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Abstract Background/purpose: Residual calcium hydroxide (CH) in the root canal dentine
walls may influence the adhesion of tricalcium silicate-based materials. The aim of this study
is to evaluate the effect of various CH removal protocols on the dislodgement resistance of bio-
dentine from simulated immature root canals in an experimental apexification model.
Materials and methods: CH was applied to 120 simulated immature root canals. The samples
were divided into 12 experimental groups (nZ 10) according to the applied irrigation protocols
used for the removal of CH: Group 1: Sodium hypochlorite (NaOCl), Conventional needle irri-
gation (CNI); Group 2: NaOCl, EndoActivator; Group 3: NaOCl, XP-endo Finisher; Group 4:
NaOCl- Ethylenediaminetetraacetic acid (EDTA), CNI; Group 5: NaOCl-EDTA, EndoActivator;
Group 6: NaOCl-EDTA, XP-Endo Finisher; Group 7: NaOClþetidronic acid (HEBP), CNI; Group
8: NaOClþHEBP, EndoActivator; Group 9: NaOClþHEBP, XP-endo Finisher; Group 10: NaOCl-
Peracetic acid (PAA), CNI; Group 11: NaOCl-PAA, EndoActivator; Group 12: NaOCl-PAA, XP-endo
Finisher; Control Group: CH was not applied. Biodentine was placed at the apical thirds of 130
immature root canals. Vertical loading was applied to biodentine fillings inside the dentin
discs. Maximum force to dislodge the material was statistically analyzed with ANOVA.
Results: The control, NaOClþHEBP (CNI, EndoActivator, XP-endo Finisher) and NaOCl-PAA (En-
doActivator, XP-endo Finisher) groups exhibited the lowest dislodgement resistance values
(p < 0.001). When used CNI, irrigation with NaOClþHEBP resulted in lower resistance to
dislodgement of biodentine compared to NaOCl, and NaOCl-EDTA (p < 0.001).
Conclusion: Adhesion of apical barrier materials to root canal dentine can be influenced by the
irrigation protocols used for CH removal.
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Introduction

Apexification using tricalcium silicate-based materials as
apical barrier is a widely accepted treatment option for the
permanent immature teeth with necrotic pulp. Mineral
trioxide aggregate (MTA), and more recently biodentine are
the most commonly used tricalcium silicate-based cements
for the purpose of inducing an apical calcified tissue barrier
and prevention of root canal fillings’ extrusion into the
periapical area.1,2 In the one-step apexification procedure
using MTA or biodentine, disinfection of root canals with
calcium hydroxide (CH) for approximately one week is
generally recommended before placing apical plugs.3

Previous evidence has suggested that the CH remnants
inside the root canal can adversely influence the penetra-
tion of root canal sealers into the dentinal tubules by acting
as a physical barrier.4 Therefore, dental practitioners
frequently prefer to remove CH or other medicaments
completely from the root canal system before placement of
tricalcium silicate-based barriers. However, it is unclear in
the literature whether the impact of CH residues on the
adhesion of tricalcium silicate-based cements to the root
canal dentine is positive or negative.

Several irrigation solutions and techniques have been
recommended for removing the CH effectively from the
root canal system.5,6 Even though sequential use of sodium
hypochlorite (NaOCl) and ethylenediaminetetraacetic acid
(EDTA) along with mechanical instrumentation is one of the
most widely used protocol to remove CH from root canals,7

it has been deemed insufficient to achieve complete elim-
ination of CH.8,9 Therefore, different irrigation protocols
have been researched regarding their capacity for CH
removal. A 1-hydroxyethylidene-1, 1-bisphosphonate
(HEBP-etidronic acid) has been introduced as an alterna-
tive chelator to EDTA as it shows no short-term interaction
with NaOCl.10 It was also demonstrated that use of HEBP
efficiently removed CH dressings from root canal walls.6

