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ABSTRACT

Aim: This study aimed to evaluate and compare the microleakage of Type II glass ionomer
cement (GIC), Type IX GIC, and resin-modified glass ionomer cement (RMGIC) restorations
in primary teeth.

Materials and Methods: Thirty over-retained, non-carious primary molars beyond their
exfoliation period were collected and randomly divided into three groups (n = 10 each).
Group A: Type II GIC; Group B: Type IX GIC; Group C: RMGIC. Standardized Class V
cavities were prepared on the buccal surface of each tooth without mechanical retention and
restored with the respective materials. All samples were subjected to thermocycling for 250
cycles at varying temperatures, followed by coating with nail varnish. The specimens were
then immersed in 0.5% methylene blue dye for 24 hours. Teeth were sectioned buccolingually
through the center of the restoration and evaluated under a stereomicroscope for dye
penetration. The data obtained were analyzed using Kruskal-Wallis ANOVA and Mann-
Whitney U test.

Results: The RMGIC group demonstrated comparatively higher microleakage than the
other groups. However, no statistically significant difference was observed among the three
groups (P > 0.05).

Conclusion: Within the limitations of this study, Type II GIC, Type IX GIC, and RMGIC
showed comparable microleakage performance in primary teeth.
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concern as it can lead to postoperative sensitivity, secondary
caries, pulpal irritation, and eventual restoration failure.>’

Introduction

The success of restorative procedures in pediatric dentistry
depends largely on the ability of the restorative material to
provide an adequate marginal seal.'" Microleakage, defined
as the passage of bacteria, fluids, molecules, or ions between
the cavity wall and the restorative material, remains a major
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Primary teeth present unique challenges for restorative
treatment due to their distinct anatomical and histological
characteristics, including thinner enamel and dentin, larger
pulp chambers, and differences in bonding behavior. These
factors increase the susceptibility of restorations in primary
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teeth to marginal leakage, making the selection of an
appropriate restorative material critical.*®

Glass ionomer cements (GICs) are widely used in pediatric
dentistry because of their chemical adhesion to tooth
structure, fluoride release, biocompatibility, and ease of
use. Type II GIC is commonly employed for restorative
purposes, while Type IX GIC, a high-viscosity variant, offers
improved strength and wear resistance. Resin-modified glass
ionomer cements (RMGICs) were developed to overcome
the limitations of conventional GICs by incorporating resin
components, thereby enhancing mechanical properties and
reducing moisture sensitivity. However, the presence of resin
may influence polymerization shrinkage and, consequently,
microleakage.®

Despite the widespread use of these materials, there is still
inconsistency in the literature regarding their sealing ability,
particularly in primary teeth. Therefore, an in vitro evaluation
of microleakage among different types of glass ionomer
cements is essential to guide clinical decision-making.
Hence, the present study was undertaken to evaluate and
compare the microleakage of Type II GIC, Type IX GIC, and
resin-modified glass ionomer cement in primary teeth.

Material and Method

Thirty over-retained, non-carious primary molars beyond
their exfoliation period were collected, cleaned, and stored
in distilled water until use. The teeth were randomly divided
into three groups (n = 10 each) based on the restorative
material used:

Group A: Type II GIC - GC Fuji IT (GC Corporation,
Tokyo, Japan)

Group B: Type IX GIC - GC Fuji IX GP Extra (GC
Corporation, Tokyo, Japan)

Group C: Resin-Modified GIC - GC Fuji II LC (GC
Corporation, Tokyo, Japan)

A standardized Class V cavity was prepared on the buccal
surface of each tooth without any mechanical retention using
a straight diamond bur under air-water cooling. The cavity
dimensions were standardized to 4 mm in length, 2 mm in
width, and 2 mm in depth. The depth of each preparation
was verified using a periodontal probe.

All cavities were restored according to the manufacturers’
instructions. Following restoration, the samples were
subjected to thermocycling for 250 cycles between different
temperatures to simulate oral conditions.

The tooth surfaces were then coated with nail varnish,
leaving a 1 mm window around the restoration margins.
Subsequently, all specimens were immersed in 0.5%
methylene blue dye for 24 hours. After dye immersion, the
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teeth were rinsed thoroughly and sectioned buccolingually
through the center of the restorations using a diamond disc.
The sections were examined under a stereomicroscope to
evaluate dye penetration. Microleakage was scored according
to the criteria described by Khera and Chan:”*

Score 0: No leakage

Score 1: Dye penetration less than or up to one-half of the
cavity depth

Score 2: Dye penetration more than one-half of the cavity
depth but not reaching the junction of axial and occlusal/
gingival wall

Score 3: Dye penetration up to the junction of axial and
occlusal/gingival wall but not including the axial wall
Score 4: Dye penetration including the axial wall

The obtained data were subjected to statistical analysis using
the Kruskal-Wallis ANOVA test and Mann-Whitney U test,
with the level of significance set at P < 0.05.

Result

The distribution of microleakage scores (Table 1) indicates
that all three restorative materials exhibited some degree
of dye penetration, with none of the groups demonstrating
complete absence of microleakage in all samples. Group B
(Type IX GIC) showed a greater number of samples with
lower scores (0 and 1), suggesting relatively better marginal
sealing ability. In contrast, Group C (RMGIC) exhibited a
higher frequency of samples with scores 2 and 3, indicating
comparatively greater microleakage.

