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Abstract:
Background:

Root canal irrigation is one of the most important stages during root canal treatment. One of the requirements of root canal irrigation material is
that it can eradicate the smear layer but does not alter the physical properties of the root canal dentin.

Objective:

To investigate the effect of chitosan nanoparticle as a final irrigation solution on the smear layer removal, micro-hardness and surface roughness of
root canal dentin.

Methods:

Seventy-two premolars used in this study and divided by three evaluations, namely smear layer removal, micro-hardness and surface roughness.
Each study used 24 teeth and was assigned randomly into three groups of eight teeth. Group-1, final irrigation with 17% EDTA; group-2, with
0.2% chitosan nanoparticles; group-3, with 2.5% NaOCI. Specimens were evaluated for smear layer removal, micro-hardness and surface
roughness using a Scanning Electron Microscope, Vickers hardness tester and surface roughness measuring instrument, respectively. Data obtained
from smear layer removal evaluation were statically analyzed using Kruskal-Wallis and Mann-Whitney U and data from micro-hardness and
surface roughness were analyzed using one-way ANOVA and Tukey’s test.

Results:

Final irrigation using 0.2% chitosan nanoparticles produced similar smear layer removal than 17% EDTA (P>0.05), but it was greater than 2.5%
NaOCl (P<0.05). Chitosan had higher micro-hardness and lower surface roughness than EDTA (P<0.05), but it was the same as 2.5% NaOCl
(P>0.05).

Conclusion:

Final irrigation using 0.2% chitosan nanoparticles had the same effect on smear layer removal compared to 17% EDTA; however, 0.2% chitosan
produced higher micro-hardness and lower surface roughness of root canal dentin than 17% EDTA.
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1. INTRODUCTION ove the smear layers and the remnants of necrotic tissues, as

well as to eliminate microorganisms and their products from
root canal [1]. Sodium hypochlorite (NaOCl), with a
concentration of 2.5-5%, has been frequently employed in the
clinic as an irrigation solution. This irrigation solution has the

Root canal irrigation is one of the important phases in root
canal treatment. The function of root canal irrigation is to rem-
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the smear layers on the root canal walls [3]. Therefore another
irrigation solution needs to be employed as the final irrigation
to eliminate inorganic tissues of smear layers. The final
irrigation solution is defined as a solution used for eradicating
the smear layer thoroughly, especially inorganic components,
which remains a presence in the dentin surface of root canal
following the organic components have been removed by
NaOCl [4].

Ethylenediaminetetraacetic acid (EDTA) is often utilized
in the clinic as the final irrigation solution because of its ability
to react with calcium ions in dentin forming calcium chelation,
thereby dissolving the inorganic tissues from smear layers [3].
However, prolonged exposure of EDTA may alter the
structural characteristic of dentin resulting in compromised
mechanical integrity and erosion [5]. According to previous
investigators [3, 4], the demineralization action of chelating
agent probable affects the chemical and physical properties of
the structure of root canal dentin, leading to affect micro-
hardness and surface roughness. These phenomena may
generate the reduction of dentin micro-hardness [6] and induce
surface roughness [7] of the dentin of the root canal wall.
EDTA also has no antibacterial properties [8]. However, this
chelating agent could have benefit in the clinic, as it allows the
preparation of narrow root canals and improves the bonding of
root canal sealers, which requires dentin surface irregularities
for sealer adhesion [9, 10].

Due to the drawbacks of EDTA as a final irrigation
solution, hence, other final irrigation solutions need to be
studied, which can eliminate both organic and inorganic
components of the smear layers, and has antibacterial
properties and chelation ability, but no influence on the dentin
structures, such as micro-hardness and surface roughness of
root canal dentin.

Recently chitosan has been widely used in the health sector
[11]. Chitosan is polysaccharide in nature and obtaining from
the deacetylation of chitin from the seashell of crustaceans and
shrimps [12]. Previous research reported by Silva et al. [13]
and Del et al. [14], chitosan has chelation ability; therefore it
can dissolve the in-organic parts of smear layers. Chitosan also
has an antibacterial effect; hence, it can be considered as a final
irrigation solution [14, 15]. Most of the studies on chitosan
have focused on the antibacterial property with little literature
on smear layer removal, micro-hardness and surface roughness,
since these factors could determine the success of root canal
treatment. Therefore, the purpose of this study was to
investigate the effect of 0.2% chitosan nanoparticles as a final
irrigation solution on the smear layer removal and root canal
dentin structures, namely micro-hardness and surface
roughness.

