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Abstract Objective The current study was designed to assess the bonding strength of EndoSeal
MTA and AH Plus sealers after using three irrigation protocols as follows: (1) 17%
Ethylenediamine tetraacetic acid, (2) 7% maleic acid, and (3) 37% phosphoric acid.
Materials and Methods Push-out bond strength was evaluated for 60 middle root
slices of 1-mm thickness each. They were horizontally cut from freshly extracted single-
rooted human teeth. A hole in the root canal was made using a carbide round bur of
1.1mm in diameter in a middle third root slice. Specimens were dipped in 2.5% NaOCl,
and then they were grouped into three groups; G1: 17% EDTA, G2: 7% maleic acid, and
G3: 37% phosphoric acid as a final irrigant for 3minutes. Each group was subdivided
into two subgroups, according to the type of sealer, either EndoSeal MTA or AH Plus.
Statistical Analysis After the full set of the sealer, the bond strength was evaluated
with the push-out test by applying a force to each slice using a plunger with a 1-mm
diameter. The one-way Tukey’s post hoc test, analysis of variance (ANOVA) test, and
Student’s t-test were utilized to gather data and statistically evaluate it.
Results The irrigation protocol used exhibited significant influence on the bond
strength of EndoSeal MTA and AH Plus sealers. AH Plus sealer subgroups showed the
highest bond strength with 7% maleic acid, followed by 37% phosphoric acid, and 17%
EDTA. While in the EndoSeal MTA sealer subgroups, the highest bond strength was
shown with the 17% EDTA followed by 7% maleic acid and 37% phosphoric acid,
respectively.
Conclusion The present study revealed that the type of the final irrigant significantly
impacts the bond strength of the sealer used. The AH Plus sealer bond strength was
improved by using the 7% maleic acid as a final irrigant. In contrast, the EndoSeal MTA
sealer showed the best results with the 17% EDTA as a final irrigant.
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Introduction

Successful root canal treatment relies on the proper cleaning
of the canal and complete removal of the microorganisms.
Moreover, using an inert root canal filling material that can
fill the canal space three dimensionally and inhibit any
bacterial invasion from the oral cavity to the periapical
tissues can improve root canal treatment success rates.1

The most used irrigating solution in the endodontic field
is sodium hypochlorite (2.5% NaOCl). It is widely used
because of its capability to dissolve the organic tissues inside
the canal. However, its inability to dissolve the inorganic
materials is a drawback. The existence of the smear layer on
the canal walls negatively affects the bond strength at the
root sealer–dentine interface.2 Many demineralizing agents
have been used as adjunctive to the 2.5% NaOCl to ensure the
hybridized smear layer elimination.3

EDTA and sodium hypochlorite combination is usually
used to eliminate the smear layer efficiently from the root
canal system.1 Smear layer removal time ranges from 1 to
10minutes on using 17% EDTA. Nevertheless, it was reported
that this combination might lead to erosion of the peritub-
ular and intertubular dentin compared with distilled water
and decrease the microhardness of dentin.4 However, it was
reported that 3-minute exposure of the root dentin to 17%
EDTA showed complete removal of the smear layer.5

Several conditioning materials were used for surface
treatment for either enamel or dentin like phosphoric acid
and maleic acid. Maleic acid is used as a mild organic acid
conditioner in adhesive dentistry due to its smear layer
removal ability.5 Different studies have been conducted to
evaluate the various possible concentrations of maleic acid
for smear layer removal from root canals. Prabhu et al6 stated
that using more than 7% concentration of maleic acid may
lead to erosion of the intertubular dentin. At the same time,
other studies showed that 37% phosphoric acid concentra-
tion led to the complete elimination of the smear layer from
the root dentin.7