Peracetic acid (PAA), known as a strong disinfectant, has
currently been used as another alternative to EDTA, and
was suggested to form complexes with calcium when used
in the root canal irrigation.11

Use of decalcifying agents without any activation during
irrigation of root canals can not completely remove the
intracanal medicaments including CH from root canal sys-
tem. Therefore, utilization of various irrigation activation
methods have been recommended to achieve effective CH
removal.12e14 EndoActivator (Dentsply Tulsa Dental Spe-
cialites, Tulsa, OK, USA) is a device which was primarily
designed for the agitation of irrigation solutions in root
canal treatment. The system releases sonic waves through
three handpieces possessing different size and tapers.
Alturaiki et al.15 suggested that EndoActivator achieved
better CH removal from the root canals compared to the
EndoVac (negative pressure irrigation) and PiezoFlow
(continuous ultrasonic irrigation), when used with NaOCl
and EDTA. XP-endo Finisher (FKG, La Chaux-de-Fonds,
Switzerland) is a recently introduced instrument that was
manufactured using a special titanium alloy (Martensite-
Austinide-Electropolish-FleX), which provides high flexi-
bility to the instrument.16 This flexibility allows the file
enhanced adaptation to the irregular-shaped root canals
leading to a successful chemomechanical debridement.
Marques-da-Silva et al.14 stated that agitation of the final
irrigants using XP-endo Finisher has removed CH dressings
from simulated internal resorption cavities more success-
fully compared to the EndoActivator and XP-endo Shaper.

Calcium hydroxide removal abilities of the irrigation
protocols may influence the dislodgement resistance of the
apical barrier materials from the root canals of immature
teeth. In addition, use of chelating agents before obtura-
tion of the root canals may also affect the adhesion of
tricalcium silicate-based materials by destroying their
structure and setting reactions.17,18 It has previously been
demonstrated that prior use of chelators significantly
decreased the push-out bond strength of MTA and bio-
dentine to the root-end cavities.19 However, to the authors’
knowledge no study has evaluated the CH removal pro-
tocols on the adhesion of biodentine to the root canals of
immature teeth. Therefore, the aim of this study was to
evaluate the effect of NaOCl, NaOCl-EDTA, NaOClþHEBP,
and NaOCl-PAA along with conventional needle irrigation
(CNI), EndoActivator, and XP-endo Finisher on the
dislodgement resistance of biodentine apical barriers from
simulated immature root canals in an experimental apex-
ification model.

Materials and methods

The protocol of the current study was approved by an
institutional non-interventional research ethical board (No:
10840098e604.01.01-E.12604).

Preparation of the simulated immature teeth

Freshly extracted, sound human canine teeth with single
roots were selected. All teeth were examined under ste-
reomicroscope (Zeiss AxioZoom V16, Carl Zeiss, Jena,
Germany) at x25 magnification for the absence of any caries
and cracks. Absence of any root resorption areas, immature
apex, structural deformations, and extra canal more than
single was confirmed by radiographic examination. A total
of 130 canine teeth meeting the inclusion criteria were
used for the present study. A periodontal scaler was used to
remove the residual tissues from the root surface of the
sample teeth. The teeth were kept in 0.1% thymol solution
at 4 �C until the experiment began. The crowns of teeth
were then removed with the help of diamond discs (Komet,
Gebr Brasseler GmbH & Co., Lemgo, Germany) under water
cooling to obtain a standardized root length of 14mm. After
accessing to the root canals, the working length was
determined to be 1mm short of the apex using a #15 K-file
(Dentsply Sirona Endodontics, Ballaigues, Switzerland) and