2. MATERIALS AND METHODS

Seventy-two intact, straight single-rooted mandibular
premolars extracted for orthodontic reasons, which have an
initial file of # 20 (Dentsply Maillefer, Ballaigues, Switzer-
land), were used in this study. This study was divided into
three evaluations, namely smear layer removal, micro-
hardness, and surface roughness, using 24 teeth of each
evaluation. The teeth were stored in distilled water and used
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approximately within one month following extraction. All teeth
were sectioned at the cementoenamel junction, leaving the root
length of 12 mm, by means of a slow-speed diamond disk with
water coolant. The working lengths were deducted 1-mm from
the lengths of the roots. The root apices were then closed using
the sticky wax to mimic the clinical condition [16].

The root canals were extirpated using barbed broaches
(Dentsply Maillefer). The crown-down technique was carried
out using a rotary file (Protaper Universal, Dentsply Maillefer)
at 250 rpm, up to F3 file reached working length. Root canal
irrigation throughout instrumentation and after using each file
was undertaken using continuous irrigation technique with
2.5% NaOCl solution (Golden Falcon, Dubai, UAE) (volume
of 2 mL, for 1 minute). The root canals were then rinsed with 5
mL of distilled water and randomly divided into three groups
of 8 specimens each, according to the final irrigation solution
utilized. Group-1 was final irrigated using 5 mL of 17% EDTA
(Pulpdent, Watertown, MA, USA) for 3 minutes; group-2, final
irrigated with 5 mL of 0.2% chitosan nanoparticle for 3
minutes; group-3, served as a control, using 5 mL of 2.5%
NaOCl for 3 minutes.

The 0.2% chitosan nanoparticle solution was made by
dissolving 0.2 gram of chitosan powder (size 397.5 + 98.5 nm)
(NHI, Tangerang, Indonesia) in 1% acetic acid with the volume
of 100 milliliters. Chitosan was synthesis from shrimp shells
(degree of deacetylation >75%) using ionic glass method and
Polyanion Tripolyphosphate (TPP) as crosslinker [17]. To
obtain a homogenous solution, then the mixture was stirred
with a magnetic agitator for two hours [18]. The final irrigation
solutions were delivered using a sterile 30-gauge needle, which
entered into 2 mm of the working length. All root canals were
then rinsed with 5 mL of distilled water, dried with sterile #30
paper points, and sterilized cotton pellets were positioned in the
root canal orifices.

2.1. Smear Layer Removal Evaluation

This evaluation used 24 teeth that were assigned into three
groups according to the final irrigation solution employed, as
stated above. After the application of final irrigations,
longitudinal grooves were made on the buccolingual surfaces
on each root using a low-speed diamond disk. The roots were
then split longitudinally into two halves: buccal and lingual.
The root canal was measured and the central part of each apical
third was evaluated. The evaluation of smear layer removal
was only in the apical third of the root since the penetration of
irrigation solution is minimum in the apical third, because of
the reduction of diameter and the increase of depth of root
canal [19, 20]. The specimens were secured on metal stubs,
desiccated and sputter-coated with gold, and the canal wall of
the apical third of each root was examined using an SEM
(JEOL JSM-5510, Tokyo, Japan). Two calibrated, blinded
examiners analyzed all the images, which were obtained at X
1000 and 2000 magnification. The Kappa test was employed to
determine the agreement between the examiners (Kappa
>0.75).

The scoring system on a scale of 1-4 was used to evaluate
the degree of removal of the smear layer. Score 1: No smear
layer and debris at all, with all tubules cleaned and opened.
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Score 2: A few areas covered by a smear layer and debris, with
most tubules cleaned and opened. Score 3: Smear layer and
debris covering almost all the surfaces, with few tubules
opened. Score 4: Smear layer and debris covering all the
surfaces [21]. Data obtained were analyzed using by Kruskal-
Wallis, followed by Mann-Whitney U, with a 95% level of
significance.

