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Abstract

Objective: We evaluated in vitro marginal adaptation of class II
resin composite restorations with and without a liner.

Materials and Methods: In total, 48 extracted sound human
mandibular molars were used. The teeth were prepared following
a standardized pattern for a class II cavity. The teeth were then
randomly divided into four groups of 12 teeth each: group 1: resin-
modified glass ionomer liner (RMGI) + composite resin (CR),
group 2: flowable composite liner + CR, group 3: self-adhesive
flowable composite liner + CR, and group 4: CR. The specimens
were thermocycled and loaded with a mechanical loading device.
The methylene blue dye penetration test was used to evaluate
microleakage.

Results: When specimens were evaluated for occlusal and gingival
microleakage, the resin-modified and flowable composite groups
showed significantly less microleakage than the control group with
no liner. The self-adhesive flowable composite group showed no
significant improvement.

Conclusions: Flowable composite and RMGI liners were useful in
decreasing microleakage, but the self-adhesive flowable composite
liner showed no significant advantage.

Keywords: Microleakage, liner, occlusal loading, self-adhesive
flowable composite, thermocycling

Introduction

The earliest introduced light-curing resin composites were not
suitable for the restoration of posterior teeth, because of their
inadequate wear resistance, microleakage, and polymerization
shrinkage (1-3). Due to developments in adhesive systems and
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resin composites since then, today, they have begun to be used for
restoring the posterior teeth (4). However, in vivo and in vitro
studies still report that microleakage at restoration margins is not
prevented completely (5,6) .

Polymerization shrinkage and dimensional changes in resin
composites are factors in adhesive failures at the resin composite-
tooth structure interface (7). Volumetric polymerization shrinkage
of composite materials of at least 2.0% has been observed (8). In
fact, a direct relationship between polymerization contraction
stress and marginal adaptation has been demonstrated (1). As a
result, microleakage occurs and its consequences, such as
postoperative sensitivity, secondary caries, and pulp irritation, are
causes of restoration failure (9,10).

The tooth-restoration interface can be controlled using various
methods and materials. Incremental techniques, soft-curing
methods, and the use of low-viscosity and low-modulus lining
materials are generally preferred (11-13). It is generally accepted
that the use of materials with a low modulus of elasticity increase
the marginal adaptation (14). Flowable composites and resin-
modified glass ionomers are usually used as liners for composite
restorations. Lower modulus liners, such as flowable composites
and resin-modified glass ionomers, can compensate for
dimensional changes during polymerization (15). Also, using a
liner can reduce the total amount of composite needed, so that
polymerization shrinkage and gap formation can be reduced (16).

Glass ionomers were first introduced in the early 1970s (17). Since
then, several changes were made to improve the mechanical
properties of glass ionomers and subsequently resin-modified glass
ionomers were developed. Glass ionomers were usually used for
restorations of primary teeth, luting cements, liners for different
restoration, and class V restorations of permanent teeth (18). The
advantages of glass ionomers include thermal expansion similar to
that of teeth, chemical bonding between the dentin and enamel,
advanced biocompatibility, and bacteriostatic effects (19).

Flowable composites have lower physical properties when
compared with ‘standard’ restorative composites (20). However,
flowable composite can be used as liners under restorations and
can increase marginal adaptation by absorbing contraction
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stresses. Today, self-adhering flowable composites are available.
These new composite resin systems reportedly bond to dentin and
enamel without the application of an adhesive bonding agent.
They combine adhesive and composite technology (21). The self-
adhering composite resin “Fusio Liquid Dentin” (Pentron Clinical
Technologies, Wallingford, CT, USA) contains the functional
monomer 4-methacryloxyethyltrimetellitic acid (4-MET) that has
demonstrated chemical bonding potential to hydroxyapatite and
tooth tissue (22). It also contains hydroxyl-ethyl methacrylate
(HEMA), a monomer commonly used in dental adhesives to
enhance wetting and resin penetration in dentin (23). These
materials have been recommended for fissure sealants, blocking
out undercuts, liners, and small permanent teeth restorations (24).

The first objective of this study was to evaluate in vitro
microleakage of class II resin composite restorations with and
without liners. The second objective was to compare the effects of
different base materials on microleakage.

Materials and Methods

In total, 48 extracted sound (non-carious and unrestored)
mandibular human molars were selected. The teeth were cleaned,
polished using scalers and pumice, and then stored in distilled
water until use.

Cavity Preparation

The teeth were mounted in a plastic model. Conservative class II
cavities were prepared with a cylindrical diamond bur (Diatech
Diamond Tools, Toronto, Ontario) using a high-speed air/water-
cooled turbine. The specimens were prepared following a
standardized pattern in which the class II cavity had a length of 3.0
mm, width of 3.0 mm, and depth of 3.0 mm in occlusal. After
preparation, the specimens were divided randomly into four
experimental groups of 12 teeth each.

