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ABSTRACT

Aim: This study aims to evaluate the effect of different obturation techniques [single cone 
(SC) and warm vertical compaction (WVC)] on the push-out bond strength (PBS) of gutta-per-
cha (GP) with three calcium silicate-based sealers (CSBSs).
Methodology: Sixty single-rooted mandibular premolars were selected and decoronated to 
obtain a standardized root length of 16 mm. The canals were instrumented using VDW.
Rotate system and were assigned into six equal Groups based upon the CSBS and obtura-
tion technique used following; Group 1 and Group 2; BC Sealer HiFlow (HiFlow; Brasseler 
USA) with SC and WVC, Group 3 and Group 4; CeraSeal (Meta Biomed Co., Cheongju, Korea) 
with SC and WVC, Group 5 and Group 6; BioRoot RCS (Septodont, Saint-Maur-des-Fosses 
Cedex, France) with SC and WVC. Roots were sectioned transversally at the thickness of 
1±0.1 mm in thickness at 5 and 10 mm from the apex. The specimens were subjected to 
PBS test using a universal test machine at a loading speed of 0.5 mm/ min examined for 
their failure modes. Statistical analysis was performed using Kruskal-Wallis and multiple 
comparison tests.
Results: BioRoot-WVC Group was a significantly lower PBS value than other Groups at 5 
and 10 mm from the apex (p<0.05). At 5 and 10 mm from the apex, no significant difference 
in PBS was found among the BC Sealer HiFlow and CeraSeal sealers obturated using two 
different techniques (P>0.05). The most common failure mode found in all Groups was a 
mixed failure.
Conclusions: WVC significantly reduced the PBS of the BioRoot RCS sealer compared to 
SC technique, but this was not significant with the BC Sealer HiFlow and CeraSeal. 
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Introduction

R
oot canal filling is one of the 
crucial factors for successful 
endodontic treatment. Using a 
root canal sealer with gut-
ta-percha (GP) is the most 

widely accepted obturation technique. The 
root canal sealer establishes a good con-
nection between the root canal wall and 
the GP, preventing microleakage causing 
re-infection (1, 2). In recent years, calcium 
silicate-based sealers (CSBSs) have been 
widely used in endodontics. CSBSs are 
biocompatible and bioactive, thanks to 
their calcium silicate formulation. CSBSs 
form an apatite layer in contact with tissue 
and chemically bond to dentin. Microme-
chanical interlocking between CSBS and 
root dentin helps maintain the integrity of 
the sealer-dentin interface during a func-
tion (3, 4).
The EndoSequence BC Sealer HiFlow 
(BCH; HiFlow; Brasseler USA) exhibits a 
lower viscosity when heated and is more 
radiopaque, making it optimized for warm 
obturation techniques compared to stand-
ard BC Sealer (5). BioRoot RCS (BR; Septo-
dont, Saint-Maur-des-Fosses Cedex, 
France) sealer induces hard tissue barrier 
formation in the presence of a physiologic 
solution (6). CeraSeal (CS; Meta Biomed 
Co., Cheongju, Korea) has an antibacterial 
effect, high volumetric stability, and high 
flowability according to manufacturer 
(Meta Biomed. CeraSeal Brochure [Inter-
net]. 2022. Available from: https://www.
meta-europe.com/en/produkt/ceraseal/) 
(7). The composition of the three CSBSs is 
represented in Table 1.
The single-cone technique (SC) has become 
very popular because of is easy and fast. 
CSBSs should be used with the SC tech-
nique, as recommended in the manufac-
turer’s manual (8). The warm vertical 
compaction technique (WVC) might be the 
best to fill the pulp space in three dimen-
sions (9). Because, in WVC technique, 
plasticized GP with heat can adapt well to 
the root canal geometry and achieve a good 
seal at all root canals (10). However, in 
WVC, using heat leads to changing the 
physical properties of CBCSs and this may 

affect the quality of the root canal filling 
(11, 12). The adhesion of endodontic sealer 
to root canal dentine has been reported to 
be affected by the obturation technique 
(12, 13).
The push-out of bond strength (PBS) tests 
are used as a measure of the bond strength 
of root canal filling materials to the root 
dentin. PBS results in shear stress at the 
dentin-cement interface, comparable with 
the stress in clinical conditions (14). The 
ability of the PBS test to evaluate adhesion 
is superior to other tests, as it creates par-
allel fractures in the interfacial area of the 
dentin bond (15). There are a few studies 
about the PBS of BCH, BR and CS (3,5,16,17). 
However, no data is available for compar-
ing these CSBSs with each other in terms 
of PBS with SC and WVC techniques. 
Therefore, this study aimed to evaluate the 
PBS of BCH, BR, and CS with different 
obturation techniques. The null hypothe-
sis was that there are no differences be-
tween these CSBSs regarding PBS and 
failure mode with varying obturation 
techniques.

