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SUMMARY
The current study compared the marginal adap-
tation of Class II open-sandwich restorations

with a RMGIC versus a dual-cure composite as
dentin substitute.

Class II cavities were prepared on 50 extracted
human third molars. The teeth were randomly
assigned to two groups of 25 teeth to compare
one dual cure composite (MultiCore Flow) with
one resin-modified glass-ionomer cement (Fuji II
LC) in open-sandwich restorations recovered
with a light cure composite. The teeth were thermo-
mechanocycled (2000 cycles, 5°C to 55°C; 100,000
cycles, 50 N/cm2). The specimens were then sealed
with a 1 mm window around the cervical margin
interface. Samples were immersed in a 50% w/v
ammoniacal silver nitrate solution for two hours
and exposed to a photo-developing solution for
six hours. The specimens were sectioned longitu-
dinally and silver penetration was directly meas-
ured using a light microscope. The results were
expressed as a score from 0 to 3. The data were
analyzed with a non-parametric Kruskal and
Wallis test.
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Clinical Relevance

Dual-curing composites may present a good alternative to RMGIC in open-sandwich restora-
tions and they act as a dentin substitute. However, this study showed that RMGIC remains the
best intermediate material when open-sandwich restorations are indicated.
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The degree of leakage significantly increased
with MultiCore Flow (median 2) compared to
Fuji II LC (median 1). Resin-modified glass-
ionomer cements remain the best intermediate
material when open-sandwich restorations are
indicated. A comparison of the degradation of
these materials over time remains a topic to be
investigated by future studies.

INTRODUCTION
Direct Class II restorations are known to show more
leakage around enamel1 and dentin margins2-3 than
indirect restorations. However, a direct Class II
restoration with composite is commonly used in daily
practice, as it provides a good aesthetic result at low
cost. Unfortunately, several factors account for margin-
al microleakage when using a composite. The enamel
around the proximal box is often of poor quality or is
totally absent. Furthermore, some voids within the
materials and at the gingival margin have been report-
ed.4 Adequate polymerization of the material and,
therefore, its clinical success, depend on factors related
to the material itself, such as the type of monomer5 or
its shade,6 but clinical success also depends on clinical
factors, such as the incremental technique,7 distance
from the light source,8 the type of curing unit,9 blood10

and salivary11 contaminations. Together, this renders
the Class II restoration technique sensitive to operator
skill.12

Difficulties with Class II restorations led to the devel-
opment of open-sandwich restorations—a glass-
ionomer cement (GIC) or a resin-modified glass-
ionomer cement (RMGIC) placed between the dentin
gingival margins and occlusal composite restoration.
GIC presents two interesting features in restorations
by bonding spontaneously to dentin and releasing fluo-
ride.13 These sandwich restorations are less sensitive to
technique than composite restorations14 and show a
high percentage of gap-free interfacial adaptation to
dentin.15 However, despite good short-term clinical
results,16 a noticeable dissolution of RMGIC was report-
ed after six years.17

Dual-curing composites may present a good alterna-
tive to RMGIC in open-sandwich restorations and they
act as a dentin substitute (Figure 1). Even if a final
insulation is necessary to achieve maximal polymeriza-
tion of the material,18 the dual-curing composite can be
placed in bulk, such as RMGIC circumventing all of the
clinical problems related to light curing. In addition to
this clinical advantage over light-curing composites,
self-curing composites polymerize more slowly,19 result-
ing in lower polymerization contraction stress.20

Moreover, it was reported that flowable materials, such
as dual-cure composites, may improve the marginal
and internal adaptation of composite restorations.21

To the best knowledge of the authors of the current
study, no study has analyzed the effectiveness of open-
sandwich restoration components. Therefore, the aim
of the current study was to compare the marginal adap-
tation of Class II open-sandwich restorations with an
RMGIC versus a dual-cure composite as a dentin sub-
stitute.