Restorative Procedures
Group 1

A resin-modified glass ionomer liner (Ionolux AC, Voco GmbH,
Cuxhaven, Germany), 1 mm thick, was placed, extending to the
full width of the pulpal floor and the axial wall of the teeth and was
light-cured for 20 s using an LED curing unit (Elipar FreeLight 2,
3M ESPE, St. Paul, MN, USA). Then, matrix bands (Sectional
Matrix Retainer System, 3M ESPE) and wooden wedges (TDV,
Santa Catarina, Brazil) were installed. A self-etch adhesive (Futura
Bond NR, Voco GmbH) was used according to the manufacturer’s
instructions. Restorations were performed incrementally with a
light-curing posterior composite resin (X-tra fil, Voco GmbH).
The matrix band and wedges were removed and then the
restorations were finished with #8379 and 863 EF finishing burs
(Busch, Germany) on a high-speed hand piece with a light water-
spray, and polished with aluminum oxide-coated discs (Sof-Lex,
3M, USA) on a slow-speed hand piece.

Group 2

A self-etch adhesive (Futura Bond NR) was used according to the
manufacturer’s instructions. Flowable composite (Grandio Flow,

Table 1: Materials used in the study

Material Type Composition

Polyacrylic acid solution, 2-
hydroxyethyl methacrylate,
glycerindimethacrylate,
urethanedimethacrylate,
tartaric acid and initiators

lonolux Voco, Cuxhaven, | Light-cured resin modified
Germany glass ionomer restorative

Flowable, light-curing
nanohybrid composite
dimethacylates, silicates,
initiators, stabilizers, pigments
and additives

Grandio Flow Voco,

Fl | i i
Cuxhaven, Germany owable composite resin

Mixture of UDMA, TEGDMA,
HEMA, & 4-MET resins, silane-
treated bariumborosilicate

Self adhesive flowable . P
glasses, silica with initiators,

Fusio Liquid Dent

Pentron, CT, USA composite
e e stabilizers and UV absorber,
organic and/or inorganic
pigments, opasifiers
Acidic adhesive monomer, Bis-
WSO LR By Self Etch Adhesive GMA, 2-hydroxyethyl

Cuxhaven, Germany methacrylate

Bis-GMA, UDMA, TEGDMA,
Barium, Bor, Aluminium,
silisium glass

X-trafill Voco, Cuxhaven,

Hybrid midi-fill composite
Germany

Voco GmbH) was placed in the same manner as the resin-modified
glass ionomer liner in Group 1. Then, the teeth were restored in
the same manner as group 1.

Group 3

A self-adhesive flowable composite (Fusio Liquid Dentin, Pentron,
Orange, CA, USA) was placed in the same manner as the resin-
modified glass ionomer liner in Group 1. Then, the teeth were
restored in the same manner as group 1.

Group 4.

A self-etch adhesive (Futura Bond NR) was used according to the
manufacturer’s instructions. Specimens were treated only with a
light-curing posterior composite resin (X tra fil). Table 1 shows the
properties of the restorative materials.

Thermocycling and Occlusal Loading

The restored teeth were stored at 37°C and 100% humidity in an
incubator for 24 h. Then, the specimens were thermocycled for
2000 cycles between 5°C and 55°C with a dwell time of 30 s in each
bath. Specimens were loaded 10,000 times with 100 N in a
mechanical loading device.

Microleakage Testing

The apices of the specimens were sealed with sticky wax and all
tooth surfaces were covered with two coats of clear nail polish,
with exception of 1.0 mm around the tooth-restoration margins,
and were allowed to air dry. All specimens were then immersed in
2% methylene blue dye for 24 h. After removal from the dye, the
teeth were rinsed under running water and the nail polish was
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Figure: Microleakage Scoring Criteria

0: No dye penetration

1: Dye penetration up to, but not beyond half of the occlusal or gingival wall
2: Dye penetration up to, but not contacting the axial wall

3: Dye penetration along the axial wall

The results were transferred to a statistical software package for data
analyses. Analyses included Kruskal-Wallis and Mann-Whitney U-tests.

Table 2 : Microleakage scores of the specimens

Occlusal Gingival
Groups - -
Max. Min. Mean _|Std.Dev.| Max. Min. Mean_|Std.Dev.
Groupl
Resin modified glass ionomer : o | 072 | o864 3 0 109 | 094
e 2 o 0,81 06 3 0 118 | 087
Flowable composite
Group 3
2 [ 1,08 7 o 1, 0,8
Self adhesive flowable i 0, 3 36 G
Sraup 4 3 o 1,27 0,78 3 1 1,63 0,88
No Base

scraped off. The teeth were sectioned along the mesio-distal
direction, coincident with the center of the restoration, using a
water-cooled diamond saw.

