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ABSTRACT

Aim: to compare the push out bond strength of the root canal filling with epoxy resin-based 
(Adseal), MTA-based (MTA Fillapex) and Bioceramic-based (Endosequance BC) sealers.

Materials and Methods: Forty five extracted mandibular human first premolars with straight 
fully formed roots were selected for this study and were de-coronated at 17 mm from the apex. All 
root canals were prepared by using the ProTaper Universal Ni Ti rotary system in a crown down 
manner up to F4 according to manufacturer’s instruction to the their working length. The canals 
were irrigated with 17% EDTA to remove the smear layer and the final rinse was performed with 
5 mL 5.25% sodium hypochlorite. The roots were randomly assigned to three groups, fifteen for 
each (n=15). Adseal, MTA Fillapex and Endosequence BC sealers were used with gutta percha 
size F4 by lateral condensation technique for groups I, II and III respectively. All roots stored in 
100% humidity at 37ºC for one week for completing setting of sealers. The roots were embedded 
in self cure acrylic resin, and transversely sectioned perpendicular to the long axis of the root 2 
mm thickness slices. Apical diameter of 0.88 ± 0.02 mm in all slices were selected for the push-
out test by universal testing machine. The dislodging force was measured in Newton for all slice 
samples and tabulated. Push out bond strength (MPa) for every slice sample is calculated and 
the three groups were compared. The slices were then examined under stereomicroscope and 
categorized into adhesive, cohesive or mixed type of bond failure mode. The data were tabulated 
and statistically analyzed.

Results: Endosequence bioceramic represented the highest bond strength followed by  Adseal 
then MTA Fillapex which represented the lowest bond strength with a significant difference between 
them at P≤0.05. Comparison between Adseal and Endosequence bioceramic groups and between 
MTA Fillapex and Endosequence bioceramic groups showed a significant difference between 
them at P≤0.05 with higher bond strength of Endosequence bioceramic sealer. Adseal represented 
higher bond strength than MTA Fillapex with no significant difference between them at P≤0.05. 
Comparison between the three tested groups of sealers regarding the bond failure categories showed 
no significant difference between them at P≤0.05.
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INTRODUCTION 

Successful endodontic therapy consists of shaping 
and cleaning the root canal system and sealing the 
intracanal space with a hermetic 3-dimensional 
filling to avoid leakage from the oral cavity and/or 
periapical tissues [1]. Therefore, it prevents further 
apical irritation from either incomplete elimination 
of bacteria and their products or communication 
between apical tissues and oral cavity, thereby 
reducing periapical inflammation [2, 3].

Gutta-percha, is considered as a standard 
procedure in endodontic obturation. It is widely 
used for its good physical and biological properties 
with lack of adhesiveness and flow to the dentin 
surface, makes the combination with endodontic 
sealers necessary [4].

The root canal sealer should have adequate flow 
for filling gaps between gutta-percha cones and the 
canal walls and bond strength to root dentin, which 
will contribute to the quality of sealing [1, 5]. More-
over, during mechanical preparation of the post 
space, root canal filling material might be dislodged, 
creating voids in the obturation that will affect the 
quality of the apical seal [6–9]. Sealers which can ad-
here to the root canal dentin surface will strengthen 
the remaining tooth structure, thereby contributing 
to the long-term success of an endodontically treat-
ed tooth [10, 11]. 

Differences in the adhesive properties of 
endodontic sealers may be due to their interaction 
with either dentin or gutta-percha which may 
vary with their chemical composition [12]. Surface 
tension of the sealers, surface energy of the dentin 
or core materials, differences in thermal expansion 
coefficients and dimensional changes during setting 

of endodontic sealers may affect adhesive bonds [13]. 
Also, endodontic sealers should have a sufficient 
setting time, insolubility against tissue fluids, 
dimensional stability, and biocompatibility [14, 15]. 

Sealing ability of the endodontic sealers has 
improved through the mechanical interlocking of 
the sealer plug inside the dentinal tubules following 
smear layer removal [16, 17]. Lalh et al (1990) [18] found 
that  the bond strength of some sealer cements to 
dentin was better in the presence of smear layer 
which might act as a coupling agent, thereby 
improving the adaptation of hydrophilic materials 
to the root canal wall [19]. 

There were many types of sealers introduced, 
zinc oxide-eugenol cements [20], epoxy resin-based 
sealers [21], calcium hydroxide-based sealers [22], and 
glass ionomer-based sealers [23]. 

