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Abstract

Background. Chitosan prepared with acetic acid is commonly used as an endodontic irrigant. However,
the chitosan solution prepared with distilled water has not been evaluated for endodontic usage.

Objectives. The present study aimed to compare the effects of ethylenediaminetetraacetic acid (EDTA),
fumaric acid, and the chitosan solutions prepared with distilled water (C-DW) and acetic acid (C-AA) on
dentin microhardness and dentinal tubule penetration.

Material and methods. Fighty maxillary central incisors were endodontically instrumented and
randomly divided into 2 main groups (n = 40) for the evaluation of dentin microhardness and tubular
penetration, with 4 subgroups in each main group (n = 10) according to the final irrigation solutions used
(EDTA, fumaric acid, C-DW, and C-AA). The C-AA solution was prepared by diluting medium-molecular-
weight chitosan in acetic acid. The C(-DW solution was prepared with distilled water and chitosan
ammonium salts, which were synthesized using trichloroacetic acid and low-molecular-weight chitosan.
After irrigation, the roots were sectioned horizontally 2 mm (the apical third) and 5 mm (the middle third)
from the apex. The microhardness measurements were taken at depths of 500 um and 1,000 um from the
canal lumen. The sections were examined for tubular penetration using confocal laser scanning microscopy.
The data was analyzed using the analysis of variance (ANOVA), with a significance level set at p < 0.05.

Results. The microhardness values were statistically similar at either depth for each third (p > 0.05),
except for the 1,000-yum depth in the apical third, where the use of the C-AA solution resulted in lower
microhardness as compared to fumaric acid (p < 0.05). No significant differences were observed in tubular
penetration with regard to each third (p > 0.05).

Conclusions. All solutions showed a similar penetration ability in each third. At the 1,000-um depth in
the apical third, the fumaric acid solution provided a higher microhardness value than the C-AA solution.

Keywords: chitosan, chelating agents, confocal laser scanning microscopy, fumaric acid
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Highlights
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* All the tested irrigation solutions (EDTA, fumaric acid, chitosan prepared with distilled water (C-DW), and chitosan
prepared with acetic acid (C-AA)) demonstrated comparable ability to penetrate dentinal tubules in both the apical

and middle thirds of the root canals.

* While the microhardness values were similar across most conditions, fumaric acid showed superior preservation
of dentin microhardness at the 1,000-um depth in the apical third as compared to C-AA.

* C-DW and C-AA performed similarly in terms of tubular penetration and microhardness, indicating that C-DW is
a viable alternative to C-AA for clinical use in root canal treatment.

Introduction

The success of endodontic treatment depends on the
effective chemo-mechanical preparation and three-
dimensional (3D) filling of the root canal system.! Chemo-
mechanical preparation aims to shape and clean the root
canals. Mechanical preparation is insufficient to reach
root canal irregularities and dentinal tubules, and it can-
not eliminate microorganisms from those untouched sur-
faces.? Mechanical preparation promotes the formation
of the smear layer, which consists of organic and inorganic
tissue remnants, microorganisms, and their by-products.?
The smear layer negatively affects the penetration of irriga-
tion solutions and the adhesion of the filling material.*
The irrigation solutions used for chemical preparation
mainly aim to reach and eliminate microorganisms in
the uninstrumented areas, and dissolve the components
of the smear layer.> The efficiency of irrigants is affected
by their ability to penetrate into dentinal tubules, the
irrigation method and root canal structures.®

Irrigation solutions may act similarly on the smear layer
and root canal dentin.” Irrigants can cause changes in the
chemical and mechanical properties of dentin by affecting
its mineral content.® The determination of microhardness
shows mineral changes in root canal dentin.” A decreased
microhardness value may indicate the dissolution or deterio-
ration of dentin composition,'® which adversely affects
the adhesion of the sealer.!!

Several irrigation solutions are preferred for smear layer
removal, e.g., ethylenediaminetetraacetic acid (EDTA),
maleic acid, QMix®, MTAD, fumaric acid, and chitosan.”12-14
EDTA is the most widely used irrigation solution for
this purpose. Irrigation with a 0.7% concentration
of fumaric acid has been considered efficient in smear
layer removal.!® Fumaric acid is a trans isomer of maleic
acid and is produced in a citric acid cycle.'® Its esters have
been successfully used for the treatment of psoriasis and
multiple sclerosis.

