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Abstract
Article History Aims: The present study aimed to evaluate the influence of Chitosan nanoparticle
Received: 13 December 2024 irrigants at two concentrations (0.2% and 0.5%) and compare them with other
Revised: 15 January 2025 irrigants on the push-out bond strength of obturation endodontic sealers.
Accepted: 26 January 2025 Materials and Methods: Fifty-four human lower premolar teeth with single, straight

Published online:1September 2026  roots were extracted and utilized. Teeth were prepared to a 12 mm length.
Biomechanical preparation of the canal was carried out through the ProTaper
universal system. Six Groups were developed depending on the final irrigation. GI:

@ ® 0.2% Chitosan nanoparticles (CNPs), GII:0.5% Chitosan nanoparticles (CNPs), GIII:

17% Ethylenediaminetetraacetic acid (EDTA), GIV: 3% Sodium hypochlorite
(NaOCl), GV: 2% Chlorohexidine (CHX), and GVI: Distilled water as the control
group. Afterward, the groups were subdivided into 3 subgroups (n=3) based on the
sealer used: (A) AH Plus sealer, (B) MTA Fillapex sealer, (C) EndoFill sealer. F3
gutta-percha cone and a single cone procedure were used to fill all samples with
sealer. From each sample, three slices, 2 mm thick, were cut at 3, 7, and 11 mm from
the apex. They were labeled coronal, middle, and apical in that order. A universal
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testing machine was used to analyze push-out bond strength (POBS), and a
stereomicroscope with a 40X magnification was utilized to examine the mode of
failure. Then, the data were collected and analyzed statistically.

Results: The highest mean Push-out bond strength (POBS) at the apical third is
Chitosan nanoparticles (CNP), followed by Ethylenediaminetetraacetic acid
(EDTA), then Sodium hypochlorite (NaOCl), 0.5% Chitosan nanoparticles (CNP)
significantly differs from 0.2% Chitosan nanoparticles (CNP). Chlorohexidine
(CHX) increased Push-out bond strength POBS of AH Plus sealer and MTA Fillapex
at coronal and middle, respectively. The lowest mean Push-out bond strength
(POBS) is Sodium hypochlorite (NaOCl) and distilled water

Conclusion: Chitosan nanoparticles (CNPs) are a new final washing improve bond
strength of resin-based and MTA-based sealers better than 17%
Ethylenediaminetetraacetic acid (EDTA). And 2% Chlorohexidine (CHX) is as
effective as chitosan nanoparticles (CNPs) in improving bond strength of resin-
based AH Plus, MTA Fillapex and EndoFill sealers.
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INTRODUCTION

The quality of obturation is improved by removing the smear layer and by the
root canal sealer's adherence to the dentinal tubules. This layer can hinder the
adaptation of endodontic materials to dentinal walls, weaken the binding strength of
endodontic sealer, and prevent intracanal medications and disinfectants from entering
the dentinal tubules. This is avoided by using a variety of irrigants, with the final
solution being especially crucial for smear layer removal and disinfection. (1)

Sodium hypochlorite (NaOCl) is frequently selected among irrigation solutions
because of its many advantageous qualities, including its ability to effectively remove
remaining pulp tissue and the organic component of the smear layer produced during
biomechanical preparation, as well as its antibacterial effect. NaOCI has several
drawbacks, including toxicity, dentin degradation due to collagen breakdown, and
inability to remove inorganic components of the smear layer so advised to use the
chelating agent EDTA. It has been shown that NaOCl prevents AH Plus sealers from
polymerizing when used as a last wash. (2)

A biocompatible disinfectant with a wide range of antibacterial action is
chlorhexidine (CHX). CHX can enhance root canal sealing by decreasing the activity
of collagen-disruptive matrix metalloproteinases in radicular dentin. (3) EDTA, the
most used chelating agent, is utilized as a last rinse to eliminate the smear layer that
develops during canal shaping. Soluble calcium chelates are created when EDTA joins
the calcium ions Ca2+ in the dentin. (4)

Nowadays, nanotechnology is widely used. Nanotechnology was employed in
the dental industry as nano dentistry. (5) Materials with constituent sizes ranging from
0 to 100 nm are referred to as nanomaterials. Atoms, grains, fibers, films, and nano-
holes are examples of nanomaterials. These nanomaterials have better physical,
chemical, and biological properties. (6)

Chitosan (CH), a naturally occurring polymer that is generated from chitin, is
present in the shells of crustaceans, such as crabs and shrimp. (7) Chitosan is thought
of as a chelating agent because of its capacity to bond with proteins, lipids, cholesterol,
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and metal ions. Because it is biodegradable into harmless residues and possesses
mucoadhesive, analgesic, hemostatic, antibacterial, and antifungal activities, it is
superior to EDTA. Chitosan is safe profile, biodegradability, and biocompatibility,
with fungi- and bacteriostatic properties. (8) Numerous techniques, such as ionotropic
gelation, micro-emulsion, emulsification solvent diffusion, and emulsion-based
solvent evaporation, can be used to create chitosan nanoparticles. (9)

The final root filling's quality is also affected by the physicochemical characteristics of
root canal sealers, which also have biological significance. (10) Sealers are mainly used
to fuse core material (gutta-percha) to the root canal wall to generate monoblocks. (11)
Epoxy resin sealers, such as AH Plus, are steadily outperforming other sealers because
of their advantageous physical characteristics, decreased solubility, suitable biological
achievement, superior sealing capability, and increased micro retention to radicular
dentin. (12)

Biocompatible bioceramic sealants have been inserted in the market because they
do not shrink upon setting and are thought to reduce the inflammatory response in
the event of an overfill. Recently released, MTA Fillapex is a calcium silicate-based
bioceramic sealer that combines the biological qualities of MTA with the
physicochemical characteristics of a resin-based root canal sealer. Moreover, it can
sustain a comparatively steady calcium release for up to 14 days and exhibit a high pH
value for a long-lasting antimicrobial impact. MTA Fillapex exhibits a high flow rate
(27 mm) and a minimal film thickness, facilitating its penetration into lateral and
accessory canals, MTA Fillapex provides exceptional sealing efficacy that remains
unaffected by thermal conditions. However, this sealer has disadvantages as lack of
solubility and staining of the tooth. (13)

The push-out bond strength (POBS) test is a credible technique for determining a
material's binding strength. (14)

The null hypothesis states that there was no difference in the effect of the last
washing by CNPs solution and other solutions on POBS of endodontic obturation
materials.
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The purpose of this study is to evaluate the influence of Chitosan nanoparticle
irrigant with two different concentrations (0.2%, 0.5%) and compare them with other

irrigations on push-out bond strength of AH Plus, MTA Fillapex, and EndoFill sealers.