2.2. Micro-hardness Evaluation

Micro-hardness evaluation used 24 other teeth that were
divided into three groups according to the final irrigation
solution used, as mentioned above. After the application of
final irrigation solutions, each root for the micro-hardness test
was sectioned vertically using a cutting saw (Buehler Ltd.,
Evanston, IL, USA) to the axis of tooth in bucco-lingual
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direction and obtaining mesial and distal sections. Each root
section was embedded in self-curing acrylic resin; the internal
surface of root canal dentin was faced up (Fig. 1). The surface
was flattened sequentially with 600, 1000, 1500 silicon carbide
papers. Subsequently, each specimen was tested using a
Vickers Hardness Tester (Shimadzu HMV-2, Shimadzu
Corporation, Kyoto, Japan) with a ten-gram load of indenter
(15 seconds) (Fig. 2). Three indentations at a distance of 200
pum from each other were done on the apical third of each root
[22]. The indentations were viewed on the computer screen
connected to the micro-hardness tester. Three indentations then
were averaged to determine the value of micro-hardness (in
VHN) of each specimen. Data obtained were analyzed
statistically using One-Way ANOVA and Tukey’s test with a
significance level of 95%.

Fig. (1). Root section was embedded in self-curing acrylic resin, and the root canal dentin surface was facing up.

Fig. (2). The specimen was tested using a Vickers Hardness Tester (Shimadzu HMV-2, Shimadzu Corporation, Kyoto, Japan).
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Fig. (3). The specimen was placed on the flat table surface, and a clamp was used to hold specimens stable in its position (A), the values of surface
roughness were displayed digitally on the screen of the portable digital roughness (SR 300, Taylor Hobson, Leicester, England) (B).

2.3. Surface Roughness Evaluation

This evaluation used 24 remaining teeth that were assigned
into three groups according to the final irrigation solution
employed, as stated above. Following the application of final
irrigations, all roots were vertically grooved in a bucco-lingual
direction and subsequently split into mesial and distal sections.
The specimens were positioned on the flat table surface and a
clamp was used to hold specimens stable in its position (Fig.
3A). The surface roughness of each sample was tested with a
digital roughness tester (SR 300, Taylor Hobson, Leicester,
England). The needle of roughness tester was located on the
lumen dentin of the root canal and three tracings of different
locations on the lumen of root canal dentin were created. The
machine was then recording the surface roughness values of
root canal dentin. The values, which were expressed as Ra
(um), were exhibited digitally on the screen of the roughness
tester (Fig. 3B). The Ra parameter defines the total roughness
of the surface and can be described as the numerical average
value of the roughness profile from the center line within the
measuring length. Data obtained were analyzed by a two-way
ANOVA, followed by the Tukey test with a significance level
of 95%.

3. RESULTS

The results of the Kappa tests demonstrated good
agreement between two examiners with values of 0.8 or above
for all of the different categories. In smear layer evaluation, it
can be seen that final irrigations using 0.2% chitosan
nanoparticles produced a few areas covered by a smear layer
and debris, with most tubules cleaned and opened (Fig. 4A and
4B). No smear layer and debris at all, with all tubules cleaned
and opened produced by final irrigation with 17% EDTA (Fig.
4C and 4D). On the contrary, final irrigation using 2.5%
NaOCl generated smear layer and debris covering almost all of
the surface Fig. (4E and 4F).

Statistical analyzing using Kruskal Wallis showed that

final irrigations affected smear layer removal of root canal
dentin (p<0.05). The analyzing of Mann-Whitney U revealed
that 17% EDTA and 0.2% chitosan nanoparticles caused
greater smear layer removal than 2.5% NaOCI (P <0.05), while
17% EDTA and 0.2% chitosan nanoparticle generated the same
effect on smear layer removal (P > 0.05) (Table 1).

Table 1. Comparison of the effect of final irrigation
solutions on smear layer removal of root canal dentin.