AH Plus resin sealer is the most used endodontic sealer
due to its favorable physical and biological properties, apical
sealability, low solubility, and adhesion to root dentin.7 In
1995, Torabinejad and White8 introduced the first biocer-
amic material in the endodontic field, the Mineral Trioxide
Aggregate (MTA). It is a biocompatible, inductive, and osteo-
conductive material.3 Moreover, the desirable MTA sealing
ability is due to its calcium ions release and the production of
an apatite layer with phosphates containing physiologic
fluids. A pozzolan-based root canal sealer EndoSeal MTA
has the original Mineral Trioxide Aggregate same physical
and biological characteristics.9

Different irrigation protocols have been used to achieve
adequate bond strength between endodontic sealer and root
dentin. Ulusoy et al found that the maleic acid has a remark-
able decrease in the bond strength of resin sealers when
compared with EDTA.10 However, in a similar study, it was
found that the Maleic acid showed significant improvement
in the bond strength of resin sealers in comparison to
EDTA.11

Till present, no definitive research has been concluded the
optimum bond strength for EndoSeal MTA and AH Plus
sealers after using different irrigation protocols. Hence, the
present researchwas designed to compare the efficacyof 17%
EDTA, 7%maleic acid, and 37% phosphoric acid on both types
of sealers using the push-out bond strength test.

In this work, the null hypothesis was that there was no
difference in the impact of the studied irrigation procedures
on the bond strength of the sealers utilized.

Materials and Methods

Sample Size Calculation
The sample size estimate was calculated using the sample
size calculation formula provided by the World Health
Organization according to earlier research.12 The of power
of study β¼80% and margin of error α¼5%, μ1, and μ2 were
the mean level, standard deviation (σ). A total size of 60-disc
samples was required for this study, 20 discs for each group.

n¼ (Zα/2þ Zβ)2 �2�σ2 / (μ1–μ2)2

Sample Selection
Ethical permission was acquired from the Health Ethics
Committee of Imam Abdulrahman Bin Faisal University,
Dammam, Saudi Arabia (EA: 2019019). A total of 60 sin-
gle-rooted teeth, freshly extracted, at least 15-mm root
length, and completely formed apices were used. Preopera-
tive X-rays for each tooth were prepared for further exami-
nation. Teeth with internal resorption, calcification, cracks,
curved, or narrow canals, or any structural defect had been
excluded. They were stored in 10% formalin immediately
after extraction. The 10% formalin is the only disinfectant
material penetrating the pulp chamber and is considered an
effective antimicrobial agent.13 Moreover, Pichardo et al
suggested that 10% formalin can stabilize the collagen inside
the dentinal tubules and prevent their collapse, allowing
more mechanical interlocking of the restorative material to
the tubules and preventing microleakage.13

Sample Preparation
Specimens were mounted in acrylic mold and decoronated to
obtain a 15-mm root length in all samples utilizing a double-
faced diamond disc (KG Sorensen, Ind. Com. Ltda.; Barueri, Sao
Paolo,Brazil).Aprecisiondiamondsaw(Isomet1000, LakeBuff,
Buehler, Illinois, United States)was used to cut 1-mmhorizon-
tal cross-sectional slices perpendicular to the long tooth axis
from the middle root third along with a water coolant
system ►Fig. 1. One middle root third slice per tooth resulted
in a total of 60 slices being collected for further investigation. A
digital caliper was used to check the thickness of each slice
(Pachymeter, Electronic Digital Instruments, China).

Every slice was assigned a code and calibrated through
comparison to an item of an identified length, like a ruler in
the present study.

