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Cervical Microleakage

in MOD Restorations:

In Vitro Comparison of
Indirect and Direct Composite

RCS Duquia ®* PWR Osinaga ® FF Demarco
LV Habekost ® EN Conceicao

Clinical Relevance

One of the advantages reported for indirect composite restorations is the reduction of poly-
merization shrinkage, which could produce better marginal sealing. Although sealing of cer-
vical enamel margins was slightly better for the indirect systems used, no difference between
indirect and direct restorations was found for cervical margins in cementum/dentin.

SUMMARY

This study compared microleakage between indi-
rect composite inlays and direct composite
restorations. Forty-eight standard inlay MOD
cavities, with cervical margins located either in
enamel or dentin, were prepared in extracted
human third molars. The specimens were ran-
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domly divided into 3 groups (n=16). In the control
group, the cavities were restored with the com-
posite Filtek Z250 (3M ESPE). For the experi-
mental groups, indirect restorations were made
with the Artglass (Heraeus-Kulzer) or Belleglass
HP (Kerr Laboratories) systems and cemented
with the dual curing cement RelyX ARC (3M
ESPE). The adhesive system Single Bond (3M
ESPE) was applied on all groups. The specimens
were submitted to thermolcycling, coated with
nail varnish, then immersed in 2% basic fuchsine
aqueous solution for 24 hours. The teeth were
then sectioned and leakage scores were evaluat-
ed (40x), based on a standard ranking. Data were
submitted to statistical analysis (Mann-Whitney
and Kruskal-Wallis tests) with a 95% confidence
level. No statistical difference was found between
substrates (p=0.595), and the materials per-
formed similarly in dentin (p=0.482). Direct
restorations showed higher leakage than indi-
rect restorations at the enamel margins (p=0.004).
Within the limitations of this experimental
design, overall leakage was similar between both
substrates, while the indirect systems provided a
better sealing than direct composites only in
enamel.
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INTRODUCTION

In recent years, there has been an increased demand for
aesthetic treatments; therefore, resin composite restora-
tions have become a popular alternative for anterior and
posterior teeth. Despite their success in anterior teeth,
direct composite restorations have exhibited more leak-
age' and post-operative sentitivity* when applied to pos-
terior teeth, due to polymerization shrinkage. In addi-
tion, there are some problems in obtaining adequate
proximal contact.’

Indirect composite restorations could present several
advantages: better anatomic contour and proximal con-
tact, improved polishing and better esthetics.*
Additionally, since a higher degree of conversion is
obtained, improved mechanical properties can result.’
Also, polymerization shrinkage of these restorations is
only reduced related to the kind of cement used.®

Recently, a second generation of indirect composites
(glass polymers) has been made available to clinicians.
These new materials are reported as hybrid materials
between composite and ceramic; however, they are com-
posed of a resinous matrix with different inorganic
fillers.”

The development of fiber-reinforced or glass-reinforced
composites, also known as ceromers,® and the simplifi-
cation of the laboratory technique, have made these new
materials very popular for inlay, onlay, overlay, veneer,
crown and partial fixed prostheses.’ Some of the advan-
tages reported include a reduction in occlusal wear, a
simple fabrication technique and the possibility of low-
cost repair when compared to ceramic restorations.’*"

Artglass was introduced in 1995 as a “polyglass.” This
material is comprised of 70% (by weight) fillers and 30%
resinous matrix. The fillers are mostly composed of bar-
ium-aluminum silicate glass (average = 0.7 um) and col-
loidal silica. Also, there is a new methacrylate multi-
functional monomer, allowing for a higher degree of con-
version and a higher level of cross-linked chains when
polymerized, thus, improving the mechanical properties
of the restoration.”” Yet, curing of the material is per-
formed with a xenostroboscopic light, which is similar to
a halogen light curing unit, but with higher intensity
(4.5W).