Smear Layer Removal
- 0.2% chitosan 17% EDTA |2.5% NaOCl
nanoparticle (Control)
Median 2 1 3
Kruskal Wallis 10.93
P 0.004
Mann-Whitney U a | a b

* Different letters indicate that there were statistically significant differences.

Micro-hardness study (Table 2) demonstrated that 0.2%
chitosan nanoparticles produced greater micro-hardness than
17% EDTA (P < 0.05), but was less than 2.5% NaOCI (P >
0.05). One-way ANOVA showed a significant difference
occurred among groups of micro-hardness evaluations (P <
0.05).

In surface roughness evaluation (Table 3), it was exhibited
that EDTA produced the greatest surface roughness than other
final irrigation solutions, whereas chitosan nanoparticles had
lower surface roughness than EDTA, but was higher than
NaOCl. A one-way ANOVA revealed that a significant
difference occurred among three final irrigation solutions. (P <
0.05). Tukey’s test demonstrated that a significant difference
occurred in surface roughness between 17% EDTA compared
to either 0.2% chitosan nanoparticles or 2.5% NaOCl (P
<0.05). In contrast, there was no significant difference in
surface roughness between 0.2% chitosan nanoparticles and
2.5% NaOCl (P > 0.05).
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Fig. (4). SEM micrograph of each sample representative: final irrigation using 0.2% chitosan nanoparticles exhibited a few areas covered by a smear
layer and debris, with most tubules cleaned and opened (A and B), 17% EDTA revealed no smear layer and debris at all, with all tubules cleaned and
opened (C and D), and 2.5% NaOCI showed smear layer and debris covering almost all of the surface (E and F). Original magnification X1000 (A, C

and E), and X 2000 (B, D, F).

Table 2. Comparison of the effect of final irrigation solutions on micro-hardness of root canal dentin.

Micro-hardness (VHN)
0.2% chitosan nanoparticle 17% EDTA 2.5% NaOCl
(Control)
Mean + SD 49.88 +2.34 45.04 +4.02 50.72 £2.08
ANOVA: F 8,09
P 0.002
Tukey’s a b a

* Different letters indicate that there were statistically significant differences.

Table 3. Comparison of the effect of final irrigation solutions on surface roughness of root canal dentin.

Surface Roughness (um)
- 0.2% chitosan nanoparticle 17% EDTA 2.5% NaOCl
(Control)
Mean + SD 0.84+0.23 2.41£0.09 0.74+0.21
ANOVA: F 236.61
P 0.000
Tukey’s a | b | a

* Different letters indicate that there were statistically significant differences.

4. DISCUSSION

The results of this study indicate that 0.2% of chitosan
nanoparticle had the same effect on the smear layer removal as

17% EDTA. Final irrigation using both solutions seem to
dissolve the smear layer, especially the inorganic substance,
although in the different mechanism [15, 23]. EDTA has
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chelation property since it can create chelation with calcium
ions in dentin and causing the dentin to dissolve. EDTA has the
capability to decalcify dentin with a depth of 20-50 um ranging
between two to three minutes [24]. Similar to EDTA, chitosan
also has chelation properties. Although not entirely
understanding its effect on dentin, it has been presumed that
adsorption, ion exchange and chelation control the
establishment of interaction between the chelating agents and
the metal ions [25]. Additionally, ion involvement, chitosan
chemical structure, and solution pH may specify the interaction
type between chelating substances and metal ions [22, 26].

Two theories attempt to elucidate the chelating effect of
chitosan. One theory is known as the “chemical chain bridge
model”, which explains that two or more amino groups of
chitosan chain attach to a similar metal ion. The second theory
is named “the hook or free-arm model”, which mentions that
only one amino group of the material structure is involved in
the attachment, which is the metal ion attached to the amino
group. The chitosan polymer is formed by a chain composed of
several chitin dimers. This chitin dimer exhibits two nitrogen
atoms with pairs of free electrons liable for the interaction
between the metal and the chelating substance. In an acid
environment, the amino groups exist in the protonated of bi-
polymer, leading to a complete position charge (-NH,"). This
system facilitates binding with other molecules, causing the
occurrence of adsorption [5, 27, 28].

