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Evaluation of the Bond Strength of Epoxy Resin-based
Sealer Following Different Calcium Hydroxide Paste
Removal Methods in Oval-shaped Root Canal
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A b s t r ac t
Aim: The study aimed to investigate the bond strength of epoxy resin-based sealer following five different calcium hydroxide paste removal
methods in oval-shaped root canals.
Materials and methods: Sixty single-rooted human mandibular premolars having an oval-shaped root canal as evidenced by radiographs
were decoronated and instrumented to size 40/0.04, medicated with calcium hydroxide paste for 7 days, before being randomly assigned to
the conventional needle irrigation (CNI), manual dynamic agitation (MDA), sonic irrigation (SI), passive ultrasonic irrigation (PUI), and XP-endo
Finisher (XP) groups to be irrigated using different irrigation systems. All specimens were then obturated using an epoxy resin-based root canal
sealer and warm vertical compaction obturation technique. After 7 days, each specimen was sectioned into 1 mm root slices at the coronal,
middle, and apical third of the root canal and tested for the push-out bond strength using a universal testing machine.
Results: The XP group was the only group that had comparable bond strength to the control group at every level of the root canal following
removal of calcium hydroxide medicament (p >0.05). The control group had higher bond strength than the CNI group at every level of the root
canal (p < 0.05).
Conclusion: Calcium hydroxide interfered with the bonding of epoxy resin-based sealer to root canal walls. Irrigation with the XP increased the
bonding sealer at every level of the root canal.
Clinical significance: The XP was efficacious as a final rinse agitation technique to promote the bonding of the epoxy resin-based sealer at every
level of the root canal following calcium hydroxide medication.
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Introduction
Root canal disinfection is one of the crucial steps in endodontic
treatment because it reduces the microbial load in the root canal
system.1 Mechanical debridement can remove most of the root
canal infections, but those remaining still require attention.2,3
Root canal medications further disinfect the root canal. Calcium
hydroxide paste is widely used for disinfection. However, it can be
difficult to remove from root canals with complex anatomies,4,5
curved canals,6 and oval-shaped canals.7 The remaining medicament
could affect the quality and sealing ability of obturation materials.8,9
Therefore, intracanal medicaments should be completely removed
before obturation to obtain a good seal between the root canal
sealer and the root canal wall.10
Conventional needle irrigation is a technique frequently used
to irrigate root canals but its efficacy to remove medicament is
limited.11 Irrigant activation techniques can promote propagation
of irrigants into the root canal complexities. Those techniques
include MDA in which a gutta-percha cone is moved vertically at
the working length (WL) 100 times per minute. Sonic irrigation
such as the EndoActivator is an oscillating instrument that is
used at sonic frequencies. These two techniques can adequately
activate irrigants to remove intracanal medicaments.12 An irrigation
technique employing an ultrasonic instrument, namely the PUI
technique, activates irrigants by creating acoustic microstreaming,
which pushes irrigants into complex anatomies of the root canal
system. This resulted in a canal better cleaned from intracanal
calcium hydroxide than the CNI technique.13,14
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The new XP (FKG Dentaire, La Chaux de Fonds, Switzerland) is
a rotary instrument developed using nickel–titanium alloy. It has
an ISO 25 diameter without tapering and can expand 3 mm while
rotating inside the root canal. Its high flexibility allows it to clean
areas of the root canal system inaccessible by other instruments.15
Studies have shown the high efficacy of the XP in removing calcium
hydroxide medicament from the root canal.15–17
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Bond Strength of Sealer After Calcium Hydroxide Removal
Removal of calcium hydroxide medicament is a crucial factor
to a high-quality root canal filling. Therefore, this study aimed to
investigate the bond strength of epoxy resin-based sealer following
different calcium hydroxide paste removal methods (CNI, MDA, SI,
PUI, and XP) in the oval-shaped root canal.