Another material that has recently been introduced is
Belleglass HP, marketed since 1996. There are conven-
tional monomers in the matrix (urethane and aliphatic
dimethacrylate). The material used to replace dentin
presents 78% (by weight) of barium glass, with 0.6 um
mean filler size, while for enamel, there is 74% (by
weight) borosilicate glass.”” The polymerization mecha-
nism is under pressure, with 140°C of temperature in a
nitrogen environment. This increase in temperature
enhances the degree of conversion, and the nitrogen pre-
vents the oxygen-inhibition layer, thus, improving the
mechanical properties.”

Microleakage remains a concern in restorative den-
tistry and has been related to postoperative sensitivity
and secondary caries,”** which was determined to be
the primary reason for resin restoration replacement.
For indirect composite restorations, polymerization
shrinkage is restricted to resin cement; therefore, better
marginal sealing could be expected.”® However, in addi-
tion to fracture, the marginal opening, secondary caries
and postoperative sensitivity have been singled out as
causes for failure of these restorations.'

This study evaluated the microleakage of 2 indirect
composite materials when compared to direct composite
restorations in margins located in enamel and dentin.
The null hypothesis tested in this study is that indirect
composite systems and direct composite restorations
will produce similar marginal sealing in the enamel or
dentin interface.

METHODS AND MATERIALS
Tooth Selection and Preparation

This research protocol had the approval of the Federal
University of Pelotas Ethic Committee. Forty-eight
human third molars, which were recently extracted for
clinical reasons, were selected. After soft tissue
removal, the teeth were stored in 1% chloramine solu-
tion for 72 hours and refrigerated in distilled water
until testing. Also, the teeth were free of cracks under
magnification (10x).

Cavity Preparation

The teeth had their roots embedded in a PVC matrix
until 2 mm below the cement-enamel junction, using a
die stone (Durone, Caulk/Dentsply, Petropolis, Brazil).
Standard Class II MOD inlay cavities were prepared.
Diamond burs #4138 (KG Sorensen, Alphaville, Brazil)
were mounted in a Galloni Machine (S Colombano,
Milano, Italy) to obtain a standardized cavity prepara-
tion. The burs were replaced after 4 cavity preparations
to ensure high cutting ability. The occlusal box was 2-
mm deep and 2-mm across in the buccal-lingual dimen-
sion. The mesial-cervical wall was located in enamel (1-
mm above the cementoenamel junction), with the distal
surface located in cementum/dentin (1-mm below CEJ).
The axial wall was placed in dentin, with a distance of
1.5-mm from the external tooth surface. The buccal and
lingual walls were tapered (6°) and the internal angles
rounded.

Inlay Fabrication

Impressions were made from each cavity preparation
using condensation silicone (Silon, Caulk/Dentsply) to
produce stone dies (Durone, Caulk/Dentsply) that were
used to prepare the composite inlays.

Polymerization of the indirect restorations was per-
formed following the manufacturer’s instructions. For
Artglass, the UnixS (Heraeus Kulzer, Hanau,
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Germany) system was used. This system is composed of
2 xenostroboscopic lights in a polished aluminum
chamber with a 320- to 520-nm wavelength and a stro-
boscopic frequency of 20Hz. Each 2-mm increment of
indirect resin was polymerized for 180 seconds.

For Belleglass HP, the TekLite unit (Kerr, Orange,
CA, USA) was used. This unit provides a high intensi-
ty light using a halogen light of 80W (wavelength of
400-500 nm) for 60 seconds. Then, one additional poly-
merization procedure was performed using an HP
Curing Unit (Kerr) under nitrogen pressure (60 psi) at
140°C for 20 minutes. The insertion technique was sim-
ilar to that used for Artglass.

The Microetcher treatment (Microetcher Model 11—
Danville Engineering Inc, San Ramon, CA, USA) was
made in the internal surface of all inlay restorations.
The silane coupling agent was also applied
(Caulk/Dentsply).

Restorative Procedures

The materials used during the study are described in
Table 1.

The teeth were randomly divided into 3 groups
(n=16) according to the restorative materials used.
Before luting or restoration, the specimens were
cleaned with bristles and polishing paste.