METHODS AND MATERIALS
Fifty sound extracted human third molars were collect-
ed and any remnant of soft tissue was immediately
removed. The teeth were stored in 1% chloramine T at
4°C until use within two months of collection.
Experimental procedures were conducted according to
French ethics laws.
Specimen Preparation
After visual inspection with a light microscope to
ensure that the teeth did not present any caries or
cracks due to extraction, the teeth were cleaned and
polished with scalers and pumice. One standardized
mesio-occlusal Class II cavity was prepared on each
tooth. All the manipulations and restorations were per-
formed by the same experienced operator to prevent
any variation due to operator skill. The operator per-
formed these procedures under 3.5x magnification with
fibre optic headlight illumination. The cavities were
prepared with a fibre optic, high-speed handpiece T1
(Sirona, Benshein, Germany) using a diamond bur
(ISO 6856310023, Komet, Lemgo, Germany) under
heavy water spray. A new diamond was used after
every five preparations. All internal line angles were
rounded. The overall dimensions and depth of the cav-
ities were standardized as follows: occlusal floor: width
4 mm, length 5 mm; axial wall: width 4 mm, height 3
mm; gingival floor: width 4 mm, depth 2.5 mm. The
proximal boxes ended in dentin just below the enamel-
cementum junction (ECJ). The teeth were stored in
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Figure 1. Open-sandwich technique.
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saline and randomly divided in two groups: the test
group and the control group, depending on the filling
material to be used for the sandwich restoration: Group
1 (n=25), MultiCore Flow (Ivoclar Vivadent, Schaan,
Liechtenstein) and Group 2 (n=25), Fuji II LC (GC
Corp, Itabahi-ku, Japan).
Cavity Filling
Group 1: MultiCore Flow. The preparations were
etched with Ultra-Etch 35% phosphoric acid
(Ultradent, South Jordan, UT, USA). The etchant was
first placed on enamel using the supplied syringe; it
was then applied to the dentin, ensuring that the
dentin would only be etched for 15 seconds. A digital
timer was used for all the timed procedures. The
etchant was rinsed off after 10 seconds. The prepara-
tions were dried for five seconds to ensure that the
enamel was etched, then re-moistened with Consepsis
(Ultradent) to provide a visibly damp tooth surface. All
Bond 2 (BISCO, Schaumburg, IL, USA) was used as
the dentin/enamel bonding agent and placed as fol-
lows. An applicator tip was used to apply the primer for
30 seconds; the primer was continuously applied and
agitated but not scrubbed on the tooth. The tooth was
then dried with a constant but gentle stream of air for
15 seconds and light-cured for 20 seconds. The adhe-
sive was dispensed, mixed with an applicator for five
seconds and applied in the entire cavity. After remov-
ing the excess material using the applicator like a
sponge, this layer was cured for 30 seconds. All the
light-cured and dual-cure materials were polymerized
with a bluephase curing light (Ivoclar-Vivadent) using
a new 11-mm tip and new light bulb. The curing light
was tested before each restoration and measured at
least 1600 mW/cm2 on a curing radiometer (Demetron,
Bioggio, Switzerland). An Auto matrix (Dentsply
DeTrey, Konstanz, Germany) was placed around the
teeth and secured. MultiCore Flow was used in bulk to
fill the apical two-thirds of the cavity. The material was
allowed to chemically set for four minutes and was
then light cured for 40 seconds. The last coronal third
was filled with a light-curing composite (Tetric
EvoCeram, Ivoclar Vivadent) using an incremental
technique. Each increment was light cured for three
seconds according to the soft polymerization concept,
then cured for 40 seconds. The composite was applied
with a special instrument (CVHL1/2, Hu Friedy,
Chicago, IL, USA). The fiber optic headlight was
turned off during the filling procedures to prevent pre-
mature partial polymerization of the light-curing
material.

Group 2 Fuji II LC. The smear layer covering the
dentin walls was removed using 10% polyacrylic acid
for 20 seconds. After rinsing for 10 seconds, Fuji II LC
was prepared according to the manufacturer’s recom-
mendations and placed in bulk to fill the apical two-
thirds of the cavities. Fuji II LC was allowed to chemi-

cally set for five minutes and was then light-cured for
40 seconds. It was not cured immediately to allow for a
more accurate comparison with MultiCore Flow, which
has dual curing capability. The last coronal third was
filled with All Bond 2 and Tetric EvoCeram, as in
Group 1.
Thermomechano-cycling
The teeth underwent thermocycling and mechanocy-
cling using a fatigue cycling machine (Proto-tech,
Portland OR, USA) in conjunction with two recirculat-
ing water baths: a refrigerated bath (Merlin 33,
Thermo Neslab, New Ington, NH, USA) and a heating
bath (Isotemp 3016H, Fisher Scientific, Pittsburgh,
PA, USA). A peristaltic water pump was used to return
water from the teeth towards the baths. These four
devices were connected to a four-way solenoid valve.
The bath temperatures were self-regulated, the dwell
time commanded by the solenoid valve and the
mechanical parameters were under the control of the
fatigue cycling machine (Figure 2).