M at e r ia l s

and

Methods

Sample Preparation
The ethical approval of this study was done by the human
experimentation committee (Certificate of ethical clearance No.
43/2020, approved on June 19, 2020). The study was conducted
at the Faculty of Dentistry, Chiang Mai University, Chiang Mai,
Thailand, from July 2021 to March 2022. Sixty human mandibular
premolars single-rooted were collected randomly from a collection
of extracted teeth due to orthodontic reasons. Teeth were kept in a
0.1% thymol solution. Teeth with a carious lesion, restoration, crack
or fracture, and open apex were excluded from the study. The
oval shape of the canal was determined using two conventional
radiographs of buccolingual and mesiodistal aspects, and teeth
with a maximum diameter 1.5 times larger than the minimum
diameter 5 mm from the apex were included in the study.18 Teeth
were decoronated using a diamond disk (Intensiv SA, Montagnola,
Switzerland) to a standardized tooth length of 16 mm. The root
was then coated with two layers of nail polish and embedded in
putty silicone to simulate a closed system and ease of handling.
Canals were enlarged up to size 40/0.04 using rotary instruments
(Mtwo, VDW GmbH, Munich, Germany) to a WL of 15 mm. During
instrumentation, canals were irrigated with 20 mL of sodium
hypochlorite (2.5% NaOCl) (Sigma-Aldrich, St. Louis, MO, USA)
using a side-vented needle (gauge 27) and recapitulated using a
K-file (ISO #10). The smear layer was then removed using 5 mL of
2.5% NaOCl solution and 2 mL of ethylenediaminetetraacetic acid
(17% EDTA) for 1 minute. A flush was performed using distilled
water (5 mL), and canals were dried using sterile paper points. Ten
teeth were randomized into the negative control group, where
they were not medicated with calcium hydroxide. The remaining
50 teeth were medicated with a premixed calcium hydroxide paste
(UltraCal; Ultradent, South Jordan, USA) using a lentulo spiral to
ensure that the medicament filled the root canal to the WL. The
orifice was then sealed using a temporary restoration (Cavit; 3M
ESPE, Seefeld, Germany), and all specimens were kept in 100%
humidity at 37°C for 7 days.

Experimental Groups
Following the incubation period, the temporary restoration was
removed using a round bur and a high-speed handpiece. The
specimens were then assigned to 5 experimental groups (n = 10)
as follows:
Group I (CNI): Canals were irrigated with 4 mL of 2.5% NaOCl for
3 minutes using a side-vented 27-gauge needle placed 2 mm short
of the WL, and the irrigant was left inside the canal for another
minute. Then, 2 mL of 17% EDTA was used to irrigate for 1 minute,
followed by another 2 mL of 2.5% NaOCl for 1 minute, and the
irrigant was left in the canal for another minute.
Group II (MDA): Canals were irrigated using the same irrigant,
volume, and irrigation time as the previous group. EDTA and the
subsequent NaOCl were activated using a gutta-percha main cone
moving vertically at the WL level 100 times per minute.

Group III (SI): Canals were irrigated using the same irrigant, volume,
and irrigation time as previous groups. EDTA and the subsequent
NaOCl were activated using the EndoActivator® (6000 cycles per
minute; medium power setting) together with a red tip (25/04). The
instrument was placed 2 mm short of the WL and moved vertically
with an amplitude of 2–3 mm.
Group IV (PUI): Canals were irrigated using the same irrigant,
volume, and irrigation time as previous groups. EDTA and
the subsequent NaOCl were activated using an ultrasonic
generator (NEWTRON P5, Acteon) at the setting of 28,000 Hz as
recommended by the manufacturer together with an IrriSafe tip
#25IRR (Satelec Acteon Group, Merignac, France). The instrument
was placed 2 mm short of the WL and moved vertically with an
amplitude of 2–3 mm.
Group V (XP): Canals were irrigated using the same irrigant, volume,
and irrigation time as previous groups. EDTA and the subsequent
NaOCl were activated using XP together with a rotary motor
(800 rpm and 1 Ncm). The instrument was placed at the WL and
moved vertically with an amplitude of 7–8 mm.

Root Canal Filling
After irrigation, canals were dried using paper points and obturated
using the warm vertical compaction technique. A gutta-percha
cone with 4% tapering (Dentsply Sirona, Ballaigues, Vaud,
Switzerland) was inserted into the WL. AH Plus (Dentsply Sirona)
was used as a root canal sealer. The Gutta-percha was downpacked
and backfilled to the level of the canal orifice using an obturation
gun (B&L Biotech, Gyeonggi-do, South Korea). The access was sealed
with a temporary restoration, and specimens were kept in 100%
humidity at 37°C for 7 days.