Dye penetration at the occlusal and gingival margins of each
section was evaluated independently by two observers using a
stereomicroscope (Olympus SZ 60, Japan) at a magnification of
x16 and scored. The scoring criteria outlined in the figure were
used to rank the degree of microleakage (25).

Results

The means, maximum scores, minimum scores, and standard
deviations of the microleakage scores for all groups are presented
in Table 2. Generally, the occlusal margins had lower scores than
the gingival margins; however, the difference was not statistically
significant. When specimens were evaluated for occlusal and
gingival microleakage, the resin-modified glass ionomer (group 1)
and flowable composite resin (group 2) groups had significantly
less microleakage than the control (group 4) group. The self-
adhesive flowable composite resin group (group 3) showed no
significant improvement over the control group.

Discussion

Microleakage is considered a major cause of clinical failure in
composite restorations (3). The sealing ability of adhesive resins,
polymerization shrinkage of composite resins, configuration
factors (C-factors), and occlusal forces and temperature changes
that occur during eating may affect microleakage in composite
restorations (8, 26-29). In this study, occlusal loading and
thermocycling were applied to specimens to simulate the oral
environment.

The sealing of restorations can be evaluated using various
techniques. Bacterial leakage, micro CT, scanning electron
microscopy, fluid filtration, dye penetration, and electrochemical
techniques have been used (29-33). In this study, methylene blue
dye penetration was used because dye-penetration techniques are
inexpensive and simple. Also, the various microleakage techniques
yield essentially similar results (34).

In the current study, higher microleakage was observed in the
gingival margins than the occlusal margins, but the difference was
not statistically significant. This was likely due to the greater
thickness of the enamel at the occlusal margins (more regular
substrate and better adhesion than dentin) and better
polymerization of the composite resin at the occlusal margins
(related to the distance of the material from the light source).
Previous studies are consistent with this (34).

The effect of a liner under a composite restoration was also
evaluated, because several studies have shown that a thin layer of
liner can absorb contraction stresses due to the polymerization of a
composite resin, while also increasing marginal adaptation
(9,20,35). Polymerization shrinkage of composites can produce
gaps at the restoration-tooth interface, contributing to
microleakage. Also, using a liner reduces the volume of composite
and the C factor of the cavity (36). The results of this study showed
the importance of using liners under composite restorations; the
groups with resin-modified glass ionomer and flowable composite
liners showed significantly less microleakage.

The resin-modified glass ionomer group showed less microleakage
than the other liner groups, but the difference was not statistically
significant. The resin-modified glass ionomer likely showed better
performance because it can bond to dentin chemically (37). Also,
the resin-modified glass ionomer cement setting mechanism may
be effective, because the setting reaction of resin-modified glass
ionomer cement occurs slowly, and it can tolerate shrinkage stress
from a composite resin (38).

The content of the flowable composite resin differs (less filler,
many smaller resin components) from the other composite types.
Thus, flowable composite shrinks more than the other types, and it
likely induces more stress at the tooth-restoration interface (39).

In this study, the self-adhesive flowable composite resin did not
decrease microleakage, compared with the samples with no base.
This result may have been caused by the mechanical properties
and chemical structure of the material. Fu et al. compared the
bonding performance of self-adhesive flowable composite resins
with conventional composite resins applied with one- and two-step
dental adhesives. According to the results of that study,
conventional composite resin application with one- or two-step
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dental adhesive application showed higher bonding performance
compared to self-adhering flowable composite resins. The fracture
modes of the self-adhering flowable composite resin samples
showed that 87.5% and 100% of failures were adhesive failures,
occurring at the resin dentin interface (40). This finding is
consistent with our results. The higher microleakage values of self-
adhering flowable composite resin samples were likely due to their
lower bond strength than the conventional composite resins.
Future studies should address the reason(s) for this finding.

Conclusions

1. The occlusal margins showed lower microleakage scores than
the gingival margins; however, the difference was not
statistically significant.

2. No technique used in this study prevented microleakage.

3. Flowable composite and RMGI liners may be useful in
decreasing microleakage, compared with the no-base group.

4. The self-adhesive flowable composite liner showed no significant
improvement versus the control group, which had no base.

5. The results of this study showed the importance of using liners
under composite restorations, because the groups with resin-
modified glass ionomer and flowable composite liners showed
less microleakage.
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