In this study, final irrigation using 2.5% NaOCI produced
the lowest smear layer removal but caused the highest micro-
hardness and the lowest surface roughness compared to
chitosan and EDTA. This finding is in accordance with other
studies exhibiting that NaOCI is not effective in removing the
inorganic part of the smear layers [29] and removed smear
layers only on the superficial of the root canal dentin [26, 30,
31].

Previous investigators reported that chitosan has many
advantageous properties, for example, bio-compatible, bio-
degradation, bio-adhesion, and non-toxic to human cells [32].
Moreover, it is also extensively available in nature, cheap, and
has chelating properties of metal ions, which was verified in
this study [33]. Therefore, chitosan has been developed for
final irrigation solution in endodontic field, which in the future,
can replaced EDTA, which has several drawbacks. The size of
chitosan, which is in nanoparticles, also influence the
penetration of this irrigation solution deeper into the tubules of
the root canal system [14, 34]. Chitosan polymer is
hydrophilic, which favors intimate contact with root canal
dentin; as a result, it is adsorbed easily to root canal walls and
delivered to the deeper location of dentinal tubules [34].
Additionally, it has a large number of free hydroxyl and amino
groups that lead to the ionic interaction between dentin calcium
ions and the chelating agent. The efficiency of a chelating
agent also relies on several factors, such as application time,
pH, the concentration of the solution and amount of solution
[35]. Thus, in the present study, the volume of chitosan (pH 6)
used for final irrigation was standardized at 5 mL for 3 minutes
[13].

Application of final irrigation solution, especially using a
chemical solution, may also lead to the changes of the root
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canal dentin structures, such as micro-hardness and surface
roughness. This condition might be associated with the
demineralizing effect of the chelating solutions on root canal
dentin. A change in surface structures occurs after using this
chelating solution since this solution has a demineralizing
effect on the dentinal walls leading to a decrease in micro-
hardness and an increase in surface roughness [36 - 38].

The results of this study proved that EDTA had an effect
on micro-hardness of root canal dentin, and produced the
lowest micro-hardness than chitosan and NaOCl (P < 0.05).
Previous research with Atomic Absorption Spectrophotometry
also showed that irrigation with chelation agents could remove
calcium ions from the root canals [6] Chelation and
demineralization agents not only dissolve the inorganic
structure in the smear layer but also dissolve the calcium
hydroxyapatite matrix from dentin; hence collagens open and
micro-hardness reduced [8, 22]. EDTA has a strong chelation
action, which may be due to its greater capability to
demineralize the smear layer, especially inorganic parts. This
demineralization effect may lead to erosion, especially
peritubular and intertubular dentin, as a result, enlarge the
dentinal tubules and weaken dentin, as well as alter the surface
of dental hard tissues [25]. This phenomenon occurred due to
the change in the ratio of Calcium/Phosphorus in dental tissue
[13], which lead to a decrease in micro-hardness and an
increase in surface roughness of root canal dentin.

In contrast, 0.2% of chitosan nanoparticles had smaller
changes in the structure of dental hard tissues compared to
EDTA. These results verify that chitosan is a weak chelating
substance that demineralizes less dentin surface than EDTA.
Therefore, 0.2% chitosan nanoparticles solution has been
capable of removing the smear layer, but not in inducing dentin
demineralization [22]. In addition, chitosan, which makes
contact with dentin surface, is likely to induce remineralization
of demineralized dentin. The covalent interaction of chitosan to
collagen of dentin has been assumed to create the
remineralization of demineralized dentin. This phenomenon
arises due to the groups of phosphate that may attract calcium
ions to make a satisfactory surface for nucleation of crystals,
resulting in the occurrence of calcium-phosphate layer [23].

Moreover, chitosan might improve the dentinal surface
degradation by collagenase [28]. Therefore, the reminera-
lization ability of chitosan may explain why chitosan had
higher micro-hardness and lower surface roughness compared
to EDTA [35]. This study also revealed that NaOCI produced
the greatest micro-hardness and lowest surface roughness. It
can be explained that NaOCl is only dissolving organic
materials and generating dentin collagen denaturation and
dissolution. However, this solution is not as effective as final
irrigation due to not effectively remove the inorganic materials
of the smear layer. Besides, NaOCI has no capability to induce
erosion to root canal dentin [14].