Adseal (Meta, Biodent, Korea) is an epoxy resin-
based sealer supplied in a paste-paste type of dual 
syringe. It has extremely excellent sealing proper-
ty and biocompatibility.  It gave the highest bond 
strength of all sealers tested to both dentin and gutta-
percha through its ability to react with any exposed 
amino groups in collagen to form covalent bonds 
between the resin and collagen when the epoxide 
ring opens [24, 25]. This bond is maintained by low po-
lymerization stress, long-term dimensional stability, 
and efficient cohesion between molecules [13, 24, 26]. 

Recently, MTA Fillapex (Angelus, Londrina, 
PR, Brazil) is MTA-based sealer presented in a 
paste-paste system and composed of resins, bis-
muth oxide, silica nanoparticles, and pigments. It is 
a modification of the MTA original formulations to 
improve the characteristics such as good radiopac-
ity, flow, setting time, alkaline pH and adhesion,  

Conclusion: Within the limitations of this study, Endosequence bioceramic sealer show 
promising results as root canal sealer and exhibited a greater resistance to push out than MTA 
Fillapex and epoxy resin–based sealer (Adseal) with gutta-percha as a root canal filling.

KEYWORDS: Push out test, bond strength, universal testing machine, epoxy resin sealer, 
Adseal sealer, MTA Fillapex sealer, Endosequance bioceramic sealer
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allowing their use as endodontic sealers [27-31]. Seal-
ing capacity is largely attributed to bioactivity of 
MTA and its ability to release calcium ions and pro-
duce an apatite layer in the presence of phosphate 
containing physiological fluids which influence the 
push-out bond strength of MTA [32–35]. 

More recent, Endosequence BC sealer (Brasseler 
USA, Savannah, GA) is a new bioceramic root canal 
sealer. It is a premixed and injectable endodontic 
sealer, and its nanoparticle size allows it to flow 
readily into canal irregularities and dentinal tubules. 
It is an insoluble, radiopaque and aluminum free 
material based on a calcium silicate composition. It 
is hydrophilic and uses moisture in dentinal tubules 
to initiate and complete its setting reaction with no 
shrinkage resulting in a gap-free interface between 
the gutta-percha, sealer, and dentin [36]. Also, it is 
highly biocompatible and is antibacterial during 
the setting reaction because of its highly alkaline  
pH [37, 38].

Bond-strength testing methods are used for 
determining the effectiveness of adhesion between 
endodontic materials and tooth structure [39]. The 
most common are the tensile and shear bond 
strength testing. Test designed to measure shear 
bond strength includes the planar interface shear 
test and push-out test. Regarding push-out test, the 
force required to dislodge the test material when 
pushed out of the root canal is evaluated [40].

Therefore, this in-vitro study was done to 
evaluate the bond strength of the three types of 
root canal sealers, Adseal, MTA Fillapex, and 
EndoSequence BC sealer using push-out test and to 
assess the failure modes on the debonded surfaces 
by stereomicroscope.

MATERIALS AND METHODS

Selection of samples 

Forty five extracted mandibular human first 
premolars with straight fully formed roots were 

obtained from the tooth bank of Pharos University 
and stored in saline until use. Teeth with more 
than one canal, open apex, endodontically treated, 
Internal or external resorption, caries, cracks or 
fractures on the root surfaces were excluded from 
this study.

Preparation of samples 

Preoperative mesiodistal and buccolingual 
radiographs of each tooth were taken to confirm 
the singular canal anatomy and absence of internal 
resorption. All samples were cleaned using curettes 
and immersed in 5.25% sodium hypochlorite for 
10 minutes to remove the hard and soft tissues 
respectively and stored in distilled water until use.

Teeth were de-coroneted at 17 mm root length 
from the apex, using a low-speed hand piece with 
a diamond disc under continuous water irrigation 
(Figure 1). A size 10 K-type file (Dentsply / Sirona, 
Ballaigues, Switzerland), was passively advanced 
into the canals until the tip of the instrument 
penetrated and adjusted to the apical foramen. The 
real canal length was recorded, and the working 
length (WL) was calculated by subtracting 1 mm 
from this measurement.