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 2 Radiographic image showing homogeneous calcium
hydroxide dressing inside the immature root canal.
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the root canals were instrumented with Protaper rotary
system (Dentsply Maillefer, Ballaigues, Switzerland) to a
master apical size of F5. To achieve a standardized internal
root canal diameter and simulate immature teeth with
open apex, peeso reamers (Mani, Inc. Tochigi, Japan) with
sizes 1e6 were respectively used in working length (Fig. 1).
Size 6 reamer was then extruded 1mm beyond the apical
foramen. Two ml 2.5% sodium hypochlorite (NaOCl) solution
(Promida Co., Eskisehir, Turkey) was applied to the root
canals using a plastic dental syringe and 27-gauge dental
needle (Set Inject; Set Medical Instruments, Istanbul,
Turkey) between each file during instrumentation. To
simulate periodontal ligament and clinical conditions, the
teeth were placed in a flower arrangement foam. The root
canals were finally irrigated using 2 ml of 17% ethyl-
enediaminetetraacetic acid (EDTA) (Cerkamed, Stalowa
Wola, Poland) for 1min and finally flushed using 5ml
distilled water. The root canals were dried with paper
points. Calcium hydroxide powder (CH) (Vision, Istanbul,
Turkey) that was mixed with saline was applied to the 120
root canals using a lentulo spiral. The quality of CH fillings
was confirmed with radiographic evaluation for each sam-
ple (Fig. 2). The remaining 10 simulated immature root
canals received no CH filling. The root canal orifices were
restored with temporary restorative material (Coltosol F,
Coltene Whaledent, Langenau, Germany) and the teeth
were stored at 37 �C and 100% humidity for one week.

Calcium hydroxide removal protocols

After one week incubation period, the teeth were randomly
divided into 12 experimental groups (nZ 10) according to
Figure 1 Representative radiographic image of the simu-
lated immature root model with open apex.
the applied irrigation protocols used for the removal of CH,
and one control group (nZ 10) as follows:

Group 1 (NaOCl, Conventional needle irrigation)
The root canals were irrigated by 6ml 2.5% NaOCl without
any activation using a plastic dental syringe and 27-gauge
dental needle (Set Inject) at a flow rate of 3 ml/min for
2 min. The needle tip was placed at a distance 1mm short
of the working length.

Group 2 (NaOCl, EndoActivator)
The root canals were irrigated with 3 ml 2.5% NaOCl, which
was activated using sonic energy (EndoActivator, Dentsply
Tulsa Dental Specialties, Tulsa, OK, USA) for 1 min at 10,000
cycles/min (medium power) with using a red tip (25/04).
The needle tip was placed at 1mm short from the open
apex. The activation was stopped, and the root canals were
again filled with freshly prepared 3ml 2.5% NaOCl and
activated using EndoActivator (Dentsply Tulsa) using the
same protocol.

Group 3 (NaOCl, XP-endo Finisher)
The root canals were flushed with 3 ml of 2.5% NaOCl. Then
the irrigant was activated using an XP-endo� Finisher file
(FKG Dentaire, La-Chaux-de-Fonds, Switzerland). The XP-
endo� Finisher was used with a torque-controlled end-
odontic motor (X-Smart Plus, Dentsply Maillefer, Ballaigues,
Switzerland) at a speed of 800 rpm and a torque of 1 Ncm.
Briefly, the file was cooled using a cold spray (Endo-Ice;
Whaledent, Mahwah, NJ, USA) in its plastic tube. Then it
was removed from its tube in rotation mode, inserted into
the root canals filled with the irrigant and activated for
1 min. During activation, the XP-endo� Finisher was used
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with slow, gentle and continuous in-and-out movements of
about 7e8mm amplitude to contact the full length of the
canal. The activation was then stopped, and the root canals
were irrigated with freshly prepared 3ml 2.5% NaOCl,
which was activated with XP-endo� Finisher for 1 min as
described above.

Group 4 (NaOCl-EDTA, Conventional needle irrigation)
The samples were passively irrigated with 3 ml 2.5% NaOCl
for 1 min at a flow rate of 3ml/min using a 27-gauge dental
needle (Set Inject). The root canals were then irrigated
using 3 ml 17% EDTA (Wizard, Rehber Chemistry, _Istanbul,
Turkey) without any activation. The needle tip was placed
at a distance 1e2mm short of the working length during
application of both solutions.