Push-out Bond-strength Analysis
The acrylic resin was used to embed the teeth along their long
axis. Each root was sectioned perpendicular to the long axis
using a precision cutter (IsoMet 1000: Buehler, Lake Bluff, IL,
USA) to obtain three 1 mm thick, 13 mm (coronal), 8 mm (middle),
and 3 mm (apical) from the WL. The sectioned root slices were
verified with standardized thickness using a digital caliper. The
push-out bond strength of all specimens was analyzed using
a universal testing machine (Instron 5566 Universal Testing
Machine, Instron Engineering Corporation, Norwood, MN, USA)
at a crosshead speed of 0.5 mm per minute. The machine was
used in conjunction with cylindrical plungers of 0.7 mm, 0.5
mm, and 0.3 mm diameters for specimens obtained from the
coronal, middle, and apical thirds of the root canal, respectively.
The maximum load given to the root canal fillings before failure
was recorded. The bonded area of an oval-shaped canal was
calculated as previously described.19
After the push-out test, the inverted phase-contrast microscope
(Olympus, Tokyo, Japan) at 40× magnification was used to
determine the mode of failure, which was classified into three
modes: adhesive failure is those that failed at the sealer and root
canal wall interface, cohesive failure is those that failed at the
gutta-percha and sealer interface, and mixed failure is those that
failed at both interfaces.
The bond strengths were statistically analyzed using one-way
ANOVA and Duncan’s post hoc tests using SPSS 17.0 (SPSS software,
SPSS Inc., Chicago, IL, USA).
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R e s u lts
At the coronal third, the control, SI, PUI, and XP groups had no
significant difference (p >0.05), but those groups demonstrated
the higher bond strength than the CNI and MDA groups (p < 0.05).
At the middle third, there were no statistical differences in bond
strength between the control, MDA, SI, PUI, and XP groups (p > 0.05).
At the apical third, MDA and XP groups had no significant difference
in bond strength from the control group (p > 0.05). The SI and PUI
groups had significantly lower bond strengths than the control
group (p < 0.05), but the PUI group had no significant difference
from the MDA group (p > 0.05). The control group had a higher
bond strength than the CNI group at every level of the root canal
(p < 0.05) (Table 1). Mixed failure predominated in every experi
mental group. Adhesive failure was most prominent in the CNI
group (Fig. 1). It can be inferred from the study that calcium
hydroxide interfered with the bonding of epoxy resin-based sealer
to root canal walls and irrigation with the XP increased the bonding
of the sealer at every level of the root canal.

Discussion
The bond strength of specimens irrigated using the CNI technique
were significantly lower than the control at every level of the root
canal. This could be because the resin-based sealer bonds to the

root canal and creates a tag-like structure in the dentinal tubules,
but were obstructed by the medicament on the root canal wall,
as described by Uzunoglu-Özyürek et al.20 Furthermore, calcium
hydroxide may intervene in the reaction between the epoxide rings
of the sealer and the exposed amino groups of dentinal collagens
which promotes the formation of covalent bonds, resulting in poor
bonding as described by Neelakantan et al.21
The MDA technique utilizes a close-fitting gutta-percha
main cone in a short-stroke pumping action at the WL to create
a hydraulic force that pushes irrigants into complex anatomies
of the root canal. The MDA technique has been demonstrated to
be efficacious in removing debris from the apical third of the root
canal because it dislodges entrapped gases, as described by Jiang
et al.22 The result of Jiang et al. corresponded to the current study,
which found the high bond strength at the apical third of the root
canal. On the other hand, the gap (reflux space) between the root
canal wall and the main cone, which was larger in the coronal third,
resulted in a lower hydraulic force, leading to a lower bond strength,
as reported by Bronnec et al.23
The debridement efficacy of the SI and PUI system is due to
the transmission of energy from the oscillating instrument to the
irrigant, creating cavitation and acoustic microstreaming in the
root canal which pushes irrigants into areas that are difficult to
clean as described by Blank-Gonçalves et al.24 Donnermeyer et al.