Recently, 0.2% chitosan has been applied in irrigation
procedures.t” Chitosan is a natural polysaccharide ob-
tained from crab and shrimp shells.! Its use in the bio-
medical and dentistry fields is highly popular due to its
good biocompatibility, biodegradability, antimicrobial
properties, and chelating activity toward metal ions.!

The 0.2% chitosan solution prepared using medium-
molecular-weight chitosan and acetic acid (C-AA) has
been found effective in removing the smear layer from
root canal walls.2’ However, chitosan dissolves in acidic
conditions and has poor water solubility, which limits its
further industrial applications.?! To overcome this draw-
back, chitosan derivatives have been synthesized from
halogens and low-molecular-weight chitosan to provide
good water solubility. These chitosan ammonium salts
are considered to have better antifungal and antibacterial
properties than chitosan itself.??> The chitosan solution
with distilled water (C-DW) is prepared by dissolving
chitosan ammonium salts in distilled water.

Previously, EDTA and 0.2% chitosan solutions were
compared with regard to dentin microhardness changes
and the ability of the irrigant to penetrate into dentinal
tubules.* A literature review showed that fumaric acid
and the C-DW solution had not been evaluated in terms
of their effects on dentin microhardness and tubular penetra-
tion ability. Thus, the present study aimed to compare
the effects of different final irrigation solutions, includ-
ing EDTA, fumaric acid, and the C-DW and C-AA solu-
tions, on dentinal tubule penetration capacity and dentin
microhardness changes. The null hypothesis stated that
no differences would be observed in the effects of vari-
ous irrigants on dentinal tubule penetration and dentin
microhardness.

Material and methods

This study was approved by the ethics committee
of Ankara Yildirim Beyazit University, Turkey (research
code: 2020-149; decision date and No. of approval:
09.07.2020/39). Eighty extracted human maxillary central
incisor teeth with full apex formation were selected. The
teeth were visually and radiographically examined to have
one single root and root canal, and to have no caries, re-
sorptions or calcifications. The teeth were decoronated
at the cemento-enamel junction (CEJ) under water cool-
ant to obtain a 17-mm root length. The working length
was determined as 16 mm. The root canals were pre-
pared using the ProTaper Next X4 instruments (Dentsply
Maillefer, Ballaigues, Switzerland) with an endodontic
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electronic torque-controlled motor. The root canals were
irrigated with 2 mL of 2.5% NaOCI irrigation solution at
each instrument change. The roots were equally divided
into 2 main groups to evaluate the effects of the tested
irrigants on dentin microhardness and dentinal tubule
penetration. The tested irrigants were as follows: EDTA;
fumaric acid; C-DW; and C-AA.

Preparation of irrigation solutions

The EDTA solution: 17% EDTA solution was used.

The fumaric acid solution: The solution was prepared at
a0.7% concentration by mixing fumaric acid with distilled
water.

The C-DW solution: Chitosan ammonium salts
with halogens were prepared according to the method
of a previous study,?? using trichloroacetic acid and low-
molecular-weight chitosan. The solution was prepared
by dissolving the chitosan-trichloroacetate compound in
distilled water at a concentration of 5 mg/mL.

The C-AA solution: Chitosan with a deacetylation
degree of 70-85% (Sigma-Aldrich, St. Louis, USA) was
dissolved in 1% acetic acid solution to obtain 0.2% chitosan
solution.” The acetic acid solution was added to the
weighed amount of chitosan and the mixture was stirred
overnight with the help of a magnetic stirrer. Then, the
solution was filtrated through Whatman 42 filter paper to
remove the undissolved material.

