d e n t a l m a t e r i a l s 2 2 ( 2 0 0 6 ) 1081–1085

available at www.sciencedirect.com

journal homepage: www.intl.elsevierhealth.com/journals/dema

In vitro biological response to a light-cured composite when
used for cementation of composite inlays
Marco Annunziata a , Raffaella Aversa b , Antonio Apicella b,∗ , Antonio Annunziata a ,
Davide Apicella a , Curzio Buonaiuto a , Luigi Guida a
a
b

Department of Odontostomatological, Orthodontic and Surgical Disciplines, Second University of Naples “S.U.N.”, Naples, Italy
DISPAMA, Materials group, Second University of Naples “S.U.N.”, via S. Lorenzo, Aversa (NA) Italy

a r t i c l e

i n f o

a b s t r a c t

Article history:

Objective. To deﬁne the cytotoxicity of a photo-cured composite when used as a bonding

Received 6 January 2005
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Methods. Composite specimens were photo-cured with or without a 2 mm composite inlay
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interposed between them and the light source. Samples were extracted in complete cell
culture medium and the obtained eluates applied to primary cultures of human pulp and
gingival ﬁbroblasts. After 72 h of incubation, cell viability was evaluated by MTT assay. Sur-
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vival rates were calculated with respect to negative controls.

Cytotoxicity

Results. Both shielded and unshielded composite samples were cytotoxic to pulp and gin-

Primary culture

gival cells. The inlay shielded composite samples reached a signiﬁcantly higher level of

Indirect restoration

cytotoxicity compared to the unshielded ones.

Composite

Signiﬁcance. The results suggested that the cytotoxicity of a light-cured composite resin used

Luting cement

as a bonding system for indirect composite restorations may be signiﬁcantly increased as a
result of an inlay light-shielding effect.
© 2005 Published by Elsevier Ltd on behalf of Academy of Dental Materials. All rights reserved.

1.

Introduction

Resin-based indirect restorations have been extensively used
during the last decade as an esthetic alternative in posterior
teeth, especially when large or multiple cavities are restored
[1]. Indirect composite restorations offer some beneﬁts with
respect to the direct ones, such as a higher mechanical performance together with a signiﬁcant reduction in polymerization
shrinkage, limited to the dual-cured luting cement [2,3]. The
main drawback remains the existence of a mechanical gradient between the cement layer and the inlay material. For
instance, currently used luting cements are less wear resistant (due to their lower ﬁller content), so that the formation of
a marginal groove between tooth and restoration, the stain-

∗

ing of the cement layer, and ﬁnally the failure, primarily for
esthetic reasons, can occur [2–5].
The utilization, as a bonding system, of the same lightcured composite used for the fabrication of the inlay itself, has
been recently proposed as an alternative to the conventional
and more diffused dual-cured cements [6,7]. The rationale
underlying this approach is that by using the same material
for both the inlay and the bonding system, the mechanical gradient at the tooth-inlay interface can be reduced, improving
the endurance of the cement layer over time. Furthermore,
cement could be photo-cured at convenience after the inlay
sitting, without the disadvantage of an early hardening which
can occur using traditional dual-cured systems. The reduced
mechanical properties of dual-cured cements with respect
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to composite resins has been shown in a recent paper [7],
where Park et al. measured the microhardness of two types
of restorative composites cured under a pre-polymerized resin
composite overlay, compared to a conventional dual-cured luting cement. In that study, composite resins showed higher
microhardness values than dual-cured cement, under any
tested condition.
However, as known, the polymerization rate of a photocured material can be signiﬁcantly affected by the intensity
of the curing light. Several studies evidenced the dramatic
effect of the thickness of composite increments on the their
cure level and how poor polymerization can occur at depths
greater than 2 mm [8–11]. A decreased degree of cure is known
to consort not only with a decay of composite mechanical
properties [11–14], but also with an alteration of the biological ones [15–18], with an increase of leached free monomers
[19,20], that are demonstrated to be cytotoxic [21] and potentially harmful for the pulp [22] and the oral mucosa [23].
In this study, the authors wanted to investigate whether the
biological properties of a photo-cured composite, in relation to
primary cultures of human pulp and gingival ﬁbroblasts could
be affected when it is used as a bonding system under a prepolymerized inlay.

