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ABSTRACT

bjective: This study analyzed the degree of conversion (DC%) of four resin-based

cements (All Ceram, Enforce, Rely X ARC and Variolink II) activated by two modes
(chemical and dual), and evaluated the decrease of DC% in the dual mode promoted
by the interposition of a 2.0-mm-thick IPS Empress 2 disc. Material and Methods: In
the chemical activation, the resin-based cements were prepared by mixing equal
amounts of base and catalyst pastes. In the dual activation, after mixing, the cements
were light-activated at 650 mW/cm? for 40 s. In a third group, the cements were light-
activated through a 2.0-mm-thick IPS Empress 2 disc. The DC% was evaluated in a FT-IR
spectrometer equipped with an attenuated total reflectance crystal (ATR). The data were
analyzed by two-way ANOVA and Tukey’s HSD test. Results: For all resin-based cements,
the DC% was significantly higher with dual activation, followed by dual activation through
IPS Empress 2, and chemical activation (p<0.05). Irrespective of the activation mode,
Rely X presented the highest DC% (p<0.05). Chemically activated Variolink and All Ceram
showed the worst results (p<0.05). The DC% decreased significantly when activation
was performed through a 2.0-mm-thick IPS Empress 2 disc (p<0.05). Conclusions: The
results of the present study suggest that resin-based cements could present low DC%
when the materials are dually activated through 2.0 mm of reinforced ceramic materials
with translucency equal to or less than that of IPS-Empress 2.
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INTRODUCTION

Due to their improved physicochemical properties,
resin-based cements are widely used to lute metal
and ceramic indirect restorations®. In general,
these materials are constituted of a polymeric
matrix based on dimethacrylate monomers, filler
particles, pigments, and chemical substances to
start their polymerization reaction’. The variation in
these component contents strongly influences the
physicochemical properties of the material?.

The polymerization reaction of resin-based
cements can be started chemically, physically or using
adual mode thatinvolves the two processes. In clinical
practice each mode presents some advantages. For
example, due to its characteristic of polymerization
on-demand, physical activation allows an extension
of the working time and the possibility of removing
the excess cement around the restoration before the
polymerization reaction has finished!!. However, there
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will be a limitation to the use of physical activation
when luting metal-ceramic or metal-free restorations
produced with a high aluminum content system, e.g.,
Procera and In-Ceram, which prevent or decrease
light transmission through the restoration?*. On the
other hand, chemical activation will theoretically
allow the material to reach an adequate degree of
conversion even in the absence of light. Thus, the
dual activation mode was introduced to combine
the advantages of physical and chemical activation
modes. In other words, to reach an adequate degree
of conversion (DC%) irrespective of the presence of
light and allow finishing immediately after luting the
restoration3.

Resin-based material polymerization involves
a free radical reaction in which the material is
transformed from a viscous to a rigid state. During
this process, the terminal aliphatic C=C bonds are
broken and converted to primary C-C covalent
bonds between methacrylate monomers. As
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polymerization progresses, however, the diffusion
rate of the propagating free radicals undergoes a
strong reduction. Thus, monomer conversion is not
complete, and at the end of the reaction, part of
the monomers remains as pendant double bonds or
unreacted monomers trapped in the polymeric matrix.
This amount of unconverted carbon double bonded
will diminish the physical properties?¢, increase the
degradation of the material® and may cause damage
to the pulp-dentinal complex in deep preparations®.

Although in theory dual-activated resin-based
cements will develop an adequate DC%, it is clear that
clinically, the restorative materials used to produce
indirect restorations will decrease the transmittance
of the light emitted by the light unit*?*. Moreover,
the thicker the restoration, the less the light intensity
to permit optimal light-activation of the resin-based
cement!328, The minimum reduction of the occlusal
surfaces for posterior all-ceramic onlays and crowns
is around 1.5 to 2.0 mm?°. Therefore, this thickness
may represent a crucial aspect for the studies
carried out to investigate the behavior of resin-based
cements with regard to the DC%.

This study analyzed the DC% of four resin-based
cement started by two activation modes (chemical
and dual), and evaluated the decrease of the DC% in
the dual activation mode promoted by a 2.0-mm-thick
lithium disilicate-glass ceramic disc (IPS Empress 2)
placed between the light-curing tip and the cement
surface. The research hypothesis was that the DC%
would significantly decrease with the dual activation
through the 2.0-mm-thick IPS Empress 2 disc.