Control Group: The entire cavity was conditioned
with 35% phosphoric acid for 15 seconds. Following
washing and gentle drying to leave a moist dentin sur-
face, the adhesive system Single Bond (3M ESPE) was
applied in 2 coats and light-cured for 20 seconds. The
cavity was filled with oblique increments using a direct
posterior resin composite (Filtek Z250, 3M ESPE).
Tofflemayer metal matrices were used to reestablish
the proximal surface of the restorations.™ The poly-
merization of each increment was performed for 40
seconds from the occlusal aspect. A XLL3000 light-cur-
ing unit (3M ESPE), with energy higher than
470mW/cm?, was used for the polymerization proce-
dures. Prior to starting each new restoration, the light
source intensity was measured with a radiometer
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(Curing Radiometer Model 100, Demetron Research
Corporation, Danbury, CT, USA).

Indirect Restoration Luting: For both indirect sys-
tems, luting was performed with RelyX ARC resin
cement (3M ESPE). Tooth surfaces were conditioned
with 35% phosphoric acid (3M ESPE) etching for 15
seconds. The surface was washed and gently dried,
keeping it moist. Two coats of the adhesive system
Single Bond (3M ESPE) were applied and photo-cured
for 20 seconds. RelyX ARC (3M ESPE) was dispensed,
mixed and applied to the internal surface of the inlay.
The inlays were maintained in place for 8 minutes
under pressure (1Kg of loading, using one adapted
Vicat needle). Excess cement was removed with scalers
before light curing the interfaces for 40 seconds. The
same light-curing unit used for the control group was
used for the indirect restorations.

Finishing procedures were completed with the
Enhance system (Caulk/Dentsply). The specimens
were stored in distilled water for 7 days, and the teeth
were then removed from the PVC matrixes. The direct
restorations and margins from the indirect inlays were
polished using a felt disc and polishing paste
(Diamond, FGM Produtos Odontolégicos, Joinville,
Brazil).

Microleakage Test

The specimens were thermocycled between 5°C and
55°C (dwell time of 30 seconds) for 500 cycles using a
thermal cycling machine (Etica Odontolégica, Séo
Paulo, Brazil). Two coats of nail varnish were then
applied to the entire surface of each tooth, except for
the margins of the restorations and 1 mm around them.
The teeth were immersed in 2% basic fuchsine solution
for 24 hours. Upon removal from the dye solution, the
teeth were washed in tap water for 12 hours. The nail
varnish was removed and the teeth embedded in a clear
acrylic resin (Artigos Odontolégicos Classico Ltda, Sao
Paulo, Brazil). Two sections were cut across the restora-
tions with a band saw (Buhler Inc, Lake Bluff, IL,
USA), allowing for evaluation of 4 surfaces.

Leakage was assessed

Table 1: Materials Used, Manufacturers, Batch Numbers and Chemical Compositions

by 3 examiners using a

Material Manufacturer Batch #

Composition

standardized scoring

Filtek Z250 3M ESPE 1KB
(direct composite) (St Paul, MN, USA)

Bis-GMA, UDMA, Bis-EMA, TEGDMA, silica,
zirconia dioxide and aluminium dioxide
(82%—weight)

method for dye penetra-
tion: 0—no penetration;
1-restricted to the cervi-

cal wall; 2-restricted to
the axial wall and

3-reaching the pulpal
wall.®® If the examiners

showed disagreement in
relation to the leakage

Artglass Heraeus Kulzer 010113 Bis-GMA, TEGDMA, barium-aluminium-silicate
(indirect composite) (Hanau, Germany) glass (69%—weight)

BelleGlass HP Kerr Laboratories 204966 Bis-GMA, UDMA, barium-aluminium-silicate
(indirect composite) (Orange, CA, USA) glass (74-78%—weight)

RelyX—ARC 3M ESPE 3415A3 Bis-GMA, TEGDMA, silica and zirconia glass
(resin cement) (St Paul, MN, USA) (67.5%—weight)

Single Bond 3M ESPE 3HL Water, ethanol, HEMA, Bis-GMA, (adhesive
system) (St Paul, MN, USA) dimethacrylates, polyalkenoic acid, copolymers,

initiator

scores, a consensus was
obtained. The highest
leakage observed on one
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of the surfaces evaluated for each restoration was assumed
to be leakage into that specimen.