The mean microleakage scores (Table 2) further support this
observation, where Group B (Type IX GIC) demonstrated the
lowest mean score, followed by Group A (Type II GIC), while
Group C (RMGIC) showed the highest mean microleakage.
This trend suggests that Type IX GIC may provide improved
marginal adaptation compared to the other materials,
whereas RMGIC may be associated with relatively higher
leakage, possibly due to polymerization shrinkage.

However, pairwise comparisons between the groups (Table
3) revealed no statistically significant differences (P >
0.05) in microleakage scores. This indicates that, despite
observable variations in mean values and score distribution,
the differences were not statistically significant.

Overall, the findings suggest that all three materials—Type
IT GIC, Type IX GIC, and RMGIC—exhibited comparable
performance in terms of microleakage under the conditions
of this study, with Type IX GIC showing a trend toward better
sealing ability and RMGIC showing relatively higher leakage.
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Table 1: Distribution of Microleakage Scores in Different

Groups

Score Group A (TypeIl  Group B (Type Group C
GIC) IX GIC) (RMGIC)

0 2 3 1

1 3 4 2

2 3 2 3

3 1 1 3

4 1 0 1

Total 10 10 10

Table 2: Mean Microleakage Scores of Study Groups

Group Material Mean Score + SD
Group A Type II GIC 1.50 + 1.08
Group B Type IX GIC 1.10 £ 0.99
Group C RMGIC 2.10 £1.10

Table 3: Pairwise Comparison (Mann-Whitney U Test)

Comparison P-value

Group A vs Group B >0.05

Group A vs Group C >0.05

Group B vs Group C > 0.05
Discussion

Achieving an effective marginal seal remains a critical factor
in the longevity of restorative materials, particularly in
primary teeth where anatomical and structural differences
predispose restorations to microleakage. The present study
evaluated and compared the microleakage of Type II GIC,
Type IX GIC, and resin-modified glass ionomer cement
(RMGICQ) in standardized Class V cavities of primary teeth.
The findings of this study demonstrated that all three
materials exhibited some degree of microleakage. This is
consistent with previous literature, which suggests that
no restorative material is completely free from marginal
leakage due to factors such as polymerization shrinkage,
thermal stresses, and differences in the coefficient of thermal
expansion between the tooth and restorative material.” !>
Among the tested materials, Type IX GIC showed
comparatively lower microleakage scores. This may be
attributed to its high viscosity, improved mechanical
properties, and enhanced adaptation to cavity walls. The
improved particle size distribution and higher powder-liquid
ratio in Type IX GIC contribute to better marginal integrity
and reduced porosity, thereby minimizing dye penetration.
Type I GIC demonstrated moderate microleakage. Although
conventional GICs chemically bond to tooth structure and
release fluoride, they are sensitive to moisture contamination
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during the initial setting phase and may exhibit inferior
mechanical properties compared to high-viscosity variants.
These factors could contribute to marginal discrepancies and
subsequent microleakage.

The RMGIC group exhibited comparatively higher
microleakage scores. While RMGICs were developed
to overcome the limitations of conventional GICs by
incorporating resin components, the polymerization
shrinkage associated with the resin phase may lead to gap
formation at the tooth-restoration interface. Additionally,
differences in the dual-setting mechanism (acid-base
reaction and light-activated polymerization) may influence
marginal adaptation, particularly in Class V restorations
where configuration factor (C-factor) is high.
Thermocycling was employed in this study to simulate oral
temperature variations, which can induce expansion and
contraction stresses at the tooth-restoration interface. These
stresses may exacerbate marginal gaps and contribute to
microleakage. The use of methylene blue dye penetration
is a widely accepted and sensitive method for evaluating
microleakage due to its low molecular weight and ability to
penetrate small gaps.'>'

Despite observable differences in microleakage among the
groups, statistical analysis revealed no significant difference.
This suggests that, under the conditions of this study, all
three materials performed comparably in terms of marginal
sealing ability. The lack of statistical significance may be
attributed to the sample size or inherent variability in in vitro
conditions.

From a clinical perspective, all three materials can be
considered acceptable for use in primary teeth restorations.
However, the relatively lower microleakage observed with
Type IX GIC suggests that it may offer a slight advantage in
achieving better marginal seal, especially in situations where
moisture control is challenging. On the other hand, the ease
of handling and improved mechanical properties of RMGIC
still make it a viable option despite its slightly higher leakage
tendency.

Limitations of the Study

This study was conducted under in vitro conditions, which
may not fully replicate the complex oral environment. Factors
such as masticatory forces, saliva, pH variations, and long-
term aging were not simulated. Additionally, the sample size
was limited, which may influence the statistical outcome.

Future Recommendations

Further in vivo studies with larger sample sizes and long-
term clinical evaluation are recommended to validate these
findings. The use of advanced techniques such as micro-CT
analysis or scanning electron microscopy could provide more
precise assessment of marginal adaptation and microleakage.
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Conclusion

Within the limitations of this in vitro study, it can be
concluded that all three restorative materials—Type II GIC,
Type IX GIC, and resin-modified glass ionomer cement—
exhibited some degree of microleakage in primary teeth. Type
IX GIC demonstrated comparatively lower microleakage,
while resin-modified GIC showed relatively higher values.
However, the differences among the groups were not
statistically significant. Therefore, all three materials can be
considered clinically acceptable with comparable sealing
ability for restorations in primary teeth.
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