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Abstract
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AH Plus, Epiphany, and Epiphany SE root canal sealers.
International Endodontic Journal, 42, 785-793, 2009.

Aim To assess the physicochemical properties and the
surface morphology of AH Plus, Epiphany, and Epiph-
any SE root canal sealers.

Methodology Five samples of each material were
employed for each test according to ANSI/ADA spec-
ification 57. The samples were assigned to four groups:
(i) AH Plus; (ii) Epiphany; (iii) Epiphany + Thinning
Resin; (iv) Epiphany SE. The distilled water used during
the solubility test was submitted to spectrometry to
verify the release of calcium ions. The morphologies of
the external surface and the cross-section of the
samples were analysed by means of a scanning electron
microscope (SEM). Statistical analysis was performed by
using One-Way ANovA and post hoc Tukey—Kramer
tests with the null hypothesis set as 5%.

Results Setting time, flow and radiopacity results
were in accordance with ANSI/ADA requirements
whereas the dimensional change of all sealers and
solubility of Epiphany did not fulfil ANSI/ADA proto-
cols. AH Plus and Epiphany SE were similar in terms of
flow, radiopacity, solubility and dimensional change.
The spectrometry test revealed significant calcium ion
release from Epiphany with and without the thinning
resin. SEM analysis revealed essentially a homogeneous
surface with compact layer and some rough areas.
Conclusions Setting time, flow, and radiopacity
tests conformed to ANSI/ADA standardization. The
dimensional change in all groups and the solubility of
Epiphany were greater than values considered accept-
able, with higher amounts of calcium ion release.
Epiphany SE revealed more organized, compacted, and
homogeneous polymers in a reduced resin matrix when
compared with the other groups.
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Introduction

Complete filling of the prepared root canal system is an
important component of successful root canal treat-
ment (Suebnukarn et al. 2008). The function of root
canal fillings is to seal the root canal system to prevent
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microorganisms and/or their toxic products reaching
the periodontal tissues (Sundqvist et al. 1998).

Synthetic resins have been used as root filling
materials for many decades. The most successful
resin-based sealers are the AH series, which was
developed more than 50 years ago. AH Plus (Dentsply
De Trey Gmbh, Konstanz, Germany), a mixture of
epoxy-amines, is the result of this product development
and is frequently used as a control material in research
(Orstavik 2005).
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The recent introduction of Resilon (Resilon Research
LLC, Madison, CT, USA) as an alternative root filling
material offers the promise of adhesion to dentine. The
first generation of this filling system consisted of a
thermoplastic synthetic polymer-based root filling
material (Resilon), a dual-curable resin-based compos-
ite (Epiphany), a self-etching Primer, and the Thinning
Resin that may be used to adjust the viscosity of the
sealer (Shipper et al. 2005, Merdad et al. 2007). The
second generation replaced the original sealer and
primer with Epiphany SE Self-Etch Sealer (Pentron
Clinical Technologies, Wallingford, CT, USA), a self-
etch dual-cure, hydrophilic resin sealer that potentially
bonds to both Resilon and to dentine in the canal,
without a separate priming step (Pentron 2007).

The purpose of this laboratory study was to assess
the setting time, flow, radiopacity, solubility, and
dimensional changes of Epiphany SE, in comparison
with the original sealer, combined or not with the
Thinning Resin, and the well-established epoxy-amine
resin sealer AH Plus, according to ANSI/ADA (2000)
standards. In addition, the morphologies of the external
surface and the cross-section of all sealers were
analysed using scanning electron microscopy (SEM).

Materials and methods

Setting time, flow, radiopacity, solubility, and dimen-
sional changes after setting for AH Plus (group I),
Epiphany (group II), Epiphany plus Thinning Resin

Table 1 Composition of root canal sealers

(group I, and Epiphany SE (group IV) root canal
sealers were measured according to ANSI/ADA (2000)
standards for root canal sealing materials. Analyses
were performed by a single examiner who was blind to
the materials identification.