Materials and Methods

The sample size calculation was performed 
with G Power software (Heinrich Heine 
University, Dusseldorf, Germany) with 
α=0.05 and ß=0.95, and each Group must 
be a minimum of nine samples (13). Sixty 
human mandibular premolars with only 
one straight root canal (curvature <5°) and 
a single apical foramen were included. The 
teeth were decoronated to achieve a stand-
ardize length of 16 mm. After determining 
the working length (WL), 1 mm short of 
the apex, the root canals were instrument-
ed with a series of VDW.Rotate rotary file 
system (VDW GmbH, Munich, Germany) 
to #40/04. 10 ml of 2.5% NaOCl was used 
with a 30-G IrriFlex needle (Produits Den-
taires SA, Switzerland) inserted to 1 mm 
short of the WL during instrumentation. 
Following mechanical instrumentation, 
each root canal was irrigated using 2 ml 
of 17% ethylenediaminetetraacetic acid 
(EDTA) solution for 1 min and 5 ml dis-
tilled water. The canals were dried using 
paper points.
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Prepared roots were randomly assigned 
to six Groups (n=10) for testing the obtu-
ration technique with different CBCSs.
Group 1 (BCH-SC)
According to the manufacturer’s instruc-
tion, the canals were obturated with a size 
40/0.04 BC point (Brasseler USA) sealed 
with a HiFlow sealer using the SC obtura-
tion technique. Before the sealer was 
placed into the coronal one-third of the 
canal with an intracanal tip, the tug back 
was evaluated with a master gutta-percha 
cone.
The master cone was coated with a thin 
layer of sealer and slowly inserted to the 
full WL, cut at the orifice level, and 
plugged.
Group 2 (BCH-WVC)
Same with the previous method, the mas-
ter cone 40/0.04 BC point was inserted 
into the canal. The down pack (EQ-V En-
dodontic Obturation System, MetaBiomed, 
Cheongju, Korea) was 5 mm from the WL. 
Then, the hot GP was condensed with a 
hand plugger to achieve complete obtura-
tion of the root canal.
Group 3 (CS-SC)
Root canal obturation was used using the 
SC technique with a 40/0.04 GP cone 
(VDW GmbH, Munich, Germany) and the 
CeraSeal described in Group 1.
Group 4 (CS-WVC)
Root canal obturation was used using the 
WVC technique with a 40/0.04 GP cone 
and the CeraSeal described in Group 2.
Group 5 (BR-SC)
Root canal obturation was used using the 

SC technique with a 40/0.04 GP cone 
(VDW GmbH, Munich, Germany)  and the 
BioRoot described in Group 1.
Group 6 (BR-WVC)
Root canal obturation was used using the 
WVC technique with a 40/0.04 GP cone 
and the BioRoot described in Group 2.
The radiographs were taken in the buc-
colingual, mesiodistal directions to ensure 
that the canals were without voids, the 
temporary filling material (Cavit G; 3 M 
ESPE, Seefeld, Germany) was placed. 
Then, the roots were kept in normal saline 
at 37 °C and 100% humidity for two weeks 
to set the fillings.
The roots were embedded into acrylic 
resin vertically and sectioned horizontal-
ly to obtain two slices 1±0.1 mm in thick-
ness at 5 and 10 mm from the apex using 
a rotating diamond disk under water-cool-
ing. Each slice was subjected to PBS test 
in a universal testing machine (Shimadzu, 
Kyoto, Japan) using a metallic indentor with 
a round cross-section and diameter of 0.5 
mm and a crosshead speed of 0.5 mm/min 
was used. The load applied at the time of 
displacement was recorded in Newton. The 
bond strength was calculated in MPa ac-
cording to the formula: Load/Adhesion 
surface area. The adhesion (bonding) sur-
face area of each section was calculated as: 
[(r1+r2) / 2]×π×h, where π is the constant 3.14, 
r1 and r2 are the smaller and larger radii, 
respectively, and h is the thickness of the 
section in mm. After the test, samples were 
examined under a stereomicroscope at ×40 
magnification.