Fig. (1) De-coroneted tooth at 17 mm root length from the apex.
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Canal Preparation 

The glide path was created for every root canal 
with proGlider (size 16, 2% apical taper)  (Dentsply 
/ Sirona, Switzerland) to ensure more safety during 
the use of the first NiTi rotary file. All root canals 
were prepared by using the ProTaper Universal NiTi 
rotary system (Dentsply/ Sirona, Switzerland) in a 
crown down manner with a torque controlled engine 
(X-Smart, Dentsply, UK) at 250 rpm according to 
manufacturer’s instruction. Instrumentation started 
with Shaping Files (SX, S1, and S2) then finishing 
files (F1, F2, F3, and F4) to the working length. 

Canal patency was checked with a size 10 K-file 
(Dentsply/ Sirona, Switzerland) between every file 
used 1 mm beyond the apical foramen. 

During instrumentation, the root canals were 
irrigated with 5.25% sodium hypochlorite between 
files. Chelating gel “Glide” (Dentsply) was used 
with all files. All instruments were discarded after 
being used in 5 root canals, and all canals were 
prepared by the same operator.

At the end of the preparation, the apical size was 
verified with size 40 st.st. K file. 

The canal was irrigated with 3 mL 17% EDTA 
(Diadent, Korea) for 3 minutes to remove the smear 
layer. The final rinse was performed with 5 mL 
5.25% sodium hypochlorite. 

Canal Obturation

The master gutta percha cone whose diameter 
was the same as that of master apical file with tug-
back feeling inside every root canal was selected (# 
F4). The master gutta percha cone was notched at 
the working distance analogous to the level of the 
occlusal reference point. Then it was verified by 
radiograph.

The size of root canal spreader to be used for 
lateral compaction was selected according to the 
size of master cone. It should reach 1 to 2 mm of 
true working length. The root canals were dried 
with sterile paper points and the sealer was applied 

into the prepared root canals according to the type 
of root canal sealer for each group. 

Grouping 

The roots were randomly assigned to three 
groups according to the root canal sealer used.  

Group I

Fifteen roots obturated with gutta purcha cones 
size F4 and Adseal (Meta, Biomed, Korea) root 
canal sealer using lateral condensation technique. 
This type of sealer is an epoxy resin based root 
canal sealer which is a paste-paste (Base and 
Catalyst) type of dual syringe delivered on a 
mixing pad and spatulated for 15–20 seconds or 
until creamy homogeneous consistency. 

Group II

Fifteen roots obturated with gutta purcha cones 
size F4 and MTA Fillapex (Angelus/ Londrina, 
Brasil) root canal sealer using lateral condensation 
technique. This type of sealer introduced in the form 
of two tubes, base and catalyst pastes. The two equal 
volumes of pastes (1:1) were mixed for 30 seconds 
to a homogeneous consistency and inserted to the 
canal by coating the master cone with a thin layer 
of sealer. 

Group III

Fifteen roots obturated with gutta purcha cones 
size F4 and Endosequence bioceramic (Basselar 
Boulevard/ Georgia, USA) root canal sealer using 
lateral condensation technique. This type of sealer 
is a premixed ready to use injectable bioceramic 
paste developed for permanent root canal filling and 
sealing applications. It is packaged in a pre-loaded 
syringe and is supplied with disposable BC tips. It 
may be delivered into the canal via the tips provided 
or it can be delivered via traditional methods by 
coating the master cone with a thin layer of sealer.

The premeasured master cone was coated with 
sealer and placed inside the root canal to its notch in 
relation to the occlusal reference point after cutting 
1 mm from its tip by sharp scalpel. The selected 



PUSH OUT BOND STRENGTH OF ROOT CANAL FILLING WITH EPOXY RESIN-BASED (1711)

spreader was placed into the root canal alongside 
the master cone with apical pressure to 1 to 2 mm of 
the working length. It acted as a wedge to squeeze 
the gutta percha cone laterally. The spreader was 
removed from the root canal by rotating it back and 
forth leaving a space lateral to the master cone. The 
accessory gutta pecha cone was coated with sealer 
and placed in this space. The above procedure was 
repeated until the spreader could no longer penetrate 
the root canal. 

After verifying the obturation by radiograph, 
the protruded gutta percha points were severed 
at the root canal orifice with a hot instrument and 
compacted apically with a large plugger to seal the 
root canal orifice with soft gutta-percha. 

All samples of the three groups were radiographed 
in bucco-lingual and mesio-distal directions to 
confirm the quality of the root canal obturation and 
stored in 100% humidity at 37ºC for one week for 
complete setting of sealer.