MATERIAL AND METHODS

The compositions of the four resin-based cements
analyzed in the present study are presented in the
Figure 1. A quartz-tungsten-halogen unit (Optilux
501, Kerr, Danbury, CT, USA), using an irradiance of
650 mW/cm? for 40 s, was used to light-activate the
specimens in the dual activation mode. The radiant
exposure, calculated as the product of the irradiance

of the curing unit, by using a radiometer (model 100,
Demetron Inc.), and the time of irradiation was 26
J/cm?2.

Degree of Conversion (DC%)

All the steps of DC% measurements were carried
out in a light-reduced environment. Spectra of
the unpolymerized and polymerized specimens of
each resin-based cement were recorded by a FT-
IR spectrometer?? (Varian 3100 FT-IR, Varian Inc,
Palo Alto, CA, USA), equipped with an attenuated
total reflectance crystal - ATR (MIRacle ATR, Pike
Technologies, Madison, WI, USA) operating with 120
scans at a resolution of 4 cm-'. For unpolymerized
specimens, standard amounts of base and catalyst
pastes of each resin-based cement were separately
compressed between two polyethylene strips and
two glass slides to produce a thin film and the FT-IR
spectra were obtained?”. For polymerized specimens,
equals amounts of base and catalyst pastes were
mixed with a Teflon spatula on a mixing pad for
10 s. In Group I (chemical activation - Ch), 90 s
after mixing, the specimens were stored in light-
proof containers. In Group II (dual activation-D),
immediately after mixing, the specimens were
light-polymerized with the light tip in contact with a
polyester strip positioned on the mixed past. In Group
I1I (dual activation through a ceramic disc - DC), after
mixing and immediately before light-polymerization,
a ceramic disc (12 mm in diameter and 2.0-mm-
thick), consisting of a 1-mm-thick framework of a
castable pressed ceramic and a 1-mm-thick layering
ceramic (IPS-Empress 2 system, Ivoclar Vivadent
Inc, Amherst, NY, USA), was positioned between the
mixed resin-based cement and the light guide tip
of the light-curing unit. The framework surface was
etched with 10% hydrofluoric acid for 20 s, rinsed for
30 s, and air dried. FT-IR spectra of the polymerized
specimens were recorded 24 h after dry storage in
light-proof containers at 37°C. Five specimens (n=5)
were made per group. The DC% was calculated
from the ratio between the absorbance peaks of the

Materials Monomers Particle size (um)  Filler content Manufacturers
(weight %)
Enforce Bis-GMA, TEGDMA 1 66 Dentsply, Rio de Janeiro, RJ,
(E) Brazil
Rely X ARC Bis-GMA, TEGDMA 1-5 67 3M ESPE, St Paul, MN, USA
(R)
Variolink I Bis-GMA, UEDMA, TEGDMA 0.7 73 Ivoclar Vivadent
(V) Schaan, Liechtenstein
All Cem Bis-GMA, Bis-EMA, TEGDMA 0.04 -1 68 FGM Produtos Odontolégicos,
(A) Joinville, SC, Brazil

Bis-GMA: 2,2-bis[p-(2’-hydroxy-3’'methacryloxypropoxy)phenyllpropane; TEGDMA: triethylene glycol dimethacrylate;

Bis-EMA: ethoxylated bisphenol
trimethylhexane

Figure 1- Resin-based luting cements used in this study

A dimethacrylate UEDMA:
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1,6-bis(methacryloxy-2-ethoxycarbonylamino)-2,4,4-
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TABLE 1- Mean values and standard deviations of the DC%

Resin-based luting cements

Activation modes Enforce Rely X Arc Variolink Il All Cem
Group | - Ch 21.6 £5.6aA 38.0 + 6.0aB 13.6 £4.9aC 14.2 +2.9aC
Group Il - DC 35.8 + 3.5bA 48.0 + 0.7bB 31.2 £ 7.5bA 35.6 £ 3.2bA
Group Il =D 59.5+4.7cA 75.2 £ 0.6cB 57.4 + 3.6cA 58.7 £ 3.6¢cA

Means with same capital letter are not statistically different within the same line. Means with same lower case letter are
not statistically different within the same column (a=0.05). Ch= chemical activation; DC= ceramic dick; D= dual activation.
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Figure 2- Decrease of DC% for dual activation (D)
through the 2.0-mm-thick IPS Empress ceramic disc.
E= Enforce; R= Rely X ARC; V= Variolink II; A= All Cem
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Figure 3- Comparison of the DC% between chemical
activation (Ch) and dual activation performed through 2.0
mm IPS Empress 2 ceramic disc material. E= Enforce; R=
Rely X ARC; V= Variolink II; A= All Cem

aliphatic C=C bond (1638 cm™) to the aromatic C=C
(1608 cm), used as an internal standard, obtained
from the polymerized and unpolymerized specimens
by the following equation:

