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ABSTRACT

The objective of this study was to investigate the
effect of various luting cement systems on bond
strength of fibre-reinforced posts to root canal
dentine. 40 extracted single rooted sound premolar
teeth were root filled, decoronated and randomly
divided into four groups. Fibre posts, Aestheti-
Plus™ (Bisco,Inc. Schaumburg, IL, USA) were
cemented using four luting cements: Group A
(control): Elite 100® Zinc phosphate (GC Corp,
Japan), Group B: Calibra™ Esthetic Resin Cement
(Dentsply Caulk, USA), Group C: RelyX ARC
Adhesive Resin (3M ESPE), Group D: RelyX
Unicem Aplicap (3M ESPE). Each root was sliced
into 2 discs representing the coronal and middle
portions of the root canal giving rise to 20 specimens
per group. Bond strength was determined using
push-out tests and data was analyzed using SPSS
version 14.0. The mean bond strength of Group A
to Aestheti-Plus™ post was 7.71 MPa (£2.51) and
Group B was 5.69 MPa (£3.23). Group C exhibited
the lowest mean bond strength, 4.29 MPa (£3.53)
while the highest bond strength was obtained from
Group D, 7.98 MPa (+2.61). One way ANOVA
showed significant interaction between all groups
(p=.001). Post-hoc Bonferroni test revealed that
bond strength of Group C was significantly lower
compared to Group A (p=.008) and D (p=.004). In
conclusion, the mean bond strength of Aestheti-
Plus™ post to root canal dentine was highest when
cemented with RelyX Unicem resin cement followed
by Elite 100® zinc phosphate cement, Calibra and
RelyX ARC resin cements. However, the bond
strengths of Calibra and RelyX Unicem resin
cements were not significantly different from Elite
100® zinc phosphate cement.
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INTRODUCTION

Endodontic posts have been shown to improve the
retention of foundation core restorations for
endodontically treated teeth which have significant
loss of coronal tooth structure. It has also been
demonstrated that these posts do not strengthen a
root (1). Most clinical failures involving
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endodontically-treated teeth reconstructed with posts
are due to cementation failure of the posts; with root
fractures being the most serious type of failure (2-
4). In situations in where all-ceramic restorations are
used for restoring maxillary anterior teeth, metal
posts may result in unfavourable aesthetic results,
such as grey discolouration of translucent all-
ceramic crowns and the surrounding gingiva (5).
Moreover, corrosive reactions with prefabricated
posts made from certain metal alloys can cause
complications involving the surrounding tissues and
oral environment, including metallic taste, oral
burning, sensitization, oral pain and other reactions
(6, 7). Various tooth-coloured posts such as fibre-
reinforced posts are available and provide some
advantages when restoring endodontically-treated
teeth (8,9).

Different resin luting cements and their
corresponding bonding systems have been proposed
for the cementation of tooth-coloured posts. The
composition of these resin luting cements and their
mode of polymerization may influence their
properties (10,11). Different viscosities of the luting
cement (12) and the monomer composition (13) have
also resulted in differences in adhesive properties of
the resin luting cements. Several in vitro studies
reported controversial results regarding bond
strengths of different luting cements to endodontic
posts and root canal dentine (14-20).

Bond strength between post and tooth has been
measured through conventional tensile testing on
external root dentine or on the post space surface
with pull-out and push-out methods. The latter has
the benefit of being more clinically relevant (21).

The present investigation evaluated the effect of
various luting cement systems on bond strength of
fibre-reinforced posts to root canal dentine. The null
hypothesis was that the bond strength of fibre-
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reinforced posts to root canal dentine was not
affected by luting cement systems.

MATERIALS AND METHODS

In this study, three resin luting cement systems and
one conventional cement were evaluated as
illustrated in Table 1. Zinc phosphate cement (Elite
100®, GC Corp, Japan) was used as the control
group.

Forty sound single rooted extracted premolar
teeth were collected. The clinical crowns were
removed using a separating disc mounted on a slow
speed handpiece under constant water spray, leaving
the root of approximately 14 mm in length.
Extirpation of pulp tissues was done using a barbed
broach (Dentsply-Maillefer, Switzerland). The canals
were prepared chemomechanically using step back
technique. The master apical file was standardized
to size 35 in all canals. The canals were then
obturated with gutta-percha cones (Dentsply Asia,
Hong Kong) and a eugenol-free sealer, Sealapex
(SybronEndo, CA) using the lateral condensation
technique. The master cone was coated with cement
and inserted to the working length, a finger spreader
(Kerr) was inserted into the canal about 1 mm back
from the working length, and lateral compaction was
performed with non-standardized gutta-percha
cones until the canal was obturated. Radiographs
were taken after obturation to ensure that the quality
of the root filling was satisfactory. All the specimens
were then stored in distilled water for 24 hours at
37°C and 100% humidity in an incubator to ensure
complete setting of the sealer before being restored
with Aestheti-Plus™ post (Bisco Dental Products
Schaumburg, IL USA),a quartz fibre and epoxy
composite posts.