CONCLUSION

It can be concluded that the final irrigation using 0.2%
chitosan nanoparticles had the same effect on smear layer
removal compared to 17% EDTA; however 0.2% chitosan
produced higher micro-hardness and lower surface roughness
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on root canal dentin than 17% EDTA. Chitosan has been
developed for irrigation solution in the endodontic field, which
in the future, can replace EDTA, which influence the root canal
dentin structures.

ETHICS APPROVAL AND
PARTICIPATE

CONSENT TO

Not applicable.

HUMAN AND ANIMAL RIGHTS

We confirm that we used teeth specimens which were
obtained from the laboratory for study purpose and this study is
not directly on the human subjects.

CONSENT FOR PUBLICATION
Not applicable.

AVAILABILITY OF DATA AND MATERIALS

The data supporting the findings of the article is available
in the repository UGM at https://repository.ugm.ac.id,
reference number 4467.

FUNDING

This study was funded by Universitas Gadjah Mada,
Faculty of Dentistry Grant number 4467/UN1/KG/Set. KG/
LT/2018.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

The authors would like to thank to Mrs. Nofa Mardia
Ningsih Kaswati for providing Chitosan from Nanotech Herbal
Indonesia.

REFERENCES

[1] Haapasalo M, Shen Y, Qian W, Gao Y. Irrigation in endodontics. Dent
Clin North Am 2010; 54(2): 291-312.
[http://dx.doi.org/10.1016/j.cden.2009.12.001] [PMID: 20433979]

[2] Garg A, Garg N. Textbook of Endodontic. 3" ed. New Delhi: Jaypee
Brothers Medical Publisher 2014.
[http://dx.doi.org/10.5005/jp/books/12108]

[3] Hargreaves KM, Berman LH, Eds. Cohen’s Pathways of the Pulp. 1 "
ed. St Louis: Mosby Elsevier 2016.

[PMID: 9780323443654]

[4] Mohammadi Z, Shalavi S, Jafarzadeh H. Ethylenediaminetetraacetic
acid in endodontics. Eur J Dent 2013; 7(Suppl. 1): S135-42.
[http://dx.doi.org/10.4103/1305-7456.119091] [PMID: 24966721]

[5] Darrag AM. Effectiveness of different final irrigation solution on
smear layer removal in intraradicular dentin. Tanta Dent J 2014; 11:
93-9.

[http://dx.doi.org/10.1016/j.tdj.2014.06.002]

[6] Cruz-Filho AM, Sousa-Neto MD, Savioli RN, Silva RG, Vansan LP,
Pécora JD. Effect of chelating solutions on the microhardness of root
canal lumen dentin. J Endod 2011; 37(3): 358-62.
[http://dx.doi.org/10.1016/j.joen.2010.12.001] [PMID: 21329821]

[71 Tartari P, Duarte AP, Silva JOC, Klautau EB, Souza MHS. Etidronate
from medicine to endodontics: effects of different irrigation regimes
on root dentin roughness. 2013 J Appl Oral 2013; 21: 409-15.

[8] Bayram HM, Bayram E, Kanber M, Celikten B. Different chelating
solution on the push-out bond strength of various root canal sealers. In:
Biomed Res-India. 2017. https://pdfs.semanticscholar.org/ 2bb7/

[9]

[10]

(1]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

The Open Dentistry Journal, 2020, Volume 14 25

8bfca7507957ec36b7695ebfce9ee2a6dblb.pdf

Ballal NV, Ferrer-Luque CM, Sona M, Prabhu KN, Arias-Moliz T,
Baca P. Evaluation of final irrigation regimens with maleic acid for
smear layer removal and wettability of root canal sealer. Acta Odontol
Scand 2018; 76(3): 199-203.
[http://dx.doi.org/10.1080/00016357.2017.1402208]
29126370]

Balguerie E, van der Sluis L, Vallaeys K, Gurgel-Georgelin M,
Diemer F. Sealer penetration and adaptation in the dentinal tubules: a
scanning electron microscopic study. J Endod 2011; 37(11): 1576-9.
[http://dx.doi.org/10.1016/j.joen.2011.07.005] [PMID: 22000467]
Hosseini S, Kassaee MZ, Elahi SH. A new nano-chitosan irrigant with
superior smear layer removal and penetration.Nanochem Res 2016 vol.
1, pp. 150-6, 2016. Hosseini S, Kassaece MZ, Elahi SH BB. A new
nano-chitosan irrigant with superior smear layer removal and
penetration. Nanochem Res 2016; 1: 150-6.
[http://dx.doi.org/10.7508/ncr.2016.02.002].