Evaluation of dentin microhardness

The 40 roots were randomly divided into 4 subgroups
(n = 10) for microhardness evaluation: EDTA; fumaric
acid; C-AA; and C-DW. The roots were irrigated using
5 mL of the solution for 1 min. Afterward, irrigation with
5 mL of distilled water was performed to prevent the re-
sidual action of the solutions on dentin. The roots were
embedded into acrylic resin blocks. The roots were sec-
tioned vertically along the long axis under distilled water
coolant, using a low-speed saw (Micracut 151; Metkon
Instruments Inc., Bursa, Turkey), and 2.0-millimeter-
thick slices were obtained at 2 mm (the apical third) and
5 mm (the middle third) from the root apex.

A Vickers microhardness testing machine (HMV-700;
Shimadzu Corporation, Tokyo, Japan) was used at a load
0f 100 g for 10 s. Three indentations were made at 500 um
and 1,000 pm from the canal lumen, with 100 pym between
the indentations, under a stereomicroscope integrated
into the microhardness testing machine at x40 magnifica-
tion. The arithmetic mean of the Vickers microhardness
values was calculated for each distance.

Evaluation of dentinal tubule penetration

All final irrigants were mixed with 0.1% fluorescent
rhodamine B isothiocyanate (Merck, Darmstadt, Germany)
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to visualize dentinal tubules under confocal laser
scanning microscopy. Root surfaces were sealed with
nail polish. The apical foramina of the roots were
covered with wax. The group was randomly divided
into 4 subgroups (n = 10) according to the final irriga-
tion solution: EDTA; fumaric acid; C-AA; and C-DW.
All groups were irrigated with 5 mL of the solution for
1 min. The roots were embedded in acrylic resin and
sectioned vertically along the long axis under distilled
water coolant, using a low-speed saw (Micracut 151).
At 2 mm (the apical third) and 5 mm (the middle third)
from the root apex, 1.0-millimeter-thick slices were ob-
tained. The coronal sides of the slices were polished with
silicon carbide abrasive paper. The samples were fixed
on glass coverslips, with the apical sides of the slices
contacting the coverslips.

The specimens were scanned and photographed using
a confocal laser scanning microscope (Zeiss LSM 510;
Carl Zeiss, Jena, Germany) under the Ar/HeNe laser
excitation, with a wavelength of 543 nm (Fig. 1). The
images were evaluated using the Image] software, v. 1.48
(https://imagej.net/ij; National Institutes of Health (NIH),
Bethesda, USA), to analyze the irrigant penetration areas.
In each image, the outline of the penetration area and the
circumference of the root canal were marked. The per-
centage of irrigant penetration was calculated by dividing
the outlined area by the root canal area.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows, v. 22.0 (IBM Corp., Armonk,
USA). The normal distribution of the data in each
group was evaluated using the Shapiro—Wilk test. The
data showing a normal distribution was evaluated using
the one-way analysis of variance (ANOVA), post-hoc
Tukey’s test and ¢ test. The significance level was set at
p < 0.05.

Results

Evaluation of dentin microhardness

The results regarding Vickers microhardness are shown
in Table 1. No significant differences were found between
the tested irrigants in the 500-ym and 1,000-um depth
microhardness values for the middle third (p > 0.05),
and in the 500-um depth microhardness values for the
apical third (p > 0.05). C-AA provided a statistically signifi-
cantly lower microhardness value than fumaric acid at the
1,000-um depth for the apical third (p < 0.05). Regardless
of the irrigant used, the irrigation procedure resulted in
a statistically significantly lower microhardness values in
the middle third than in the apical third at either depth
(p < 0.05) (Table 2).
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Fig. 1. Representative confocal laser scanning microscopic images for each irrigation solution at the middle and apical thirds
EDTA - ethylenediaminetetraacetic acid; C-DW - chitosan prepared with distilled water; C-AA — chitosan prepared with acetic acid.

Table 1. Comparison of the irrigants with regard to the Vickers microhardness values obtained at depths of 500 um and 1,000 um from the canal lumen for
the apical and middle thirds of the root canals

Apical third Middle third
500 pm 1,000 pm 500 pm 1,000 pm
[TEEETIL: Vickers Vickers
microhardness p-value | microhardness p-value | microhardness microhardness
[HV] [HV]
(EnDlA] 0) 76.99 £9.38 83.33 £6.42°0 75.56 £7.62 8222 £3.75
(F:T?g)c 3dd 76574512 86.01 £3.66° 7547 £461 83.98 £4.52
1.601  0.206 5405  0.004* 1436 0.248 1620  0.202

(Cn_?v;/O) 76.04 +4.85 82.08 +£3.7820 7710 £6.25 81.65+3.34
C-AA .