Preparation of samples for push out test

The roots were embedded in self cure acrylic 
resin, centralized in standardized tubes (Figure 
2). Thereafter, the samples were transversely 
sectioned perpendicular to the long axis of the root 
2 mm thickness slices with diamond discs under 
copious water irrigation to avoid deformation of the 
obturating materials (Figure 3). 

A digital caliper was used to measure the coronal 
and apical diameters and select the slices which the 
apical diameter is 0.88 ± 0.02 mm for the push-out 
test. Special marker was used to mark the apical 
area of the slice samples. 

Push out test

A cylindrical stainless steel plunger of 0.8 mm 
diameter was set up in the upper part of a universal 
testing machine (Comten industries Inc, Petersburg, 
Florida, USA).  The slice samples were seated in 
the lower part of the testing machine with the apical 
face directed upward. Loading was performed on 
a universal testing machine over the tested filling 
material and avoiding touching the surrounding 
dentin wall at a head-speed of 0.5 mm/min until 
dislodging of the material occurred. The load was 
applied only in an apico-coronal direction. The 
dislodging force (maximum load) was measured 
in Newton for all slice samples and tabulated  
(Figure 4). 

Fig. (3): Transversely sectioned roots embedded in self cure acrylic resin with 2 mm thickness slices.

Fig. (2) Roots embedded in self cure acrylic resin, centralized 
in standardized tubes.



(1712) Soliman M. Kamha and Howida A. Enan E.D.J. Vol. 64, No. 2

Push out bond strength (MPa) for every slice 
sample is equal to Maximum load (N)/ Adhesion 
surface area [41]

Calculation of the adhesion area was carried out 
through the following formula:

(R + r) [h2 + (R - r)2 ]0.5  where  and R, r, and 
h indicate the coronal and apical radii and slice 
thickness, respectively.

Failure mode

The slices were then examined under stereomi-
croscope (Olympus SZ 1145 TR, Tokyo, Japan, and 
Mag.110 X) and digital micrographic images with 
their numbers were captured and saved to determine 
the nature of bond failure. Each sample was catego-
rized into one of three failure mode [42]:

1- Adhesive failure, at the sealer and dentin inter-
face

2- Cohesive failure, within the obturating material 
(gutta percha and sealer)

3- Mixed failure, where the sample showed both 
adhesive and cohesive failure.

The data were tabulated and statistically analyzed.

Statistical analysis of the data

Data were fed to the computer and analyzed 
using IBM SPSS software package version 20.0. 
Comparisons between groups for categorical 
variables were described using number and percent 
and were assessed using Chi-square test. Normally 
quantitative data was expressed as Mean ± SD and 
compared using F-test (ANOVA) and Post Hoc test 
(Tukey) for pairwise comparisons. Significance of 
the obtained results was judged at the 5% level.

RESULTS

Push out bond strength of Adseal, MTA Fillapex 
and Endosequence bioceramic sealers were 
determined by the following formula: 

Push out bond strength (MPa) = Maximum load 
(N)/ Adhesion surface area which is equal to (R + 
r) [h2 + (R - r)2 ]0.5  where  and R, r, and h indicate 
the coronal and apical radii and slice thickness, 
respectively.

The mean ± slandered deviation valves of push 
out bond strength were equal to 44.1 ± 16.3, 33.3 ± 
10.1, and 123.1 ± 48.1 in Adseal, MTA Fillapex and 
Endosequence bioceramic groups respectively. 

Comparison between the three groups of sealers, 
Endosequence bioceramic represented the highest 
bond strength followed by Adseal and MTA 
Fillapex represented the lowest bond strength with 
a significant difference between them at P≤0.05. 

Comparison between Adseal and Endosequence 
bioceramic groups, Endosequence bioceramic 
represented higher bond strength than Adseal with a 
significant difference between them at P≤0.05. 

Comparison between MTA Fillapex and 
Endosequence bioceramic groups, Endosequence 
bioceramic represented higher bond strength than 
MTA Fillapex with a significant difference between 
them at P≤0.05.