The teeth were mounted into acrylic potting rings,
and the roots of the specimens were partly embedded
in epoxy resin (Buehler, Lake Bluff, IL, USA) to secure
the teeth. A guide rod, representing the stylus of the
fatigue cycler, was used to adjust the specimen position
so that the guide rod touched the restoration exactly
where the round ended stylus was to be placed during
mechanocycling—in the center of the occlusal compos-
ite restoration.

The acrylic rings containing the teeth were placed 5
by 5 in the mechanocycling device and secured, and the
other teeth were stored in PBS at 4°C. The loading
device delivered an intermittent axial force of 50 N at
2 Hzs for a total of 100,000 cycles. The dwell time was
set at 20 seconds and the temperatures were 10°C and
50°C.

Figure 2. Fatigue-cycling machine.
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Silver Nitrate Penetration Study
The teeth were coated with two layers of red nail var-
nish, with 1.0 mm left around the margins of the cavi-
ty. Teeth were immersed in a 50% (w/v) solution of sil-
ver nitrate for two hours, rinsed in distilled water for
five minutes, placed in a photo-developing solution
(Ilford ID 11, Mobberley, Cheshire, England) for six
hours under fluorescent light and rinsed with distilled
water for five minutes. Each tooth was enrobed in an
epoxy resin (Sody 33, Escil, Chassieu, France). The
teeth were sectioned mesio-distally with a diamond
saw (Buehler) under copious water coolant. Three dif-
ferent sections per tooth were obtained, leaving six
faces for examination of dye penetration under a light
microscope at 25x magnification. Another operator, who
was blinded to the study, performed the observations.
The intra-operator consistency had been verified in pre-

vious studies. The leakage was scored as follows: 0 = no
dye penetration, 1 = dye penetration to one-half of the
gingival floor, 2 = dye penetration to more than one-half
of the gingival floor and 3 = dye penetration to the axial
wall (Figure 3). The highest score of the six faces from
each specimen was recorded.
Controls
Ten additional teeth, similar to those in Group 1, were
prepared for use as the controls. The negative controls
(n=5) were fully covered with two layers of varnish,
instead of leaving 1 mm free around the margins of the
restorations. The positive controls (n=5) did not receive
any dentin-bonding agent between the dentin walls
and MultiCore Flow.
Statistical Analysis
The scores of the two groups were compared using a
Kruskal-Wallis non-parametric test.

RESULTS
Dye penetration was significantly higher (p=0.001) in
Group 1, restored with MultiCore Flow (median 2),
than in Group 2, restored with Fuji II LC (median 1)
(Figure 4). The negative controls did not show any sil-
ver penetration (median 0) and high penetration was
observed in the positive controls (median 3).

DISCUSSION
The results of this in vitro study showed that
MultiCore Flow exhibited higher microleakage than
Fuji II LC when used as a dentin substitute in open-
sandwich restorations on human molars. However,
none of the materials was able to prevent silver nitrate
infiltration within the dentin-material interface. It
must be noted that the gingival margins were placed
below the CEJ and that the outcome of the study may

be more favorable with the use of
enamel margins.

Microleakage has been impli-
cated as a cause of postoperative
sensitivity22 and as one of the
mechanisms by which secondary
caries may occur.23 Therefore, it is
important for restorations to be
placed in a manner that reduces
or even eliminates any gap
between the dentin margins and
the material. This is why many
reports have addressed
microleakage, even if the clinical
relevance of the topic is still
debated.24 The protocol used in
the current study used sophisti-
cated mechanical loading associ-
ated with thermocycling to repro-
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Figure 3. Scores of the leakage.