2.

Materials and methods

2.1.

Materials and chemicals

built into the Optilux curing light (Kerr, USA); the value was:
70 mW/cm2 .

2.3.

Composite specimens (discs 1 mm thickness × 7 mm diameter) were placed on polyethylene strips and polymerized,
applying the light tip close to the bottom of the strips. Some
discs were cured with the inlay interposed between them and
the light tip (shielded samples – SS) and some without the
inlay (unshielded samples – US). All specimens were irradiated for 20 s with the above mentioned curing light unit and
immediately processed for the eluate preparation.

2.4.

2.2.

Inlay fabrication

To simulate an indirect restoration (inlay), a disc of composite
(2 mm thickness × 7 mm diameter) was placed in a polyethylene mold and fully cured for 120 s on both sides by a conventional halogen light unit (Demetron Optilux, Kerr Company, USA; light intensity: 550 mW/cm2 ). The light intensity
was measured using a calibrated dental radiometer commonly
available to clinicians. Light intensity was measured through
the pre-polymerized inlay with the digital dental radiometer

Table 1 – Characteristics and composition (according
with the manufacturer) of the material used to fabricate
inlay and test samples
Product
General description
Manufacturer
Shade
Composition

Filtek Supreme
Resin-based composite
3M ESPE, St. Paul, MN, USA
A4
BIS-GMA, BIS-EMA, UDMA, TEGDMA,
Nanosilica ﬁller, zirconia/silica
nanocluster and particles

Eluate preparation

The shielded and unshielded specimens were extracted in
glass vials following standardized procedures [23]. High density polyethylene discs were used as negative control (Ctr) in
parallel with the resin composite specimens. Eluates were prepared in cDMEM-F12, that is DMEM-F12 supplemented with
10% FBS, 1% l-glutamine, 1% pen-strep, and 0.25 g/mL fungizone. The ratio between the specimen surface area and the
extraction volume was 150 mm2 /mL.
After a 24 h incubation period at 37 ◦ C under static conditions, the eluates were ﬁltered through 0.22 m cellulose
acetate ﬁlters and immediately used for the cytotoxic assay.

2.5.
The inlay and all the samples were fabricated using the composite Filtek Supreme (3M ESPE, St. Paul, MN, USA), whose
characteristics are listed in Table 1.
All tissue culture biologics were purchased from Gibco Laboratories (Grand Island, NY, USA). 3-(4,5-Dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide (MTT) was purchased
from Sigma Chemical Co. (St. Louis, MO, USA).

Sample fabrication

Cell cultures

Primary human pulp cells (HPC) and gingival ﬁbroblasts (HGF)
were cultured by using an explant technique. Human deciduous molars were extracted just before their spontaneous
exfoliation and immediately washed with sterile saline solution. The access to the pulp chamber was obtained by carefully
removing the residual thin dentin ﬂoor with a sterile excavator and the pulp tissue aseptically removed. Gingival tissue
was obtained from surgical operations (e.g. frenulectomies,
ﬂap operations); only the connective layer was dissected from
the gingival samples by means of a surgical blade. Both pulp
and gingival explants were washed two times with phosphate
buffered saline (PBS) supplemented with antibiotics (1% penstrep, 0.25 g/mL fungizone) and cut into small pieces with a
sterile surgical blade. Tissue fragments were digested in 1 mL
of cDMEM-F12 containing 1 mg/mL collagenase at 37 ◦ C for 3 h.
After the incubation, released cells and tissue fragments were
pelletted at 300 × g for 10 min, resuspended in cDMEM-F12,
and plated in 35 mm Petri dishes at 37 ◦ C in a humidiﬁed atmosphere of 5% CO2 and 95% air. First cell islets were visible after
3–4 days, while conﬂuence was reached in about 1–2 weeks.
Cell cultures between the second and ﬁfth passages were used
in this study.