Comparison between Adseal and MTA Fillapex 
groups, Adseal represented higher bond strength 
than MTA Fillapex with no significant difference 
between them at P≤0.05. (Table 1) (Figure 5)

Fig. (4): Slice sample seated in the lower part of the testing 
machine and a cylindrical stainless steel plunger of 0.8 
mm diameter in the upper part.
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Failure mode of slice samples was categorized 

into one of the following:

1. Adhesive failure, at the sealer and dentin inter-

face

2. Cohesive failure, within the obturating material 

(gutta percha and sealer)

3. Mixed failure, where the sample showed both 
adhesive and cohesive failure.

Adhesive failure was recorded in 5 (33.3%), 
6 (40.0%) and 6 (40.0%) slices in Adseal, MTA 
Fillapex and Endosequence groups respectively. 
Comparison between the three groups regarding to 
adhesive failure revealed no significant difference 
between them at P ≤ 0.05.

Cohesive failure was recorded in 4 (26.7%), 
2 (13.3%) and 0 (0.0%) slices in Adseal, MTA 
Fillapex and Endosequence groups respectively. 
Comparison between the three groups regarding to 
Cohesive failure revealed no significant difference 
between them at P ≤ 0.05.

Mixed failure, Adhesive failure / Cohesive failure, 
was recorded in 6 (40.0%), 7 (46.7%) and 9 (60.0%) 
slices in Adseal, MTA Fillapex and Endosequence 
groups respectively. Comparison between the three 
groups regarding to Mixed failure, Adhesive failure 
/ Cohesive failure, revealed no significant difference 
between them at P ≤ 0.05. (Table 2) (Figure 6)

Fig. (5): Comparison between mean ± standard deviation 
values of push out bond strength (MPa) for Adseal, 
MTA Fillapex and Endosequence bioceramic sealers. 

TABLE (1) Comparison between mean ± standard deviation values of push out bond strength (MPa) for 
Adseal, MTA Fillapex and Endosequence bioceramic sealers. 

Adseal 

(n=15)

MTA

Fillapex 

(n=15)

Endosequence 

bioceramic 

(n=15)

F p

Push out bond strength

(mean ± SD)
44.1 ± 16.3 33.3 ± 10.1 123.1 ± 48.1 40.417* <0.001*

Sig. bet. grps p1 = 0.589, p2 < 0.001*, p3 < 0.001*

Normally quantitative data was expressed in mean ± SD and was compared using F test ANOVA, Sig. bet. grps was done 
using Post Hoc Test (Tukey)

p1: p value for comparing between Adseal and MTA  p2: p value for comparing between Adseal and Bioceramic

p3: p value for comparing between MTA and Bioceramic *: Statistically significant at p ≤ 0.05
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DISCUSSION

The main objective of endodontic treatment after 
completing the chemo-mechanical preparation is to 
get a 3D obturation of the root canal system space 
with hermetic seal.

Because of the poor adhesiveness of gutta-percha, 
root canal sealers must be used to fill imperfections 
and increase adaptation of the root filling material to 
the canal walls to avoid any chance for leakage and 
failure [43-46].

Adhesion of root canal sealer is necessary to 
avoid its dislocation because of tooth flexure, 
operative procedures, or post space preparation. The 
push-out test is commonly used to evaluate bond 
strength between sealer and canal walls [47, 48].

In the present study, epoxy resin-based sealer 
(Adseal), MTA-based sealer (MTA Fillapex) and 
Endosequence Bioceramic sealer were compared 
regarding to their push out bond strength. It was 
found that, Endosequence Bioceramic sealer 
showed the highest bond strength followed by the 
epoxy resin-based sealer (Adseal) and the lowest 
one was MTA-based sealer (MTA Fillapex) with a 
significant difference between them. This result was 
in agreement with Gade et al (2015) [49] and Kumar 
et al (2016) [50] who found that, Endosequence BC 
Sealer showed the highest bond strength than the 
same types of sealers used in our study which may 
be due to formation of a chemical bond (through 
production of hydroxyapatite during setting) with 
dentine and its hydrophilic property helping in 
spreading easily over the canal walls providing 
adaptation and good hermetic seal.