All materials (Table 1) were manipulated according
to the manufacturer’s instructions. To standardize and
homogenize the amount of material, 0.3 g of sealer was
dispensed onto a mixing pad and spatulated for 15 s for
each tested sample. As the sealers in groups II, III, and
IV were dual-cure resins, they were mixed and handled
in a darkroom using a low wattage red safelight bulb
(15W). In group II, for each 0.3 g of freshly
manipulated sealant one drop of the Thinning Resin
(0.04 g) was dropped onto it. For physicochemical
tests, the arithmetic mean of five replicates for each
sealer was recorded and considered as the result of the
test.

Setting time

Five plaster of Paris cast rings, having an internal
diameter of 10 mm and a thickness of 2 mm were
prepared. The external borders of the moulds were fixed
with wax on a glass plate (75 x 25 x 1 mm). The
moulds were then filled with the material and trans-
ferred to a chamber with 95% relative humidity (RH)
and a temperature of 37 °C. In group I (AH Plus),
150 £ 10 s from the start of mixing the sealer, a
Gilmore-type needle with a mass of 100 £0.5¢g

Root canal sealers Composition (MSDS data)

Manufacturer

AH plus
silicone oil
Epiphany resin sealer

Epoxy resins, zirconium oxide, iron oxide, calcium tungstate, Dentsply De Trey Gmbh, Konstanz,

Germany

Mixture of UDMA?, PEGDMAP, EBPADMA® & BisGMA resins,  Pentron Clinical Technologies,
silane-treated barium-borosilicate glasses, aluminum oxide,

Wallingford, CT, USA

barium sulfate, silica, calcium hydroxide, bismuth
oxychloride with amines, peroxide, photo initator,

stabilizers, and pigment.

Epiphany SE self-etch sealer Mixture of EBPADMA, HEMA®, BisGMA and acidic
methacylate resins, silane-treated barium-borosilicate

Pentron Clinical Technologies,
Wallingford, CT, USA

glasses, aluminum oxide, silica, hydroxyapatite,
Ca-Al-F-silicate, bismuth oxychloride with amines, peroxide,
photo initator, stabilizers, and pigment.

Epiphany thinning resin
Red no 40.

EBPADMA resins with photo initiator, amines, stabilizer, and  Pentron Clinical Technologies,

Wallingford, CT, USA

2urethane dimethacrylate.

Ppolyethylene glycol dimethacrylate.
®ethoxylated bisphenol A dimethacrylate.
9bisphenol-a-glycidyl dimethacrylate.
°2-hydroxyethyl methacrylate.
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having a flat end of 2.0 £ 0.1 mm in diameter was
carefully lowered vertically onto the horizontal surface
of each sample. The needle tip was cleaned and the
probing was repeated until indentations ceased to be
visible. If the results differed by more than £5%, the test
was repeated. In groups II, III and IV (Epiphany,
Epiphany plus Thinning Resin and Epiphany SE,
respectively), after the 150 £ 10 s from the start of
mixing the sealer, the specimens were light-cured for
40 s (Ultralux Dabi Atlante, Ribeirao Preto, Sdo Paulo,
Brazil) and the setting time was measured as described
above.

Radiopacity test

Five acrylic plates (2.2 cm x 4.5 cm X 1 mm), con-
taining four wells measuring 1 mm in depth and 5 mm
in diameter, were prepared and placed over a glass
plate covered by cellophane sheet. Each well was filled
with one of the sealers, following a sequence according
to the setting time of the material, from the longest to
the shortest, so that the samples would be ready for
radiographic evaluation after the final setting of all
materials. In order to avoid the formation of bubbles, in
group I, the freshly mixed sealer was introduced into
the wells using a syringe whilst in groups II, IIT and IV,
the respective material applicators were used. Another
glass plate covered with cellophane was placed on top
until complete setting (chemically or light-cured), then
any excess sealer was removed. Each plate was kept in
an incubator (37 °C, 95% RH) for a period correspond-
ing to three times the setting time.