Statistical Analysis

Data were submitted to non-parametric statistical
analysis (Mann-Whitney and Kruskal-Wallis) at the
95% confidence level.

RESULTS

Scores of dye penetration for different groups in the
enamel and dentin margins are shown in Table 2. The
non-parametric test (Mann-Whitney) disclosed similar
performances for the enamel and cementum/dentin
margins (p=0.595).

When comparing leakage in the enamel margins
(Kruskal-Wallis), indirect inlays presented similar per-
formance and both systems exhibited better marginal
sealing than composite restorations (p=0.004). No direct
restoration was able to completely prevent dye penetra-
tion. For Artglass and Belleglass HP, the percentages of
completely sealed restorations were 50% and 37.5%,
respectively. However, no restoration exhibited a score of
3 for dye penetration, and only one specimen exhibited a
score of 2. In fact, in most of the specimens, dye leakage
was absent or minimal.

For the dentin interface (Kruskal-Wallis), no statisti-
cally significant difference was found among groups
(p=0.482); however, when observing the effective seal-
ing, Belleglass HP completely sealed the interface in
50% of the specimens, while the other 2 groups were
similar (37.5%). Also, at this interface, no specimens
exhibited a score of 3 for dye penetration and few speci-
mens exhibited a score of 2. In the majority of speci-
mens, dye penetration was due to failures at the dentin-
adhesive interface.

DISCUSSION

Polymerization shrinkage remains an important short-
coming for composite restorations. Shrinkage produces
stress at the adhesive interface and could lead to bond-
ing failure with gap formation. Microleakage at this
interface could lead to marginal staining, postoperative
sensitivity and secondary caries.”

When a direct composite restoration is made, polymer-
ization shrinkage occurs directly at the dental structure,
and the stress generated could reach up to 10 MPa, lead-
ing to a marginal breakdown and gap formation.”

Nevertheless, when polymerization occurs indirectly,
shrinkage is limited to the width of the luting space,
which could reduce the deleterious effects at the inter-
face.® The production of restorations in a laboratory
allows for appropriate proximal contours and contacts
and control of the anatomic form. Also, post-curing with
heat, pressure and/or light increases the degree of con-
version, thus improving the mechanical properties of the
composite, resulting in better wear resistance.'

Generally, microleakage has been evaluated using in
vitro models, with dye penetration as the most fre-
quently used method.*** This test presents some limita-
tions, such as subjectivity of reading and high diffus-
ability of dyes due to their small molecular weight.>
However, since new materials constantly appear, and
considering clinical evaluations are time-consuming and
expensive, in vitro methods for microleakage are impor-
tant tools in evaluating the possible performance of
materials regarding sealing ability.®

For leakage measurements, a qualitative scale was
selected, and basic fuchsine was used as the disclosing
agent. These decisions were based on literature reviews
that verified the most frequent methods used in
microleakage studies,** while also considering that the
choice of dye or tracer molecule used does not appear to
influence results.'* A thermocycling protocol was used to
simulate the effects that restorative materials and adhe-
sive systems are subjected to in the mouth, because of
stresses at the adhesive interface generated by the dif-
ference in coefficients of thermal expansion between
materials and dental structure.