MATERIALS AND METHODS

The University Ethics and Research Committee reviewed and approved this study
in compliance with the code (UoM.Dent.23/73). Fifty-four human lower mandibular
premolar tooth samples were taken from unidentified individuals between the ages of
15-35 at an orthodontic center in Mosul. Inclusion criteria: single-rooted, single canal,
closed apex without caries or calcification, no external or internal resorption, and root
canal treatment. Exclusion criteria: Teeth with fractures or cracks, immature open
apices, dilatation, or anatomical or morphological abnormalities were excluded.
Angulated radiographs were taken in the buccolingual and mesiodistal directions to
identify teeth having a single canal. Furthermore, any tooth with cracks or root
abnormalities was excluded using a 40X stereomicroscope. A schematic diagram of the

experimental work and sample distribution is summarized in Figure 1.
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Fifty-four single canal, single-rooted mandibular
premolar teeth are collected and decorated

Working length determination of all samples are
assessed and prepared with Protaper rotary files to F3

samples are distributed into five
experimental groups and one control \

{ 9 Samples of each group were utilized for push out test. J

4

Each experimental group was subdivided into 3 subgroups
(n—3) based on the sealer material utlhzed

B: MTA
Fillanex

All samples were obturated with single cone technique,
incubated for 7 days at 37 C° with 100% humidity.
{I
2mm thick disks were sectioned from (apical, middle and
coronal) thlrgs of each root.
U
[ Push-out test was performed at a cross-head speed of J

Imm/min. with three different plunger sizes.

Figure. 1: Schematic diagram of the experimental work and sample
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To standardize a working length of 12 mm, the crown of every premolar was
trimmed using a diamond disc 0.2mm (NEXUS MEDODENT, Korea) transverse to the
long axis of the tooth with plenty of water as cooling. All the canals were accessed, and
a barbed broach was utilized for pulp extirpation. A size 10 K-file was used to verify
apical patency. Subsequently, a K-file of size 15 was put into the canal; it was carefully
pushed back and forth in a reciprocating movement until the tip of the file was visible
at the apical foramen. An endodontic ruler was used to measure this distance. The
visually assessed canal length was subtracted by 1 mm to determine the corrected
working length (WL).

A system of closed canals was established. Each root of a decoronated tooth had
its exterior surface covered by tray adhesive bond, and the root's apex was coated with
wax, which was left to solidify before being reinserted in its stimulated socket in a
polyvinyl chloride (PVC) tube filled with polysiloxane elastomer impression material
(Zetaplus, Zhermack, Badia Polesine, Italy) to be placed in the surveyor for easy canal
preparation and obturation. All canals were shaped and prepared with Nickel-
Titanium ProTaper universal rotary system files from size Six to F3 in a crown-down
manner connected to an Eighteenth endo-motor with a torque of 3 Newton/centimeter
and a velocity of 250 revolutions per minute, following the manufacturer's
instructions. Between each file, the canals were cleaned with 2 mL of 2.5% NaOCI for
2 minutes, and apical patency was checked. A gauge 30 double-sided vent syringe was
utilized for the irrigation of the canals. At the end of instrumentation, 5 mL of distilled
water was flushed into the canals to get rid of any remnants of NaOCL
Preparation of Irrigating Solution

A. 0.2% chitosan nanoparticle solution

The preparation of 0.2% nano chitosan solution was prepared by dissolving 2 gm
of nano chitosan powder (78 nm) (Shaanxi Sangherb Bio-Tech Inc CO., Ltd, China) was
weighed in a high-precision portable balance (Mettler Toledo PL-S Classic Light, UK)
in V:100 ml of 1% acetic acid. A magnetic stirring machine (DAIHAN LABTECH CO.,
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LTD) was employed to stir the mixture for 2 hours at room temperature (+23°C) till a
crystalline, homogeneous solution (PH 3.8). (9
B. 0.5% Chitosan nanoparticles solution

To prepare 0.5% chitosan nanoparticles. About 1 ml of glacial acetic acid was
added to 100 ml of distilled water to obtain 1% acetic acid. Then 5 gm of nano Chitosan
powder (78 nm) (Shaanxi Sangherb Bio-Tech Inc CO., Ltd, China) was weighed in high
precision balance and added to the solution above of 1% acetic acid. The mixture was
agitated using a magnetic stirrer to produce a viscous solution (PH 4.1) for 2 hours at
room temperature (+23°C). 19
Sample Grouping
Six groups were developed based on final irrigation; each group contained 9 samples
and was irrigated finally as the following:

Group I: Samples were lastly washed with 3ml of 0.2% CNP.
Group II: Samples were lastly washed with 3ml of 0.5% CNP.
Group III: Samples were lastly washed with 3ml of 7% EDTA
Group IV: Samples were lastly washed with 3ml of 3% NaOCl.
Group V: Samples were lastly washed with 3ml of 2% CHX.
Group VI: Samples were lastly washed with 3ml of distilled water.

Using a 3-mL syringe and a 30-G double-side-vented needle, 1 mL of final irrigant
was poured into the root canal for 3 min. In the last 20 s, the remaining 2 mL of irrigant
was expressed into the root canal by inserting the needle 1 mm short of the working
length and moving in an up-and-down motion with an amplitude of 1-2 mm. Finally,
as a standard for all groups, 10 mL of distilled water was used for the last flush to get
rid of any irrigation residue. Then, dry all canals with absorbent paper points size F3.
Based on the type of sealer used to obturate the canal, each group was randomly split
into three subgroups (n=3).

Group A: Canals were obturated with AH Plus sealer (Dentsply, Germany), which

was mixed in uniform volume of both pastes on a mixing pad with a plastic spatula in
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accordance with the manufacturer's instructions to obtain a homogeneous consistency
of the sealer that was delivered into canals using a 30-lentulo spiral.

Group B: Canals were obturated with MTA Fillapex sealer (Angelus /Brazil), which
was mixed using a self-mixing tip attached to a syringe and was delivered into root
canals in the same manner as the previous sealer.

Group C: Canals were obturated with EndoFill sealer (PD, Switzerland), which was
mixed according to the manufacturer’s directions of powder and liquid to form a paste
consistency and was delivered into root canals in the same manner as the previous
sealer.

