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Abstract

Objectives The aim of this study was to evaluate the physical and mechanical properties of different dual functional cements.
Materials and methods Three dual functional cements (Allcem Core (FGM), Rebilda DC (VOCO), and LuxaCore Z (DMG)), a
luting resin cement (Rely X ARC (3 M ESPE)), and a Core Buildup composite resin GrandioSo (VOCO) were used. Flexural
strength (n = 10) and film thickness (n = 6) were evaluated according to ISO 4049:2009. Flow (n = 6) was evaluated according to
ISO 6876:2001. Degree of conversion (DC) was assessed immediately and 24 h after polymerization (n = 5). For resistance to
dislodgment (RD) analysis, bovine teeth were prepared to receive fiber glass posts, and a push-out test (n = 12) was used.
Results Luxacore Z presented lower flexural strength when compared to GrandioSo (p < 0.001). No statistical difference was
found between cements for film thickness (p = 0.66). Reduced flow values were found for Allcem Core (p = 0.006). No statistical
difference was found for immediate DC for different cements (p > 0.05). After 24 h, DC increased for all groups, except for
Luxacore Z (p = 0.054). The RD did not differ from the control Rely X ARC, regardless of the root third (p > 0.05). Luxacore Z
showed lower mean values in the apical third compared to the coronal third (p = 0.046).

Conclusions The dual functional cements (Allcem Core and Rebilda DC) possessed similar physical and mechanical properties
of luting resin cement (RelyX ARC) and Core Buildup composite resin (GrandioSo). Hence, they could be used for one-stage
post and core buildup restorations.

Clinical relevance The dual functional cements could be used for one-stage post and core buildup restorations since they possess
similar physical and mechanical properties of luting resin cements and Core Buildup composite resin.

Keywords Resin cements - Post technique - Cementation - Dental prosthesis

Introduction

Rehabilitation of endodontically treated teeth is a challenge in
dental practice due to extensive loss of dental tissue in radic-
ular and coronal levels [1]. Limited access, visibility, moisture
control, deposition of cementum and dentin, and a high C-
factor are some factors that have to be considered when reha-
bilitation is needed [2]. Different post and core materials have
been used to reconstruct root and coronal portions, and resin-
fiber posts are the most suitable choice for this rehabilitation

< Vicente Castelo Branco Leitune
vicente.leitune @ufrgs.br

Dental Materials Laboratory, School of Dentistry, Universidade
Federal do Rio Grande do Sul, Ramiro Barcelos 2492, Porto
Alegre, Rio Grande do Sul, Brazil

due to its physical properties, which are closer to dentin, re-
ducing annual failure rates for this treatment [1, 3, 4].

Upon post-cementation, the rehabilitation of the coronary
portion requires a core buildup that bonds to the radicular
portion and creates a substrate for a total or partial crown
[5]. The interaction between the core and luting material is
important for better fracture resistance, and the major advan-
tage of this system is its potential to enhance bond strength
between the composite resin and a glass fiber post, creating a
so-called mono-block structure with an elastic modulus simi-
lar to dentine [6]. This unit promotes a better dissipation of the
functional loads when compared to cast posts [7, 8].

Core buildup is usually performed with composite resins
with high filler content [9]. However, the objective in post
endodontic treatment is to reconstruct the core with the luting
agent used for cementation. This technique aims to reduce
time necessary for the procedure, the number of materials,
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and technique sensitivity [10]. Also, possible incompatibilities
between materials for luting and core buildup are avoided by
using just one material for both applications [5]. To be applied
in this technique, however, resin cements should have suitable
mechanical properties to support masticatory loads and pre-
vent damage to the remaining tooth structure [11]. To test the
materials’ mechanical properties, flexural strength is frequent-
ly used [10] and is recommended by standards [12]. Although
this technique presents time-saving advantages, the require-
ments for luting and coronary filling materials are different
[12, 13], and some studies have shown controversial results
for resin cement’s dual function application [10, 14].

Besides the material’s properties, dentin in the coronal portion
and root presents several structural differences that can impair
application of the same material [1]. Factors such as heterogene-
ity in the density and orientation of its tubules, presence of smear
layer, moisture control inside the root canal, presence of remain-
ing coronal tooth structure, and adhesive technique sensitivity
explain the differences between these structures [2, 15]. The need
for flow through the root canal system [16] and the limited light
available for conversion of monomers [17] are a concern for
successful cementation, and thus, these cements must present
suitable physical properties for dual-function applications. Due
to these differences, the application of resin cements for both root
cementation and coronary filling is not well established. The aim
of this study was to evaluate the physical and mechanical prop-
erties of core build-up cements.