Group 5 (NaOCl-EDTA, EndoActivator)
3mL 2.5% NaOCl was applied to the root canals, then
activated by EndoActivator using the same protocol in the
Group 2. Then the root canals were flushed with 3 ml 17%
EDTA and EndoActivator (Dentsply Tulsa) procedure was
repeated for 1min.

Group 6 (NaOCl-EDTA, XP-endo Finisher)
The root canals were filled with 3 mL 2.5% NaOCl, which
was activated with XP-endo� Finisher file (FKG) for 1 min as
described in Group 3. Then, 3 ml 17% EDTA was introduced
to the root canals and agitated with XP-endo Finisher for
1 min.

Group 7 (NaOClDHEBP, Conventional needle irrigation)
Firstly, 18% (weight/volume) etidronic acid (HEBP) solution
was obtained by mixing 60% aqueous HEBP solution (Sig-
maeAldrich, St Louis, MO, USA) with ultrapure water. Three
ml 18% HEBP and 3ml 5% NaOCl solution were mixed to
obtain a total volume of 6 ml single solution. As a result, the
final concentrations of solutions in the mixture were 9% for
HEBP and 2.5% for NaOCl. Six ml of this mixed solution was
applied to the root canals without any activation using a 27-
gauge dental needle (Set Inject) at a flow rate of 3 ml/min
for 2min as described in Group 1.

Group 8 (NaOClDHEBP, EndoActivator)
Three ml mixed solution containing 9% HEBP and 2.5% NaOCl
was prepared and applied to the root canals and activated
with EndoActivator (Dentsply Tulsa) for 1 min using the
same protocol in the Group 2. The activation was stopped
and the root canals were filled with a freshly prepared
mixture of 9% HEBP and 2.5% NaOCl. EndoActivator agita-
tion was again performed for another 1 min.

Group 9 (NaOClDHEBP, XP-endo Finisher)
The root canals were irrigated with 3 ml 9% HEBP and 2.5%
NaOCl, which was activated using XP-endo� Finisher (FKG)
for 1 min as defined above in the Group 3. Then, 3 ml of
freshly prepared solution was applied to the root canals and
activated using XP-endo� Finisher for additional 1 min.

Group 10 (NaOCl-PAA, Conventional needle irrigation)
The root canals were passively irrigated with 3 ml 2.5%
NaOCl using a 27-gauge dental needle (Set Inject) for 1 min
as described in the Group 1. 36e40% peracetic acid (PAA)
solution were obtained from a commercial source (Sigma-
eAldrich, St Louis, MO, USA) and was diluted with distilled
water to produce a 2% (w/v) PAA solution. Subsequently,
3 ml of 2% PAA solution was applied passively to the root
canals via dental syringe for 1min.

Group 11 (NaOCl-PAA, EndoActivator)
Three ml 2.5% NaOCl was introduced to the root canals and
the solution was agitated with EndoActivator (Dentsply
Tulsa) for 1min as explained in the Group 2. The root canals
were then irrigated using 3 ml 2% PAA solution that was
activated with EndoActivator for 1min.

Group 12 (NaOCl-PAA, XP-endo Finisher)
Three ml 2.5% NaOCl was applied to the root canals, and
then activated using XP-endo Finisher (FKG) for 1 min using
the same protocol in the Group 3. Following this procedure,
the root canals were flushed with 3ml 2% PAA solution,
which was activated using XP-endo Finisher for another
1min.

Control group (nZ 10)
Any calcium hydroxide dressing was not applied to the
simulated immature root samples in this group.