The single-cone obturation approach was used to produce root canal obturation in
each group. Up to working length, a standardized gutta-percha cone that had the same
size as the master apical file was placed into the root canal. To achieve tugback to a
predefined working length, an F3 Pro-Taper master cone was first inserted within each
canal. Lentulo spiral fixed on a contra-angle, low- speed handpiece. Two-thirds of the
lentulo were covered with sealer and inserted into the canal at a speed of 300 rpm in a
clockwise direction, 1 mm short of the working length. Lentulo spiral standardization
was applied three times in all canals for a duration of 50 seconds each. With the
handpiece rotating continuously, the lentulo was gradually extracted from the canal.
In order to achieve maximal sealer distribution inside the canal, the tip of the F3 master
cone was also dipped in a thin layer of its respective sealer and introduced into the
root canal slowly, moving up and down the pump as it did so, until it reached the
necessary working length.

Extra-coronal gutta-percha was removed using heated plastic tools, and vertical
compression was performed with a plunger 1 mm below the orifice level, and then the
coronal access of all root canals was closed with a flowable composite barrier. The
samples were then maintained moist by being wrapped in saline-soaked gauze and
put in an airtight container to ensure that the sealer set completely. To fully set, they

were incubated for 7 days at 37 degrees Celsius and 100% humidity.
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Sectioning Procedure
Each sample was embedded in chemically cured acrylic resin block
Each sample was embedded in a chemically cured acrylic resin block

Each root was centrally and vertically embedded in a clear cold-cured acrylic resin
custom-made mold block with 15mm in length and 10mm in width. The acrylic molds
were marked with a waterproof marker to serve as a guide for sectioning, and each
specimen's apical surface was marked as well.

Each root block was fixed with a vice bench to facilitate handling and sectioning
that was carried out in horizontal plane perpendicular to the long axis of the root with
a diamond disc (0.2 mm thickness) at low speed on straight handpiece with constant
fresh cooling water into three equal sections (2mm thickness) where the most apical 3
mm was discarded and the remaining 2 mm apically represented the apical section,
then a slice of 2 mm height was cut at 7 and 11 mm from the apex to represent the
middle and cervical sections, correspondingly. The precise height of the slices was
checked using a digital caliper. Each section was viewed under stereomicroscope
(Optika, Italy) at 20 X magnification from apical and coronal surfaces to check there
were no voids in sealer. Only a circle-shaped root section with a uniform sealer layer
was chosen in order to guarantee a uniform distribution of force during push-out
testing and, consequently, precise measurements. Before putting the samples through
the push-out test, the diameter of the canal in both the apical and coronal aspects was
measured using a 40x magnification stereomicroscope (Optika, Italy). The sections
were then maintained at 100% humidity until the test.

A cylindrical plunger installed on a universal testing machine was used to apply
a compressive force on each slice's apical aspect to prevent any obstacles during the
push-out testing due to the tapering of the root canal. To calculate the punch pin size,
the obturated region of the slice at each level was measured from the apical surface.
To load the root filling of each part, three distinct plunger sizes 0.7, 0.5, and 0.3 mm
that corresponded to the coronal, middle, and apical sections, respectively, were
employed. The tip of the plunger was modified to conceal root filling material without
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coming into contact with the canal wall. Every section was set up on a metal base with
a hole in the center and an apical surface facing the plunger that was smaller in
diameter. (17) To enable the filling material to readily fall through the hole, the center
of the tested specimen was positioned over it once the bond between the test material
and the dentin wall had been broken. Until the first dislodgment of the obturating
material and a sharp drop in load deflection, a cross-head speed of 1 mm/min was
used. The greatest force used for debonding was recorded in Newtons (N). The
greatest debonding force, measured in newtons (N), divided by the surface area
adhesion (A) (mm?2) yielded the sealer's bond strength, which was measured in
megapascals (MPa. (18)
Bond Strength (MPa)=debonding force (N) /Surface area (mm?)(A)
A(mm?) = n(ry + r)V[(r; — )% + h?]
ni= 3.14, h= the thickness of section in mm, ri-is the coronal radius, r2-is the apical
radius.
Failure mode assessment
Following the push-out test, a stereomicroscope (Optika, Italy) with a 40X

magnification was used to investigate the failure mode. Three types of failures were
identified: type I (adhesive failure at the sealer-dentin interface, no material remains
on the canal wall), type II (cohesive failure within the obturating material, with
material present on the entire canal wall), or type III (mixed failure in both dentin and
sealer, with material present on the canal wall as patches).
Statistical Analysis

All collected data were subjected to statistical analysis with descriptive statistics
(Mean, standard deviation, standard error, minimum, and maximum) by the Statistical
Package for the Social Sciences (SPSS) software, version 24, for Windows (IBM,
Armonk, New York). According to the test of normality (Shapiro-Wilk test), which
states that the measurements do not follow a normal distribution, which prompted us
to use nonparametric tests to find differences between the groups at different thirds.

Kruskal-Wallis was used. The level of significance was set as p < 0.05
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RESULTS
The descriptive statistics (mean, standard deviation) of push-out bond strength

values for each sealer subgroup (A, B, C) in different root thirds (apical, middle, and
cervical) that were irrigated with six groups are shown in Tables 1, 2, and 3 and Figure
2. GI showed higher mean bond strength values (11.79 + 9.27) of the A group, (12.43 +
11.74) of the B group, and (9.8 + 13.82) of the C group at the apical level than at the
middle and cervical levels, although there was no significant difference. GII showed
higher mean values at the apical level than the middle and cervical levels of A, B, and
C (13.79 + 8.26), (9.41 + 4.96), and (9.41 + 4.96), respectively, although there was no
significant difference. GIII showed a higher mean value at the apical level than the
middle and coronal levels of A (5.54 +4.13), B (5.72 £ 2.57), and C (4.76 + 2.96). The
chelating agents 0.2 and 0.5 CNPs have a positive effect on push-out bond strength of
all sealers compared to 17% EDTA. GV showed higher mean push-out bond strength
values (9.63 + 14.03) at the cervical of Group A, at the middle third (9 + 12.23) of Group
B, and apical third (9.34 + 11.89) of Group C. CHX improved dislodgement resistance
of AH Plus and MTA Fillapex sealer. GIV higher mean (5.42 + 4.95) at the apical than
middle and cervical levels of A. NaOCl has a negative effect on the push-out of AH
Plus.

