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ABSTRACT

Objectives: The aim of this study was to determine the degree of conversion (DC) of three resin
based endodontic sealers using the DSC technique.

Methods: The sealers tested were: EndoREZ (ER) (Ultradent, South Jordan, UT); EndoREZ with
Accelerator (ER+A] (Ultradent, South Jordan, UT]; RealSeal (RS) (SybronEndo, Orange, CAJ. Two LED
units were used to activate the sealers: UltraLume LED 5 (Ultradent, South Jordan, UT, USAJ; Mini
LED Satelec (Satelec Acteon Group, Mérignac Cedex, France). Samples of 4.0 mg were analyzed
with a DSC 7 calorimeter (Perkin Elmer Inc., Wellesley, MA, US). Each specimen was irradiated by
each lamp four times for 20 seconds at an interval of 2 mins, while the DSC 7 recorded the heat flow
developed during the treatment. The degree of conversion and the kinetic curves were calculated
from the values of heat developed during each polymerization. The data were statistically analysed
with a Kruskal-Wallis one-way ANOVA multiple range and Student-Newman-Keuls (SNK] tests at a
P value of .05.

Results: Statistically significant differences were found in the degree of conversion among the
sealers: ER+A showed the highest values with both lamps.

Conclusions: The higher polymerization rate in resin sealers is obtained with the addition of a
catalyst. (Eur J Dent 2011;5:131-138)

Key words: Resin-Based endodontic sealer; Differential scanning calorimeter; Polymerization;
Accelerator; Degree of conversion.
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time as a traditional root canal obturation system.?

Several studies indicated that resin based end-
odontic sealers exhibit superior sealing ability by
adhesion to root-canal walls.®>5 In recent years
different resin based dual-cure endodontic seal-
ers were introduced to the clinical practice.® En-
doREZ (Ultradent, South Jordan, UT) is a urethane
dimethacrylate-based dual curing self priming
sealer. One of its prime characteristic properties
is a high hydrophilicity, allowing the penetration of
the material into the dentinal tubules.” This sealer
exhibits a good biocompatibility and
successfully when used as an endodontic sealer
together with gutta-percha cones in clinical cas-
es.%? EndoREZ is also compatible when bonding
techniques are used, but it polymerizes within 20-
30 minutes, therefore if the immediate restoration
of the tooth is the objective of treatment, the use
of a Dimethyl-p-toluidine - based accelerator (Ul-
tradent, South Jordan, UT) to be used in conjunc-
tion with the sealer has been suggested.™

Determination of the degree of conversion (DC)
of methacrylate monomers to polymer may be
used to evaluate the status of polymerization. The
DC indicates the percentage of monomer-polymer
conversion and is both a quantitative and qualita-
tive index of the extent of the polymerization (Ep)."

Differential Scanning Calorimetry (DSC] is
a thermal analysis technique that provides the
variation of Enthalpy in the exothermic reaction of
polymerization; thus allowing the examination of
the behaviour of the materials tested by means of
thermal and physical characterizations.

This exam can be run using small masses of
the samples to test' with many advantages: 1)
sharper and well defined peaks; 2) less drift from
the basis line; 3) a linear proportionality relation
between the mass of the specimen and the area
under the peak.

DSC is also a convenient method for determin-
ing the relative efficacy of the initiator systems,'"®
inhibitors' or activators at the end of the polym-
erization of a given material.

A current problem using some resin based
endodontic sealers is their long setting time,'*'®
probably due to their increased viscosity that may
influence the initial reaction rate in the photopoly-
merization system.

The aim of this study was to determine with
the DSC, the DC of three different resin based

performs

endodontic sealer systems: EndoREZ (Ultradent,
South Jordan, UT, USAJ; RealSeal (SybronEndo,
Orange, CA, USA); and EndoREZ in association
with the accelerator (Ultradent, South Jordan,
UT, USA), activated with two different LED units:
UltraLume LED 5 (Ultradent, South Jordan, UT,
USAJ; Mini LED Satelec (Satelec Acteon Group,
Mérignac Cedex, France).

