Australian Dental Jour

G

AUSTRALIAN DENTAL
ASSOCIATION INC.

The official journal of the Australian Dental

Australian Dental Journal 2012; 57: 166-170

SCIENTIFIC ARTICLE

doi: 10.1111/1.1834-7819.2012.01671.x

The effect of calcium silicate-based sealer on the push-out

bond strength of fibre posts

E Ozcan,* ID Capar,t AR Cetin,i AR Tuncdemir,§ HA Aydinbelget

*Department of Endodontics, Faculty of Dentistry, Mustafa Kemal University, Hatay, Turkey.
tDepartment of Endodontics, Faculty of Dentistry, Selcuk University, Konya, Turkey.
iDepartment of Restorative Dentistry, Faculty of Dentistry, Selcuk University, Konya, Turkey.
§Department of Prosthodontics, Faculty of Dentistry, Mustafa Kemal University, Hatay, Turkey.

ABSTRACT

Background: The aim of this study was to assess the effect of the iRoot SP root canal sealer on the push-out bond strength
of fibre posts cemented with self-adhesive resin cement.

Methods: Forty-eight extracted maxillary incisors were randomly divided into four groups according to the tested sealer
(n = 12): group 1 — control (only gutta-percha points, no sealer); group 2 — AH Plus Jet (resin-based sealer); group 3 —
Endofill (zinc oxide-eugenol-based sealer); and group 4 — iRoot SP (calcium silicate-based sealer). All root canals were filled
with gutta-percha, and groups 2—4 additionally received one of the sealers. Fibre posts were cemented with the self-adhesive
resin cement Clearfil SA Cement. The specimens were sectioned in the coronal, middle and apical regions, producing
three slices of 1 mm thickness. The push-out test was performed. All data were submitted to ANOVA and Tukey tests
(o = 0.05).

Results: No statistically significant differences were found between the control group, AH Plus Jet and iRoot SP (p > 0.05).
The Endofill sealer showed significantly lower bond strength compared to the other sealers and the control group (p < 0.05).
Conclusions: The calcium silicate-based sealer did not adversely affect the bond strength of the fibre posts cemented with

self-adhesive resin cement.
Keywords: iRoot SP, post bond strength, root canal sealer.
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INTRODUCTION

Radicular posts are recommended to aid in the reten-
tion of final restorations for the reconstruction of root-
filled teeth that have insufficient coronal tooth struc-
ture.” Traditionally, cast and prefabricated metal
posts have been used for this purpose. Unfortunately,
they can also cause problems as metal posts have a
higher elastic modulus than dentine,” and this may
cause cracking or fracture in the remaining tooth
structure. Additionally, metal posts are more likely to
cause some aesthetic problems. Fibre posts are less
rigid, elastically compatible with dentine and can form
a homogeneous unit with the surrounding root, pro-
ducing a favourable stress distribution and resulting in
fewer root fractures.>*

Adhesive resin cements are widely used to bond the
post to the root canal. Fibre posts have excellent
bonding characteristics to resin cement and dentine.’
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However, resin cements are more technique sensitive
than most other luting cements and therefore require
additional steps.®> Self-adhesive resin cements have
recently been introduced. They do not require any
pretreatment of the tooth surface, which simplifies the
luting procedure.®” The bonding mechanism for self-
adhesive resin cements is based on chemical adhesion
and micromechanical retention.®” Studies have shown
that self-adhesive resin cements can provide high bond
strength and good marginal adaptation at the dentine,
which is comparable to other types of resin cements.®'°

When cementing posts, the adhesion of the resin
cements to root dentine can be affected by the type of
endodontic sealer used for obturation, which may
eventually affect post retention.'' Eugenol-based seal-
ers still have considerable popularity among clinicians
and researchers because of their long history.'>'? Some
studies have suggested that eugenol-containing and
non-eugenol-containing sealers have a similar effect on
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the retention of a post that has been cemented with
resin cement,'®'> but a significant number of contrast-
ing studies have shown that eugenol-containing sealers
have a negative effect on the bond strength of a fibre
post that has been cemented with resin cement.'">'® AH
Plus (Dentsply DeTrey, Konstanz, Germany) is an
epoxy-resin-based sealer that has also presented good
performance as a sealer.!” Researchers consider this
sealer to be the gold standard against which all new
sealers and bondable root canal obturation materials
must be compared.'®