Figure 4. Silver nitrate penetration scores of two open-sandwich restorations. Teeth restored with Fuji II
LC presented a statistically significantly (p=0.001) lower score than those restored with MultiCore.
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duce, at best, clinical conditions. Both parameters do
not occur separately in the oral cavity, and their simul-
taneous use is a step towards better simulation of oral
conditions. Thermocycling is commonly used and has
been shown to modify the outcome of microleakage
studies.25 Some studies questioned its use, showing no
difference in microleakage with or without thermocy-
cling,26 but none have associated thermocycling with
mechanical loading. Mechanical loading has been
shown to increase the marginal leakage of composite
restorations.27 The machine used in the current study
to simulate occlusal loading was similar to the technol-
ogy currently used to assess resistance to the oral wear
of composites.28 Flexural loading is applicable when
testing Class V cavities,29 and axial loading was per-
formed in the current study as Class II restoration was
evaluated. The parameters of occlusal loading were
adjustable. The authors of the current study used a 50
N force, which corresponds to in vivo conditions on nat-
ural teeth when clenching in centric occlusion.30 The
specimens underwent 100,000 mechanocycles and
1,250 thermocycles within approximately 14 hours.

Microleakage at the dentin-Fuji II LC interface has
already been tested mainly for Class V cavities, as this
is the primary indication of this material. Despite its
clinical implications, few studies have evaluated the
marginal integrity of the dentin-Fuji II LC interface
when this acts as an intermediate material in open-
sandwich restorations. The results of the current study
corroborate previous investigations that had shown
Fuji II LC as providing a better dentinal seal than com-
pomers31 and self-curing composites32 and is less sensi-
tive than composites to parameters, such as tempera-
ture and relative humidity.14 In addition, and consistent
with the current study, none of the previously tested
materials was able to prevent microleakage.33 No study
has reported on the marginal integrity obtained when
using a dual-cure composite. MultiCore Flow is gener-
ally used to build-up restorations on pulpless teeth
with a fiber post, and in the current case, microleakage
is not of primary importance, since a crown is placed
afterwards. When used on vital teeth, dual-cure com-
posites are generally used as cement to set indirect
restorations, and they are not used as restorative mate-
rial. The poor results obtained with MultiCore Flow
should be considered preliminary results and needs to
be confirmed with further studies.

The underlying phenomena driving microleakage,
such as capillarity, diffusion and osmotic pressure,
remain unclear, but the improvements obtained with
RMGIC may stem from their physical and mechanical
properties. Resistance to mechanical stress involves a
static or dynamic creep, which is a manifestation of the
visco-elastic properties of the material.34 Since both
tested materials acted as a dentin substitute and were
covered with composite, their deformation behavior

under mechanical stress was likely not an important
factor. The results of the current study confirm the idea
that composite materials may simultaneously present
lower creep values than RMGIC34 but higher microleak-
age. Therefore, other parameters must be taken into
account to explain the results of the study. Elastic mod-
ulus describes the relative stiffness of a material with-
in the elastic range. Natural hard tissues, such as
dentin, have a range of intrinsic modulus values,35 and
the addition of restorative materials of different moduli
may affect the overall stiffness of the restored tooth and
generate interfacial stresses. The direct core build-up
materials, such as MultiCore Flow, have an elastic
modulus of approximately 6 Gpa36 and Fuji II LC 10
Gpa,37 while that of dentin is approximately 17 Gpa.35

However, this difference is not sufficient to explain the
outcome of the study. In fact, the data obtained from
the dental literature are laboratory values that do not
account for oral condition simulations. The elastic mod-
ulus of Fuji II LC was recently demonstrated to
decrease in a damp environment38 and with tempera-
ture,39 indicating that in vitro conditions must simulate
the oral environment as closely as possible and support
the rigorous protocol used in the current study. It has
previously been shown that Fuji II LC expanded more
in a damp environment than dual-cure resin compos-
ites that are used to build-up cores similar to MultiCore
Flow.40 The tendency of RMGIC to be influenced by
exposure to water is well known.41 Since both materials
are equally affected by the C factor,42-43 this suggests
that the good results obtained with Fuji II LC in the
current study may be due to water sorption that
relieves setting shrinkage.44

CONCLUSIONS
Under the conditions of the current study, RMGIC
remains the best intermediate material when open-
sandwich restorations are indicated. A comparison of
the degradation of these materials over time remains a
topic for investigation in future studies.

(Received 4 March 2008)
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