Post space was prepared according to the
manufacturer’s instruction. Corresponding drills
(Fig. 1) were provided with the selected post size #2
Aestheti-Plus® post. The diameter of each post was
1.8 mm coronally and 1.2 mm apically (Fig. 2). The
depth of each post space was standardized to 9 mm
from the sectioned root face (Fig. 3).

The specimens were distributed randomly into 4
groups of 10 teeth each. The posts in Group A
(Control) was cemented with Elite 100® Zinc
Phosphate Cement, Group B with Calibra™ Esthetic
Resin Cement, Group C with RelyX™ ARC Adhesive
Resin Cement and Group D with RelyX™ Unicem
Aplicap Resin Cement. The posts were cemented by
a single operator adhering strictly to each
manufacturer’s instructions. Finger pressure was
maintained on the post till the cement set. Excess
cement was removed and each specimen was cleaned
with a moist cotton roll.

All the specimens were mounted in epoxy resin
(Mirapox, Miracon, Malaysia) using cylindrical
plastic moulds and were allowed to set for 24 hours.
Specimens were cross-sectioned, 3 mm in thickness
into coronal and middle portion (Fig. 4) using a
sectioning machine (Isomet™ /2000 Precision saw,
Beuhler) giving rise to 20 specimens per group. The
speed of sectioning ranged from 250-300 cycles per
minute under a coolant spray and applied load of
260N.

Push-out test was used to evaluate the bond
strength between luting cements and posts. The
sectioned specimens were mounted on a custom
made jig (Fig. 5) and the post was loaded with a 1.5
mm diameter cylindrical plunger. The plunger tip
was sized and positioned to touch only the post
without stressing the surrounding post space walls
(Fig. 6). The load was applied on the apical aspect

Table 1. Luting cements and corresponding adhesive systems used in the study

Group

Classification

(Number of lc_:uting t ionditng Manufacturer of Adhesive Main Constituents
specimens) emen gen System
A (20) Elite 100® - GC, Japan Conventional Powder: Zinc oxide, magnesium oxide
Zinc phosphate luting cement Liquid: Orthophosphoric acid
B (20) Calibra™ Prime & Dentsply 2 steps Base paste: Dimethacrylate resins,
Esthetic Bond NT Caulk, USA total-etch camphorquinone, stabilizers, barium
Resin boron fluoroalumino- silicate giass,
Cement hydrophobic amorphous fumed silica,
titanium oxide, pigments.Catalyst
paste: Dimethacrylate resins,
stabilizers, glass fillers, fumed silica,
benzoyl peroxide
C (20) RelyX™ ARC Single 3M ESPE, 2 steps BISGMA, TEGDMA, silica, zirconium
Adhesive Resin Bond St Paul, Minn total-etch glass (67.5% wt)
D (20) RelyX ™ - 3M ESPE, Self-adhesive Silica, glass, calcium hydroxide,
Unicem Aplicap St Paul, Minn resin cement methacrylate, phosphoric ester,

dimethacrylate, acetate
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Figure 1: Pre-shaping (a) and Finishing (b) drills. Figure 2: Schematic diagram of the
Aestheti-Plus™ post (mm).

9mm
Post Space

4mm
Gutta Percha]

Figure 3: Schematic diagram showing the depth of the post space.
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Figure 4: Close-up view of sliced specimen.

Root section
Sliced specimen

Figure 5: Specimen placed into the custom-made jig Figure 6: Schematic diagram of the push-out test.
for push-out test.
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Table 2. Mean bond strength of 4 types of luting cement systems

95% Confidence Interval for Mean

GROUP: MATERIAL Mean Std. Deviation Std. Error
Lower Bound Upper Bound
A: Elite 7.71 251 0.61 6.41 9.00
B: Calibra 5.69 3.23 0.78 4.02 7.35
C: RelyX ARC 4.29 3.53 0.83 2.53 6.05
D: RelyX Unicem 7.98 2.61 0.65 6.59 9.37

of the sectioned specimens in an apical-coronal
direction so as to push the post towards the larger
part of the root slice. Loading was performed on a
universal testing machine at a crosshead speed of 1.0
mm/min until bond failure occurred. The force (N)
required to debond the post was recorded. The bond
strength in MPa, was calculated from the following
formula:
N
2nrh,

where mw=constant 3.14, r=post radius, h=thickness
of the slice in mm.