Each of the acrylic plates containing the sealers was
positioned, at the time of the radiographic exposure,
alongside another acrylic plate (1.3 cm X 4.5 cm
X 1 mm), containing an aluminium stepwedge, made
of 1100 alloy, with the thickness varying from 1 to
10 mm, in uniform steps of 1 mm each (ANSI/ADA
2000). This set of acrylic plates was placed in front of
this phosphor plate, next to the aluminium step wedge,
and a digital radiograph was taken (Digora™ system;
Soredex Orion Corporation, Helsinki, Finland). Radio-
graphic images were obtained using the Spectro 70x
X-ray machine (Dabi Atlante, Ribeirao Preto, Sao
Paulo, Brazil), at 70 kVp and 8 mA. The object-to-
focus distance was 30 cm (ANSI/ADA 2000) and the
exposure time was 0.2 s. Exposed imaging plates of the
test samples were scanned immediately after exposure
(Digora™ Scanner) and analysed using Digora™ for
Windows 5.1 software.

© 2009 International Endodontic Journal

Flow test

A total of 0.5 mL of sealer was placed on a glass
plate (10 x 10 x 3 mm) using a graduated disposable
3 mL syringe. At 180 + 5 s after the onset of mixing,
another plate with a mass of 20 = 2 g and a load of
100 N plus was applied centrally on top of the
material. Ten minutes after the commencement of
mixing, the load was removed and the average of the
major and minor diameters of the compressed discs
were measured using a digital calliper with a
resolution of 0.01 mm (Mitutoyo MTI Corporation,
Tokyo, Japan). If both measurements were consistent
to within 1 mm, the results were recorded. If the
major and minor diameter discs were not uniformly
circular or did not match within 1 mm, the test was
repeated.

Solubility

A 1.5-mm-thick cylindrical Teflon® (Polytetrafluroeth-
ylene; DuPont, HABIA, Knivsta, Sweden) mould mea-
suring 7.75 mm in inner diameter was filled with
freshly mixed sealer. The mould was supported by a
larger glass plate and covered with a cellophane sheet.
An impermeable nylon thread was placed inside the
material and another glass plate, also covered with
cellophane film, was positioned on the mould and
pressed manually in such a way that the plates touched
the entire mould in a uniform manner. The assembly
was placed in an incubator (37 °C, 95% RH) and left to
stand for a period corresponding to three times the
setting time. As soon as the samples were removed
from the mould, they were weighed three times each
with a degree of accuracy of 0.0001 g (HM-200; A &D
Engineering, Inc., Bradford, MA, USA), and the mean
reading recorded. The samples were suspended by
nylon thread and placed two-by-two inside a plastic
vessel with a wide opening containing 7.5 mL of
deionised distilled water, taking care to avoid any
contact between them and the inner surface of the
container. The containers were sealed and left for
7 days in an incubator (37 °C, 95% RH). After this
period, the samples were removed from the containers,
rinsed with deionised distilled water, blotted dry with
absorbent paper, and placed in a dehumidifier for 24 h.
Afterwards, they were weighed again. The weight loss
of each sample (initial mass minus final mass),
expressed as percentage of the original mass
(m% = my—my), was taken as the solubility of the sealer.
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A volume of 7.5 mL of distilled water from each
sample was poured into a cleaned and dried porcelain
crucible. Each crucible was put into a muffle and
burned at 550 °C. Ash was dissolved in 10 mL of a
concentrated nitric acid using a glass stick. Following
this, the samples were put into 50 mL volumetric flasks
and the volume made up with ultrapure deionised
water (MilliQ; Millipore, Billerica, MA, USA). The
solutions attained were sprayed into the atomic
absorption spectrophotometer (Perkin Elmer, Uberlin-
gen, Germany) to verify the presence of calcium ions.
The arithmetic mean of three replicates for each
specimen was recorded and considered as the result,
expressed as pg mL L.