MATERIALS AND METHODS

In this study three resin based endodontic seal-
ers were used: EndoREZ (ER) (Ultradent, South
Jordan, UT, USA); EndoREZ modified with the
addition of a Dimethyl-p-toluidine - based accel-
erator (ER+A) (Ultradent, South Jordan, UT, USAJ;
RealSeal (RS]) (SybronEndo, Orange, CA, USA). Re-
alSeal is an endodontic dual curable resin sealer,
whose matrix is a mixture of bisphenol-A-glycidyl
methacrylate, ethoxylate Bis-GMA, urethane di-
methacrylate resin and hydrophilic difunctional
matacrylates.™

Two different LED light units were used to ac-
tivate each sealer: UltraLume LED 5 (Ultradent,
South Jordan, UT, USAJ; Mini LED Satelec (Satelec
Acteon Group, Mérignac Cedex, France). UltralL-
ume LED 5 lamp produces light with wavelengths
between 370 and 500 nm and a light intensity of
800 mW/cm2. Mini LED lamp has a wavelengths
range between 420 and 480 nm and it generates a
light intensity of 1250 mW/cm2. In this study we
didn’t use a radiometer to measure the light in-
tensity of these brand new LED light sources em-
ployed, because these parameters were certified
by the manufacturers.

Six groups, of three samples each, were there-
fore created as follows: AU (ER + UltraLume LED
5); BU (RS + UltraLume LED 5); CU (ER + Accelera-
tor + UltraLume LED 5); AM (ER + Mini LED); BM
(RS + Mini LED); CM (ER + Accelerator + Mini LED).

A Differential Scanning Calorimeter DSC 7
(Perkin Elmer Inc., Wellesley, MA, USA) was used
to evaluate the degree of conversion (DC) of meth-
acrylate monomers to polymer in each specimen.

All materials were prepared and handled un-
der safe softened light before they were cured.

The control (an empty aluminium pan, called
“white”]), was prepared before DSC measure-
ments, weighed with an analytic balance, placed in
the reference sample holder and then irradiated
with the same light units at the same conditions
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fixed for the sealers. The exposure of the “white”
served to evaluate the heat flow from the lamps.

Specimens were set into previously calibrated
DSC standard aluminium pans (g 4.5%2 mm), and
weighed using the analytic balance to obtain 4.1-
4.2 mg for each material.

To prepare the specimen consisting of ER with
the accelerator, a thin layer of accelerator was ap-
plied uniformly on the base of each capsule with a
micro-brush, then the sealer was placed to fill the
capsule until the whole weight of the sample was
reached as for all the other specimens.

A custom-made support was built to hold the
lamps in a fixed position during polymerization,
in order to assure the reproducibility of the DSC
measurements, to fully irradiate only the spec-
imen-containing pan, and to keep the distance
lamp-specimen constant.

In addition each lamp was inserted inside an
isolation cylinder to avoid the dispersion of the
beam.

The photo curing units were used by two dif-
ferent polymerization protocols depending on the
unit (standard mode for the UltraLume LED 5, and
ramping mode for the Mini LED).

Each sample was photopolymerized with 4 ir-
radiations of 20 s each (the minimum exposure
time to obtain an adequate cure]' at 2 min. inter-
val from each other (this time is necessary to ex-
clude the thermal effect of optical fibres).

The DSC to measure the enthalpy of polymer-
ization was programmed under isothermal condi-
tions at 32°C, under constant flowing argon envi-
ronment (10 ml/min) to avoid oxidation during the
polymerization.

After the specimen containing pans were
placed in the sample holder, the temperature was
immediately increased to 32°C (a process taking
20 s), to start the measurement of the heat flow.
The isothermal measurements were therefore al-
ways started exactly 2 min after the initial place-
ment of the materials on the aluminium pan so
that all the sealers were tested under the same
conditions. The heat flow in the DSC was calcu-
lated by considering the exact initial weight of the
specimens since all the data from each sample
were recorded in the software supplied with DSC
7 at the beginning of the experiment.

The heat flow generated during the polymer-
ization reaction was recorded and graphically rep-
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resented in a kinetic curve by means of the DSC
7 software. The heat of the exothermic reaction
obtained from the DSC of each specimen of sealer
represented the sum of the exothermic effects
caused by the conversion of the monomers and
heat flow from the lamp; while the scanning of the
“white” (control) represented only the irradiation
heat output from the lamp.” The heat of polym-
erization developed during the test of the “white”
was thus subtracted to calculate the heat of po-
lymerization of the specimens.