Table 1: Descriptive statistics (mean and standard deviation) for three tested sealers
in six groups at apical third
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AH Plus MTA Fillapex EndoFill
Groups Mean (MPa) + SD. Mean (MPa) + SD. Mean (MPa) + SD.
Group I 11.79 + 9.27 1243 +11.74 9.8 +13.82
Group II 13.79 £ 8.26 9.41+4.96 9.41+4.96
Group III 5.54+4.13 572 +2.57 4.76 £2.96
Group IV 542 +4.95 3.87 +£3.58 431+29
Group V 3.18+4.7 3.95+3.41 9.34+11.89
Group VI 5.83+27 6.07 £3.12 6.56 +2.67
P-value 0.584 0.798 0.77

SD: Standard deviation, MPa: Megapascal
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Table 2: Descriptive statistics (mean and standard deviation) for three tested sealers

in six groups at the middle third

AH Plus MTA Fillapex EndoFill
Groups Mean (MPa) + SD. Mean (MPa) + SD. Mean (MPa) + SC
Group I 11.62 +11.34 7.33 +3.45 9.32+3.93
Group II 13.67 +£4.89 7.33+£3.45 9.17 £11
Group III 4.6+3.77 4.65 +4.98 4.57 +5.09
Group IV 3.85+3.54 1.13+£1.22 1.11+1.24
Group V 1.43£1.86 9+ 12.233 499+18
Group VI 2.08 +0.87 3.48 £3.22 32+353
p-value 0.544 0.415 0.485

SD: Standard deviation, MPa: Megapascal

Table 3: Descriptive statistics (mean and standard deviation) for three tested sealers

in six groups at cervical third

AH Plus MTA Fillapex EndoFill
Groups Mean (MPa) + SD. Mean (MPa) + SD. Mean (MPa) + SD.

Group I 3.39+43 3.14 £ 3.89 6.86 + 6.44

Group II 1.08 +1.02 3.14 +3.89 2.31+2.07

Group III 3.52+4.92 2.04 +1.49 216+1.37

Group IV 294 +432 247+193 253+1.85

Group V 9.63 £ 14.03 1.81+1.48 2.06+1.08

Group VI 2.73+1.48 225+1.31 1.2+1.2

p-value 0.91 0.997 0.865

SD: Standard deviation, MPa: Megapascal
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The highest mean values were shown at the apical level and the lowest at the

cervical level. However, the difference between the mean values of all thirds was not

significant. Regardless of the root canal sealer used, the mean values were statistically

significantly higher within group 0.5% CNPs (p<0.05) when the groups were

compared based solely on the irrigation solutions. Other irrigation solution groups did

not show any statistically significant differences (Table 4).

Table 4: Comparisons of POBS means for different root sections in each experimental
group alone.

Groups

Root levels Mean + SD

p- value

GI

GII

GIII

GIV

GV

G VI

Apical
Middle
Coronal
Apical
Middle
Coronal
Apical
Middle
Coronal
Apical
Middle
Coronal
Apical
Middle
Coronal
Apical
Middle
Coronal

3.24+ 2.98
2.88 + 2.59
1.75+ 2.89

4.67 + 1.81
2.19 £ 1.02
1.95 + 1.93
435 + 2.08
244 + 1.76
1.64 + 1.25
2.62 £ 1.86
1.8+ 1.77

1.6 + 1.41

3.59 + 2.16
2,62 + 2.07
1.53 + 1.16
3.16 + 0.55
243 + 2.15
1.72 + 1.38

0.67

0.004 (**)

0.071

0.49

0.42

0.3

Failure mode analysis

The three modes of failure are identified under a stereomicroscope (Original

magnification X40) and illustrated in Figure 3. The failure mode percentages are

reported in Table 5 for each experimental group at each section.
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Fig. 3: Stereomicroscope view mode of failures (Original magnification X40) it: (A)
Adhesive failure, (B) Cohesive failure, (C) Mixed failure
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Table 5: Percentages of failure modes for the different groups at different root sections

Grs | Rootlevel AH Plus MTA Fillapex EndoFill
Adhesive | Cohesive | Mixed | Adhesive | Cohesive | Mixed | Adhesive | Cohesive | Mixed
Apical | 33.3% 66.66% 100% | 100%
GI Middle | 66.66% 33.3% | 100% 66.6% 33.3%
Coronal | 33.33% | 33.33% | 33.33% | 100% 100%
Apical 100% 100% 100%
GII | Middle | 33.3% 66.6% | 100% 33.33% 66.66%
Coronal | 33.33% 66.66% 100% | 100%
Apical 100% 100% | 33.3% 66.66%
GIII | Middle | 66.66% 33.33% 100% 100%
Coronal 66.6% 33.33% 66.66% 33.33% 100%
Apical 100% 100% | 100%
GIV | Middle | 100% 66.66% 33.33% 100%
Coronal | 33.33% 66.66% | 33.3% 66.66% 100%
Apical 100% 100% | 33.33% 66.6%
GV | Middle 100% 100% 100%
Coronal 100% 100% 100%
Apical | 66.6% 33.3% | 66.6% 33.33% | 33.3% 66.6%
G VI | Middle | 66.6% 33.3% 100% 100%
Coronal | 66.66% 33.3% | 33.33% 66.6% | 100%
DISCUSSION

The process of adhesion of the sealer to the dentin root and the core material

(gutta-percha) is a complex process depending on the type of sealer and the conditions

of the dentin. The endodontic sealer's adhesive capability is gauged by its bond
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strength to dentin, often known as its dislodgement resistance. The success of
endodontic therapy will be increased if there is a strong bond interaction between the
sealer and the core material as well as between the sealer and the radicular dentine(19).

Chitosan nanoparticles provide several benefits in endodontics, including the
ability to eliminate the smear layer, chelating capabilities when employed as an
irrigation agent, and the capacity to erode dentine but not intertubular dentine.
Because chitosan has deeper absorption and penetrates dentinal tubules and
intertubular dentin, this study used it in the form of nanoparticles to eliminate the
smear layer and boost sealer infiltration. (20) The mechanism of chelating action is
unclear, but it is believed to occur through absorption, ion exchange, and chelation
properties. There are two theories explaining the chelating process of chitosan,
namely: (I) Chemical chain bridge model, two or more amino groups from one chain
of chitosan will bind to the same metal ion (II) the hook or free-arm model”, which
mentions that only one amino group of the material structure is involved in the
binding, which is the metal ion attached to the amino group. (21) Chitosan polymer is
made up of a chain of chitin dimers. This chitin dimer has two nitrogen atoms with
free electron pairs that allow the metal to engage with the chelating chemical. In an
acidic environment, amino groups exist in the protonated bipolymer, resulting in a full
positive charge (-NH3+). This structure enhances binding with other molecules,
leading to the occurrence of adsorption. (22)

Ratih et al. (23) concluded that a 3 min exposure time produced greater apical
sealing capability and stronger connection than 1 min, independent final irrigation
utilized. Thus, the application time of 3 min is chosen when using chitosan
nanoparticles for lastly irrigation solution. For greater sealing capability and binding
strength, the application of irrigations for a longer time is needed, which is most
efficient in clearing the apical third canal from the smear layer.