Dimensional change

Five Teflon® moulds, prepared for the production of
3.58-mm high cylindrical specimen measuring 3 mm
in diameter, were placed on a glass plate wrapped with
a fine cellophane sheet. The moulds were filled with a
slight excess of freshly mixed sealers and a microscope
slide, also wrapped in cellophane, was pressed onto the
upper surface of the mould. The assembly was held in a
C-shaped clamp and transferred to an incubator (37 °C,
95% RH) and left to stand for a period corresponding to
three times the setting time. After this period, the flat
ends of the moulds, containing the samples, were
ground with 600 grit wet sandpaper. The samples were
removed from the mould, measured with a digital
calliper, stored in a 50-mL vessel containing 2.24 mL
of deionised distilled, and kept in an incubator (37 °C,
95% RH) for 30 days. The sample was then removed
from the container, blotted dry on absorbent paper, and
measured again for length. The percentage of the
dimensional alterations was calculated using the
formula:

L3p — L
L

x 100

where L3 is the length of the sample after 30 days of
storage and L is the initial length of the sample.

SEM examination

For SEM examination, cylindrical Teflon® moulds
(3 x 4 mm) were filled with freshly mixed sealers.
The moulds were supported by a glass plate covered
with a cellophane sheet and placed in a chamber
(37 °C, 95% RH) for a period corresponding to three
times the setting time. After that, the samples were
sectioned with a size 15 disposable surgical scalpel
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blade, fixed on a metallic stub (10 X 5 mm), and
sputter-coated with gold-palladium (Bal-Tec AG, Bal-
zers, Germany) at 20 mA. The morphologies of the
external surface and the cross-section of the samples
were qualitatively analysed under a field emission SEM
(Jeol JSM 5410; Jeol Technic Co., Tokyo, Japan) at an
accelerating voltage of 15 kV, a working distance from
6 to 10 mm, and at different magnifications.

Statistical analysis

Five specimens from each group were tested and the
means were compared statistically. The Kolmogorov—
Smirnov revealed that the results were consistent with
a normal distribution curve (GMC 8.1; USP, Ribeirao
Preto, SP, Brazil) thus, parametric statistical analysis
was possible (One-Way ANovA and post-hoc Tukey—
Kramer test), and the null hypothesis was set as 5%
(GraphPad InStat; GraphPad Software Inc., CA, USA).

Results

Setting time

The ANSI/ADA (2000) requires that the setting time of
a sealer shall be within 10% of that stated by the
manufacturers. Thus, AH Plus and Epiphany have a
stated setting time of 8 h (480 min) and 25 min of
setting time, respectively. Hence, the mean values
obtained were in agreement with the ANSI/ADA
standard. Statistical analysis demonstrated that the
setting time of group I (494.0 £ 7.03 min) was signif-
icantly higher than groups I-IV (P < 0.05) (Table 2).

Radiopacity test

All materials demonstrated radiopacity above the 3 mm
of aluminium recommended by ANSI/ADA (2000)
specification 57. Statistical analysis demonstrated sim-
ilar radiopacity among groups I (6.06 £ 0.20 mmAl)
and IV (5.57 £ 0.16 mmAl), which were significantly
higher than groups III (4.88 £ 0.09 mmAl) and II
(4.40 £ 0.13 mmAl), respectively (P < 0.05) (Table 2).

Flow test

The ANSI/ADA (2000) requires that a sealer shall have
a diameter of no less than 20 mm and all groups
conformed to the standards. Statistical analysis
revealed that the results of groups II (43.96 £
1.17 mm) and III (43.95 £ 4.08 mm) were signifi-

© 2009 International Endodontic Journal
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Table 2 Physicochemical properties of experimental groups