(n=10) 7171 £343 7827 £2.81 70.87 £9.14 78.87 £8.08

Data presented as mean + standard deviation (M +SD).
* statistically significant (ANOVA and post hoc Tukey's test). Different superscript letters indicate significant differences within each column.

Table 2. Comparison of the apical and middle thirds with regard to the dentin microhardness values and the irrigant penetration ratios, regardless of the type

500 p 1,000 p
(n = 40) (n=40) Penetration
t p-value

of irrigant

Part of the root :
canal Vickers Vickers ratio
microhardness t p-value | microhardness t p-value (n=40)
[HV] [HV]

‘ Apical third 78.52 £6.94 8242 +5.07 7.94 £4.97 ‘
2.382 0.020* 0.054 0.003* 2.690 0.009*
‘ Middle third 74.75 £7.22 7849 £6.38 11.61 +£7.03 ‘

Data presented as M £5D.
* statistically significant (t test).

Evaluation of dentinal tubule penetration

No significant differences were observed between The penetration ratio obtained in the middle third was
the tested irrigants in terms of dentinal tubule penetra- statistically higher than that in the apical third, regardless
tion in the apical and middle thirds (p > 0.05) (Table 3). of the irrigant used (p < 0.05) (Table 2).
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Table 3. Comparison of the irrigants with regard to the percentage of dentinal tubule penetration

Apical third
Irrigant

Middle third

dentinal tubule penetration F value dentinal tubule penetration F
[9%] e [%]

11.497 £5.556

EDTA

(n=10) 7.625 +5.864

Fumaric acid 6,687 +3.083

(n=10)

Cow 0.629
(n=10) 9.699 +5.491

C-AA

(h=10) 7.764 £5.251

8.321 +4.890

0.601 2435 0.081

10477 £6.351

16.128 £9.107

Data presented as M +5D (ANOVA).

Discussion

An irrigation solution should have the abilities of smear
layer removal and dentinal tubule penetration without
promoting a decrease in dentin microhardness. In this
study, the effects of the EDTA, fumaric acid, C-AA, and
C-DW solutions on dentin microhardness and dentinal
tubule penetration were evaluated. The effects of the
solutions in terms of dentinal tubule penetration were
similar in the apical and middle thirds of the root canals.
Dentin microhardness values for the solutions were similar
at the 500-um and 1,000-um depths in the middle third,
and at the 500-um depth in the apical third. However, in
the apical third, C-AA showed a lower microhardness
value than fumaric acid at the 1,000-um depth. Thus, the
null hypothesis was partially accepted.

The dentin microhardness measurement is a non-
destructive method that indirectly proves mineral loss
or gain in dental hard tissues.” A positive correlation has
been proven between dentin mineralization and micro-
hardness.?® The Vickers indenter method has been found
to be more sensitive for evaluating deep dentin micro-
hardness than the Knoop method.?* In this study, Vickers
indentation was preferred.

Chitosan irrigation solutions prepared with different
concentrations were previously evaluated. Chitosan solu-
tions diluted with acetic acid at 0.2% and 0.5% concentra-
tions were similar in terms of the Ca/P ratio changes and
smear layer removal in root canal dentin.?* Chitosan solu-
tions at 0.37% and 0.2% concentrations were similar with
regard to removing the smear layer, but 0.37% chitosan
caused a much greater erosive effect.? Therefore, in
this study, the 0.2% concentration was preferred for the
preparation of the C-AA solution. A 0.7% concentration
of fumaric acid was used, as this concentration represents
the maximum dissolution rate of fumaric acid at room
temperature.'?