Table 1
Composition of the sealers used

Material Manufacturer Type Composition

EndoSequence 
BC Sealer 

HiFlow
HiFlow; Brasseler USA Premixed Zirconium oxide, calcium silicates, calcium phosphate, calcium 

hydroxide, filler, and thickening agents

BioRoot RCS 
Septodont; 

Saint‑Maur‑des‑Fosses 
Cedex, France

Powder‑Liquid
Powder: tricalcium silicate, zirconium oxide, and povidone 

Liquid: aqueous solution of calcium chloride and 
polycarboxylate

CeraSeal Meta Biomed Co.; 
Cheongju, Korea Premixed Calcium silicates, zirconium oxide, and thickening agent.
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The failure mode was determined into 
three categories; adhesive, cohesive, and 
mixed. 
-Adhesive: the failure is between the seal-
er and root canal dentin;
-cohesive: the failure is between the GP 
cone and the sealer, 
-mixed: the failure is between both inter-
faces (12).
The PBS from samples of the six Groups 
was statistically analyzed. Shapiro Wilk 
test indicated that the data showed non‐
normal distribution (p<0.05) and compared 
using Kruskal–Wallis and multiple com-
parison tests using SPSS 17.0 (SPSS soft-
ware, SPSS Inc., Chicago, IL, USA).

Results

The descriptive statistics of all specimens 
had median PBS values in Table 2. BR-WVC 
Group was a significantly lower PBS value 
than other Groups at 5 and 10 mm from 
the apex (p<0.05). At 5 and 10 mm from 
the apex, no significant difference in PBS 
was found among the BCH and CS sealers 
obturated using two different techniques 
(P>0.05). The results of the mode of failure 
analysis are shown in Table 3 and the most 
common failure mode found in all Groups 
was mixed failure.

Discussion

Adhesive root canal sealers enhance re-
sistance to fracture and minimize micro-
leakage of canal obturation (18). CBCSs are 
hydrophilic materials with a low contact 
angle and good flowability, helping them 
bond to the root canal wall (19). The pen-
etration of endodontic sealers into the 
dentinal tubules reduces the core materi-
al and dentin interface. Therefore, mechan-
ical locking may improve the retention of 
the core material. The PBS test provides 
valuable information about the retention 
of sealers on root canal walls (20). The 
present study used PBS test to evaluate the 
adhesion of BR, BCH, and CS are report-
edly efficient, practical, and reliable (20).
To the best of our knowledge, no other 
study assessing the PBS of BR, BCH, and 
CS with different obturation techniques is 

yet available. A measurable adhesive prop-
erty was seen in all the Groups in this 
study. The lowest PBS value was observed 
in the BR-WVC Group. The null hypothesis 
was rejected. The reason for that could be 
the high temperature helps push GP to the 
root canal dentin wall; there have been 
concerns about the potential adverse ef-
fects of the heat on sealer characteristics 
(21-24). Chen et al. (11) reported that the 
GP and root canal are likely to modify the 
effects of heat on the physicochemical 
properties of the sealer and the interaction 
between the viscosity and the shear rates. 
Also, heat may accelerate hydration and 
hydroxyapatite formation in CBCSs (25). 
However, the WVC technique demonstrat-
ed the same bond strength values in BCH, 
and CS Groups. Atmeh et al. (26) reported 
that in the WVC technique, the amount of 
heat transmitted to the root canal filling 
may not cause a crucial change to the 
properties of CBCSs and does not affect 
the setting reaction of the CBCSs. Also, 
Dewi et al. (5) reported that WVC method 
did not affect the PBS of the BCH. It is 
consistent with the data obtained in our 
study about BCH. According to Abdelwa-
hed et al. (16), CS showed higher PBS 
values when used in the WVC technique 
compared to SC and lateral compaction 
techniques. This contradictory result could 
be attributed to different methodology 
according to our study.
In our opinion, the PBS results of sealers 
with the WVC technique may be due to 
the physicochemical properties.
Kharouf et al. (27) compared the physico-
chemical properties, filling ability of CS 
and BR sealers. They reported that CS 
might have the superior filling ability and 
lower solubility than the BR sealer due to 
its specific chemical composition and 
mixing method. These physical properties 
of the sealer used with the warm technique 
may affect the quality of the root canal 
obturation (12).
Additionally, López-García et al. (28) re-
ported that CS and EndoSequence BC 
Sealer displayed high cell viability, cell 
attachment, cell migration rates, and ion 
release rates. BCH has similar physico-
chemical and biological properties with 
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EndoSequence BC Sealer (29). In the pres-
ent study, the CS-WVC Group showed 
higher PBS values than the BR-WVC values 
and had no significant difference with the 
BCH-WVC Group. CBCSs are used with 
the SC technique to the manufacturer’s 
instructions (8).
Our study found no differences between 
the three CBCSs with the SC technique. 
Previous studies reported that use of the 
SC to obturate root canals with an irregu-
lar shape results in formation of bubbles 
(30,31) and an increase in the volume of 
sealer in the root canal obturation (32). 
Retana-Lobo et al. (33) showed that the 
different CSBSs values for PBS observed 
in their study, were higher when the root 