While the 2 indirect systems have different chemical
compositions and mechanisms, behavior that influences
their fit, interfacial gaps and curing mechanisms, these
systems have produced a similar sealing ability in both
substrates, with no or minimal leakage in most of the
specimens. Some investigations have demonstrated that
indirect composite systems may have similar capacities
to resist dye penetration* and similar marginal adapta-
tion.? Many factors influence polymerization shrinkage
and marginal sealing in indirect restorations: adhe-
sive/resin cement combinations and their ability to with-
stand interfacial stress; the ability of indirect restora-
tions or the tooth to deform during cement polymeriza-
tion; gap size and, consequently, interfacial cement vol-
ume.” A correlation between marginal adaptation and
microleakage could be expected, since poor adaptation

could facilitate the penetration of fluids,

bacteria and bacterial by-products.*
Nevertheless, Roméo and others” demon-

strated no correlation between cement

Table 2: Microleakage Scores Observed for Enamel and Dentin Margins in
Each Tested Group
Enamel Cementum/Dentin
0 1 2 3 0 1 2 3
Filtek Z250 0 15 1 0 6 6 4 0
Artglass 8 8 0 0 6 10 0 0
Belleglass HPO 6 10 0 0 8 7 1 0

thickness and microleakage. In the current
study, a shoulder finish line that reduce
poor marginal adaptation of ceromers when
compared to marginal gaps produced by
chamfer finish line specimens was used.”
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For inlay cementation, a dual cure resin cement
(RelyX ARC) was used. This cement presents a high
degree of monomer conversion either in the presence or
absence of light,”” thus, decreasing the problems relat-
ed to postoperative sensitivity, microleakage and sec-
ondary caries.”

Only in enamel did indirect systems produce slightly
better sealing than direct composite restorations.
Previous reports in the literature have demonstrated
similar findings.**' One possible reason is the lower
level of polymerization shrinkage stress produced in
indirect restorations, which is restricted to the small
quantity of resinous material (resin cement).

Achieving a strong, durable seal to dentin has proved
to be a greater challenge for adhesive dentistry."” In this
study, dye penetration was minimal or absent in the
majority of specimens for the 3 materials tested, and
the specimens performed similarly. Similarities in rela-
tion to marginal leakage have been exhibited between
direct and indirect composite restorations.* While indi-
rect restorations would help to reduce the polymeriza-
tion shrinkage effects by decreasing the resin total vol-
ume undergoing polymerization, the cavity configura-
tion for inlay preparation represents a high C-factor,
which could be particularly important in dentin mar-
gins.” Therefore, the beneficial effect of reduced poly-
merization shrinkage could be counteracted by stress
generated by the high C-factor, which could explain the
similar sealing achieved in dentin.

Comparing leakage in both substrates, no significant
difference was observed. Several studies have demon-
strated better sealing ability in enamel than in dentin
margins.®*** However, according to Eick and others,*
with the evolution of adhesive systems, similar bonding
values could be achieved in enamel and dentin, prima-
rily after hybridization of the dentin tissues. In Class II
composite restorations, no significant difference was
found for margins located in enamel or dentin, regard-
ing the sealing ability or microtensile bond strength of
the interfaces.”

Despite better sealing obtained with indirect restora-
tions in enamel, leakage of direct restorations was min-
imal (score 1) in almost all specimens. Not only should
sealing ability be considered when selecting a restora-
tive material, but the amount of dentin structure
removed (minimal intervention dentistry), the com-
plexity of the technique and the cost of treatment
should also be taken into account, where the direct
restoration takes advantage.

Longitudinal clinical evaluations provide the most
relevant guidelines for dental practice. After an 11-year
evaluation, Pallesen and Quist® observed no difference
in failure rates between direct composite restorations
and composite inlays. Recently, in a survey of the liter-
ature, Manhart and others** found a similar annual
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failure for direct restorations and indirect composite
restorations. Despite the relevance of clinical trials,
these studies are more expensive and time-consuming,
and ethical concerns may limit clinical evaluations.
Therefore, there is a need for laboratory evaluation of
dental materials that provide a faster response and can
predict clinical performance.*

The null hypothesis tested was partially rejected,
because indirect composite restorations showed better
performance than direct restorations in enamel mar-

gins.
CONCLUSIONS

Cervical margins in enamel and cementum performed
equally well for the investigated combinations of indi-
rect resin/luting systems and direct resin composite
restorations. While the sealing of enamel margins was
slightly better for the indirect systems used, no differ-
ence between indirect and direct restorations was
found in cementum.

(Received 25 September 2005)
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