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Comparative Evaluation of Marginal Integrity of Three Esthetic Restorative

Materials — An In-vitro Study

Abstract

Context: Microleakage is the major cause for the failure of dental restorations, especially in Class V
cavities, as margins of such restorations are generally located in dentin or cementum. Microleakage
evaluation is necessary as a means of evaluation of the marginal integrity of restorative materials.
This would assist in developing techniques and materials that would reduce damage caused by the
failure of the restorative marginal seal. Aim: The aim of this study is to analyze and compare the
marginal integrity among three esthetic restorative materials, namely GC Fuji II LC, GC G-Aenial
anterior composite resin, and GC Equia forte fil. Setting and Design: Sixty orthodontically extracted
caries-free premolar teeth with Class V restorations were divided into three groups. Microleakage
was measured using an ordinal scale of 04, as given by Khera and Chan, in increasing order of
dye penetration, which was observed under a microscope. Materials and Methods: Study was
conducted in sound human extracted premolars in which Standardized Class V cavities were
prepared. Teeth were randomly and equally assigned to three groups (GC Fuji II LC, GC G-Aenial
anterior composite resin, and GC Equia forte fil). Teeth were sectioned longitudinally into two halves
using diamond discs and the sectioned halves of the teeth were evaluated for dye penetration under
stereomicroscope. Statistical Analysis Used: Intergroup comparison of mean dye penetration scores
were compared using the Kruskal-Wallis test along with post hoc pairwise comparison by Mann
Whitney U test. The level of statistical significance was set at 0.05. Results and Conclusion: All the
three groups (GC Fuji II LC, GC G-Aenial anterior composite resin, and GC Equia forte fil) tested
showed microleakage at the tooth restoration interface. It was evident that microleakage was found
to be highest with the Fuji I LC, both at occlusal and cervical levels. GC Equia forte exhibited the
best performance in limiting microleakage around the restoration margins.

Keywords: GC Equia Forte Fil, GC Fuji Il LC, GC G-Aenial composite resin, glass ionomer
cement, microleakage

considered while selecting the restorative
material.l”)

Introduction

Microleakage is defined as the chemically

undetectable passage of bacteria, fluids,
molecules, or ions between the cavity
walls and restorative materials. Clinically,
microleakage is the major cause for the
failure of dental restorations, especially
in Class V cavities, as margins of such
restorations are generally located in dentin/
cementum.!!)

Dental restorations attempt to restore the
shape, function, and esthetics caused by
the loss of dental tissue. To choose the
most adequate restorative material, the
clinician must take into account factors
such as biological, optical, mechanical, and
manipulative properties. Adhesiveness and
sealing ability of the material have to be
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Over the years, demand for esthetic dentistry
has shown considerable progress, leading to
the development of a number of improved
restorative materials. Currently, the main
concerns regarding the performance of these
materials are their durability and marginal
seal integrity. Despite technical innovations
and restorative material improvements,
microleakage is still a concern in
clinical practice.’? Earlier amalgam and
gold restorative materials were used
to restore Class V cavities but became
obsolete mainly because of their esthetic
shortcomings. Nowadays, restorative
materials such as glass ionomers, hybrid
ionomers, compomers, and composite
resins, are recommended to restore Class
V cavities.l"! The marginal leakage, mainly
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in restorations with cervical margin in dentin, is considered
responsible for hypersensitivity, secondary caries, marginal
discoloration, and pulpal pathologies. Marginal sealing is
known to influence the longevity of dental restorations.™

Microleakage can result in long-term consequences as
marginal discoloration, secondary caries, postoperative
sensitivity pulpal pathology.’! Technological improvements
have taken place in response to the growing demand of
the patients for esthetics and the consequent demand of
clinicians for materials with similar optical characteristics
to those of the natural teeth.! Microleakage evaluation is
required to develop techniques and materials that reduce or
delay damage caused by the failure of restorative marginal
sealing. Laboratory tests estimate the material’s sealing
ability, and clinical significance presumes invasion of
bacteria through substrates/restorative material interface.
Maximum penetration of a tracer substance seems to be
the best criteria on microleakage degree determination.
Digital photographs (large zoom and high resolution) of
sectioned specimens after immersion in the chemical tracer,
enables proper microleakage measurement with the aid of
a computer program.’! This would assist in developing
techniques and materials that would reduce or delay damage
caused by the failure of the restorative marginal seal.

Class V cavities are characteristic for presenting little
or no enamel at the cervical margins, which has been
considered a great challenge for the achievement of
an adequate adhesion.! Several restorative options are
available and have been studied for cervical restorations
but have generally given contradictory results due to
different compositions, mechanical properties, differences
in techniques, and lack of standardization.

Thus, the present study was planned to evaluate and
compare the microleakage of three different types of
esthetic restorative materials with indications for use in
primary teeth, namely: GC Fuji II LC, GC G-aenial, and
GC Equia forte.