Methods and materials
Study design

Cements were tested for post-cementation and coronary-
filling purposes. For post cementation, Rely X ARC (3M
ESPE, Sumaré, SP, Brazil) was used as control, while
GrandioSo (VOCO, Germany) was used as control for the
coronary filling. Allcem Core (FGM, Joinville, SC, Brazil),
Rebilda DC (VOCO, Germany), and Luxacore Z (DMG,
Hamburg, Germany) were tested as dual-function materials
(post-cementation and coronary filling agents). The materials’
compositions are described in Table 1.

Flexural strength

Cements were tested as coronary filling materials for flexural
strength. Ten rectangular specimens (n = 10) with 25 mm x
2 mm x 2 mm were prepared for each group (Allcem Core,
Rebilda DC, Luxacore Z and GrandioSo) and stored in dis-
tilled water at 37 °C for 24 h before the tests, according to ISO
4049. [12] Flexural strength was determined with the three-
point test at a cross-head speed of 0.75 mm/min in a universal
testing machine (DL2000, EMIC, Sao José dos Pinhais, PR,
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Brazil) until the specimens fractured. Flexural strength was
calculated from the following equation:

o = 3FI/2bi?,

where F'is the maximum load exerted on the specimen, is the
distance (mm) between the supports £0.01 mm, b is the width
(mm) of the specimen immediately prior to testing, and h is the
height (mm) of the specimen measured with a digital caliper
immediately prior to testing.

Film thickness

Cements indicated for post-cementation were used in film-
thickness analysis (n=6) according to ISO 6876 [13]. Two
glass plates with 200 mm? and 5 mm thickness, respectively,
were used. The thickness of paired glass plates was measured,
and 0.02 ml of the cement was mixed and dispensed in the
center of the inferior plate and then covered with the other, in
the same orientation from the paired-glass measure. A con-
stant load of (150 £2)N was applied centrally in the superior
plate during (180 + 10)s. The thickness of the plates was mea-
sured again, and the difference between first and second mea-
surement was recorded as the film thickness.

Flow

Post-cementation materials were tested for flow ability
(n=06) according to ISO 6876 [13]. Two glass plates
with 200 mm? and 5 mm thickness, respectively, were
used. Cements were mixed, and 0.05 (+=0.005) ml of
cement was dispensed in the center of one plate and
then covered with a second plate. A load (100 g) was
applied for 10 min, the largest diameters of the cement
were measured and the mean value was recorded.

Resistance to dislodgment

Materials indicated for post-cementation were tested for resis-
tance to dislodgment through a push-out test. Forty-eight
freshly extracted bovine teeth were randomly assigned to each
group (n=12). Only teeth with straight roots, narrow canals,
and a root length of at least 15 mm were selected for this
analysis. External debris were removed with a periodontal
curette, and the crown surfaces of each tooth were sectioned
below the cement—enamel junction perpendicular to the long
axis, using a slow-speed diamond disk under water coolant.
The radicular pulp was removed using an no 30 K-file
(Maillefer-Dentsply, Ballaigues, Switzerland) and irrigation
with distilled water. The post space of each root was enlarged
with an no 3 drill from the Exacto post system (Angelus, PR,
Brazil), with a working length of 11 mm. The no 3 fiber post
had 17 mm of length, 2 mm of cervical diameter, and 1.1 mm
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Table 1 Materials used in this study

Material/batch no Function Organic matrix Inorganic particles

GrandioSo (VOCO) Filling Bis-GMA 2,5-5% TEGDMA 2,5-5% 89% weight

1,603,228 Bis-EMA 2,5-5%

Allcem Core (FGM) Cementation Filling Bis-GMA, TEGDMA, Bis-EMA Barium aluminum silicate glassSilicon dioxide
140,416 62% weight

Rebilda DC (VOCO) Cementation Filling Bis-GMA 2,5-5%, UDMA 10-25%, 69% weight

1,545,576 DDDMA 5-10%

Luxacore Z (DMG) Cementation Filling Bis-GMA, UDMA Barium glass, colloidal silica, nanocomposite,
733,647 zirconium dioxide 71% weight

Rely x ARC Cementation Bis-GMA 10-20%, TEGDMA 10-20% Silanized ceramic 60-70% weight

