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Effect of curing mode on the hardness
of dual-cured composite resin core
build-up materials

Abstract: This study evaluated the Knoop Hardness (KHN) values of
two dual-cured composite resin core build-up materials and one resin ce-
ment exposed to different curing conditions. Two dual-cured core build-
up composite resins (LuxaCore®-Dual, DMG; and FluoroCore®2, Dent-
sply Caulk), and one dual-cured resin cement (Rely X ARC, 3M ESPE)
were used in the present study. The composite materials were placed into a
cylindrical matrix (2 mm in height and 3 mm in diameter), and the speci-
mens thus produced were either light-activated for 40 s (Optilux 501, De-
metron Kerr) or were allowed to self-cure for 10 min in the dark (n = 5).
All specimens were then stored in humidity at 37°C for 24 h in the dark
and were subjected to KHN analysis. The results were submitted to 2-
way ANOVA and Tukey’s post-hoc test at a pre-set alpha of 5%. All the
light-activated groups exhibited higher KHN values than the self-cured
ones (p = 0.00001), regardless of product. Among the self-cured groups,
both composite resin core build-up materials showed higher KHN values
than the dual-cured resin cement (p = 0.00001). LuxaCore®-Dual ex-
hibited higher KHN values than FluoroCore®2 (p = 0.00001) when they
were allowed to self-cure, while no significant differences in KHN values
were observed among the light-activated products. The results suggest
that dual-cured composite resin core build-up materials may be more re-
liable than dual-cured resin cements when curing light is not available.

Descriptors: Post and core technique; Resin cements; Composite resins;
Hardness.

Introduction

Core build-up materials are often required to provide an ideal ana-
tomic form to severely damaged teeth prior to their preparation for indi-
rect restorations. Several materials have been indicated for this purpose,
but composite resin core build-up materials have been widely used lately.!
An ideal restoration is not the final goal and time limitations when plac-
ing core build-ups do not usually allow clinicians to use multi-layering
techniques. Therefore, dual-cured resin composites for core build-up
have been developed. The use of these resinous materials allows clini-
cians to build the damaged tooth using thick resin layers, as self-cur-
ing components may assure proper polymerization even when the curing
light is severely attenuated by resin shade.?3

Recently, dual-cured resin composites for core build-up have also been
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used to cement pre-fabricated posts into flared root
canals, where a thick resin cement layer would nor-
mally be present between the post and root walls.
However, an excessively thick cement layer in that
region* may not provide proper mechanical prop-
erties to withstand occlusal loading, as previously
demonstrated by D’Arcangelo et al.’ (2007). Thus,
considering that the maximum shear stress is pri-
marily located at the post/cement/dentin interface,’
a luting material with improved mechanical proper-
ties could resist occlusal loading, and other stresses
generated by chewing forces, better than dual-cured
resin cements. Moreover, dual-cure composite resin
core build-up materials may be more appropriate for
cementing pre-fabricated posts into root canals as
they supposedly have better mechanical properties
than dual-cured resin cements.

Studies have evaluated the bond strength of posts
cemented with resin cements, along with a variety
of bonding agents, as well as the bond strength of
direct core foundation systems to teeth.”® Some fo-
cused on chemical incompatibility between bonding
agents and resin cements,®'? while others empha-
sized the importance of an adequate polymerization
of dual-cured resin cements.'>* The results from
most studies have demonstrated that the self-cur-
ing mechanism is not as effective as the light-curing
one.">'®* However, no information is available in the
literature regarding monomer conversion of dual-
cured resin composites used for core foundations
when they are deprived of curing light in deep areas,
or when they are used to cement posts into root ca-

nals. Therefore, the aim of the present study was to
evaluate the hardness — which has been considered
an indirect assessment of monomer conversion'+!%!8
— of dual-cure composite resin build-up materials
when they are subjected to different curing condi-
tions. The research hypothesis of the present study
was that the self-curing mode of these resin compos-
ites leads to higher hardness values than those of the

resin cement.