Devadiga SB, Shetty D, Lakhsmi G, Packiyam JE. Synthesis of
chitosan silver nanoparticles from chitin of crustacean shell and its
applications. Int J Curr. Res Chem Pharmac Sci 2016; 5: 1-5.
[http://s-0-i.org/1.15/ijereps-2016-3-5-1].

Silva PV, Guedes DF, Pécora JD, da Cruz-Filho AM. Time-dependent
effects of chitosan on dentin structures. Braz Dent J 2012; 23(4):
357-61.
[http://dx.doi.org/10.1590/S0103-64402012000400008]
23207849]

Del Carpio-Perochena A, Kishen A, Shrestha A, Bramante CM.
Antibacterial properties associated with chitosan nanoparticle
treatment on root dentin and 2 types of endodontic sealers. J Endod
2015; 41(8): 1353-8.

[http://dx.doi.org/10.1016/j.joen.2015.03.020] [PMID: 25958178]

Del Carpio-Perochena A, Bramante CM, Duarte MAH, de Moura MR,
Aouada FA, Kishen A. Chelating and antibacterial properties of
chitosan nanoparticles on dentin. Restor Dent Endod 2015; 40(3):
195-201.

[http://dx.doi.org/10.5395/rde.2015.40.3.195] [PMID: 26295022]
Ahuja P, Nandini S, Ballal S, Velmurugan N. Effectiveness of four
different final irrigation activation techniques on smear layer removal

[PMID:

[PMID:

in curved root canals : a scanning electron microscopy study. J Dent
(Tehran) 2014; 11(1): 1-9. [PMID: 24910670].

[PMID: 24910670]

Bangun H, Tandiono S, Arianto A. Preparation and evaluation of
chitosan-tripolyphosphate nanoparticles suspension as an antibacterial
agent. J Appl Pharm Sci 2018; 8: 147-56.
[http://dx.doi.org/10.7324/JAPS.2018.81217]

Shafiei M, Jafarizadeh-Malmiri H, Rezaei M. Biological activities of
chitosan and prepared chitosan-tripolyphosphate nanoparticles using
ionic gelation method against various pathogenic bacteria and fungi
strains. Biologia 2019; 7: 1-8.
[http://dx.doi.org/10.2478/s11756-019-00299-8]

Ashraf H, Asnaashari M, Darmiani S, Birang R. Smear layer removal
in the apical third of root canals by two chelating agents and laser: A
comparative in vitro study. Iran Endod J 2014; 9(3): 210-4. [PMID:
25031596].

[PMID: 25031596]

Kowsky D, Kumari A, Naganath M. Effectiveness of different
irrigation devices on the smear layer removal in the apical portion of
curved root canals: A scanning electron microscopy study. Saudi
Endod J 2018; 8: 111-6.

[http://dx.doi.org/10.4103/sej.sej_57_17]

Paul ML, Mazumdar D, Niyogi A, Baranwal AK. Comparative
evaluation of the efficacy of different irrigants including MTAD under
SEM. J Conserv Dent 2013; 16(4): 336-41.
[http://dx.doi.org/10.4103/0972-0707.114367] [PMID: 23956537]
Pimenta JA, Zaparolli D, Pécora JD, Cruz-Filho AM. Chitosan: effect
of a new chelating agent on the microhardness of root dentin. Braz
Dent J 2012; 23(3): 212-7.
[http://dx.doi.org/10.1590/S0103-64402012000300005]
22814688]

Gusiyska A, Dyulgerova E, Vassileva R. The effectiveness of a
chitosan citrate solution to remove the smear layer in root canal
treatment - an in vitro study IJSR 2016 2016; 5: 1169-74.