A vertical drill was used to drill a standardized hole with a
1.1-mm cylindrical carbide bur (893–047, Brasseler, Savan-
nah, Georgia, United States) and constant water irrigation.
The drilled hole standardized the root canal anatomy and
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diameter among the specimens, increasing the push-out
model’s internal validity, and providing more control over
the failuremode. Sampleswere dipped for 15minutes in 2.5%
NaOCl solution (Sodium Hypochlorite Lot 050613–9, Fair
Lawn, New Jersey) followed by bidistilled water for 1minute
to neutralize sodium hypochlorite’s effect. Samples were
distributed in three groups with 20 slices each. Each group
was irrigated with one of the following 17% EDTA (PulpDent,
Watertown, Massachusetts, United States), 7% maleic acid
(KMC Pharmacy, Manipal, Karnataka, India), or 37% phos-
phoric acid (Total Etch, Ivoclar Vivadent AG, Liechtenstein) as
a final irrigant for 3minutes as recommended in the litera-
ture.4,14 The drilled holeswere driedwith paper points. After
that, the three final irrigant groups were divided into two
subgroups each. The two subgroups were filled with either
EndoSeal MTA (EndoSeal, Maruchi, Seoul, Korea) or AH Plus
sealers (Dentsply, DeTrey, Konstanz, Germany). Sealers were
prepared as per the manufacturer’s guidelines and inserted
into the holes. Gentle vibrationwas performedwhile placing
the sealer to avoid any bubble formation. The filled slices

were kept in phosphate-buffered saline at 37°C (pH¼7.2) for
7 days before the assessment to ensure the sealer’s full set.

Assessment of the Push-Out Bond Strength
Through a computer-controlled testing machine, all the
slices were exposed to compressive force at a 1mm/min
crosshead speed (Instron Industrial Products, Model 3345;
Massachusetts, United States;►Fig. 2). The load on the sealer
thatfilled the sliceswas applied using a plunger with a 1-mm
diameter equivalent to the root third to be tested. The
plunger tip was placed such that it just touched the sealer
filling and did not put any strain on the surrounding dentin.
This positioning was accomplished in an apicocoronal direc-
tion to push the sealer filling toward the large diameter of the
slice, thus preventing any filling movement limitation.
Hence, the overlying dentin was supported adequately
throughout the process of compressive stress ►Fig. 3.

The maximum adhesive failure load was measured in
Newton and then changed to MPa. Bond strength was
divided and determined by the computed surface area using
the formula of (A¼2 [3.14� r�h], where; r is the radius,
and h is the sample thickness in mm). Extrusion of the sealer
piece was counted as an adhesive failure. The bond strength
was concluded for each slice.15,16

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS Co.,
Chicago, Illinois, United States) Software version was used
to perform the statistical analysis. One-way analysis of
variance (ANOVA) test, Tukey’s post hoc test, and Student’s
t-test were utilized respectively with a significance level of p
� 0.05 to estimate the influence of the variables on the bond
strength, where the irrigation solution and the sealers are
the independent variables.

Results

Data were collected, the standard deviation (SD) and mean
values were calculated. A Graph Pad InStat software for
Windows (GraphPad, Inc.) was utilized to analyze the results.

Fig. 1 Schematic illustration of sample preparation.

Fig. 2 Push-out testing machine (Instron Industrial Products, Model
3345; Massachusetts, United States).

Fig. 3 Push-out test design.
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A statistically significant value is when p � 0.05. After
variance homogeneity and standard errors distribution had
been confirmed, Tukey’s post hoc, one-way ANOVA, and
Student’s t-test were used to identify the significance among
all the tested groups.

Push-Out Bond Strength Test Results
SDs and means for the push-out bond strengths (in MPa)
were collected for the tested root canal sealers and illustrat-
ed in ►Table 1. A significant difference was recognized
among various groups.

The current study revealed that the EndoSeal MTA sealer
subgroups recorded significantly higher push-out bond
strength value when 17% EDTA was used as a final irrigant,
followed by 37% phosphoric acid groups. While the signifi-
cantly low value of the push-out bond strength was detected
with the 7% maleic acid group, as shown in ►Table 1

and Chart 1.

Regarding the AH Plus sealer subgroups, the significantly
higher push-out bond strength value was detected with the
7% maleic acid final irrigant, followed by the 37% phosphoric
acid. However, the statistically significant low value was
recorded with the 17% EDTA group, as illustrated
in ►Table 1 and Chart 1.