2.6.

Cytotoxicity assay

Effect of control (Ctr) and test eluates (US and SS) on cell viability was measured by MTT assay. Both HGF and HPC were
seeded in 24-well plates (4 × 104 cells/well) in cDMEM-F12.
After overnight attachment, cells were exposed to the eluates
(1 mL/well) for 72 h. Then, the cells were rinsed with PBS and
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Fig. 1 – Cytotoxicity of 24 h eluates from a resin luting cement photo-cured with or without the interposition of a
pre-polymerized composite inlay (shielded and unshielded samples). Survival of pulp and gingival cells is measured by
MTT assay after 72 h exposure. Data are expressed as a percentage of negative control cultures (eluates from high density
polyethylene specimens). Bars represents values (mean ± S.D.) from three independent experiments in triplicate. ** P < 0.001
compared to control; HGF = human gingival ﬁbroblasts; HPC = human pulp cells; Ctr = control; US = unshielded samples;
SS = shielded samples.

0.5 mL aliquots of freshly prepared MTT solution (0.5 mg/mL in
DMEM without phenol red) were added to each well. After an
incubation at 37 ◦ C for 3 h, the MTT solution was removed, and
the formazan crystals formed were dissolved in 1 mL/well of
0.1 N HCl in anhydrous isopropanol. The absorbance at 570 nm
was spectrophotometrically measured.

2.7.

Statistical analysis

Three independent experiments in triplicate were performed.
Statistical analysis was performed by Student’s t-test with the
signiﬁcance assigned at the P < 0.05 level.

3.

Results

The effect of CTR, US and SS eluates on cell cultures is shown
in Fig. 1. All eluates were cytotoxic to HGF and HPC. The pres-

ence of the inlay beyond the light tip during polymerization
affected the degree of cytotoxicity of the samples tested.
Both US and SS eluates signiﬁcantly reduced cell viability
with respect to the control cells (P < 0.001). SS eluates were
shown to be signiﬁcantly more cytotoxic than the US (P < 0.001)
both to HGF and HPC. HGF showed a rate of cell survival of
62.53 ± 0.04% of control when exposed to the US extract. This
value decreased to 39.71 ± 0.03% for the SS extracts. Similar
values were measured for the HPC, with a survival rate of
59.75 ± 0.05% and 36.52 ± 0.03% of control for US and SS eluates, respectively.
A comparison between HGF and HPC response to the eluates is shown in Fig. 2. Both cell cultures followed the same
trend: although HPC seemed to be more sensitive with respect
to HGF to the cytotoxicity of both US and SS extracts, no significant differences were found between the two cell populations
(P > 0.05).

4.

Fig. 2 – Comparison between the response of human pulp
cells and gingival ﬁbroblasts to the eluates. Cell survival is
expressed as percentage of negative control cultures. Bars
represents values (mean ± S.D.) from three independent
experiments in triplicate. n.s. = not signiﬁcant (P > 0.05);
HGF = human gingival ﬁbroblasts; HPC = human pulp cells;
Ctr = control; US = unshielded samples; SS = shielded
samples.

Discussion

For in vitro cytotoxicity testing either permanent cell lines or
primary cultures are recommended. Although these are difﬁculties of isolation and maintenance, primary cells remain the
gold standard for all biological assays, because of their homology to the original tissue [24]. In this study, primary cultures of
human pulp cells and human gingival ﬁbroblasts were used.
The greatest care was taken during all phases, to prevent bacterial and, above all, external cell contamination (i.e. epithelial
cells). Cell cultures were constantly examined during all steps
of cell isolation, from the development of the ﬁrst cell islets to
reaching conﬂuence: in any case epithelial colonies, or other
cell typologies, were detected. Furthermore, only cultures at
early passages were used, in order to maintain the cells as
close as possible to their original phenotype. In order to evaluate cell viability after exposure to the resin composite samples,
an indirect contact test was chosen. It was considered that
such a test design was appropriate for the purpose of this
study, because it was more similar to the in vivo situation,