Enthalpy was calculated from the area under
the peak of the isothermal curve, based on the
extrapolated baseline at the end of the reaction.
The released heat is proportional to the percent-
age of reacted monomers."” If the cure reaction is
the only thermal event, then the reaction rate is
proportional to the heat flow.?

The kinetic data was elaborated with a Kaleida-
Graph software system (version 4.0, 2005, Synergy
Software, Reading, PA 19606, USA).

A DC value of 100% was attributed to ER + A,
which is the sample with maximum enthalpy ob-
served, and the relative degree of conversion of
the other sealers was calculated using this as a
reference.

The degree of conversion (x **m) was calcu-
lated using the following formula:

X samPle = (Qs sample / Qs ER+A ) x 100

where Qs sam¢ and Qs E*** correspond respec-
tively to the values of enthalpy of the sample to
test and the sample ER + A used as a reference.

Each group was tested for four repeated ir-
radiation times considering the following factors:
material, type of light-curing unit and duration of
exposure. Kruskal-Wallis one-way ANOVA mul-
tiple range test was performed at a P value of .05.
Student-Newman-Keuls (SNK] test at a P level of
.05 was then applied to identify pairwise differ-
ences.

RESULTS

Representative relative values of the degree of
conversion as a function of irradiation time mea-
sured for the materials tested, irradiated with
UltraLume LED 5 and Mini LED are respectively
shown in Figure 1 A,B,C. The results are as fol-
lows:

a) Samples tested with UltraLume LED 5:
group CU showed a degree of conversion signifi-
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cantly higher compared with the other sealers; no
statistical differences were found between groups
AU and BU (Figure 1A).

b] Samples tested with Mini LED: statistically
significant differences were observed between
relative DC of all the materials tested, with the
highest values for group CM and the lowest re-
corded values for group BM (Figure 1B).
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Therefore, the values of enthalpy of the groups
ER + Accelerator (CM and CU] among the speci-
mens polymerized were higher when compared
to the other resin materials tested with the same
lamp (Figure 2A).

Relative DC values were calculated for each
specimen as a function of the irradiation time us-
ing as only reference the highest value obtained
with UltraLume LED 5 for the specimen ER + A
(CU) to which was attributed 100% of value. Then
the relative degree of conversion values were cal-
culated for each specimen using as only reference
the highest value obtained with Mini LED for the
specimen ER + A (CM) to which was attributed
100% of value.

Assuming that the heat of reaction corre-
sponds to the extent of the polymerization (Ep)
obtained, statistically significant differences in the
degree of conversion were observed in the pair-
wise comparison between the materials tested
and the sealers prepared with the addition of the
catalyst. According to the data recorded for each
material the group CM (ER + Accelerator + Mini
LED) showed the highest values of Enthalpy fol-
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Figure 1. Relative degree of conversion of each specimen as a function of the time
obtained with UltraLume LED 5 (A) and Mini LED (B). A comparison among degree of
conversion values calculated as a function of irradiation time regardless the curing
unit employed (C).

Figure 2. Enthalpy recorded for each sealer tested with the two lamps after four

irradiation times (A). Enthalpy measurements after each exposure time of 20 s (B).
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lowed (in decreasing values of enthalpy) by these
groups: AM (ER + Mini LED), BM (RS + Mini LED),
CU (ER + Accelerator + UltraLume LED 5), BU (RS
+ UltraLume LED 5), AU (ER + UltraLume LED 5)
(Table 1). The use of the Mini LED produced values
of enthalpy of reaction higher than those produced
with the UltraLume LED 5 in all the materials test-
ed.

Figure 1C is representative of relative DC val-
ues calculated for each specimen as a function of
irradiation time using as only reference the high-
est value of enthalpy obtained for the specimen
ER + A + Mini LED. Statistically significant differ-
ences were observed among the behaviour of all
the specimens with the exception of CU/BM and
AU/BU (Table 1).

After the first irradiation all materials tested
showed a similar behaviour regarding enthalpy
values, which decreased relatively slowly after
the successive irradiations and reached a plateau
between the third and the fourth irradiation time
(Figure 2B).