The total volume of the irrigation solutions was 6 ml in
all experimental groups, the total irrigation time was 2min
in the conventional needle irrigation groups, and the total
activation time was 2min in the EndoActivator and XP-endo
Finisher groups. To eliminate the negative effect of pro-
longed contact of root dentin with irrigation agents, all
samples were finally flushed with 2 ml of distilled water for
30 s immediately after completion of respective irrigation
protocol. Then the root canals were dried with paper points
(DiaDent, Almere, Netherlands).

Preparation of biodentine apical barriers

Biodentine (Septodont, Saint-Maur-des-Fosses, France) was
prepared by trituration for 30s using a dental amalgamator
according to the recommendations of the manufacturers.
Prepared cement was placed in the apical 4e5mm of the
root canals using MTA carrier (Dentsply, Tulsa, OK, USA) to
simulate apical barriers and compacted with Buchanan
endodontic pluggers (Kerr Co., Orange, CA, USA).

Dislodgement resistance assessment

The apical segments of the specimens were sectioned
horizontally to obtain one slice with a thickness of
2.0� 0.1mm using a precision saw (Isomet, Buehler, NY,
USA) at a slow speed under constant cooling. The thickness
of each slice was confirmed using a digital caliper (Avenger
Products Co., North Plains, OR, USA) with an accuracy of
0.001mm in order to maintain the standardization of the
slices and to discard the undesired effects caused from
vibration of precision saw. The dislodgement resistance of
biodentine was measured by application of vertical loads
using cylindrical tips mounted on a universal testing ma-
chine (Lloyd Instruments Ltd, Fareham, UK). A gradually
increasing force at a cross-head speed of 1 mm/min was
applied to each specimen from the apical to the coronal
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direction until bond failure occurred. The maximum force
in Newtons to dislodge the material was divided by the
surface area of biodentine filling (A) and thus converted to
megapascals (MPa) for each specimen. Surface area of
biodentine filling (A) was calculated using the formula: A
(mm2)ZP (r1þr2) h, where PZ 3.14, r1 Z smaller radius
of the filling material, r2 Z larger radius of the filling ma-
terial, and h Z height of the filling material (2 mm).

Failure modes were analysed using a stereomicroscope
and classified into one of the following categories: ‘adhe-
sive failure’ between biodentine and dentinal wall inter-
face, ‘cohesive failure’ within the biodentine or ‘mixed
failure’ failure in both the biodentine and dentinal wall.

Statistical analysis

The statistical analyses were carried out using Statistical
Package for the Social Sciences version 15.0 (SPSS Inc.,
Chicago, IL, USA). Data were presented as mean and stan-
dard deviation. All data were tested for normality prior to
statistical analysis. For the comparison of control group and
the experimental groups, one-way ANOVA test, followed by
Dunnett’s post-hoc test was used. Two-way ANOVA was
performed to analyze the influence of the two factors
(irrigation technique and irrigation solution) and their in-
teractions on the dislodgement resistance. Post-hoc com-
parisons were evaluated using Bonferroni corrections. All
statistical analyses were two-sided, and a P-value below
0.05 was considered to be statistically significant.

Results

The mean values and standard deviations of the resistance
to dislodgement in the experimental groups were shown in
Table 1. One-way ANOVA revealed that the control samples
without CH filling exhibited the lowest dislodgement resis-
tance values (1.46 � 0.68) (p < 0.001). But this value was
not statistically different from those of the samples irri-
gated with NaOClþHEBP used with three irrigation tech-
niques (CNI, EndoActivator, XP-endo Finisher), and NaOCl-
PAA activated with both activation methods (EndoActiva-
tor, XP-endo Finisher). Two-way ANOVA revealed that, the
dislodgement resistance of biodentine apical barrier was
Table 1 Means and standard deviations of the dislodgement re

Irrigation
techniques (IT)

Irrigation solutions (I

NaOCl
Means (SD)

NaOCl-EDTA
Means (SD)