DC (0/0) = 100 X [1 - (Rpolymerized/ Runpolymerized):|
where R=peak at 1638 cm-'/peak at 1608 cm™!
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Statistical analysis

Statistical analysis was performed using
Statgraphics 5.1 Software (Manugistics, Rockville,
MD, USA). After the normal distribution of the
errors and the homogeneity of variance had
been verified, respectively, by Shapiro-Wilk’s test
and Levene’s test, the DC% data were analyzed
by two-way ANOVA and Tukey’s HSD test for
multiple comparisons. All statistical analyses were
performed at a significance level of a=0.05.

RESULTS

The results of the DC% are presented in the Table
1. Two-way ANOVA detected a statistical significance
for the two independent factors (resin-based cement
and activation mode), (p<0.05). Comparisons by
Tukey’s HSD test showed that Rely-X ARC activated by
dual mode presented the highest DC% (75.2+0.6).

Chemically activated Variolink (13.6+4.9) and All
Ceram (14.2+2.9) showed the lowest results. For
all resin-based cements, the DC% was significantly
higher with dual activation, followed by dual activation
through IPS Empress 2, and chemical activation
(p<0.05). Irrespective of the activation mode, Rely
X ARC presented the highest DC% values of all
the tested resin-based cements (p<0.05). Figure 2
shows the decrease of DC% for dual activation (D)
through the 2.0-mm-thick IPS Empress ceramic disc
(C). Comparisons of the DC% between chemical
activation (Ch) and dual activation (D) through
the 2.0-mm-thick IPS Empress ceramic disc (C) is
presented in Figure 3.

DISCUSSION

Among other aspects, the clinical longevity
of indirect restorations is dependent upon the
properties of the resin-based cement used for
luting them. Moreover, the higher the DC% of resin-
based cements, the better their physicomechanical
propertiesi*. Several studies have analyzed the
polymerization of resin-based cements311-13:18:23-25
Most of these studies, however, have used Knoop
or Vickers hardness as indicative of their degree
of polymerization. Although it is well known that
hardness is strongly correlated with the DC%?’, it is
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reasonable to assume that inferences based on the
DC% of C=C bonds could be more representative of
the material behavior.

In the present study, the DC% was evaluated
after activation through a 2.0-mm-thick disc of
ceramic spacer. This was made to approximate the
experimental conditions to those of clinical practice.
During indirect restoration luting, the ceramic will
attenuate the lightintensity*!2 and reduce the quantity
of photons that reach the resin-based cement. The
consequence is a low DC%. IPS-Empress 2 was used
in this study in view of two aspects. Firstly, according
to its manufacturer (Ivoclar Vivadent Inc, Amherst,
NY, USA), this material can be used to fabricate all
types of posterior indirect restorations, i.e. inlays,
onlays, and crowns. Secondly, published studies®'©
have shown that IPS-Empress 2 has a translucency
equal to or greater than that of other reinforced-
ceramic materials indicated for building up posterior
indirect restorations, i.e., Procera, In Ceram Alumina
and In Ceram Zirconia. Thus, the rationale was that
the results obtained here could be extrapolated to
the other ceramic materials with translucency equal
to or less than that of IPS Empress 2.

According to Ivoclar Vivadent (IPS-Empress 2's
manufacturer) the framework surface of this ceramic
system must be etched with 10% hydrofluoric acid
for 20 s before luting it. Thus, reinforcing the attempt
to approximate the experimental protocol as closely
as possible to clinical practice, the IPS-Empress 2
surface was etched with 10% hydrofluoric acid for 20
s before resin-based cements were light-polymerized.

For all the cements analyzed in this study, the
DC% in the dual activation mode was significantly
reduced when the materials were light-activated
through IPS Empress 2 (Table 1). Thus, the research
hypothesis was proved. This result was expected and
can be explained by the light attenuation promoted
by IPS Empress 2%. During light-activation, the light
that passes through the ceramic is absorbed and
scattered. Thus, the light irradiance produced by
the light source is attenuated and its effectiveness
is reduced as the ceramic thickness increases.
Therefore, Meng, et al.?! (2006) showed that a light
intensity of 800 mW/cm? was reduced to 160 mW/
cm? after being transmitted through 2.0 mm of a
machinable ceramic. Furthermore, EI-Mowafy, et
al.> (1999) analyzing the hardening of 8 resin-based
cements dual-polymerized through 1-6-mm-thick
ceramic spacer, showed that hardness decreased
significantly when ceramic thickness was 2-3 mm or
more. In the same study, the curing-light intensity fell
by about 75% through a 1-mm-thick ceramic spacer.
Since clinicians believe that even in absence of light,
dual-resin-based cements will develop a suitable
DC%, these findings assume crucial importance.
If resin-based cements reach a low DC%, their
physicomechanical properties will certainly decrease.
Consequently, the clinical performance of indirect
restorations could be compromised.