In the current study, comparison between epoxy 
resin-based sealer (Adseal) and Endosequence 
Bioceramic sealer revealed higher bond strength 
of bioceramic sealer with a significant difference 
between them which is in agreement with Mahdi 
et al (2013) [51] who found that, epoxy resin-
based sealer, shows good bond strength next to 
Endosequence. But, this result was in contrast to 
Koch and Brave (2009) [52] who stated that, in most 
studies, Endosequence sealer were equivalent to 
epoxy resin-based sealers, which are known by its 
excellent bonding properties [53]. Also, this result was 
in disagreement with Shokouhinejad et al (2013) 

TABLE (2) Comparison between numbers and percentages of samples of Adseal, MTA Fillapex and 
Endosequence bioceramic sealers according debonding interface

Debonding 
interface

Adseal 
(n=15)

MTA Fillapex 
(n=15)

Endosequence bioceramic 
(n=15)

c2

p

Adhesion 5 (33.3%) 6 (40.0%) 6 (40.0%) 0.189 0.910

Mixed 6 (40.0%) 7 (46.7%) 9 (60.0%) 1.245 0.537

Cohesion 4 (26.7%) 2 (13.3%) 0 (0.0%) 4.403 0.145

c2, p:  c2 and p values for Chi square test for comparing between the three groups 

Fig. (6): Comparison between numbers and percentages of 
samples of Adseal, MTA Fillapex and Endosequence 
bioceramic sealers according debonding interface
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[42] who found no significant difference between 
the bond strength of gutta percha/ AH Plus (epoxy 
resin-based) and gutta-percha/EndoSequence BC 
Sealer. 

In the present study, comparison between MTA 
Fillapex and Endosequence bioceramic groups, 
Endosequence bioceramic represented higher bond 
strength than MTA Fillapex with a significant 
difference between them which was similar to the 
conclusion of DeLong et al (2015) [43].

Comparison between Adseal and MTA Fillapex 
groups in this study, Adseal represented higher bond 
strength than MTA Fillapex with no significant 
difference between them. This result was in 
agreement with Yavari et al (2017) [41] who concluded 
that, AH Plus sealer exhibited a higher bond strength 
compared to MTA Fillapex. The higher values of 
bond strength associated with epoxy resin sealers 
have been ascribed to the covalent bond between 
epoxide (open circle) and the exposed amino groups 
in collagen, very low shrinkage while setting, 
and long-term dimensional stability[13,54,55,56]. The 
bonding behaviors of MTA-based sealers can be 
affected by their chemical compositions through the 
presence of resin components in its structure[13,31,57]. 
According to the results obtained by Borges et 
al (2012) [58] and Nagas et al (2012) [59], the bond 
strength differences of MTA Fillapex and AH 
Plus sealers can be attributed to the much higher 
solubility of MTA Fillapex sealer. But, it was in 
contrast to Assmann et al (2012) [60] who concluded 
that, MTA Fillapex presented acceptable resistance 
to dislodgement, which was similar to that observed 
in samples filled with AH epoxy resin sealer.

In the present study, failure mode of slice samples 
was categorized into adhesive, cohesive or mixed 
failure. Comparison between Adseal, MTA Fillapex 
and Endosequence bioceramic groups revealed no 
significant difference regarding the three types of 
bond failure. 

In Adseal group, the bond failed in 33.3%, 40% 
and 26.7% and in MTA Fillapex group the bond 

failed in 40%, 46.7% and 13.3% of the specimens 
as regard the adhesive, mixed and cohesive failure 
respectively which was in contrast to Assmann et al 
(2012) [60] who found that, all slices of MTA Fillapex 
and AH Plus specimens studied failed at the sealer/
dentin interface (adhesive failure).

In Endosequence bioceramic group, the bond 
failed in 40%, 60% and 0% of the specimens as 
regard the adhesive, mixed and cohesive failure 
respectively which was in contrast to Huffman et 
al. (2009) [53] who showed that, the failure mode for 
a calcium silicate-based sealer was cohesive after a 
7 day storage period and also disagree with Eldeniz 
et al (2005) [61] who found that, the failure mode 
appeared to be predominantly cohesive within the 
sealer for AH Plus in the presence or absence of 
smear layer. Moreover, Gesi et al. (2005) [62] showed 
that, the mode of bond failure was mostly cohesive 
within the filling material in root canals filled with 
gutta-percha/AH Plus. 

The present study showed that, any of the 
EndoSequence BC specimens revealed cohesive 
bond failure which in contrast to Shokouhinejad et 
al (2013) [42] who inspected samples filled with gutta 
percha/ AH Plus and gutta-percha/ EndoSequence 
BC Sealer and found that, the type of bond failure 
was mainly cohesive for all groups. 

CONCLUSION

Within the limitations of this study, Endosequence 
bioceramic sealer show promising results as root 
canal sealer. It exhibited a greater resistance to 
push out than MTA Fillapex and epoxy resin–based 
sealers (Adseal) with gutta-percha as a root canal 
filling. 
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