Recently, a new calcium silicate-based root canal
sealer named iRoot SP (Innovative BioCremix Inc,
Vancouver, Canada) has been introduced for the
obturation of the root canal space. According to
the manufacturer, iRoot SP is an aluminum-free and
hydrophilic material that is comprised of calcium and
resin. The composition of this sealer is similar to that of
white MTA, and iRoot SP has both excellent physical
properties and antimicrobial activity.'” Several studies
have found that iRoot SP has good sealing properties
and intermediate toxicity.”>*" A recent study has
shown that the bond strength of iRoot SP to radicular
dentine was similar to the bond strength of epoxy resin-
based sealer to radicular dentine.?? However, there are
no available data regarding the effect of the calcium
silicate-based sealer on the bond strength of fibre glass
posts.

Therefore, the purpose of this in vitro study was to
investigate the effect of a new calcium silicate-based
root canal sealer on the push-out bond strength of a
fibre post cemented with self-adhesive resin cement in
three canal regions whilst also comparing these results
with those of eugenol-based and epoxy resin-based root
canal sealers.

MATERIALS AND METHODS

Forty-eight human maxillary incisor teeth, recently
extracted for periodontal reasons, were selected for this
study and were stored in a 0.9% saline solution. All of
the selected teeth had a straight root with a single canal.
Teeth showing caries, curved roots, cracks, open apices
or previous endodontic treatments were not included.
Remnant tissue and calculus were mechanically
removed from the selected teeth. The crowns of these
teeth were then removed close to the cemento-enamel
junction with a diamond bur, leaving a standard root
length of 14 mm. Canal patency was checked with a
size #10 K-file (Mani Inc, Tochigi, Japan), and the
working length was set 1 mm short of the apical
foramen. Root canal preparation was performed using
the step-back technique. The same operator instrumen-
ted all root canals up to size 40. The coronal and
middle portions of the canals were enlarged by using #2
to #4 Gates-Glidden (Mani Inc, Japan) drills. During
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the instrumentation phase, the canals were irrigated
between the application of each instrument with a
2.5% solution of sodium hypochlorite. Following the
final irrigation, the root canals were dried with
absorbent paper points.

The specimens were randomly distributed into four
groups of 12 teeth each and were filled with gutta-
percha points (Diadent Group Int, Seoul, Korea) with
the cold lateral condensation technique. Group 1
(control) received gutta-percha points only (no sealer);
group 2 resin-based sealer — AH Plus Jet; group 3
eugenol-based sealer — Endofill (Produits Dentaires SA,
Vevey, Switzerland); and group 4 calcium silicate-based
sealer — iRoot SP. The root canal sealers were prepared
and applied according to their respective manufac-
turer’s instructions. Temporary filling material (Cavit
G, 3M Espe, Seefeld, Germany) was used to seal the
coronal access cavity, and the roots were stored at
37 °C with 100% humidity for 7 days.

After storage, the gutta-percha was removed with a
#2 Peaso reamer (Mani Inc, Tochigi, Japan), leaving at
least 4 mm of filling material in the apical third. Post
spaces were prepared to a depth of 9 mm with a red size
#14 drill (Snowpost; Carbotec, Ganges, France). The
post space was rinsed with distilled water and then
dried with absorbent paper points.

The self-adhesive resin cement (Clearfil SA Cement,
Kuraray, Osaka, Japan) was applied to the root canals
with special applicators, and the post (Snowpost red
size #14; Carbotec, Ganges, France) surface was
cleaned with alcohol. The posts were seated to full
depth using finger pressure and the resin cement was
polymerized for 20 seconds with a LED light curing
unit (Monitex BlueLex GT1200, Taipei, Taiwan).
Specimens were then kept at 37 °C with 100%
humidity for 24 hours.