Experimental groups

| Il 11l v

AH plus Epiphany Epiphany + Thinning Epiphany SE
Setting time (min) 494 + 7.037 26.96 + 0.55° 23.90 + 0.74° 23.10 + 0.26°
Radiopacity (mmAl) 6.06 + 0.20° 4.40 = 0.13° 4.88 + 0.09° 5.57 = 0.16°
Flow (mm) 38.39 + 2.95 43.96 = 1.17° 43.95 + 4,087 39.62 = 3.21°
Solubility (%) 0.41 = 0.29° 3.25 + 1.74° 1.81 = 0.05° 0.34 = 0.29°
Dimensional Change (%) 1.42 £ 0.28¢ 10.24 + 2.53° 4.64 * 0.64° 2.43 + 0.46°

Values are mean + standard deviation. Values followed by different superscript letters in each row differ significantly. Values in bold

letters do not comply with ANSI/ADA requirements.

cantly higher than groups I (38.39 £ 2.95 mm) and
IV (39.62 = 3.21 mm) (P < 0.05) (Table 2).

Solubility

A root canal sealer should not exceed 3% by mass
when the solubility of the set material is tested (ANSI/
ADA 2000). In contrast to Groups I, IIT and IV, the
solubility for group IT (3.25 £ 1.74%) did not conform
to ANSI/ADA standard (P < 0.05) (Table 2). The
deionised distilled water used for the solubility test
and submitted to atomic absorption spectrometry
revealed a significant level of Ca™ release in groups II
(356.86 * 6.10 pg mL™") and III (465.74 + 7.12 pg
mL™") compared with groups I (2.27 * 1.01 pg mL™")
and IV (3.09 + 1.02 pg mL™) (P < 0.05).

Dimensional change

Neither sealer conformed to the ANSI/ADA standardi-
sation, which states that the mean linear shrinkage of
the sealer shall not exceed 1% or 0.1% in expansion.
Statistical analysis demonstrated similar results among
groups I (1.42 = 0.28%) and IV (2.43 * 0.46%) which
were significantly lower than groups I1I (4.64 £+ 0.64%)
and I (10.24 £ 2.53%), respectively (P < 0.05)
(Table 2).

SEM examination

The scanning electron microscopy of the cross-section
of the specimens revealed the presence of sphere-shaped
and plate-shaped polymers of different sizes that were
nonhomogeneously dispersed within groups I and II,
respectively. In contrast, groups III and IV had a more
uniform and compact layer comprised of plate-shaped
polymers. In group IV, more uniform and organized
layer with higher amount of polymers in a reduced
resin matrix was observed (Fig. 1).

© 2009 International Endodontic Journal

Discussion

Root filling materials must have several properties,
ranging from biocompatibility to mechanical sealing
ability (Orstavik 2005). Technological tests have been
systematized by standards organizations, as American
National Standards Institute/ American Dental Associa-
tion (ANSI/ADA 2000), to assess the physical and
technological properties of endodontic filling materials.
Although ANSI/ADA requirements have no specifica-
tion regarding the use of digital radiography, it was used
in this research in view of its widespread availability and
advantages (Carvalho-Junior et al. 2007a). In this study,
AH Plus, a two-component paste root canal sealer, based
on polymerisation reaction of epoxy resin amines was
tested for comparison, as it has been continuously used
in comparative studies of physicochemical, biological
and antimicrobial properties of root canal sealers (Sousa
et al. 2006, Versiani et al. 2006, de Campos-Pinto et al.
2008). The introduction of Resilon maybe a viable
alternative to Gutta-percha in clinical practice (Cotton
et al. 2008), as it is made out of a soft resin, it can
potentially bond to the Epiphany, a metacrylate resin-
based sealer (Shipper et al. 2005, Pawinska et al. 2006).
The new Epiphany SE is an evolution of Epiphany and
differs from the latter due the substitution of urethane
dimethacrylate monomer (UDMA), a more flexible
aliphatic base monomer that has some hydrophilic
properties (Skrtic & Antonucci 2007), by 2-hydroxyeth-
yl methacrylate (HEMA), a highly hydrophilic monomer
(Table 1).