NaOClþH
Means (S

Conventional
needle
irrigation

5.96 (1.5) Aa 4.97 (2.49) Aa 2.39 (1

EndoActivator 4.97 (2.47) Aab 5.19 (2.46) Aa 2.87 (0
Xp-endo

Finisher
4.36 (1.92) Aa 4.65 (2.60) Aa 2.90 (1

*SD, standard deviation; NaOCl, sodium hypochlorite; EDTA, ethylened
P- value, statistical significance level.
The different upper case letters in each column indicate significant d
case letters in each row indicate significant differences between the
significantly affected by the irrigation solution (p < 0.001),
but not influenced by the type of irrigation technique
(p Z 0.260). There was no significant interaction between
the irrigation solution and the irrigation technique
(p Z 0.580). When combinated with CNI, use of
NaOClþHEBP resulted in lower resistance to dislodgement
of biodentine compared to NaOCl, and NaOCl-EDTA
(p < 0.001). The samples irrigated with NaOCl-EDTA that
was agitated using EndoActivator showed higher dislodge-
ment resistance compared to the ones irrigated with
NaOClþHEBP (p < 0.001). In all the experimental groups,
regardless of the irrigation solutions, there was no signifi-
cant difference between the three irrigation techniques in
terms of dislodgement resistance of biodentine (p > 0.001).

The modes of failures of the specimens were listed in
Table 2. The failures were predominantly cohesive in the
samples irrigated with NaOCl, NaOCl-EDTA, and
NaOClþHEBP, whereas the majority of the observed failures
were adhesive and mixed in the NaOCl-PAA treated
samples.

Discussion

Tricalcium silicate-based cements used as an apical barrier
in the apexification of non-vital immature teeth should
exhibit adequate adhesion to the root canal dentine,
because they are exposed to several forces during opera-
tive procedures and mastication. However, use of intra-
canal medicaments and/or irrigation protocols for the
removal of these medications can influence the dislodge-
ment resistance of apical barrier materials.12 It was
demonstrated that prior use of CH has improved the
dislodgement resistance of tricalcium silicate-based mate-
rials from the root canal dentine.12,20 These results support
the present findings, because the lowest dislodgement
resistance values were derived from the samples which
were not filled with CH before placement of biodentine
apical plugs. Our results are also in agreement with those of
Centenaro et al.,21 who found higher dislocation resistance
of biodentine from the root canals which were priorly
medicated with CH, compared to the root canals that have
no medication, although the difference was not statistically
significant. This improvement in the adhesion can be
sistance values of the samples in the experimental groups.

S) P-value of two-way ANOVA

EBP
D)

NaOCl-PAA
Means (SD)

IT IS IT x IS

.49) Ab 4.52 (1.97) Aab 0.260 <0.001 0.580

.60) Ab 3.41 (2.32) Aab

.08) Aa 3.09 (0.90) Aa

iaminetetraacetic acid; HEBP, etidronic acid; PAA, peracetic acid;

ifferences between the irrigation techniques. The different lower
irrigation solutions.



Table 2 Types of adhesion failures observed in the experimental groups.

Irrigation techniques Failure modes Irrigation solutions

NaOCl n (%) NaOCl-EDTA n (%) NaOClþHEBP n (%) NaOCl-PAA n (%)

Conventional needle
irrigation

A
C
M

4 (40)
6 (60)
0 (0)

1 (10)
8 (80)
1 (10)

2 (20)
5 (50)
3 (30)

5 (50)
3 (30)
2 (20)

EndoActivator A
C
M

3 (30)
6 (60)
1 (10)

3 (30)
6 (60)
1 (10)

4 (40)
6 (60)
0 (0)

4 (40)
5 (50)
1 (10)

XP-endo Finisher A
C
M

3 (30)
5 (50)
2 (20)

2 (20)
6 (60)
2 (20)

1 (10)
7 (70)
2 (20)