1084

d e n t a l m a t e r i a l s 2 2 ( 2 0 0 6 ) 1081–1085

where the luting cement covers the dentinal walls and only
indirectly interacts with the pulp, by means of the tubular
ﬂuid, or with the oral mucosa, by means of the saliva. Cell viability was evaluated measuring cellular metabolic function by
the MTT assay, a widely used test for in vitro biocompatibility
evaluation, because of its reliability and sensitivity [25].
Both pulp cells and gingival ﬁbroblasts produced a similar biological response and appeared to be adequate biological
models for cytotoxicity testing under the experimental conditions. Once results were normalized to the respective controls,
differences between HGF and HPC were present, but not significant. In particular, pulp cells, as previously described in the
literature [15], tended to react more sensitively towards the
test materials, with respect to HGF.
All composite samples, both shielded and unshielded,
evoked a signiﬁcant by lower cell survival when compared
with the controls. The cytotoxicity of resin-based dental materials is widely evidenced in several studies using both cell lines
and primary cultures [15,17,18,21,26]. This cytotoxic effect was
also conﬁrmed by the experience of the present study where
both pulp and gingival ﬁbroblasts showed a signiﬁcantly lower
viability (about 60% of the controls) when exposed to the eluates of fully polymerized composite samples (unshielded samples).
The presence of the inlay between the samples and the
light tip during polymerization signiﬁcantly affected their
biological properties. Eluates derived from shielded samples
showed a signiﬁcantly higher cytotoxicity where compared
with the unshielded ones. These results are in line with
the current literature where, however, the importance of the
shielding effect on composite cytotoxicity is only indirectly
suggested. In a recent study [17], the authors reported that
the cytotoxicity of all the investigated composites increased
when polymerized in a 5 mm bulk increment rather than in
more thin increments. The explanation to the observed phenomena can probably be found in a decreased polymerization
rate reached by the shielded samples as a consequence of
the attenuation of the curing light through the inlay, a phenomenon already known as decreased depth of cure [27,28]. In
a recent paper, the inlay shielding effect on the polymerization
levels and kinetics of light-cured composites was evidenced
with a differential scanning calorimeter technique (DSC) [29].
In that study, the inlay shielded dental composite reached a
signiﬁcantly lower level of polymerization (63% of maximum
attainable conversion) compared to the unshielded ones. It
is widely evidenced in literature that the polymerization rate
can signiﬁcantly affect the cytotoxicity of a composite material, through the diffusion of a large number of unreacted
resin monomers [16,19,20]. Several monomers contained in
the composite material used in the current study (such as
BIS-GMA, BIS-EMA, UDMA, TEGDMA as declared by the manufacturer) are known to diffuse from partially polymerized
composite resins and to be cytotoxic in vitro [15,21]. Therefore, it is reasonable to assume that the biological response
observed in our experiments to shielded samples, compared
to the unshielded ones, can be related to an increased leaching of resin monomers from the composite, as a consequence
of a reduced polymerization rate.
From a clinical point of view, when a photo-cured composite material is used as part of an inlay bonding system, the

inlay can act as a shield. The degree of cure of those parts
of the composite shielded by the inlay material can be significantly affected by light attenuation with a possible decay of
both mechanical and biological properties. Uncured or incompletely cured resin composites can release a large amount of
monomer into the surrounding environment, and this may
occur just in the deeper part of the inlay cavity, where the
dentinal wall is thinner and the composite is close to the pulp
chamber.

5.

Conclusions

This data suggested that the photo-polymerization of a lightcured composite bonding system through a pre-polymerized
inlay could signiﬁcantly affect its cytotoxicity towards the
pulp and gingival cells, as a result of an inlay light-shielding
effect. Practitioners should adequately ensure complete polymerization of the composite resin (e.g. using longer time of
cure), when it is applied as a bonding system under composite inlays. Further studies are required to directly compare
the polymerization kinetics of dual-curing cements and composite resins under inlay, as well as their in vitro biological
properties.
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