The bonding strength of AH Plus to root dentin was increased as the smear layer
was eliminated but an adverse impact on the calcium silicate base sealer as it facilitates
exposure of the collagen network and improves AH Plus sealer penetration into the
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dentinal tubules. MTA Fillapex had higher bonding strength when the smear layer
was maintained than when it was not. This relates to the fact that the smear layer's
moisture has a beneficial effect on MTA Fillapex's adherence to the canal wall because
MTA Fillapex can release calcium and hydroxyl ions that form hydroxyapatites
through a process known as biomineralization when they come into contact with fluids
containing phosphate. By depositing these apatites in the collagen fibrils, they
encourage the formation of an interfacial layer known as a mineral infiltration zone
and tag-like structures between MTA and radicular dentin. (24,25)

Chelating drugs alter the ratio of calcium to phosphate in the tooth structure; in
addition, removing the smear layer that is rich with calcium and phosphate may
adversely affect the adherence of bioceramic sealers, which primarily rely on the
calcium ions found in dentine for the biomineralization process. Compared to EDTA,
CNPs showed less adverse effects on the binding strength and adhesion of the
bioceramic sealer because chitosan causes less erosion and changes the surface
structure and ca\ p level. (26,24)

In contrast to this study, which found that 0.2% and 0.5% CNPs have a stronger
bond strength than 17% EDTA, other investigations found that 0.2% chitosan provided
the same bond strength as 17% EDTA. (27)

CNPs improve bonding strength of AH Plus sealer. The effect of CNP in clearing
smear layer may be due to chelating capability and hydrophilicity nature of CNP that
made it is intimate contact to radicular dentin, quickly adsorb into canal wall and insert
deeply in dentinal tubules. Additionally, the cationic nature of CNP makes it easier for
chelating chemicals and calcium ions found in the dentinal wall to interact. When the
amino group in chitosan is protonated, other molecules move away to adsorb into the
root canal dentin, allowing the substance to enter the dentinal tubules more deeply.
Because the dentinal tubules open after instrumentation and irrigation, the root canal
wall has an uneven surface and AH Plus sealer is hydrophobic so the hydrophilic
nature of chitosan can improve the wettability of sealer to this wall. Additionally, the
smear layer can be eliminated by utilizing nanosized chitosan particles to speed up the
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irrigation solution's entry into the dentinal tubules. This will enable the endodontic
material and root canal wall to bond with enough strength. (28,23)

According to the current investigation, CNPs enhance the MTA Fillapex sealer's
resistance to dislocation. This is consistent with a prior study that found that final
irrigation of 0.2% chitosan increases the dislocation resistance of an MTA resin hybrid
root canal sealer. To improve the stability of MTA bonds, chitosan is utilized for
extrafibrillar dentin demineralization. This tactic has been suggested to stop water
penetrating hybrid layers and lessen endogenous collagen breakdown caused by
matrix metalloproteinases (MMP). Recent data indicates that the chelating ability of
chitosan, not the solvent's function, is responsible for demineralizing extrafibrillar
dentin, despite a body of research suggesting that the acetic acid solvent is the reason
for chitosan's effectiveness in calcium ion dissolution. (29,30)

Kaki and Geng Sen, (31) concluded that 17% EDTA improves the bond strength
of AH Plus and chitosan can't improve the push-out bonding strength of it, this is in
disagreement with our study that revealed group IIlI's mean push-out bond strength
(17% EDTA) was less than that of groups I and II (0.2% and 0.5% CNP) and reduce the
bonding strength of AH Plus. This might be attributed to the fact that EDTA has lower
viscosity compared to chitosan and its limited ability to penetrate sealer. This result
was consistent with a prior study that found that AH Plus sealer penetration was
minimal following a final rinse with 17% EDTA. (32)

In our study, EDTA reduces the bonding strength of MTA Fillapex. This is in
accordance with a prior study that stated that EDTA reduces the bond strength of MTA
sealer. This could be explained by the fact that although MTA is being hydrated,
calcium ions are still being chelated by residual EDTA in the root canal dentin, which
prevents the hydrated products from precipitating. (33)

Due to the sealers' incapacity to penetrate the dentinal tubules, GVI (distilled
water) showed lower mean bond strength values, and all sealers showed lower bond

strength values when irrigated with distilled water. Distilled water did not remove the
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smear layer, which has an undetermined thickness and volume because it contains a
lot of water. (34)

In this study, the use of NaOCl as a final irrigant considerably reduces the
dislocation resilience of AH Plus and MTA Fillapex to root canal dentin. This could be
explained by the fact that NaOCl decomposes into intermediate radicals made from
proteins and chloramines when it comes into contact with organic components in the
root canal. This leads to damage to the collagen link, which is important for the
chemical bond of AH Plus with dentin's amino groups. Another plausible, NaOCl
inhibits the polymerization of AH Plus due to oxygen bubbles formed after its
application. NaOCl reduces the dislocation resilience of MTA Fillapex because it
decreases the calcium and phosphorus levels in tooth structure, which the adhesion of
MTA Fillapex to dentine depends on calcium and phosphorus for the
biomineralization process (35,36).

In the present study, 2% CHX showed increased bond strength of AH Plus at the
coronal section (9.63 + 14.03) and MTA Fillapex at the middle section (9 +12.233). This
may have explained the adsorption of CHX by dentin, favoring resin infiltration into
dentinal tubules. Additionally, CHX makes endodontic sealers more wettable on
dentin. This is because CHX contains a surface surfactant, which raises surface energy
and encourages a higher wetting ability to dentin. Furthermore, this material improves
the durability of the resin and dentin link by having a broad-spectrum matrix
metalloproteinase (MMP) inhibitory activity (37,38).