After 24 hours, each root was individually connected
to a cutting machine and sectioned horizontally by
using a water-cooled diamond disc (Isomet, Buehler
Ltd, Lake Bluff, IL, USA). Slices of approximately
1 mm thickness were obtained, and one specimen of
each region (the coronal, middle and apical regions of
the post space) was selected at 2, 5 and 8 mm depths.
The thickness of each slice was measured using a digital
caliper (Mitutoyo, Japan) with an accuracy of 0.01 mm.
Each slice was fixed to a stainless steel base with a
central circular perforation and attached to a universal
testing machine (Elista, Istanbul, Turkey). The push-out
test was performed by applying a load at 0.5 mm/min
from the apical to coronal direction by using a 1 mm
diameter metallic plunger until the post dislodged. The
maximum load at failure was recorded in Newtons (N).
The push-out bond strength of each slice was calculated
and expressed in MPa while considering the bonding
area of the post specimens. For this purpose, the
diameters of the posts at both the coronal and apical

167



E Ozcan et al.

surfaces were measured with a digital caliper. The
push-out bond strength (MPa) = N/A, where N = max-
imum load (N) and A = adhesion area of the bonded
interface (mm?). The bonding area was calculated using

the formula:'® n(R; + R,) 1/h% + (Ry — R,)?, where
is the constant 3.14, R; represents the larger post
radius, R, the smaller post radius and h the thickness of
the slice.

All debonded specimens were assessed under a
stereomicroscope (SZ40 Olympus, Tokyo, Japan) at
20X magnification for the fracture analysis. Failure
mode at the fractured interface was classified into five
categories:*> (1) adhesive between the post and resin
cement (no cement visible around the post); (2) mixed,
with resin cement covering 0-50% of the post surface;
(3) mixed, with resin cement covering 50-100% of
the post surface; (4) adhesive between resin cement
and root canal (post enveloped by resin cement); and
(5) cohesive in the dentine (no cement visible on the
debonded area).

Since the data were normally distributed, the results
were analysed with an ANOVA test using a factorial
design with the root canal sealer (control, AH Plus Jet,
Endofill and iRoot SP) and the root region (coronal,
middle and apical). Multiple comparisons were carried
out by using the Tukey post hoc test at o = 0.05
significance level.

RESULTS

The mean push-out bond strength and standard devi-
ation values are presented in Table 1. The highest push-
out bond strength was obtained from the iRoot SP
group (2.90 = 0.72 MPa), while lowest was obtained
from the Endofill group (1.30 = 0.60 MPa). ANOVA
showed a significant difference between the groups

(p < 0.01). Root canal sealers had a significant influ-
ence on the results (p < 0.05), but there was no
significant influence of canal regions (coronal, middle
and apical) on bond strength (p > 0.05). Multiple
comparisons revealed that there were no significant
differences between the calcium silicate-based sealer
group, the resin-based sealer group and the control
group (p > 0.05). The eugenol-based sealer group
showed significantly lower bond strength than the
other sealer groups as well as the control group
(p < 0.05).

There were no adhesive failures between the post and
resin cement, and only one cohesive fracture was
observed in the control group (Table 2). The predom-
inant failure mode was adhesive between the self-
adhesive resin cement and the dentine, but 50% of the
specimens in the calcium silicate-based group had
mixed failures (category 3).

DISCUSSION

In the present study, the effect of calcium silicate-based
sealer on the push-out bond strength of fibre posts was
evaluated. Bond strength can be evaluated with several
techniques, including conventional shear, microtensile,
pull-out and push-out techniques.”* Push-out test
resulted in a shear stress at the interface between the
dentine-post-cement,>® which is similar to the clinical
conditions. Although conventional shear and tensile
tests have been widely used, some researchers have
reported that the push-out test provides a better
estimation of the displacement resistance than does a
conventional shear test.”® The push-out test also seems
to be more dependable than the microtensile test
because of the absence of premature failures and
the variability of data distribution.”” In addition, the

Table 1. Mean bond strengths and standard deviations (in MPa) for the sealers in the different canal regions

Control Resin-based sealer Eugenol-based Calcium silicate-based
(no sealer) (AH Plus Jet) sealer (Endofill) sealer (iRoot SP)
Coronal 2.62 = 1.204 2.66 = 0.954 1.36 = 0.47° 2.90 = 0.724
Middle 2.36 = 0.56 2.66 = 0.954 1.39 = 0.66° 2.84 + 1.114
Apical 2.34 + 0.794 223 = 1.104 1.30 = 0.60® 2.61 = 1.00%

Different superscript letter indicates statistically significant difference (p < 0.05).