Among the materials tested with the same
lamp, ER+A showed the best values of enthalpy
produced after the first irradiation time (Figure
2B) which correspond to a higher conversion than
that obtained in the other sealers after 20 s of ir-
radiation time.

DISCUSSION

In this study we evaluated the polymerization
status of two methacrylate-based resin sealers,
both self and photo-curing, that are used for root
canal obturation: EndoREZ and RealSeal.??2 We
also investigated the behaviour of EndoREZ used
with an accelerator.

The ultimate properties of dental resins are di-
rectly related both to the chemical composition of
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the dental monomer system and to the degree of
its conversion (DC) to polymer."

In general the DC influences the mechanical-
physical properties and clinical performance of
dental resins as it has been underlined by many
studies, including compressive strength, flexural
strength, hardness and wear.® Two other phe-
nomena connected with the polymerization of the
resins are volumetric shrinkage and heating.?

The adequacy of the polymerization is influ-
enced by many factors such as the distance of
the light source from the resin; the type of resin
(shade, translucency and thickness, viscosity);®
the temperature; the curing and post-irradiation
time;?42¢ the reactivity of the monomer; the types
and amounts of inhibitors, the light; the oxygen
permeability?” and also the type and amount of
photo initiator/co-initiator systems.'2

It has also been shown that dynamic heating
of the resin samples increases the rate of polym-
erization resulting in higher conversion.?*® In our
study we tested the materials in isothermal condi-
tions. We used DSC because it is one of the most
reliable direct methods for analyzing the degree of
conversion of resin blends and the kinetics of the
curing reaction.’”® DSC determines the DC based
on the assumption that the heat produced during
the reaction (enthalpy) is proportional to the per-
centage of monomers that have reacted.”™" In ad-
dition the enthalpy makes it possible to study how
different combinations of photo-initiator and co-
initiator systems, or a specific activator, affect the
final cure when different light sources are used.”
In this study we also determined the conversion
level as a function of the irradiation time.

Adequate polymerization of dental resins de-
pends also on the intensity of the light source
(power density measured in mW/cm2), correct

Table 1. Enthalpy developed during the polymerization reaction and relative degree of conversion of all the materials tested.

Difference of enthalpy

Total enthalpy Relative DC (%)

Specimens Irradiation times recorded after 4 Irradiation times
1 2 3 4 irradiation 1 2 3 4

AU (EndoREZ + UltraLume LED 5) 17378 13788 10119 8173 49458 1" 19 26 31
BU (RealSeal + UltraLume LED 5) 16034 15378 12164 11957 55533 10 19 27 34
CU (EndoREZ + Accelerator + UltraLume LED 5) 19915 19767 19414 19414 78510 12 25 37 49
AM (EndoREZ + Mini LED) 32452 29105 26851 26851 115259 20 38 55 71
BM (RealSeal + Mini LED) 21341 20903 20494 20494 83232 13 26 39 52
CM (EndoREZ + Accelerator + Mini LED) 43110 39559 39283 39283 161235 27 51 76 100
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wavelength of the light and duration of the expo-
sure.?? [f these parameters are not adequate an
incomplete polymerization will occur, together
with the exhibition of poor physical properties of
the material, higher solubility and consequently
an early failure.*” In our experiment we used Ul-
traLume LED 5 and Mini LED. Light Emitting Di-
odes (LED] units produce light with wavelengths
between 450 and 490 nm with a peak at 460 nm:
this energy range is nearly ideal for activating ma-
terials that employ camphorquinone as a photoac-
tivator; therefore LEDs require less power to oper-
ate. In addition LED units have an extended life and
produce less heat thus respecting pulp and gingi-
val tissue.?53' Dental resins cured with blue LEDs
show a larger depth of cure, a higher DC and more
stable three-dimensional structures than those
cured using halogen lamps.*2

In this experiment the values of conversion of
the EndoREZ + Accelerator system were the high-
est of all materials tested, both with UltraLume
LED 5 and Mini LED lamp. In addition, among the
materials tested with the same lamp, EndoREZ +
Accelerator showed the highest values of enthalpy
after the first irradiation time (20 s). With regard
to the groups where EndoREZ + Accelerator was
tested, the type of LED light unit employed did not
influence the experimental results in terms of po-
lymerization rate when compared to the other res-
in materials tested.