Material and Methods

Two dual-cure core composite resin build-up
materials and one dual-cure resin cement were used
in the present study: LuxaCore®-Dual (DMG, Che-
misch Pharmazeutische Fabrik, Hamburg, Germa-
ny), FluoroCore®2 (Dentsply Caulk, Milford, DE,
USA), and Rely X ARC (3M ESPE, St. Paul, MN,
USA) (Table 1). The resinous materials were manip-
ulated according to the manufacturers’ instructions
and were placed into a 2-mm high polytetrafluorety-
lene split mold with an internal diameter of 3 mm.
The specimens thus produced were either light-ac-
tivated (power density: 600 mW/cm?2, Optilux 501;
Demetron Kerr, Danbury, CA, USA) for 40 s or were
allowed to self-cure for 10 min in the dark (n = 5) at
room temperature. All specimens were then stored
in humidity at 37°C for 24 h in the dark.

Microhardness analysis

The specimens were subjected to Knoop hard-
ness analysis (KHN) (Pantec, Panambra Ind. e Téc-
nica SA, Sdo Paulo, SP, Brazil) using a 25 g load

Table 1 - Composition of
the dual-cured core build-up
composite resins and resin cement

Product
(Manufacturer)

Batch

Composition Number

used in this study (provided by the | |~ o 54
manufacturers).  pymG)

Preparation of acrylic resin, glass powder and silica.
Contains urethane dimethacrylate, aliphatic dimethacrylate, 590609
aromatic dimethacrylate.

FluoroCore®2

Base Paste: Barium boron fluoro alumino silicate glass; UDMA.

(Dentsply Caulk) Catalyst Paste: Barium boron fluoro alumino silicate glass; 0705041
enisply -au UDMA; Aluminum Oxide; Benzoyl peroxide

Paste A: Silane-treated silica, TEGDMA, bis-GMA,
Rely X ARC functionalized dimethacrylate polymer GEHG
(3M ESPE) Paste B: Silane-treated ceramic, TEGDMA, bis-GMA, silane

treated silica, functionalized dimethacrylate polymer

TEGDMA: triethylene glycol dimethacrylate; bis-GMA: bisphenol A diglycidyl ether methacrylate; UDMA:

urethane dimethacrylate.
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with a dwell time of 5 seconds. Five indentations, at
100 um distance from each other, were made to de-
termine the average KHN value for each specimen.
The data obtained from the resinous materials were
submitted to 2-way ANOVA (“product” and “acti-
vation mode” factors) and Tukey’s post-hoc test at
a pre-set alpha of 5% using the Sanest statistical
package (UNESP, Jaboticabal, SP, Brazil).

Results

The results are presented in Table 2. All the
light-activated groups exhibited higher KHN values
than the self-cured ones (p = 0.00001), regardless of
product. Among the self-cured groups, LuxaCore®-
Dual exhibited higher KHN values than Fluoro-
Core®2 (p = 0.00001), and both products exhibited
higher KHN values than the dual-cured resin ce-
ment (p = 0.00001). No significant differences in
KHN values were observed among the products
when they were light-activated.

Discussion

The results demonstrated that the self-curing
mode was not able to provide KHN values as high
as those provided by the light-curing mode, regard-
less of product. These findings are similar to those
reported in the literature for dual-cured resin ce-
ments when they were allowed to self-cure.!1%20
However, both dual-cured composite resin core
build-up materials showed higher KHN values than
the dual-cured resin cement when they were allowed
to self-cure, so the research hypothesis of the pres-
ent study was validated.

The differences in KHN values among products
in self-curing mode cannot be attributed solely to

Table 2 - KHN values of the dual-cure core build-up com-
posite resins and resin cement when they were light-activated
or allowed to self-cure.