►Table 2 and Chart 2 showed a higher value for the AH
Plus sealer in comparison to the EndoSeal MTA sealer,
although no significant difference was detected between
both sealer groups.

Discussion

Entrapment of amaterial into another body, either natural or
artificial, is the mechanism through which mechanical ad-
hesion originates.17 Therefore, the bond strength of the
endodontic sealers depends on the smear layer elimination
to enhance sealer infiltration into the dentinal tubules.

The push-out bond strength test is commonly used to
assess the dislodgement resistance of the root canal filling
materials.18,19 Several studies have shown that higher bond
strengths could be recognized for the AH Plus sealers than
others.20 Furthermore, AH Plus is thought to be an ideal
model against which other new sealers can be com-
pared.21–23 Consequently, in the current study, we targeted
to assess the push-out bond strength of EndoSeal-MTA and
AH Plus sealers and compare their values after using three
different irrigation protocols.

Table 1 Push-out bond strength results (mean values� SDs)
for both sealer groups after using three different irrigants.

Variables Sealer t-Test

MTA AH Plus p-Value

Final irrigant EDTA 1.379a� 0.22 0.881c� 0.52 0.0356d

H3PO4 0.494b�0.13 1.915b� 0.19 <0.0001d

Maleic 1.317a� 0.27 2.377a� 0.19 <0.0001d

ANOVA test p-Value <0.0001d <0.0001d

Abbreviations: ANOVA, analysis of variance; MTA, mineral trioxide
aggregate; SD, standard deviation.
a,b,cDifferent letters in the same column indicating statistically signifi-

cant difference (p< 0.05).
dSignificant (p< 0.05) and nonsignificant (p> 0.05).
Note: Push out bond strength test results: When comparing the results
of the different final irrigants with the EndoSeal MTA and the AH Plus
sealers (Vertically), the one-way ANOVA test was used. That had been
followed with Tukey’s post hoc test to analyze the similar final irrigation
responses to the lowest one. Comparing the effect of 17% EDTA on
EndoSeal MTA and AH Plus sealers (horizontally), the Student t-test was
used (p � 0.05).

Chart 1 The mean values of push-out bond strength for both sealer
groups with different surface treatments. MTA, mineral trioxide
aggregate.

Table 2 Comparison of total push-out bond strength results
(mean values� SDs) between EndoSeal MTA and AH Plus sealer
groups

Variables Mean� SDs Rank Statistics

Sealer group MTA 1.063�0.38 B p-Value

AH Plus 1.725�0.56 A 0.3168

Abbreviations: MTA,mineral trioxide aggregate; SD, standard deviation.
Notes: Statistically significant (p< 0.05) and nonsignificant (p> 0.05).
Total effect of sealer group on push-out bond strength: Note: comparing
the EndoSeal MTA and AH Plus sealers with all final irrigants, Student’s t-
test was used (p � 0.05).

Chart 2 Comparison of the total mean values of push-out bond
strength as function of sealer group. MTA, mineral trioxide aggregate.
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Results presented that the higher bond strength was
shown with the AH Plus sealer when used with 7% maleic
acid and 37% phosphoric acid as a final irrigant compared
with 17% EDTA. This might be related to the low surface
tension of the 7% maleic acid (0.06345N/m) and the 37%
phosphoric acid (0.00746N/m) when compared with 17%
EDTA (0.0783N/m).24,25 Moreover, both 7% maleic and 37%
phosphoric acids are highly acidic, thus having a superior
demineralizing effect within a shorter duration. In compari-
son, the efficiency of 17% EDTA reduced over time due to
the pH reduction.26,27 This agrees with Ballal et al28 they
studied the results of using 7% maleic acid on the push-out
bond strength of the AH Plus sealer. They concluded that the
7% maleic acid alone or in combination with cetrimide
increased the root dentin wettability and thus raised the
bond strength at the root dentin–sealer interface.29