On the other hand, the results obtained in the
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present study disagree with those of Caughman,
et al.> (2001), who showed a DC% of up to 50%
for 6 resin cements, including Variolink II, when
polymerized through a 3-mm-thick disc of a dental
porcelain (Ceramco, Ceramco Inc, Burlington, NJ,
USA). However, there are two important aspects
to discuss here. Firstly, Ceramco is a feldspathic
porcelain that presents a higher translucency than
IPS-Empress 2!. This difference in optical behavior
certainly justifies the discrepancy between the results
of the two studies. Secondly, because of its superior
mechanical properties, IPS-Empress 2 is more suitable
for building up posterior indirect restorations®. From
this viewpoint, it is reasonable to claim the results of
the present study as representative of the behavior
of resin-based cements when light-activated through
ceramic materials suitable for producing indirect
restorations.

Several studies have claimed that when resin-
based cements are polymerized in a dual mode,
the chemical component of polymerization can be
hindered by the faster reaction promoted by the light-
activation'’. This behavior could be explained by the
polymerization kinetics of dimethacrylate matrixes.
When light-activation begins, several growth centers
are formed and the matrix is transformed from a
liquid to a viscous state by producing a large polymer
network, i.e. a gelation process. After gelation,
the polymeric network becomes highly crosslinked
and the propagation and termination steps of
polymerization, which involve the link between
monomers and oligomers with the polymer network,
are restricted, i.e., diffusion is limited>®.

Taking into account that the chemical reaction
occurs at a slower rate than the physical one, it
is probable that the free radicals formed by the
chemical component of polymerization are entrapped
in the polymer network, so they could not contribute
to an increase in the overall DC%?®23, This was
corroborated by the findings of Meng, et al.?° (2008),
who showed that even under low light intensity
irradiation, dual-polymerized luting cements still
had a large amount of free radicals, mostly from
chemical catalysts trapped in the hardening resin
matrix, which did not contribute to the overall DC%
of materials. For Variolink and All Cem, the DC%
after chemical activation reached only 43.6% and
39.8%, respectively, compared with the DC% after
dual activation through IPS Empress 2 (Figure 2).
Considering the above discussion and the findings of
Meng, et al.?’ (2008), it is reasonable to speculate
that the chemical component of polymerization of
these cements contributed very little to the total
DC% after dual activation through IPS Empress 2.

From Table 1, it can be noted that chemically
activated Variolink II presented the lowest DC%.
This result is in agreement with those of previous
studies*216, According to El-Mowafy, et al.> (1999)
the variability in hardness presented by chemically
activated resin-based cements is most likely due
to the way these cements are formulated. In other
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words, the higher the amount of chemical catalyst
in their formulation, the greater the hardness of
the materials. In the above-mentioned study, the
hardness of chemically activated Enforce increased
23.57% (from 32.1 to 42) after 24 h, while with
Variolink II, this increase was only 17.2% (from 7.7 to
9.3). Furthermore, in a recent study, Ozyesil, et al.??
(2004) found no difference in the DC% of Variolink
II when light-polymerized and dual-polymerized
through a 2.0-mm-thick disc of Empress 2. Based
on these studies, it is reasonable to hypothesize that
Variolink II has lower chemical catalyst content than
Enforce and Rely X ARC. The statistical similarity
between the results of Variolink II and All Cem in
the chemically activated group (Table 1) allows one
to assume that these resin-based cements have a
similar content of chemical initiators.

Rely X ARC presented the highest DC% under
the three polymerization conditions (Table 1). It also
can be noted that its DC% when dual polymerized
through IPS Empress 2 (48.0+£0.7) was, by rounding
off, close to 50%. Moreover, the DC% after chemical
activation reached 79% compared with the DC%
after dual activation through IPS Empress 2. These
results allow one to suppose that this resin-based
cement presents a larger amount of chemical and
physical initiators than the other three resin-based
cements analyzed in the present study.

CONCLUSIONS

The results of the present study suggest that
resin-based cements could present low degree of
conversions when the materials are dually activated
through 2.0 mm of reinforced ceramic materials
with translucency equal to or less than that of IPS-
Empress 2.
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