Materials and Methods

The present study was done in the Department of Pediatric
and Preventive Dentistry, School of Dental Sciences,
Sharda University. In accordance with similar studies,®
sixty intact premolars, freshly extracted for orthodontic
reasons, were used for this study. They were collected and
stored in distilled water. The premolar teeth were randomly
and equally assigned to three groups each, namely:

*  Group A: GC Fuji I LC

* Group B: GC G-Aenial anterior composite resin

*  Group C: GC Equia Forte Fil.

Standardized Class V cavities were prepared on all 60
premolar teeth. Preparations were centered 1mm above
the cementoenamel junction and were approximately
2 mm in-depth, 3 mm in occluso gingival height, and
5 mm in mesio-distal width. Care was taken to maintain

90°cavosurface angles at all cavity margins with no deliberate
mechanical retention. In all the three groups, restorations
of the prepared cavities were carried out according to the
manufacturer’s instructions. Restored teeth were then stored
in distilled water for a week. After a week, apices of teeth
were sealed using sticky wax, and the specimens were
coated with two layers of nail varnish, leaving a 1 mm
window around the restoration margins [Figure 1].

The teeth were then immersed in an aqueous solution of

2% methylene blue for 48 h at room temperature, then

removed from the dye, rinsed in tap water for 30 seconds

and dried. Then, the teeth were sectioned longitudinally

into two halves using diamond discs in a buccolingual

direction under constant water cooling. The sectioned

halves of the teeth were evaluated for dye penetration under

a stereomicroscope (20) and graded according to criteria

described by Khera and Chan™® in 1978. Microleakage

Scoring System [Figure 2].

* 0 — No leakage

* 1 — Less than or up to one half of the depth of the
cavity preparation

e 2 — More than one half of the cavity preparation
involved, but not up to the junction of the axial wall
and occlusal or cervical wall

* 3 — Up to the junction of the axial wand occlusal or
cervical wall, but not including the axial wall

* 4 — Due penetration, including the axial wall.

Results

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 21 (SPSS
Version 21.0. Armonk, NY: IBM Corp.). Absolute and
Relative frequencies of different microleakage scores
among different groups were compared using the Chi-
square test. Intergroup comparison of Mean dye penetration
scores were compared using the Kruskal-Wallis test along
with post hoc pair-wise comparison by Mann—Whitney
U-test. The level of statistical significance was set at 0.05.

At the occlusal level, the distribution of different dye
penetration scores among the three study groups was
compared by using Chi-Square Test and it was found that

G-AENIAL

Figure 1: Nail varnish painted teeth
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Figure 2: Microleakage Scoring System

the distribution was significantly different among the study
groups. Score 0 was found to be more among Group C,
score 1 was found to be more among Group B, score 2 was
found to be more among Group B, score 3 was found to be
more among Group A, and score 4 was found to be more
among Group A [Table 1 and Figure 3].

At the cervical level, the distribution of different dye
penetration scores among the three study groups was
significantly different. Score 0 was found to be more among
Group C, score 1 was found to be more among Group B and
Group C, score 2 was found to be more among Group B,
score 3 was found to be more among Group B, and score 4
was found to be more among Group A [Table 2 and Figure 4].

At the occlusal level, intergroup comparison of mean dye
penetration scores was performed using Kruskal-Wallis
test, and a statistically significant difference was found
between them. Mean dye penetration scores among Group
A and Group B samples were found to be significantly
more than that among Group C samples. No statistically
significant difference could be found between Group A and
Group B samples with respect to the mean dye penetration
score [Table 3 and Figure 5].

At the cervical level, intergroup comparison of mean
dye penetration scores was performed by using the
Kruskal Wallis test, and a statistically significant
difference was found between them. Mean dye
penetration scores among Group A was found to be
significantly more than that among Group B, which
was further significantly more than that among Group C
samples [Table 4 and Figure 5].

Table 1: Distribution of dye penetration scores among
three groups at occlusal level

GROUP Dye penetration Score Total
0 1 2 3 4

GroupA n 14 10 1 3 12 40
% 35.0% 25.0% 25% 7.5% 30.0% 100

GroupB 10 20 6 2 2 40
% 25.0% 50.0% 15.0% 5.0% 5.0% 100

GroupC n 29 10 0 0 1 40
% 72.5% 250% 0.0% 0.0% 2.5% 100

Total n 53 40 7 5 15 120
% 442% 333% 58% 42% 125% 100

P <0.000*

*Chi square test. *Statistically significant

Intergroup comparisons at the occlusal level placed Fuji
II LC at the maximum dye penetration levels, showing
statistically significant differences with the other two
materials. However, there was no statistically significant
difference between the other two materials in terms of
occlusal dye penetration scores. Further, at the cervical
level Fuji II LC exhibited maximum dye penetration
scores, G-Aenial ranking second and Equia Forte third, a
statistically significant difference being observed between
each combination of comparisons.