The results of the study showed that the EndoFill sealer group had the lowest
mean bond strength in the apical, middle, and coronal thirds. The fact that sealers with
ZOE base stick to dentin by electrostatic bonding instead of entering the dentinal
tubules could be one explanation. The zinc ion in zinc oxide may react with the mineral
makeup of dentin as well as the zinc oxide component of gutta-percha. Furthermore,
gutta-percha may become softer as a result of eugenol. As a result, a crisscross design

is produced, which improves the materials' ability to stick together (39).
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The root canal filler's resistance to displacement in the coronal- apical direction
increased. The mean was lowest at the coronal and middle levels and highest at the
apical level. The architecture of the root canal, the thickness of the sealer's film, and
the root canal filling technique selected should all be taken into account. The circular
cross-section of the root canal at the apical third may have offered greater resistance to
dislodgment forces during the tests, although the tubule density drops from the
coronal to the apical area. Conversely, there are round or even flattened root canal
sections in the coronal and intermediate portions. These differences in the structure of
the root canal may cause the primary gutta-percha to mismatch and weaken the
connection. The middle and coronal thirds of the root canal, where the master cone is
positioned correctly, must have a thicker coating of sealer than the apical third when
employing a single-cone technique (without intra-canal gutta-percha compaction). In
any case, the greater POBS values in the apical third may be explained by these reasons
(40).

The results of the present study reject the hypothesis. Chitosan nanoparticle
solution clinically has been proposed as a substitute for well-known root canal
irrigants, such as sodium hypochlorite, which has some drawbacks, including
increased toxicity and bad odor, CHX inability to remove the smear layer, and EDTA
that causes dentine erosion and degradation. A chitosan nanoparticle solution has
some properties, such as less toxicity and biocompatibility, so chitosan nanoparticles
increase the push-out bond strength of bioceramic sealer.

This study has some limitations. First, only teeth with straight canals were
involved in the study. Second, no assessment of the effect of chitosan nanoparticles on
dentine degradation and microhardness. Further investigation is also necessary to
evaluate the exposure time needed.

CONCLUSIONS

Within the limitations of this study:

. CNPs irrigation improves the bonding strength of AH Plus, MTA Fillapex and Endofill
at the apical third compared to EDTA and NaOCL
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2. The chelating agent CNPs has a superior effect than EDTA on the bond strength of all
sealers.

3. CHX has a comparable effect to CNPs at coronal and middle levels of AH Plus and
MTA Fillapex, respectively.

4. The NaOCl at 3% showed the lowest efficiency on push-out bonding strength.

5. AH Plus has the greatest bond strength value, followed by MTA Fillapex, whereas
EndoFill showed the least value of push-out bond strength.

Acknowledgment

Special thanks to the College of Dentistry/University of Mosul, that have been tremendously
helpful throughout this process, and we are very grateful to them.

Authors’ Contribution

The authors, Al-Hashimy and Al-Jadwaa, designed the study; Al-Jadwaa supervised the work.
Al-Hashimy conducted the experiments, collected data, performed the data analysis, and
wrote the manuscript. Al-Jadwaa contributed by providing scientific information and assisting
in the study.

Ethical statement:

The study was reviewed and approved by the University Ethics and Research Committee in
accordance with the principles of respect for the rights of human research participants
(Approval Code: UoM.Dent.23/73).

Conflict of interest
The author declares that there are no conflicts of interest regarding the publication of this
manuscript.

Availability of data and materials: All data generated or analyzed during this study are
included in this published article and its supplementary information files.

Declaration of Generative AI and Al-assisted technologies
The authors declare that no generative Al or Al-assisted technologies were used in the

preparation of this manuscript. The authors reviewed and edited the content as needed and

take full responsibility for the content of the publication.

REFERENCES

1. Antunes PVS, Flamini LES, Chaves JFM, Silva RG, Cruz Filho AM. Comparative effects
of final canal irrigation with chitosan and EDTA. ] Appl Oral Sci. 2020;28:e20190005.
https://doi.org/10.1590/1678-7757-2019-0005.

2. Cakir A, Sahin TN, Kahveci O. Assessing the efficacy of various irrigation solutions in
dissolving organic tissue. Sci Rep. 2024;14:13861. https://doi.org/10.1038/s41598-024-
64904-w.

477



https://doi.org/10.1590/1678-7757-2019-0005
https://doi.org/10.1038/s41598-024-64904-w
https://doi.org/10.1038/s41598-024-64904-w

10.

11.

12.

13.

14.

15.

Al-Hashimy and Al-Jadwaa Al-Rafidain Dent ] 26(2):458-481

Martins CM, da Silva Machado NE, Giopatto BV, de Souza Batista VE, Marsicano JA,
Mori GG. Post-operative pain after using sodium hypochlorite and chlorhexidine as
irrigation solutions in endodontics: systematic review and meta-analysis of randomised
clinical trials. Indian ] Dent Res. 2020;31(5):774-781.

Pivatto K, Pedro FLM, Guedes OA, Silva AFD, Piva E, Pereira TM, Borges AH.
Cytotoxicity of chelating agents used in endodontics and their influence on MMPs of cell
membranes. Braz Dent J. 2020;31(1):32-36.

Subhashree P, Sumit M, Monalisa M. Nanoparticles used in dentistry. ] Oral Biol
Craniofac Res. 2018;8(1):58-67.

Amin D, Elfaramawy M, Abdelrahman TY. Effect of addition of chitosan nanoparticles
on film thickness of different root canal sealers. ] Endod. 2022;68(3):2851-2854.
Mohammed RR, Rafeeq RA. An in vitro study of the cytotoxicity of chitosan
nanoparticles-containing orthodontic primer. Tikrit ] Dent Sci. 2024;12(1):47-57.
Abdul-Shafi HAW, Aziz HK. Evaluation of the antifungal activity of heat-cured soft
denture liner impregnated with chitosan nanoparticles. Tikrit ] Dent Sci. 2021;9(2):104-
112.

Mikusova V, Mikus P. Advances in chitosan-based nanoparticles for drug delivery. Int J
Mol Sci. 2021;22(17):9652. https://doi.org/10.3390/ijms22179652

Janini ACP, Pelepenko LE, Gomes BPFA, Marciano MA. Physico-chemical properties of
calcium silicate-based sealers in powder/liquid and ready-to-use forms. Braz Dent J.
2022;33(5):18-25.

Galledar S, Farhang R, Abazari M, Negahdar P. Evaluation of the apical microleakage

of MTA Fillapex, AH26, and Endofill sealers. Braz Dent Sci. 2020;23(3):1-8.

Verma D, Taneja S, Kumari M. Efficacy of different irrigation regimes on the push-out

bond strength of various resin-based sealers at different root levels: An in vitro study. |
Conserv Dent. 2018;21(2):125-129. https://doi.org/10.4103/]CD.]JCD 67 17.