(3 M ESPE) Silanized silica 1-10% weight

N727807

of apical diameter. Roots were protected with an aluminum
blade prior to insertion of cement to protect them from exter-
nal light energy during the posts’ cementation. The fiber posts
were cleaned with 96% ethanol, and the silane (Angelus, PR,
Brazil) was applied with disposable microbrush tips.
Intracanal dentin was etched with 37% phosphoric acid for
15 s, rinsed with distilled water for 15 s and then gently dried
with absorbent paper points. A 3-step total-etch adhesive sys-
tem (Scotch Bond Multi-Purpose Plus, 3M ESPE) was applied
to the moist dentin with a disposable microbrush. Afterward,
the cement was dispensed into the post space with intra-oral
tips from each cement system or with a Centrix syringe
(Centrix Inc., Shelton, CT), and the fiber post was inserted.
Light activation was performed through the cervical portion of
the root for 20 s at the buccal and lingual surfaces, for a total of
40 s of light exposure, with 5 mm of distance between source
and root. The resin cement and adhesive were light activated
with an LED (Radii, SDI, Australia) under 1200 mW/cm?
light intensity. The power of the light-curing unit was gauged
with a radiometer (Model 100, Demetron Research Group,
Danbury, CT, USA). Roots were stored in 37 °C distilled
water for 7 days and then serially sectioned into 0.7-mm-thick
slices in a precision-cutting machine (Isomet Low Speed Saw,
Buehler) under constant water cooling. Slices were stored in
37 °C distilled water for 24 h before push-out tests were per-
formed. The cervical and apical diameter of the canal and the
thickness of all of the slices were measured with a digital
caliper. Each section was marked on its apical side and posi-
tioned on a base, with a central hole, in a universal testing
machine (DL2000, EMIC, Sao José dos Pinhais, PR,
Brazil). The push-out test was performed by applying a com-
pressive load to the apical side of each slice by using a 0.7-mm
diameter cylindrical plunger attached to the upper portion of
the testing machine. A crosshead speed of 1 mm/min was
applied until bond failure occurred. To express the bond
strength in megapascals (MPa), the load upon failure was
recorded in newtons (N) and divided by the bond area
(mm?) [18].

Degree of conversion

All materials were tested for degree of conversion (DC) by
Raman spectroscopy (SENTERRA Bruker Optics, Ettlingen,
Germany), a diode laser of 785 nm wavelengths and 100 mW
of intensity, for 5 s and 3 co-additions. Five specimens were
prepared (n=5). A total of 0.03 g of each material was dis-
pensed in a 4 X 1 mm mold for monomer analysis. Then, the
specimens were light cured for 40 s with an LED (Radii, SDI,
Australia) under 1200 mW/cm? light intensity and analyzed
immediately and after 24 h. To calculate the degree of conver-
sion, the absorbance in the spectrum peaks of aliphatic carbon
bonds at 1640 cm ' and aromatic carbon bonds 1610 cm ™" in
the monomer and in the polymer spectrums was considered,
with the equation:

DC - - absorbance (1640cm™!) /absorbance (1610cm ™' polymer) 100
N absorbance (1640cm™!) /absorbance (1610cm™' monomer)

Statistical analysis

The sample size for push-out tests, flexural strength,
degree of conversion, film thickness, and flow was cal-
culated in accordance with other studies that used sim-
ilar tests [19-21] considering a study power of 80% and
a significance level of 5%, with Sigma Plot 12.0. The
normality of data was evaluated using the Shapiro-Wilk
test. For flexural strength, film thickness and flow, a
one-way ANOVA test was used. For the immediate
and after 24 h DC, a one-way ANOVA test was used
to compare the materials at the same time, and a
Student’s paired ¢ test was used to compare different
times within the same material. The resistance to dis-
lodgment data was submitted to a log transformation
and to a two-way ANOVA test to compare different
materials in the same root third and to compare differ-
ent root thirds within the same material. Tukey was
used as a post hoc test.
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Results

Results for flexural strength in coronary-filling materials are
shown in Table 2. Luxacore Z presented lower values for
flexural strength when compared to GrandioSo (p <0.001).
No statistical difference was found between Allcem Core,
Rebilda DC and GrandioSo (p > 0.05). For post-cementation
materials, no statistical difference was found for film thickness
(p =0.66). Allcem Core presented a lower mean value in flow
analysis (p =0.006). No statistical difference was found for
resistance to dislodgement between the different tested ce-
ments, as shown in Table 3. Within the same cement,
Luxacore Z showed reduced push-out values in the apical
third compared to the coronal third (p =0.046). The most
prevalent failure mode was at the dentine/cement interface
(Fig. 1). Table 4 shows the DC results. No statistical difference
between tested cements and control groups was found for
immediate DC. After 24 h, Luxacore Z showed no increase
when compared to immediate (p = 0.054).