Table 1: Mean (standard deviation) of the push-out bond strength values (MPa) of all experimental groups obtained from different levels of the
root canal
Experimental groups
Control

CNI

1.29 (0.42)

2.13 (1.68)

2.11 (1.11)

2.28 (1.07)a

Middle

4.50 (1.56)a

1.86 (0.78)b

3.36 (1.06)a

3.56 (1.67)a

3.97 (1.70)a

4.04 (1.65)a

a

c

c

b

6.60 (1.17)a

ab

5.53 (1.94)

ab

XP

1.13 (0.54)
2.60 (0.62)

bc

PUI

2.44 (0.59)
6.61 (2.10)

c

SI

Coronal
Apical

a

MDA

3.24 (0.87)

ab

4.72 (1.82)

CNI, conventional needle irrigation; MDA, manual dynamic agitation; SI, sonic irrigation; PUI, passive ultrasonic irrigation; XP, XP-endo Finisher
Different superscript letters indicate a statistically significant difference between the mean value of specimens obtained from the same level of the root
canal (p < 0.05)

Fig. 1: Stacked bar chart showing the percentage distribution of failure mode of all experimental groups obtained from different levels of the
root canal (C, coronal; M, middle; A, apical; CNI, conventional needle irrigation; MDA, manual dynamic agitation; SI, sonic irrigation; PUI, passive
ultrasonic irrigation; XP, XP-endo Finisher)
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and Alturaiki et al. have demonstrated that the SI and PUI systems
were both efficacious at removing calcium hydroxide from the
coronal third of the root canal.4,25 Their results corresponded to
our study, which found that both the SI and PUI groups had a high
bond strength and were not different from the control and XP
groups. On the other hand, a study also reported that in the apical
third of the root canal, the PUI was more efficacious than the XP
system at removing calcium hydroxide medicament as reported by
Donnermeyer et al.4 Their results contradicted ours and could be
due to the methodologies, and the selection and preparation of
specimens. Furthermore, one of the factors influencing the efficacy
of the PUI system is a fresh replacement of irrigants. In our study,
losing the reservoir of the irrigant was limited because the teeth
were decoronated.
Donnermeyer et al. and Leoni et al. have shown the efficacy of
the XP in removing hard-tissue debris or root canal medicaments.4,26
The findings of those studies corresponded to the current study,
where the XP group had similar bond strength to the control group
at every level of the root canal. The XP can effectively remove
medicaments from the root canal, especially canals that are not
ideally round because the instrument has high flexibility. When
it rotates, it physically contacts and debrides the root canal wall.
It can also reach areas that are inaccessible to other instruments
such as the buccal or lingual recesses of oval canals, which may
have some remaining calcium hydroxide medicament as reported
by Denna et al.27
Our results showed that mixed failure and cohesive failure were
the most common failure mode, which corresponds to Prado et al.28
This could be due to the sealer and gutta-percha cone not bonded
together when the failure occurs. On the contrary, adhesive failure
was observed mostly in the CNI group. This may be due to the
remaining calcium hydroxide medicament obstructing the bond
of the sealer and root canal surface.
This study revealed the bond strength of an epoxy resin-based
root canal sealer following different strategies for a final rinse
protocol to remove calcium hydroxide medicament from an ovalshaped root canal, in which its anatomy was obtained as indirect
information. Our findings demonstrated that irrigant activation
using different methods after calcium hydroxide medication
increased the bond strength of the root-filling material. Despite
the results, root canals have numerous complex anatomies, such
as lateral canals, isthmuses, and apical ramifications, that were not
investigated in this study. These could be studied further as well as
other types of medicaments and root canal sealers.

C o n c lu s i o n
Within the limitation of this study, it may be concluded that
calcium hydroxide medicament had a negative effect on the
bonding between the sealer and the root canal surface. The
bond strength of the root-filling material was different among
the irrigation protocols. The XP was efficacious as a final rinse
agitation technique to promote the bonding of the epoxy resinbased sealer at every level of the root canal following calcium
hydroxide medication.
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