Furthermore, the bond strength of the AH Plus sealer to
the root dentin rinsed with 7% maleic acid was significantly
higher than that treatedwith 37%phosphoric acid as thefinal
irrigant. The reason behind this result is that 7% of maleic
acid produced the highest surface roughness compared with
other irrigation solutions.30

A significantly low push-out bond strength (0.881�0.52
MPa)was observedwhen the EDTAwas used as a final irrigant
prior tousing theAHPlus sealer. Thiswasdemonstratedby the
17% EDTA’s low demineralizing ability and lack of a surfactant
effect. As a result, a demineralized collagen fibril of a very thin
layer was formed on the dentine surface. This layer is respon-
sible for the weak wettability of the AH Plus root canal sealer
on the 17% EDTA-irrigated dentine.31,32 Results of the present
study come in accordance with Ballal et al,14 they stated that
the contact angle of resin sealers is increased after irrigating
with 17% EDTA comparedwith other tested irrigating materi-
als. Hence, the resin-based sealers’wettability or spreading on
root canal dentinewas decreasedwhen using 17% EDTA as the
final irrigant. Thesefindings are comparablewith those stated
in several earlier research.33

On the other hand, an interesting finding in this studywas
that the bond strength of the EndoSeal MTA sealer revealed
higher results with the usage of 17% EDTA as a final irrigant
compared with 7% maleic and 37% phosphoric acids. This
might be attributed to the MTA-based sealers showing
greater flow than epoxy resin sealers. Thus, the smear layer
fuseswith the EndoSealMTA sealermass and adds volume to
the sealer penetrating the dentinal tubules.34 This outcome
agrees with Kuchi et al.35 They investigated the effect of the
smear layer presence on the penetration of the Metapex fill
sealers and concluded that the smear layer presence does not
negatively affect the sealer infiltration into the dentinal
tubules. This may be a possible explanation for the higher
bond strength of the tested EndoSeal MTA sealer in the
current study.36

The push-out bond strength of the EndoSeal MTA sealer
was significantly less for phosphoric acid than for 17% EDTA
and 7% maleic acid, which could be explained by the demin-
eralization ability of the phosphoric acid being time
dependent.37

The results showed greater bond strength for the AH Plus
sealer than the EndoSeal MTA sealer when comparing both
EndoSeal MTA and AH Plus sealers in terms of the push-out
bond strength, as shown in ►Table 2. However, the results
were nonsignificant, which could be explained by the inher-
ent high adhesion ability of the AH Plus sealer in comparison
to other sealers.25 Thus, the null hypothesis theory was
totally rejected.

Several research studies investigated the relationship
between the smear layer and the sealer infiltration into
the dentinal tubules. However, a group of researchers has
stated that the presence of the smear layer restricts the sealer
infiltration.38,39 At the same time, others demonstrated that
the smear layer does not impede the sealer penetration.40

Another in vivo research has stated that sealer penetration
happens remarkably despite a thick smear layer.41 Our out-
comes for the EndoSeal MTA sealer partly agree with
the second group of studies.42

Conclusion

Within the limitations of this study, themodel utilized in the
current research, does not simulate the clinical condition.
Moreover, the sealer detachment may be noticed during root
sectioning as reported by Gesi et al.42 In addition, the failure
of adhesion could be mainly affected by the interface
sealer/core material, meanwhile in the current study, no
core material was used. Furthermore, the anatomical varia-
tions from one root to another and among the same root
should be considered. It was determined increasing the bond
strength of root canal sealers could be achieved by selecting
the proper irrigation protocol. It appears that using the
EndoSeal MTA sealer is preferable after applying 17% EDTA
as a final irrigant. In comparison, the AH Plus sealer bond
strength is preferable after using 7% maleic acid as a final
rinse. However, further clinical studies are needed to confirm
these results and evaluate their significance to the treatment
outcome.
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