Discussion

The application of resin cements as buildup core materials has
been explored due to its potential to reduce the time of proce-
dure and technique sensitivity. Despite the simplification ad-
vantages, differences in root and coronary dentin structure [2],
and different requirements for each application [10], it is not
well established whether resin cements can be used for both
post-cementation and coronary filling. According to the re-
sults of the present study, all resin cements fulfilled the tested
requirements. Similar results were found for these cements
compared to the cement used for post-cementation (RelyX
ARC) and a composite resin used for reconstruction of the
coronary portion (GrandioSo).

To allow adhesive restoration of endodontically treated
teeth in a post and core procedure, however, the mechanical
properties of resin cements are not always as high as is re-
quired for this application [10]. In the present study, the flex-
ural strength was tested as the ability of the cements to resist
masticatory loads for coronary reconstruction. All tested ce-
ments in this study showed values greater than 80 MPa, which

is the minimum recommended value for polymeric restorative
materials [12], and thus, the mechanical properties are suitable
for core build-up reconstruction. GrandioSo, as a condensable
resin, was used as control and showed higher values due to the
higher content of inorganic particles [22]. Despite the differ-
ences in the amount and type of filler (Table 1), all tested
cements showed adequate values for flexural strength accord-
ing to ISO 4049 [12]. Interestingly, the lowest value in flexural
strength was found for Luxacore Z (82.94 Pa), which present-
ed the highest amount of filler when compared to the other
resin cements in Table 1. This result may be related to the
zirconium dioxide used as filler in this cement, as the
silanization process in this case may not be as efficient as for
other fillers, influencing the mechanical strength of the mate-
rial [23]. Increased filler content, however, is not always pos-
sible for cements when post-cementation is indicated because
of the need for flow inside the root canal system [16].

The filler content in resin cements can influence flow and
film thickness. The ability to flow through root structure and
create a thin film in the dentin/post interface is required for
better adaptation of the post. The cements used in the present
study fulfilled the requirements of ISO 6876 [13], despite the
differences found between commercial brands. Also, no sta-
tistical difference was found between the tested materials and
the control group. Within a thick cement film, more mono-
mers are available to react and convert into polymers, gener-
ating a higher polymerization shrinkage [24]. This is related to
the quality of the adhesion between the tooth and the compos-
ite and impacts the mechanical load supported by the restora-
tion [25]. As is known, the C-factor of the root canal is higher
than it is in coronary restorations, exceeding 200, and the
shrinkage stress could exceed the bond strength, causing
debonding or gaps and voids [26]. This can result in failure
and may be avoided by an adequate conversion of monomers
inside the root canal.

The degree of conversion (DC) of resin cements is impor-
tant for the treatment as, in the case of post cementation, con-
version of monomers depends on both light curing and self-
curing [27]. Contrary to opaque posts, translucent fiber posts
can transmit light, increasing polymerization of dual-cured
resin cements and also the curing depth. However, even trans-
lucent fiber posts can reduce light transmission to less than

Table 2 Means and standard

Flow (mm) Flexural strength (MPa)

deviation values of film thickness, Material/test Film thickness (um)
flow and flexural strength
Rely x ARC 26 (5.16)*
Allcem core 30 (6.32) 4
Rebilda DC 35(16.43) 4
Luxacore Z 35(20.74) A
GrandioSo -

20.77 (0.93) 4 -

17.60 (1.32) B 103.48 (18.08) A8
19.75 (1.32) AB 116.77 17.41) &
18.53 (1.97) AB 82.94 (18.03) B

- 125.14 21.43) 2

Different uppercase letters indicate statistical difference within the column. Rely X ARC and GrandioSo are the
control materials for cementation and coronary filling, respectively
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Table 3 Means and standard
deviation of resistance to
dislodgment values between the
root thirds (RT) and between dif-
ferent materials within the same
RT, after the push-out test

RT/material Allcem core Rebilda DC Luxacore Z Rely x ARC

Cervical 5.97 (2.93) ¢ 5.60 (3.58) A? 6,03 (431)42 432 (231)4?
Medium 5.06 (3.03) A° 5.16 (3.75) A* 3.13 (2.58) A 2.50 (1.24) A2
Apical 4.05 (2.72) A 3.52 (3.02) A 2.82 (2.11)A® 2.85(2.04) A

Significant differences are written by different letters (uppercase letters within row; lowercase letters within

column)

40% and might not guarantee sufficient polymerization of
resin cements [17]. To guarantee polymerization in the apical
region, dual cements were used for fiber post-cementation. As
seen in the DC results (Table 4), the immediate values were
similar for all materials, and an increase was observed after
24 h. This increase can be assigned to the continuous chemical
polymerization during this 24 h in dual cements [28]. This
dual polymerization system is not found for composite resin
GrandioSo, which showed reduced values for DC after 24 h.
Besides the polymerization method, the increased filler con-
tent in this resin resulted in reduced mobility of the monomer
chain [15], which can influence DC values. Although the val-
ue for GrandioSo was lower than the values for the cements,
this did not influence its application for coronary
reconstruction.