According to our results relative DC progres-
sively increased in all the specimens tested from
the first to the fourth irradiation. Further irradia-
tions after the first light exposure of 20 s contribut-
ed to increase the percentage of cured monomers.

EndoREZ with or without Accelerator and Re-
alSeal polymerized with the Mini LED showed a
better behaviour than the same sealers polym-
erized with the UltraLume LED 5: this was prob-
ably due to the major intensity of the light source.
RealSeal polymerised with the UltraLume LED 5
showed values of conversion from the second to
the fourth irradiation that were higher than those
obtained from the EndoREZ polymerized with the
same lamp, but these differences were not statisti-
cally significant. In the group RealSeal + Mini LED
at each irradiation time the conversion was signifi-
cantly lower than that recorded for the group En-
doREZ + Mini LED, and the values of enthalpy were
almost constant during all the polymerization.

The different behaviour among the materials
tested may be due to their different components,
such as photo initiators, that allow a different re-
sponse of the material to the irradiation.

It was not possible to use the same curing mode
for the two light units. However in consideration of
the exponential increase of the DC as a function
of irradiation time, we did not expect significant
differences among the two curing modes. In this
study we evaluated the differences in DC of the
sealers considering the overall characteristics of
the LED light units.

During the interval between each irradiation
the materials did not exhibit significant exothermic
signals, thus indicating that the auto-polymeriza-
tion was very slow and did not influence this ex-
periment.

The sample preparation consisting of ER with
the accelerator was meant to reflect the situation
that occurs in the endodontic system where the
contact of the activator with ER interests only the
interface of the sealer with the gutta-percha cones
that are immersed into the accelerator before their
placement in the canal previously filled with the
EndoREZ.

The higher values of DC exhibited by EndoREZ
used in conjunction with the accelerator has a
clinical relevance because it decreases the setting
time of the material making it possible to complete
the restoration of the tooth in one visit. It has also
several advantages in terms of increasing the me-
chanical properties of the material (obturation sta-
bility, durability and performance after initial po-
lymerization). It must be considered that a higher
polymerization corresponds to a major shrinkage
of the resin, which may represent an important
cause of microleakage: in a recent study, higher
leakage was found when using EndoREZ sealer
with Accelerator than EndoREZ alone in delayed
post space preparation.’®® On the other hand the
placement of many accessory cones, as the sur-
face of the canal allows, reduces the amount of
sealer, resulting in less polymerization shrinkage.
If the immediate completion of the restoration of a
tooth is the objective, then the accelerator should
be used.

In the methacrylate-based sealers after light
activation residual unreacted monomers continue
to react slowly even at body temperature. As these
unreacted monomers are responsible for the bio-

B European Journal of Dentistry



[0 April 2011 - Vol.5

logical response to the material, 26343 we deduce
that an increase in the degree of conversion can
reduce the cytotoxicity of the sealers.

In this study the reactions of polymerization
resulted not complete following the first irradia-
tion time: the DC progressively increased as a
function of the irradiation and its values after each
subsequent irradiation contributed to a reduction
of the percentage of unreacted monomers. There-
fore the results of our experiment are qualitatively
in accordance with the study of Mazinis and Lam-
brianides, according to which there’s not correla-
tion between setting time and setting conversion
of endodontic sealers as the setting conversion of
the material continues after the setting time (that
is the time when the material harden).™

CONCLUSIONS

According to the results obtained in this study,
it could be concluded that:

e Either using Mini LED or UltraLume LED 5
as light unit, EndoREZ in association with the ac-
celerator exhibits significantly higher values of DC
than EndoREZ and RealSeal, both without cata-
lysts;

® The use of the Mini LED produced higher DC
than the UltraLume LED 5, both in the EndoREZ
with or without Accelerator and in the RealSeal;

e The relative DC progressively increased in all
the specimens tested from the first to the fourth
irradiation;

e Only further studies can evaluate if the use of
EndoREZ with the addition of the accelerator may
represent an advantage or a disadvantage for its
clinical use.
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