Table 2. Failure modes for all groups

Modes Control Resin-based Eugenol-based Calcium silicate-based
(no sealer) sealer (AH Plus Jet) sealer (Endofill) sealer (iRoot SP)

Adhesive: Post-cement 0 0 0 0

Mixed 0-50% 2(5.5) 3 (8. 0 4 (11.1)

Mixed 50-100% 9 (25) 13 (36.1) 6 (16.6) 18 (50)

Adhesive: Cement-dentine 24 (66.6) 20 ( ) 30 (83.3) 14 (38.9)

Cohesive 1(2.7) 0 0 0

Total 36 36 36 36
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push-out test allows for the evaluation of bonding
effectiveness in the different canal regions, indicating
precisely the areas where failures occurred.' Therefore,
the push-out test was used in the present study.

In this study, the calcium silicate-based group, the
resin-based sealer group and the control group showed
similar and higher bond strengths when compared with
the eugenol-based sealer. Recent studies have shown that
the bond strength to root dentine and the sealing ability of
iRoot SP were equivalent to those of AH Plus.?"** A
possible explanation for the results of the present study
could be the calcium phosphate composition of the iRoot
SP root canal sealer. Calcium phosphate residues may
react with the resin cement and act as a filler.

Cohen et al.*® demonstrated that epoxy-resin does
not interact with the free radical initiation of the
composite resin. Therefore, the resin-based sealer does
not adversely affect the adhesion of the resin cements.
The present study showed that the resin-based sealer
group had similar bond strength values to those of the
control group. These results are corroborated with the
results of many earlier studies.'®*’ Cecchin et al.'®
stated that the higher bond strength obtained with
resin-based sealers may be associated with those sealers’
epoxy resin component, which might have an affinity
for components in the resin cement.

The results of the present study are in agreement with
previous studies that have determined that eugenol-
based sealers decrease the bond strength of resin
cements.>”*! Menezes et al.>’ observed that eugenol-
based sealers reduced the bond strength of resin
cements and suggested that the chemical composition
of the sealers had an influence on post bond strength.
Moreover, Kielbassa et al.’* stated that if eugenol-
based sealers are used, some of the eugenol may diffuse
to the dentine. It was also reported that eugenol
residues on the dentine can inhibit the setting reaction
of a composite resin'>*® and may negatively affect its
adhesive properties.

The results of the present study indicate that the
canal region had no significant effect on the bond
strength of the post to root dentine. These findings are
in accordance with those reported by Ngoh et al.*! In
contrast, several other studies have suggested that bond
strength values were lower in the apical third.'"?’
Foxton et al.** claimed that this may be due to poor
resinous cement activation in regions distant from the
light source. However, Yan et al.>* suggested that the
significant polymerization reaction finished within a
24-hour post-mix or post-light activation for resin
cements. In addition, Pereira ef al.>> concluded that the
post space region did not influence the degree of
conversion of the dual-cure resin cements.

Examination of the failure modes in the present study
by using a stereo microscope showed only one cohesive
failure inside the root canal dentine in the control
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group. The predominant failure mode was adhesive,
and existed between the self-adhesive resin cement and
the dentine in the control, resin and eugenol-based
sealer groups. Similar findings were reported by Perdi-
agao et al.>* and Boone et al." These results might show
that there was a poor connection between the resin
cement and dentine. Only in the calcium silicate-based
sealer group did 50% of the specimens experience
mixed failures (category 3), implying that this group
had a better adhesion with the dentine walls.'*

CONCLUSIONS

Within the limitations of this i wvitro study, the
following conclusions were drawn:

(1) The calcium silicate-based sealer did not ad-
versely affect the bond strength of a fibre post cemented
with self-adhesive resin cement, and the effect of iRoot
SP on the bond strength of the fibre posts to the dentine
was equivalent to that of AH Plus Jet.

(2) The eugenol-based sealer had a negative effect on
the bond strength of the fibre posts. Therefore, eugenol-
based sealer should be avoided when following the post
cementation with self-adhesive resin cement.

(3) The canal region had no influence on the post
bond strength when dual-curable self-adhesive resin
cement was used.
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