Sharma D, Worlikar N, Shah K, Sharma Y. Recent advancements in root canal sealers:
An overview. | Adv Med Dent Res. 2023;11(4):82-91.
Ghouchani TZ, Farhadpour H, Mohammadi N. Effect of root canal filling materials and

pretreatment with solvents on the shear bond strength of composite resin with primary
tooth dentin. Biomed Res Int. 2021;2021:66404. https://doi.org/10.1155/2021/6640403.

Mohamed Nour ElDeen S, Rokaya M, Aly Sherif M. Evaluation of antimicrobial efficacy
of nano chitosan and chlorhexidine versus sodium hypochlorite as final rinse against
Enterococcus faecalis. Alex Dent | Girls. 2023;10(1):11-17.

478


https://doi.org/10.3390/ijms22179652
https://doi.org/10.4103/JCD.JCD_67_17
https://doi.org/10.1155/2021/6640403

Al-Hashimy and Al-Jadwaa Al-Rafidain Dent ] 26(2):458-481

16. Mohamed AM, Nabih SM, Wakwak MA. Effect of chitosan nanoparticles on
microtensile bond strength of resin composite to dentin: An in vitro study. Braz Dent
Sci. 2020;23(2):1-10.

17. Attash IM, Al-Ashou WM. Push-out bond strength evaluation for different endodontic
sealers: A comparative study. Al-Rafidain Dent ]. 2022;22(2):301-312.

18. Naeem AM, Al-Zaka IM. The influence of different root canal irrigants on the push-out
bond strength of AH Plus and bioceramic sealers. ] Bagh Coll Dent. 2021;33(2):21-29.

19. Yaduka P, Kataki R, Roy D, Das L, Goswami S. Effects of radiation therapy on the
dislocation resistance of root canal sealers applied to dentin and the sealer-dentin
interface: A pilot study. Restor Dent Endod. 2021;46(2):e22.
https://doi.org/10.5395/rde.2021.46.e22.

20. Aydin ZU, Ozyﬁrek T, Keskin B, Baran T. Effect of chitosan nanoparticle, QMix, and
EDTA on TotalFill BC sealer dentinal tubule penetration: A confocal laser scanning
microscopy study. Odontology. 2019;107(1):64-71. https://doi.org/10.1007/s10266-018-
0364-5.

21. Abidin T, Susilo D, Gani BA. The effectiveness of 0.2% high-molecular-weight nano-
chitosan as an irrigant agent against Enterococcus faecalis with passive ultrasonic

irrigation. ] Conserv Dent. 2022;25(1):37—41. https://doi.org/10.4103/jcd.jcd 340 21.
22. Ratih DN, Enggardipta RA, Kartikaningtyas AT. The effect of chitosan nanoparticle as

a final irrigation solution on smear layer removal, microhardness, and surface
roughness of root canal dentin. Open Dent ]J. 2020;14(1):19-26.
https://doi.org/10.2174/1874210602014010019.

23. Ratih DN, Sari NI, Santosa P, Kaswati NMN. Time-dependent effect of chitosan
nanoparticles as final irrigation on the apical sealing ability and push-out bond strength
of root canal obturation. Int ] Dent. 2020;2020:8885804.
https://doi.org/10.1155/2020/8885804.

24. Mohamed AM, Ghoneim AG, Roshdy NN. Evaluation of the effect of final rinse with
chitosan nanoparticles and EDTA on the push-out bond strength of resin-based and
bioceramic-based root canal sealers. Alexandria Sci Dent Stud. 2021;5(4):66-75.

25.Tiirker SA, Uzunoglu V, Purali N. Evaluation of dentinal tubule penetration depth and
push-out bond strength of AH 26, BioRoot RCS, and MTA Plus root canal sealers in the
presence or absence of smear layer. ] Dent Res Dent Clin Dent Prospects. 2018;12(4):294—
298. https://doi.org/10.15171/joddd.2018.046.

26. Mathew SP, Pai VS, Usha G, Nadig RR, et al. Comparative evaluation of smear layer

removal by chitosan and ethylenediaminetetraacetic acid when used as irrigants and its

479


https://doi.org/10.5395/rde.2021.46.e22
https://doi.org/10.1007/s10266-018-0364-5
https://doi.org/10.1007/s10266-018-0364-5
https://doi.org/10.4103/jcd.jcd_340_21
https://doi.org/10.2174/1874210602014010019
https://doi.org/10.1155/2020/8885804
https://doi.org/10.15171/joddd.2018.046

Al-Hashimy and Al-Jadwaa Al-Rafidain Dent ] 26(2):458-481

effect on root dentin: An in vitro atomic force microscopic and energy-dispersive X-ray
analysis. ] Conserv Dent. 2017;20(4):245-250. https://doi.org/10.4103/]CD.JCD 114 17.

27. Chaves JF, Martins CV, Gabriel AE. Effect of a chitosan final rinse on the bond strength
of root canal fillings. Gen Dent. 2019;67(5):54-57.

28. Geogi CC, Dubey S, Singh P, Rajkumar B, Samant P, Rawat A. A comparative
evaluation of the effect of different endodontic irrigating solutions on microhardness of
root canal dentin: An in vitro study. ] Dent (Shiraz). 2023;24(4):1-7.

29. Gu LS, Cai X, Guo JM, Pashley DH, Breschi L, Xu HHK, Wang XY, Tay FR, Niu LN.
Chitosan-based extrafibrillar demineralization for dentin bonding. ] Dent Res.
2019;98(2):186-193. https://doi.org/10.1177/0022034518809967.

30. Ozlek E, Rath PP, Kishen A, Neelakantan P. A chitosan-based irrigant improves the
dislocation resistance of a mineral trioxide aggregate—resin hybrid root canal sealer. Clin
Oral Investig. 2020;24(1):151-156. https://doi.org/10.1007/s00784-019-02916-9

31. Kaki GD, Geng Sen O. The effects of chelation on the adhesion of two different root
canal sealers. J Evol Med Dent Sci. 2018;7(32):3595-3603.
https://doi.org/10.14260/jemds/2018/809.

32. Hashem SS, Fawzy MI, Bastawy HA. Effectiveness of chitosan as final irrigating
solution on bond strength of resin-based sealer to radicular dentin. Alex Dent ] Girls.
2019;6(2):137-146.

33. Rifaat S, Rahoma A, Alkhalifa F, AlQuraini G, Alsalman Z, Alwesaibi Z, Taymour N.
Push-out bond strength of EndoSeal mineral trioxide aggregate and AH Plus sealers
after using three different irrigation protocols. Eur ] Dent. 2023;17(1):76-81.
https://doi.org/10.1055/s-0042-1755615.