Push-out tests are recommended to determine the bond
strength of fiber posts to root dentin because they are able to
distribute stress more homogeneously and produce less vari-
ability in mechanical testing results, fewer pretest failures and

lower standard deviation [29]. The push-out bond strength is
related to the degree of conversion of monomers in deep re-
gions of the canal system and to the ability of this cement’s to
fill spaces between the post and the root dentin [30]. In the
present study, bond strength was similar for cements in all root
thirds, which was expected, as adequate properties were ob-
served in DC, flow and film thickness. Luxacore Z, however,
presented lower values for the apical third, which is related to
the filler used in this material. Zirconia particles are used as
filler for this cement, and its high opacity may reduce light
transmission during photoactivation. This can lead to reduced
monomer conversion in the apical region and reduced me-
chanical properties of the material, leading to a less-stable
bonding [31]. A long-term analysis of resistance to dislodge-
ment was not performed in the present study, but it could
elucidate the influence of tested variables in the longitudinal
bond strength [19].

Failure in cementation can be related to a gradual loss of
retention and is exacerbated by the polymerization shrinkage

Fig. 1 Failure mode of resistance
of dislodgement of different C
cements. C: cohesive, M: mixed,
and A: adhesive Rely XARC M
A
C
Luxacore Z M il
A [ |
C [ |
Rebilda DC M O
A [ |
C ]
Allcem Core M [ ]
A [ ]
I T T T T T
0 20 40 60 80 100 120
Legend Mode of failure
Ad/c: adhesive at dentine/cement interface I Ad/c
Mixed 1: Ad/c + cohesive in cement (cc) [ Mixed 1
Mixed 2: Ad/c + cc + cohesive in dentine B Mixed 2
A: apical root third, M: medium root third, C: cervical root third
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Table 4 Means and standard deviation values of the immediate and
24 h late degree of conversion for all materials

Material/time DC Immediate (%) DC 24 h (%)
Rely X ARC 69.15 (£8,53) A 88.78 (£5.22) AP
Allcem Core 62.21 (£7.68) A 80.24 (+2.37) ABP
Rebilda DC 58.87 (£8.06) A 83.58 (£6.17) AB®
Luxacore Z 63.73 (£6.54) A® 79.22 (+6.35) ABa
GrandioSo 54.97 (£7.76) A 67.98 (+1.45) B°

Different uppercase letters indicate statistical difference within the
column.Different lowercase letters indicate statistical difference within
the row. Rely X ARC and GrandioSo are the control materials for cemen-
tation and coronary filling, respectively

of cementing agents [15], and this may influence the complete
filling of the canal. In this study, All Cem Core presented
lower values in the flow test, which may influence the fulfill-
ment of the root canal. Despite the lower values, flow results
are in accordance with ISO 6876 [13], and it is thus expected
that this reduction will not impair the material’s function as a
post-cementation agent. To avoid incomplete filling and min-
imize the inclusion of air bubbles, the cements were inserted
into the post space using a syringe for push-out specimen
preparation. These problems in cementation are associated
with decreasing bond strength and, consequently, predispos-
ing posts for dislodgment [32, 33]. Some studies have also
reported that the reduction of bond strength from the cervical
to the apical root third can be attributed to differences in root
deep dentin, apical sclerosis, higher cavity configuration fac-
tor, the difficulty of visualization, and access to the apical part
of the root canal as well as restricted flow of the resin core
materials [2, 33]. Also, some factors related to the endodontic
treatment can influence bond strength. The root canals were
not endodontically treated before the post space preparation,
and this can be a limitation for the present study. Remnants of
sealers, eugenol, gutta-percha, and other intracanal medicine
might interfere in the adhesive process, thus reducing bond
strength [24]. Eugenol-based sealer reduces the immediate
push-out bond strength of fiber posts luted to root canal with
resin cement, regardless of the type of adhesive system or
resin cement used [34]. Values for bond strength in the push-
out test showed adequate results, and Allcem Core and
Rebilda DC showed results comparable to the cementation
control RelyX ARC.

Conclusion

The dual functional cements (Allcem Core and Rebilda DC)
possessed similar physical and mechanical properties of luting
resin cement (RelyX ARC) and Core Buildup composite resin
(GrandioSo). Hence, they could be used for one-stage post
and core buildup restorations.
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