The setting time is primarily a control test on the
stable behaviour of a product and is dependent on the
constituent components, their particle size, the ambient
temperature, and relative humidity (Orstavik 1983,
Orstavik et al. 2001, Orstavik 2005). There is no
stipulated standard setting time for sealers, but clinical
convenience demands that it must be long enough
to allow placement and adjustment of root filling if

International Endodontic Journal, 42, 785-793, 2009
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180 pm BORAB7E

Figure 1 Scanning electron microscopy qualitative analysis. A high-magnification view of the internal layer (a, c, e, g) of groups
I-1V, respectively (2000X, bar = 10 um); higher-magnification of internal layer (b, d, f, h) of groups I-1V, respectively (3500X,

bar = 5 pm).

necessary. In the present study, AH Plus had a setting
time almost 20 times higher than the other sealers due it
is a two-component paste based on a slow polymerisa-
tion reaction of epoxy resin amines, where the conver-
sion of monomers into polymers occurs gradually
(Lin-Gibson et al. 2006). Epiphany and Epiphany SE
are dual-curable resin composites containing a new

International Endodontic Journal, 42, 785-793, 2009

redox catalyst (Pawinska et al. 2006). With the aim of
creating an immediate coronal seal, the manufacturer
states that 40 s of light is required to cure the coronal
surface of the material, whereas the entire filling will self-
cure in approximately 15-30 min (Nagas et al. 2008).
In this study, even though Epiphany and Epiphany
SE were mixed and manipulated in a darkroom during

© 2009 International Endodontic Journal
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the experimental procedures, yet when the specimens
were exposed to a light cure source, a thin superficial
noncured layer was always observed after the required
setting time. The polymerisation of the sealer/dentine
interface could possibly be affected by oxygen molecules
present in dentine tubules. According to Franco et al.
(2002), the oxygen inhibits vinyl polymerisation in
composite resins and 40-60% of the carbon bonds
remained unsatured. The lack of photoactivation
throughout the entire specimen contributes to its
incomplete polymerisation, leaving residual monomers
in the sealer at the deepest regions of the specimen
(Rached-Junior et al. 2009).

A degree of radiopacity is essential for the control of
root filling placement. While the standards require only
a lower limit to this property, it should be realized that
extreme contrast in a material may lead to a false
impression of a dense and homogenous fill (Orstavik
2005). In the present work all sealers fulfilled ANSI/
ADA (2000) recommendations. Epiphany SE and AH
Plus had significantly higher values and were statisti-
cally similar (P > 0.05). An analysis of the composition
of the materials revealed they all have radiopacifier
agents (Table 1); AH Plus contains zirconium oxide,
iron oxide and calcium tugstate (Tanomaru-Filho et al.
2007) whilst Epiphany and Epiphany SE contain
silane-treated barium-borosilicate glass in addition to
barium sulphate, bismuth and silica (Epiphany SE
MSDS Data, Tagdemir et al. 2008). Despite having
almost the same composition, Epiphany SE was more
radiopaque than Epiphany due the additional presence
of Ca-Al-F-silicate (Epiphany SE, MSDS Data). On the
other hand, Epiphany Thinning Resin has no filler and
is used to adjust the viscosity of the Epiphany sealer
(Merdad et al. 2007); consequently, it had no influence
on radiopacity.

The ability of the sealer to flow is an important
feature (Alicia Karr et al. 2007, Almeida et al. 2007)
that depends on particle size, rate of shear, tempera-
ture, time, the internal diameter of the canals and the
rate of insertion (Qrstavik 2005). Even though Epiph-
any and Epiphany plus Thinning were significantly
higher than AH Plus and Epiphany SE (P < 0.05), all
sealers were consistent with ANSI/ADA (2000) stan-
dards.

In order to measure the stability of sealers, their
solubility and dimensional changes were evaluated.
Solubility simply means the loss of mass during a period
of immersion in water (Carvalho-Junior et al. 2007b),
whereas dimensional change demonstrates, in percent-
age terms, the shrinkage or expansion of the material

© 2009 International Endodontic Journal

following setting (Orstavik 2005). In the present study,
despite ANSI/ADA recommendations, a modification
previously proposed for both tests (Carvalho-Junior
et al. 2007b) was used, which achieved similar results
with a decrease in the material volume necessary for
the production of the test samples. The volume
reduction of filling material required to produce test
samples can contribute to rational use of endodontic
materials in the laboratory studies.