4 (40)
4 (40)
2 (20)

n, number; %, percentage; A, adhesive failure; C, cohesive failure; M, mixed failure; NaOCl, sodium hypochlorite; EDTA, ethyl-
enediaminetetraacetic acid; HEBP, etidronic acid; PAA, peracetic acid.
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explained by possible chemical interaction of tricalcium
silicate-based materials and CH residues in the root canal or
the presence of water inside CH which may improve the
setting reaction of tricalcium silicate-based materials.13,22

According to the present results, there seems to be a
negative correlation between the removal efficiency of CH
from the immature root canal walls and adhesion of bio-
dentine apical plugs. The samples exposed to the NaOCl
used with conventional needle irrigation showed the high-
est resistance to dislodgement of biodentine from root
canal walls. Use of NaOCl without any activation has pre-
viously been demonstrated to be insufficient to remove CH
from root canal walls.5 Similarly, sequential use of NaOCl
and EDTA resulted in stronger adhesion of biodentine
compared to the use of NaOClþHEBP when associated with
three irrigation techniques, although this difference was
not statistically significant in the XP-endo Finisher activa-
tion group. Limited demineralization capacity of EDTA in
apical third of the root canals has been reported in previous
studies, which could positively affect the adhesion of the
apical barrier materials.23

The lowest dislocation resistance values for biodentine
were obtained from the samples irrigated with
NaOClþHEBP when used with EndoActivator and CNI,
despite these values were not statistically different from
NaOCl-PAA irrigated samples. Superior chelating ability of
HEBP over EDTA in removing smear layer from the apical
third of root canals has previously been mentioned.23

Although the chemical compositions of the smear layer
and CH are different, irrigation of root canals with HEBP
could also result in more effective removal of CH from
immature root canals compared to EDTA, which in turn
causes unsuccessful adhesion of biodentine as in the pre-
sent study. A possible reason for the ability of HEBP in the
elimination of CH can be its high acidity that compensates
its weak chelating ability.6 It was suggested that the high
alkaline pH of CH increases the pH of the irrigation agents,
thereby decreasing their chelating ability.6

In addition to the possible chemical interactions be-
tween tricalcium silicate-based materials and CH remnants,
the micromechanical retention of the cements to the su-
perficial CH residues can be another explanation for the
stronger adhesion of biodentine in the samples irrigated
with solutions with lower chelating ability and removal
potential of CH.22 The lower adhesion values of biodentine
in the NaOClþHEBP treated samples can also be attributed
to the possible alterations in the ultrastructure of root
canal dentine. It was previously demonstrated that final
irrigation of root canals with HEBP can lead to structural
changes and hardness reduction in root canal dentine,
which may adversely affect the adhesion of root canal
sealers.24

The present results indicated that, regardless of the
irrigation solutions, there was no statistically significant
difference between the three irrigation techniques in terms
of dislodgement resistance of biodentine. However, lower
resistance to dislodgement was detected after use of XP-
endo Finisher compared to the other techniques in the
NaOCl, NaOCl-EDTA, and NaOCl-PAA groups. This can be
explained by the superiority of XP-endo Finisher over
EndoActivator and CNI on the removal of CH from irregular
shaped root canals.14 Therefore, use of XP-endo Finisher
could have improved the limited CH removal abilities of
NaOCl, EDTA and PAA, which could result in reduction in the
adhesion of biodentine.

Based on the results of the present study, the type of the
chelating agents rather than the irrigation technique seems
to have an impact on the dislodgement resistance of bio-
dentine apical barriers from simulated immature roots. This
can be related to the abilities of irrigation solutions in the
removal of CH as well as their effects on the ultrastructure
of root canal dentine or tricalcium silicate-based cements.
Further in-vitro and in-vivo research are needed to inves-
tigate the mechanism by which the irrigation protocols in-
fluence the adhesion of tricalcium silicate-based apical
barrier materials to the root canals of immature teeth.
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