Allowed to self-cure Light-activated

LuxaCore®-Dual 42.6 (3.7) Aa 49.2 (5.5) Ab
FluoroCore®2 35.6 (5.5) Ba 44.0 (4.5) Ab
Rely X ARC 6.6 (1.8) Ca 44.0 (4.1) Ab

Group means followed by similar letters (capital letters — column; lowercase
letters — row) are not significantly different for p < 0.05.
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differences in monomer conversion, as differences
in monomer composition and content of filler par-
ticles play an important role in the mechanical prop-
erties of resin-based materials.?'?3 According to
the manufacturers’ information, LuxaCore®-Dual
presents 72% (wt) of filler particles in its composi-
tion, while FluoroCore®2 and Rely X ARC present
a filler content of approximately 65% and 67.5%
(wt), respectively. Moreover, both LuxaCore®-Dual
and FluoroCore®2 present UDMA in their compo-
sition, while Rely X ARC composition is based on
TEGDMA and Bis-GMA monomers. Some studies
have demonstrated that UDMA-based composites
have increased monomer conversion®* and improved
mechanical properties in comparison to Bis-GMA/
TEGDMA composites.>>” It is possible that the dif-
ferences in filler content among materials may have
contributed to the differences in KHN values when
resin-based materials were allowed to self-cure.

On the other hand, the self-curing mechanism of
each product may have also been partly responsible
for differences in KHN values among the self-cured
groups. According to the manufacturers’ informa-
tion, the setting time of LuxaCore®-Dual and Fluo-
roCore®2 ranges from 3 to 5 min in the self-curing
mode. This time differs from that of RelyX ARC,
which takes approximately 10 min to cure. Consid-
ering that the setting time in the self-curing mode is
mainly related to the amount of self-curing compo-
nents, it is possible to speculate that products such
as LuxaCore®-Dual and FluoroCore®2, with shorter
setting times, present higher content of self-curing
components than RelyX ARC. These assumptions
may be confirmed by the differences in KHN val-
ues between the light- and self-curing groups within
each product. The KHN values of the LuxaCore®-
Dual and FluoroCore®2 self-curing groups corre-
sponded respectively to 86.6% and 80.9% of the
values observed in the light-activated groups, while
the KHN values observed for the self-curing mode
of RelyX ARC corresponded to only 15% of the val-
ues observed in the light-activated group. Therefore,
it was possible to note that the self-curing compo-
nents in the dual-cured composite resin core build-
up materials were more effective than those in the
dual-cured resin cement.
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Despite the differences in monomer composition
and filler content, no significant differences in KHN
values were noted among the light-activated groups.
These results were unexpected since differences in
filler content have been reported to affect hardness
considerably.?> One possible explanation for this
finding may be related to the effectiveness of light-
activation, which rendered proper polymerization
and crosslinking formation capable of compensating
for the expected differences in mechanical proper-
ties among materials because of the differences in
product composition.

The self-curing mode provided KHN values in
the dual-cured resin cement considerably lower than
those reported by other investigations.'”?® Some
studies have demonstrated that RelyX ARC reaches
a low degree of conversion and hardness in the self-
curing mode within 10 min, in comparison to other
dual-cured resin cements,'>" but a significant in-
crease in hardness has been observed over time."-?*
A possible explanation for the low KHN values ob-
served in the present study even 24 h after initial po-
lymerization may be related to storage conditions.
Considering that low monomer conversion values
are observed within 10 min when RelyX ARC was
allowed to self-cure,'! it is possible that the storage
of poorly polymerized specimens in humidity result-
ed in fast water diffusion into the polymer matrix
as previously demonstrated in other studies.???%3°
As a consequence, the presence of water in the poly-
mer network may have impaired further resin ce-
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ment polymerization,*® compromising its mechani-
cal properties. However, further studies involving
different storage conditions are required to confirm
this speculation.

Based on the findings of the present study, dual-
cured composite resin core build-up materials might
be more reliable for post cementation than the eval-
uated dual-cured resin cement. However, further
studies are required to compare the effectiveness
of these products and dual-cured resin cements in
bonding posts to root dentin.

Conclusion

The dual-cured composite resin core build-up
materials tested provided improved mechanical
properties compared to those of the evaluated dual-
cured resin cement when all products were allowed
to self-cure, so the research hypothesis of the pres-
ent study was validated. Thus, the use of dual-cured
composite resin build-up materials for post cementa-
tion may assure reliable mechanical properties even
in deep regions where light is not available.
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