The data collected from the study was analyzed
using the Statistical Packages for Social Sciences
(SPSS) version 14.0. The significance of the test was
set at 95% Confidence Interval. One-way Analysis of
Variance (ANOVA) and Post Hoc Bonferroni test
were carried out to analyze the effects of various
luting cement systems on bond strength of Aestheti-
Plus™ posts to root canal dentine.

RESULTS

The mean bond strength of Elite 100® zinc
phosphate cement to Aestheti-Plus™ posts was 7.71
MPa (£2.51). Whereas the mean bond strength of
Calibra resin cement was 5.69 MPa (+3.23). RelyX
ARC exhibited the lowest mean bond strength, 4.29
MPa (+3.53) and RelyX Unicem showed the highest
bond strength compared to the other groups, 7.98
MPa (£2.61) as illustrated in Table 2 and Figure 7.
One way ANOVA showed significant difference
between all groups (p=.001) (Table 3). Post-hoc
Bonferroni test revealed that the bond strength of
Group C, RelyX ARC resin cement, was significantly

lower compared to the control group, Elite 100® zinc
phosphate cement (p=.008) and Group D, RelyX
Unicem Aplicap (p=.004) (Table 4).

DISCUSSION

endodontically treated teeth is mainly advantageous
for preventing root fractures (8). However, for a
successful build-up of a subsequent resin core, it is
necessary to establish a strong bond between resin
and post as well as resin and dentine. If bonding at
these interfaces is poor, debonding and / or fracture
of the post and core will occur.

In this study, the bond strength between different
types of resin cement system to root canal dentine
was investigated. Comparison of the mean push-out
bond strength showed significant differences exist
between different groups of cement systems.
Therefore the null hypothesis of the present study is
rejected. The bond strength of Aestheti-Plus™ posts

-
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Figure 7: Mean bond strength (MPa) of 4 types
of luting cement systems.

Table 3. One way ANOVA: Bond strength of luting cements

Sum of Squares Mean Square F Sig.
Between Groups 157.831 52.610 5.776 .001
Within Groups 582.956 9.109

Total 740.787
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Table 4. Post Hoc Bonferroni test: Bond strength of luting cements

95% Confidence Interval

(I) Group (J) Group Mean Difference Std. Error Sig.
(I-J) Lower Bound Upper Bound
A: Elite(Control) B 2.01941 1.03519 .333 -.7991 4.8380
C 3.41768(*) 1.02071 .008 .6386 6.1968
D -.27551 1.05124 1.000 -3.1378 2.5867
B:Calibra A -2.01941 1.08519 .333 -4. und8380 7991
C 1.39827 1.02071 1.000 -1.3809 41774
D -2.29493 1.05124 .196 -5.1572 .5673
C:RelyX ARC A -3.41768(*) 1.02071 .008 -6.1968 -.6386
B -1.39827 1.02071 1.000 -4.1774 1.3809
D -3.69319(*) 1.03698 .004 -6.5166 -.8698
D: RelyX Unicem A 27551 1.05124 1.000 -2.5867 3.1378
B 2.29493 1.05124 .196 -.5673 5.1572
C 3.69319(*) 1.03698 .004 .8698 6.5166

* The mean difference is significant at the .05 level.

to root canal dentine was affected by the various
luting cement systems.

According to Ferrari et al (22) the differences in
the results may be due to factors such as the
handling characteristics of the adhesive system, root
anatomy, tooth position, presence of coronal
residual tissues; light curing technique, experience
and skill of the operators. In addition, the difference
in film thickness of the luting cements may
contribute to the present results although all possible
measures had been taken for standardization in post
space preparation.

In this study, Calibra and RelyX ARC resin
cement have almost similar results in bond strength
and gave lower bond strength values compared to
the other two groups of cements. Both Calibra and
RelyX ARC were 2-step total-etch dual-cured resin
cements. They need pretreatment such as application
of etchant, primer and adhesive prior to
cementation. According to Swartz and Robbins (23),
resin luting cements have been found to be more
technique sensitive and required more steps as
compared to other conventional luting cements.
Predictable delivery of etchants and adhesive
materials deep into the post space can be very
challenging (24). Inability to produce a good etching
surface of the intra-canal dentine wall in addition
to limited access for the adhesive materials to reach
the most apical part of the post space can affect the
bond strength of such cements.