The chelating feature of EDTA reduces dentin micro-
hardness. EDTA causes demineralization by binding
the Ca ions of dentin, thus softening the intraradicular
dentin.?” The effect of the 0.2% chitosan solution prepared

with medium-molecular-weight chitosan and acetic acid
on dentin microhardness was found to be similar to that
of 17% EDTA solution,”?® which is in accordance with the
results of this study. Supporting these results, the C-AA
solution prepared with acetic acid and the C-DW solution
prepared with distilled water similarly affected dentin
microhardness in each third and at either depth in this study.
The chelating mechanism of chitosan is not yet clear, but
the chelating process is considered to occur between the
amino group of chitosan and metallic ions.” Using acetic
acid or distilled water for a chitosan solution similarly
affected dentin microhardness. Further studies should be
conducted to evaluate the effect of C-AA and C-DW on
the physical and chemical properties of dentin.

Regardless of the irrigant used, higher microhardness
values were found in the apical third at either depth.
The intraradicular dentin in the apical third was more
sclerosed and the concentration of non-collagenous proteins
decreased. Thus, the level of demineralization in the
apical third area of the root canal also decreased.? In the
apical third at the 1,000-um depth, fumaric acid showed
the highest microhardness value, although the differ-
ence was statistically significant only in comparison with
C-AA. Fumaric acid has also been found to be more
effective in smear layer removal than EDTA due to 2 carbo-
xylic groups opposite each other in its molecular form,
which provides a greater binding ability to Ca ions.!® In
this study, fumaric acid also showed a similar penetration
ability to that of other irrigation solutions.

Scanning electron microscopy (SEM) is a widely used
method to evaluate dentinal tubule penetration. However,
this technique has some drawbacks, such as the require-
ment for the vacuum and gold sputtering procedures, pro-
moting artifacts, a limited number of analyzed surfaces,
and the subjective examination of images.3° Confocal laser
scanning microscopy does not require any specimen pre-
paration and provides fewer artifacts.3! In the present study,
confocal laser scanning microscopy was used for the evalu-
ation of irrigant penetration. A fluorescent dye, rhodamine B,
in a low concentration (0.1%) was used to detect the
irrigant. The sections were obtained 2 mm and 5 mm from
the apical foramen, as observed in previous studies.??34
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Regardless of the irrigant used, tubular penetration was
lower in the apical third, as dentinal tubules are more
sclerosed and fewer there than in the middle third.®

Better penetration of the irrigant can be achieved by
better smear layer removal. The similar penetration ability
of the solutions shows that they have a similar smear layer
removal ability. The dentinal tubule penetration of irriga-
tion solutions not only improves the flow of the sealer, but
also provides better antimicrobial activity. The dentin wet-
tability depends on the viscosity and surface tension of the
irrigant, which both affect the tubular penetration of the
irrigants.® Similar mean values of tubular penetration were
observed for all irrigation solutions, regardless of the root
canal third assessed. The tested solutions could also have
similar viscosity. Further studies comparing the viscosity
patterns of these solutions would be beneficial. In the apical
third, C-DW showed a better penetration ability than C-AA.
C-DW was prepared with low-molecular-weight chitosan.
The lower weight may provide a deeper diffusion ability,
thus enabling the irrigant to penetrate deeper into the
narrow tubules involved in the apical third.

The 0.2% chitosan solution prepared with medium-
molecular-weight chitosan and acetic acid was evaluated for
the smear layer removal effect. A chitosan solution pre-
pared with low-molecular-weight chitosan and distilled
water has not been evaluated as an irrigation solution
in the literature. The C-DW solution manifested similar
penetration ability, as well as the microhardness values at
the 500-pum and 1,000-pm depths, as the C-AA solution in
each third. However, the lowest microhardness values at
the 1,000-pm depth were observed for the C-AA solution.
Therefore, the C-DW solution can be considered an alter-
native to the C-AA solution.

Conclusions

All the tested irrigation solutions showed a similar
tubular penetration ability in the apical and middle thirds.
The microhardness values were also similar for the 500-um
depth for each third. At the 1,000-um depth in the apical
third, the fumaric acid solution provided an increased
microhardness value as compared to the C-AA solution.
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