34. Bayram H, Bayram E, Kanber M, Celikten B, Saklar F. Effect of different chelating
solutions on the push-out bond strength of various root canal sealers. Biomed Res.
2017;28:8418-8423.

35. Khanvilkar U, Patil H, Bandekar S, Kshirsagar S, Pawar AM, Wahjuningrum DA,
Pagnoni F, Reda R, Zanza A, Testarelli L. Push-out bond strength of root fillings after

irrigation of root canals utilizing sodium hypochlorite, chlorhexidine, and homeopathic
mother  tincture (Arnica  montana). Clin  Pract. 2023;13(1):305-314.
https://doi.org/10.3390/clinpract13010028.

36. Hassoon S, Al-Sabawi NA, Al-Shamaa RM. Effect of irrigation with different solutions
on push-out bond strength of root canal obturation materials. Tikrit J Dent Sci.
2023;11(1):31-40.

37. Trindade TF, Barbosa AFS, Castro-Raucci LMS, Silva-Sousa YTC, Colucci V, Raucci-
Neto W. Chlorhexidine and proanthocyanidin enhance the long-term bond strength of

480


https://doi.org/10.4103/JCD.JCD_114_17
https://doi.org/10.1177/0022034518809967
https://doi.org/10.1007/s00784-019-02916-9
https://doi.org/10.14260/jemds/2018/809
https://doi.org/10.1055/s-0042-1755615
https://doi.org/10.3390/clinpract13010028

Al-Hashimy and Al-Jadwaa Al-Rafidain Dent ] 26(2):458-481

resin-based endodontic sealer. Braz Oral Res. 2018;32:e44. https://doi.org/10.1590/1807-
3107BOR-2018.v0132.0044.

38. Coelho A, Amaro I, Rascdo B, Marcelino I, Paula A, Saraiva J, et al. Effect of cavity

disinfectants on dentin bond strength and clinical success of composite restorations: A
systematic review of in vitro, in situ, and clinical studies. Int ] Mol Sci. 2021;22(1):353.
https://doi.org/10.3390/ijms22010353.

39. Abdollahi AA, Seyyedi SA, Khodaie A, Najm Afshar N. Push-out bond strength of a
new bioceramic-based root canal sealer. ] Dent Mater Tech. 2024;13(1):26-32.
https://doi.org/10.22038/JDMT.2024.76417.1633.

40. Sfeir G, Bukiet F, Hage W, El Hachem R, Zogheib C. Impact of final irrigation protocol

on the push-out bond strength of two types of endodontic sealers. Materials (Basel).
2023;16(5):1761. https://doi.org/10.3390/mal6051761

AAbAAl o pil) dadla 3) gal gz AN adali o) il 5 g8 o Algd 5 Jalas (o)) g gils il
Had) Gl 2o 8 daadiviall

293l (S A L8 , Ladilgd) Jal dakld
Gl Jaasall | V) panadill anall 3 pall dauall 35 ¢ 1
el (dam sall (Jam sall Aralas il cala 30 ¢ Ladal) iuYl #3le ¢ 532

Alal)

6 Slalany g Jliay 0.5 5 70.2 ¢slite c 38 i 0 )5S 3ake 4y il ilormsal (55 8l s ) Al 5l 020 Cian ‘ﬁﬁ;
Laginne ) sday Ui Uy U yum 54 alasin i :dand) (3l sk g 3l gall Ay sdiall Qlll ilalad o LAl adall oyl il 558 e (5 A
& ProTaper Universal. ptai alaai ol sUal SuilSaa gull el of ja) a8 ale 12 Jighas (linU Glactll A1) a3 33a)
(CNP) 5l ) 35S0 il sa (40 %0.2 1Y) A sanal) Aileil) (5l sale o 2l Cle gana e () Gl o
%3 :Axl )l de saaall 5 EDT Az (30 %17 A3 Ao sanall 5 (CNP) 4258l o) 5 5280 iy o (50 %0.5 Al de sanall 5
slall A alull de gandll 5 (CHX).cpaaSn 5181 (0 962 Awdall e gaadl s (NaOC) psed sl Sy )6l soa Jslae (e
IS et ) il Zailal) s0lall e 3l A Cile sana EOU ) G Cile penl) arasi i 5 jlay i de saneS Ll
alll b aall dasi s F3 gutta-percha bassse alasiul & EndoFill 33w s MTA Fillapex 33w« 5 AH Plus 33l
o 3ol Jid a5 3l A (ge ale 175753 s o ale 2 dlay il 5o i3 adal i Ase S (g g B3y Cilisall pnan ol
J-dll lasi yand &5 5 ¢ (POBS) dasally (soail¥ 5 8 Jalail dalle jlial) Al sl a3, sl e el g o s81 5 ol
Slel (CNP) dasilil o 5 sl iy ja & pedal seilidl) Gilias) Lebiai s cilibl) gas o o3 X, 40 DaSiy S gam jema pladiuly
DS O (s sine 3oddan gl 5 g gall IS gua Jslaa o EDTA 83k Leali  p3al) (g el ¢ 5l 8 Gloail¥) 5 5ol o s gia
Ul e 5l 3 AH Plus 3l ge 4aladi ol vie Glaaily) 8 G sal) cpaaSon iU elal o) 5580 e %0.25 %0.5
Dhial lall 5 o903 aall gy oIS gun Jlaa e Alinoii o3 Basil¥) 8 581 o sia J8 o sW) 6 all 8 MTTA Fillapex g
Al ) gall g Ay 3al) il pdiall G BlaailV) 3 8 Cppwad e Jaal Baaa (5 ) 83le 4y iUl o) ) gSH il ja iiad slalifiow),
O s Jia a8l iy Jlad %62 CpanaSan 5 IS0 o LS 9417 38 i EDTA 8ale (g Juabl S8 MITA 5 il ) e 4l
.EndoFill s MTA Fillapex s AH Plus 33l 3l sall pa Slail¥) 3 8 (pusas

AoaUaall Gl ay s () yall o gl (Gunlaling caill J gue dsalidal) cilaldl)

481


https://doi.org/10.1590/1807-3107BOR-2018.vol32.0044
https://doi.org/10.1590/1807-3107BOR-2018.vol32.0044
https://doi.org/10.3390/ijms22010353
https://doi.org/10.22038/JDMT.2024.76417.1633
https://doi.org/10.3390/ma16051761


  𝐀 ( 𝐦   𝐦  𝟐 ) = 𝛑 ( 𝐫 ₁ +   𝐫 ₂ ) √  [    ( 𝐫 ₁ − 𝐫 ₂ )  𝟐 + 𝐡 ² ]