Calibra and RelyX ARC resin cement required
hand mixing prior to application of the cement.
According to Kingsford-Smith and Martin (25),
hand mixing produces a lack of consistency in the
physical properties of set materials. Porosities might
also be induced by incorporation of air bubbles into
the materials; the requirement of mixing the base
and catalyst pastes of the resin luting cements would
incorporate air thus leading to void formation.

However, for RelyX Unicem, a one step self-etch
dual-cured resin cement, no pretreatment prior to
cementation was required and mixing was carried
out using an electronic mixing device, rather than by
hand.

According to Marco and co-workers (26), RelyX
Unicem self-adhesive resin cement exhibited sealing
properties that were better than Calibra resin cement
when they were used to cement fibre posts in
endodontically treated teeth. The RelyX Unicem
presented very low amount of bubbles and voids
within the cement layer as compared to Calibra. It
was suggested that this may be due to the ability of
the new RelyX Unicem Aplicap elongation tip to
deliver the luting cement completely into the canal.
Moreover, the technique of this self-adhesive resin
cement is less sensitive as compared to the 2-step
total-etch resin cements. A study done by Luca et al.,
(27) showed that the injection technique used to
deliver the luting cement into the canal produced less
air bubbles and voids in all the samples.

Calibra used Prime & Bond NT™ Dual Cure
adhesive, which contained a dual cure activator
whereas RelyX ARC resin cement used Single Bond
adhesive that was activated only by visible light
curing. It had been shown that light penetration was
limited inside the root canal, even with the use of
translucent posts (22).

A study done by Luis et al, (28) demonstrated
that RelyX ARC resin cement depended on light
activation to reach the proper degree of conversion.
To ensure that the luting cement achieve maximum
physical properties, the conversion rate should be as
high as possible.

Other than the adhesive system, the delivery
system itself of both the adhesive and luting cement
into the root canal was an important factor that
could affect bond strength. In this study, both
Calibra and RelyX ARC resin cement system
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involved the use of bristle brushes supplied by the
respective manufacturers for adhesive application. It
had been speculated that primer/adhesive application
with standard brush tips that were supplied together
with the respective adhesive systems probably
resulted in solution accumulation into the post-space
at the apical region; thus limiting solvent
volatilization and this could interfere with the
polymerization process (29). According to Leary
(30), it is important to avoid adhesive accumulation
in the apical third of the root canal because the
restricted access to this area can create additional
difficulty for the light activation process; thus
making this region predisposed to post displacement
prior to complete cement setting. The inappropriate
shape and dimension of disposable bristle brush tips
were also known to restrict the homogenous
application of the adhesive solution into constricted
root apical areas (31).

In this present study, the relatively high push-out
bond strength obtained in zinc phosphate specimens
was unexpected. Traditionally, it was thought that
resin cements would have higher bond strength when
compared to zinc phosphate. However, in this study,
the push-out bond strength of the zinc phosphate
group was higher compared to Calibra and RelyX
ARC groups. Its bond strength was only slightly
inferior to RelyX Unicem resin cement and also their
difference was not significant. These results were
supported by an evaluation of the interfacial push-
out bond strength of fibre posts by Fernanda and
co-workers (32). In their study, zinc phosphate
produced higher push-out bond strength when
compared to resin cements used in their study. The
relatively high interfacial strength of the zinc
phosphate cement could be explained by the
composition of the cement itself which contributed
to the frictional retention (33). However, it must be
pointed out that the clinical use of zinc phosphate
cement, as a luting material for fibre posts, needs
further investigation because other studies had
shown that this cement had low potential for sealing
the root canal wall and lack of adhesion to the
surface of the post (34).

Recommendations for further study:

1. To conduct a similar study to include more
varieties of luting cement systems so as to
provide a more representative result.

2. To conduct a similar study to analyse and
determine features at the microscopic level
contributing to bond strength using the
Scanning Electron Microscope (SEM).

3. To conduct a similar study to compare the
different types of adhesives, their delivery
systems and the outcome to bond strength.

4. To conduct a randomize clinical trial to
investigate the survival rate of different types
of fibre-reinforced post cemented with
various types of luting cement.

CONCLUSIONS

The mean bond strength of Aestheti-Plus™ post to
root canal dentine was highest in RelyX Unicem
resin cement followed by Elite 100® zinc phosphate
cement, Calibra and RelyX ARC resin cement.
However, the bond strengths of Calibra and RelyX
Unicem resin cements were not significantly different
from Elite 100® zinc phosphate cement. Rely X ARC
showed significantly lower bond strength compared
to Rely X Unicem and Elite 100® zinc phosphate
cement.
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