Discussion

Esthetic restorative material has contributed to enhancing
the quality of restorative dentistry. One of the major
problems associated with the restorations is the
microleakage around restorations leading to recurrent
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caries, hypersensitivity, pulpal inflammation, and
accelerated deterioration of some restorative materials.
Thus, this study was undertaken to compare and evaluate
the marginal integrity among three esthetic restorative
materials, namely GC Fuji II LC, GC G-Aenial anterior
composite resin, and GC Equia Forte Fil.

The integrity and durability of the marginal seal have
always been prime concerns in the performance of dental
restorative materials. The search for an ideal restorative
material that would create a permanent and perfect seal
between restoratives margin and tooth structure reflects the
constant introduction of new products in the market.

Table 2: Distribution of dye penetration scores among
three study groups at cervical level

GROUP Dye penetration Score Total
0 1 2 3 4

GroupA n 7 2 2 1 28 40
% 17.5% 5.0% 5.0% 25% 70.0% 100

GroupB n 4 4 7 15 10 40
% 10.0% 10.0% 17.5% 37.5% 25.0% 100

GroupC n 29 4 0 2 5 40
% 72.5% 10.0% 0.0% 5.0% 12.5% 100

Total n 40 10 9 18 43 120
% 333% 83% 7.5% 15.0% 35.8% 100

P? <0.000*

*Chi square test. *Statistically significant

Different methods used for microleakage assessment
includes silver nitrate, air pressure, Dye study, radioactive
isotopes, and scanning electron microscope (SEM). The
dye penetration method was used in this study to assess
the microleakage. 2% Methylene blue was used as a dye
indicator in the study as it provides a simple, quantitative,
economical, and comparable method of evaluating the
various restorative materials.™

Class V cavity preparation was done as it has a high
cavity configuration factor (C-factor) value to evaluate the
microleakage at the tooth restoration interface. C-factor is the
ratio of the bonded surface area in a cavity to the unbonded
surface area.”? Glass ionomers seem to be the material of
choice in Class I and Class V cavities in primary teeth.'” There
is substantial evidence to support the use of glass ionomers
for Class V restorations in young permanent teeth in high-
risk patients and also as interim therapeutic restoration.!"
However, disadvantages related to glass ionomers, such as
lack of strength, prolonged setting time, moisture sensitivity,
dehydration, and poor esthetics are reported.

Hand mixing of GICs might allow for an increased
incidence of operator errors during material preparation,
as the ratio of powder to liquid may vary according to the
manufacturer’s recommendations.['” With the purpose of
decreasing variability, encapsulated dental cements have
been introduced in the market. The GC Equia Forte is one
such encapsulated product, introduced in 2015.

Diwanji et al. in 2014 evaluated the microleakage and
found maximum microleakage around conventional GIC
restorations, followed by RMGIC and least microleakage
around nanoionomer restorations.'] Mali et al. found a
similar result with more microleakage with conventional
glass ionomer as compared to resin glass ionomer and
composite.'Y In contrast to these studies, our study
demonstrated that encapsulated GIC, GC Equia Forte Fil,
exhibited the least microleakage levels among the three
materials tested. Factors that may have contributed to make
GC Equia Forte Fil exhibit least microleakage in this study
were that it does not require any layering, is nonsticky and
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Table 3: Intergroup comparison of Mean dye penetration scores at occlusal level

Group n Mean Std. Deviation P Post hoc pairwise comparison®
Group A 40 1.73 1.710 <0.0001* Group A* Group B-0.409
Group B 40 1.15 1.027 Group A * Group C <0.0001*
Group C 40 0.35 0.736 Group B*Group C <0.0001*

"Kruskal Wallis test, ‘Mann Whitney U test, *Statistically significant.

Table 4: Intergroup comparison of Mean dye penetration scores at cervical level

Group n Mean Std. Deviation p Post hoc pairwise comparison®
Group A 40 3.03 1.609 <0.0001* Group A*Group B-0.01*

Group B 40 2.58 1.259 Group A * Group C <0.0001*
Group C 40 0.75 1.428 Group B*Group C <0.0001*

"Kruskal Wallis test, ‘Mann Whitney U test, *Statistically significant.

packable, and adapts nicely to the cavity walls. Further,
it chemically attaches to the tooth structure, eliminating
the need for bonding procedures and has minimal or no
shrinkage stress.!'! Glass ionomers may produce adequate
marginal sealing since chemical interactions take place with
polyalkenoic acids and hydroxyapatite. The strong chelation
reaction with calcium on the tooth surface might have made
this material comparable to nano-filled glass ionomers.!!