Solubility results of AH Plus, Epiphany plus Thinning
and Epiphany SE were within ANSI/ADA (2000)
standards, although Epiphany and Epiphany plus
Thinning were similar and showed higher values.
Epiphany (3.25 £ 1.74%) did not conform to
the ANSI/ADA (2000) in absolute values; however,
the lower limit of the range of values was within the
recommendations. Atomic absorption spectrometry
analysis conducted to determine the components
released during the solubility test revealed extensive
calcium release for Epiphany and Epiphany plus
Thinning, which was consistent with previous findings
(Versiani et al. 2006). Ethoxylated bisphenol A dimeth-
acrylate (EBPADMA), a component of Epiphany sealer,
is a low viscosity base monomer used to adjust the
viscosity of resins systems (Merdad et al. 2007, Skrtic &
Antonucci 2007). According to Skrtic & Antonucci
(2007), EBPADMA forms a more open network struc-
ture with lower cross-linking density, which enhances
the diffusion of ions into the storage media. This factor
possesses influences in the substantial release of
calcium ions found with Epiphany and Epiphany plus
Thinning. As calcium ion release has been shown to
favour a more alkaline pH environment (Leonardo et al.
2006), this result may explain the reduced inflam-
matory response observed in in vivo studies (Shipper
et al. 2005, Sousa et al. 2006, de Campos-Pinto et al.
2008).

Notwithstanding the presence of EBPADMA in
Epiphany SE (Table 1), its solubility and release of
calcium ions were dissimilar in comparison with
Epiphany and Epiphany plus Thinning. All three
Epiphany’s sealers contain EBPADMA, however, in
Epiphany SE, UDMA is replaced by HEMA, which is a
low-weight hydrophilic monomer (Nakabayashi &
Pashley 1998). Both Bis-GMA- and EBPADMA-based
resins attained a higher methacrylate conversion when
the hydrophilic monofunctional HEMA was included as
a co-monomer in the resin (Skrtic & Antonucci 2007).
Higher degrees of conversion for resins with a relatively
greater content of HEMA could be attributed to its high
diffusivity and monofunctionality (Regnault et al

International Endodontic Journal, 42, 785-793, 2009
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2008). Furthermore, it should be noted that dual cure
cements are characterized by a slower chemical poly-
merisation where the light does not reach (Braga and
Ferracane 2004). Thus, the better mechanical and
chemical properties of Epiphany SE could be explained
by the low level of calcium ions release observed in this
study. It should be also highlighted that the manufac-
turer does not indicate the amount of EBPADMA
monomer that was removed from the constituents of
Epiphany.

In this study, the greatest dimensional changes
occurred with Epiphany and Epiphany plus Thinning
and this may be ascribed to the open cross-linked
matrix formed in these materials, which produces a
weaker structure, favouring calcium ions release. This
fragile structure leads to water sorption and, conse-
quently, higher expansion, as observed in this study
(Table 2).

The lack of information on new generation of resin-
based endodontic sealers hinders reliable comparisons.
Further studies should aim for a better understanding
of their physical, mechanical and chemical properties
and how best to use them in specific clinical
procedures.

Conclusions

Overall, setting time, flow, and radiopacity tests of AH
Plus, Epiphany, Epiphany plus Thinning, and Epiphany
SE conformed to ANSI/ADA standards. The dimen-
sional change in all groups and the solubility of
Epiphany were greater than values considered accept-
able, with higher amount of calcium ion release.
Epiphany mixed with Thinning Resin and Epiphany
SE had lower solubility values than Epiphany. SEM
analysis revealed that Epiphany SE had more orga-
nized, compact, and homogeneous polymers in a
reduced resin matrix than AH Plus and Epiphany.
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