canal was obturated with just the sealer. 
We think the difference between BR 
Groups might be because the amount of 
sealer increases in SC, and the interaction 
of BR with WVC is not fully known.
In a previous study comparing the physical 
properties of different premixed formula-
tion CBCSs and BR, the physical properties 
of BR were affected by thermal treatment. 
They explained that different behavior of 
formulations (premixed and powder-liq-
uid) could be due to the momentum of 
water uptake and the beginning of the 
setting reaction (34).
Also, the thermoplastic GP shrinks on 
cooling; shrinkage may lead to stress con-
centration on the sealer, affecting its bond 

Table 2
Mean of the push-out bond strength (MPa) of specimens obtained from different  

distances from the working length

Sealers and Obturation Technique                                   

BC HiFlow           CeraSeal           BioRoot

    SC WVC      SC     WVC       SC        WVC

5 mm    5.28A    5.43A     5.24A     5.17A      5.18A      3.32B

10 mm    2.34a            2.25a            2.17a          2.24a                            2.26a            1.28b

Kruskal Wallis H-test. Different superscript letters indicate a statistically significant difference between the mean value of PBS of 
specimens obtained from the same distance from the WL (P<0.05). SC, single-cone obturation technique; WVC, warm vertical compac-
tion obturation technique.

Table 3
Failure pattern distribution (n)

          BC HiFlow        CeraSeal          BioRoot

SC WVC SC WVC SC WVC

5 mm

Adhesive 0 0 0 0 0 0

Cohesive 2 1 3 2 3 2

Mixed 8 9 7 8 7 8

Total 10 10 10 10 10 10

10 mm

Adhesive 0 0 0 0 0 0

Cohesive 4 2 4 3 5 4

Mixed 6 8 6 7 5 6

Total 10 10   10 10   10 10
 
SC, single-cone obturation technique; WVC, warm vertical compaction obturation technique.
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to the root dentine surface (35). Further-
more, when using a coated GP cone with 
CBCS, a chemical bond could help reduce 
leakage and reinforce the monoblock ob-
turation concept (5). However, Eltair et al. 
(36) reported that an interfacial gap could 
be between BC sealer and coated GP. There-
fore, although standard GP cone with BR 
and CS, there was no significant difference 
between all SC Groups.
Our study’s most common failure mode is 
a mixed failure, followed by cohesive 
failure. These results were consistent with 
studies about CBCSs that also showed the 
dominance of mixed or cohesive failure 
(12,35,37).  That may be, CBCSs have more 
potent chemical, physical bonds to radic-
ular dentin than to the GP (33). Also, the 
plastic deformation of the GP may nega-
tively affect the PBS (14).
One of the limitations of this study was to 
investigate the PBS of three CBCSs after 
two weeks following obturation, and saline 
was used to give the humidity to the sam-
ples. However, the phosphate-buffered 
saline (PBS) or Hank’s balanced salt solu-
tion (HBSS) may enhance the bond 
strength of CBCSs (38,39). For this reason, 
comparing different filling techniques 
with CBCSs in PBS or HBSS should be 
considered in future research.

Conclusions

Within the limitation of this in vitro study, 
the following was concluded the WVC 
method did not affect the PBS of the pre-
mixed CS and BCH. However, the heat-
based root canal obturation method nega-
tively impacted the BR’s PBS.
Concerning this study’s results, CS can be 
used with standard GP since the PBS of 
the SC technique was equal to the WVC. 
Therefore, further clinical investigations 
are required to evaluate the PBS of BCH, 
BR, and CS with different obturation tech-
niques.

Clinical Relevance

The present study results suggest that BC 
Sealer HiFlow and CeraSeal are suitable 
calcium silicate-based sealers with warm 

vertical compaction for root canal treat-
ment.
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