The study illustrated that GC Equia Forte, a modified
encapsulated GIC, exhibited least microleakage along
its restoration borders. The difference was statistically
significant (P < 0.05). In terms of microleakage, the
resin-modified GIC (Fuji II LC) came second and third
was the composite resin (G-Aenial). However, the
difference between the two materials was not statistically
significant (P > 0.05).

GC EQUIA Forte is an innovative restorative system based
on a new glass hybrid technology. It combines a filling
component with a protective composite coating while
additionally benefiting from a newly developed hybrid filler
technology. The new system makes use of the advantages
of combined different size filler technologies, in a way
similar to hybrid composites.'” One of the differentials
of this hybrid restorative system is the surface protection
of the restorations, which is accomplished by applying a
light-cured resin sealant that seems to improve the final
smoothness of the restoration and reduce surface wear.!'”’

GC G-Aenial anterior composite material exhibited more
microleakage than Equia Forte in this study. Polymerization
shrinkage may be the reason for this finding. Contemporary
composite materials shrink during polymerization, resulting
in a volumetric reduction ranging from 1.5 to 5% depending
on the molecular structure of the monomer, the amount of
filler, and the rate of cure.!'¥

GC G-Aenial is a hybrid composite with two different
kinds of pre-polymerized fillers (Strontium and Lanthanoid
fluoride), offering clinical wuseful radiopacity while
keeping perfect aesthetics. The pre-polymerized fillers
also contribute to the low level of shrinkage found with

G-a&nial. G-Aenial is bis-GMA free. However, volumetric
shrinkage is reported to be 2.4% with this material,'”! a
fact that could explain its relatively inferior sealing ability
in this study compared to encapsulated GIC. The esthetic
appeal of GC G-Aenial is its main advantage.

Resin-modified GIC (GC Fuji II LC) exhibited the
most microleakage in this study. Factors that may have
been responsible for this finding were that hygroscopic
expansion of the material may have weakened the bond of
the material with the tooth, leading to leakage.!' Further,
the resin content may have led to increasing polymerization
shrinkage. This finding is in agreement with some studies
that mention GIC undergo minimal setting shrinkage
and approximately one-half that of resins.?*) Besides
the advantages of glass ionomers, its ease of placement,
early resistance to moisture contamination, and setting in
the command. RMGIC resulted in improved esthetics in
comparison to conventional glass ionomers.

The observations from this study were that all three
materials investigated exhibited more microleakage on the
gingival margins than on the occlusal margins because the
flexural stresses at cervical margins are higher than that at
the occlusal margins, which is in accordance with previous
studies by Nayak et a/.?!" and Kumar Gupta et al.?*!

Groups A (GC Fuji I LC) and B (GC G-Aenial)
showed high levels of dye penetration both at the
occlusal and gingival margins compared to Group
C (GC Equia Forte fil). The difference was statistically
significant overall microleakage scores as well as
intergroup microleakage scores (P < 0.05). High flexibility,
hybrid fillers, uniform consistency, and low volumetric
shrinkage of GC Equia Forte fil may be the possible reason
for less microleakage compared to the other two groups.
The difference observed in the microleakage between the
enamel (occlusal) and dentin (gingival) margins may be
due to a difference in the quality of the bond between
the materials and enamel and dentin structures. This is
explained by the fact that cavity preparations with enamel
margins result in stronger bonds since the inorganic

245 Contemporary Clinical Dentistry | Volume 12 | Issue 3 | July-September 2021



Singh, et al.: Comparative evaluation of marginal integrity esthetic restorative materials

structure is higher in enamel than dentin. This finding is in
accordance with reports that enamel (occlusal) margins of
permanent teeth restored with GICs show less microleakage
than dentin (gingival) margins.*

The main disadvantages with the form of microleakage
assessment used in this study are that it is usually
associated with the assigning of a numerical scoring
system of increasing degrees of leakage and that this
assessment, although often carried out by more than one
examiner, is somewhat subjective. Further, the assessment
of the restoration as a whole is difficult when viewing only
individual small sections of the tooth.

With the introduction of newer materials claiming superior
properties, it becomes imperative to evaluate them,
especially in relation to their marginal integrity, to be able
to use them predictably. Hence, this study was undertaken
to evaluate the marginal integrity of new restorative
materials available in the market.

Conclusion

The longevity of the restoration is largely determined
by the marginal sealing of the cavity. Hence minimizing
microleakage at the tooth/restoration interface is
important in predicting its clinical success. In the
present study, microleakage was present with all three
restorative materials. GC Equia Forte Fil exhibited the
best performance in limiting microleakage around the
restoration margins. Elaborate in vitro and clinical studies
are indicated to authenticate and establish the reliability of
conclusions drawn from the study. The continual search
for an ideal marginal sealing restorative material will
continue.
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