groups and 

it was observed that there was a no significant difference was seen between the Groups with p>0.05 

indicating that Groups A1 (Chemfil Rock GIC) shows the least Microleakage compared to A2 (GC Fuji IX 

GP Fast GIC). 
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G N Mean Std. Deviation p-value 

Microleakage A1 

10 .50 .527 0.051 

A2 10 1.20 .919  

Table 4:  Comparison of Microleakage between the Groups A1 (Chemfil Rock GIC) 

and A2 (GC Fuji IX GP Fast GIC) 

Table 5 shows the mean of Microleakage between Groups B1 (Equia Forte) and B2( Ionolux). Group B1( 

Equia Forte)   demonstrates with mean value of 0.70±0.48 whereas Group B2 ( Ionolux) demonstrates with 

mean value of 3.00±0.47. Independent t-test was used to compare Microleakage between Groups B1(Equia 

Forte) and B2 ( Ionolux) and it was observed that there was a significant difference between the Groups 

withp<0.05 indicating that Group B1 (Equia Forte) shows the least Microleakage compared to B2( Ionolux). 

 

 G N Mean Std. Deviation p-value 

microleakage B1 10 .70 .483 <0.001 

B2 10 3.00 .471  

Table 5:  Comparison of Microleakage between the Groups B1 (Equia Forte GIC) 

and B2 (Ionolux GIC). 

Table 6 shows the mean Comparison of Microleakage between Groups C1(GC Fuji II LC)  and C2 ( Ketac 

N 100). Group C1(GC Fuji II LC)  demonstrated with a mean value of 2.30±0.48 whereas Group C2 ( Ketac 

N 100)demonstrated with mean value of 0.30±0.48. Independent t-test was used to compare Microleakage 

between Groups C1(GC Fuji II LC) and C2 ( Ketac N 100)  and it was observed that there was a significant 

difference between the groups with p>0.05 indicating that group C2 (Ketac N 100) shows least 

Microleakage compared to C1(GC Fuji II LC). 

 

 
G N Mean Std. Deviation p-value 

microleakage C1 10 2.30 .483 <0.001 

C2 10 .30 .483  

 

Table 6:  Comparison of Microleakage between the Groups C1 (GC Fuji II 

LC GIC) and C2 (Ketac N 100 GIC) 
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Figure 1:  Stereo microscopic images of dye penetration of specimens 

 

DISCUSSION 

Microleakage is a critical factor affecting the durability of dental restorations. It leads to various 

issues such as staining around the restoration margins, increased sensitivity in the restored teeth, recurrent 

caries at the interface between the tooth and the restoration, and potential development of pulpal pathology. 

In this study, the extent of microleakage was evaluated using a stereo microscope, which is widely 

recognized as the gold standard for assessing microleakage.10 

After assessing the microleakage of all tested glass ionomer cement, it was noted that self-cure 

glass ionomer cement exhibited the lowest level of microleakage, followed by light-cure glass ionomer 

cement and dual-cure glass ionomer cement. The reduced microleakage observed with self-cure glass 

ionomer cement can be attributed to its coefficient of thermal expansion, which closely matches that of 

tooth structures, and its low setting shrinkage. These factors contribute to better marginal sealing and 

minimal microleakage over time.12 

In our study, we observed that light-cure glass ionomer cement exhibited lower microleakage 

compared to dual-cure glass ionomer cements. This could be attributed to the higher filler loading and lower 

coefficient of thermal expansion of light-cure glass ionomer cement, which helps withstand polymerization 

contraction stresses. Conversely, the increased microleakage observed with light-cure glass ionomer 

cement compared to self-cure glass ionomer cement may be due to the lower filler content of resin-modified 

glass ionomer (RMGI) with a higher resin content. This higher resin content can lead to increased 

polymerization shrinkage and, consequently, greater microleakage.13,14 

 

When comparing dual-cure glass ionomer cement with self-cure and light-cure glass ionomer 

cement, we observed that dual-cure GIC exhibited greater microleakage. This could be attributed to the 

polymerization contraction stresses that occur during the restoration process.15 

In our study, Ketac N 100 glass ionomer cement exhibited the least microleakage, followed by Chemfil 

Rock, Equia Forte, GC Fuji IX GP Fast, and GC Fuji II LC, while Ionolux showed the highest microleakage. 

The superior sealing ability of nano-ionomers may be attributed to their high filler loading and lower 

coefficient of thermal expansion, which help withstand polymerization contraction stresses. These findings 
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align with previous studies conducted by Abd El Halim et al., Upadhyay et al., and Bollu et al.17 

 

The higher microleakage observed with GC Fuji II LC glass ionomer cement may be attributed to 

its bonding mechanisms with dental structures. While the setting of resin-modified glass ionomer (RMGI) 

involves an acid-base reaction, a polymerization reaction occurs with 2-hydroxyethyl methacrylate 

(HEMA) and urethane-dimethacrylate (UDMA) monomers in the resin matrix, leading to additional 

shrinkage. The weaker bond strength of RMGI to enamel and dentin could contribute to increased leakage, 

as reported by Mitra et al. Furthermore, the formation of air bubbles during the mixing procedure and the 

higher resin content due to lower filler content in RMGI can exacerbate polymerization shrinkage and 

subsequent microleakage.18,19 

 

The higher microleakage observed in Equia Forte glass ionomer compared to Ketac N 100 glass 

ionomer may be attributed to the influence of early water uptake on GIC materials. This uptake is typically 

reduced by applying protective coatings. However, in our study, the materials were tested without the 

application of protective coating, contrary to the manufacturer's recommendation for Equia Forte. This 

deviation from the recommended procedure could have contributed to the observed results.20 

 

CONCLUSION 

 

Within the constraints of this study, the following conclusions can be drawn: 1) Self-cure glass 

ionomer cement demonstrated the lowest level of microleakage compared to both light-cure and dual-cure 

glass ionomer cement. 2) In terms of individual comparison among the glass ionomer-based cement, light-

cure glass ionomer cement exhibited the least microleakage, while dual-cure glass ionomer cement showed 

higher microleakage 
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