Butala R, Kabbinale P. Comparative evaluation of
ethylenediaminetetraacetic acid, maleic acid, and peracetic acid in
smear layer removal from instrumented root canal system: A scanning
electron microscopic analysis study. Saudi Endod J 2017; 7: 170-5.
[https://doi.org/10.4103/1658-5984.213484].

[PMID:


http://dx.doi.org/10.1016/j.cden.2009.12.001
http://www.ncbi.nlm.nih.gov/pubmed/20433979
http://dx.doi.org/10.5005/jp/books/12108
http://www.ncbi.nlm.nih.gov/pubmed/9780323443654
http://dx.doi.org/10.4103/1305-7456.119091
http://www.ncbi.nlm.nih.gov/pubmed/24966721
http://dx.doi.org/10.1016/j.tdj.2014.06.002
http://dx.doi.org/10.1016/j.joen.2010.12.001
http://www.ncbi.nlm.nih.gov/pubmed/21329821
https://pdfs.semanticscholar.org/%20%20%20%20%20%20%20%20%20%20%20%20%202bb7/%20%20%20%20%20%20%20%20%20%20%20%20%208bfca7507957ec36b7695ebfce9ee2a6db1b.pdf
https://pdfs.semanticscholar.org/%20%20%20%20%20%20%20%20%20%20%20%20%202bb7/%20%20%20%20%20%20%20%20%20%20%20%20%208bfca7507957ec36b7695ebfce9ee2a6db1b.pdf
http://dx.doi.org/10.1080/00016357.2017.1402208
http://www.ncbi.nlm.nih.gov/pubmed/29126370
http://dx.doi.org/10.1016/j.joen.2011.07.005
http://www.ncbi.nlm.nih.gov/pubmed/22000467
http://dx.doi.org/10.1590/S0103-64402012000400008
http://www.ncbi.nlm.nih.gov/pubmed/23207849
http://dx.doi.org/10.1016/j.joen.2015.03.020
http://www.ncbi.nlm.nih.gov/pubmed/25958178
http://dx.doi.org/10.5395/rde.2015.40.3.195
http://www.ncbi.nlm.nih.gov/pubmed/26295022
http://www.ncbi.nlm.nih.gov/pubmed/24910670
http://dx.doi.org/10.7324/JAPS.2018.81217
http://dx.doi.org/10.2478/s11756-019-00299-8
http://www.ncbi.nlm.nih.gov/pubmed/25031596
http://dx.doi.org/10.4103/sej.sej_57_17
http://dx.doi.org/10.4103/0972-0707.114367
http://www.ncbi.nlm.nih.gov/pubmed/23956537
http://dx.doi.org/10.1590/S0103-64402012000300005
http://www.ncbi.nlm.nih.gov/pubmed/22814688

26 The Open Dentistry Journal, 2020, Volume 14

[25]

[26]

[27]

(28]

[29]

[30]

311

Abraham S, Vaswani SD, Najan HB, Mehta DL, Kamble AB,
Chaudhari SD. Scanning electron microscopic evaluation of smear
layer removal at the apical third of root canals using diode laser,
endoActivator, and ultrasonics with chitosan: An in vitro study. J
Conserv Dent 2019; 22(2): 149-54.
[http://dx.doi.org/10.4103/JCD.JCD_337_18] [PMID: 31142984]
Dutner J, Mines P, Anderson A. Irrigation trends among American
Association of Endodontists members: a web-based survey. J Endod
2012; 38(1): 37-40.

[http://dx.doi.org/10.1016/j.joen.2011.08.013] [PMID: 22152617]
Kamble AB, Abraham S, Kakde DD, et al. Shashidhar C, Scanning
electron  microscopic  evaluation of efficacy of 17%
ethylenediaminetetraacetic acid and chitosan for smear layer removal
with ultrasonics: An in vitro study. Contemp Clin Dent 2017; 8(4):
621-6.

[http://dx.doi.org/10.4103/ccd.ccd_745_17] [PMID: 29326515]

Silva PV, Guedes DFC, Nakadi FV, Pécora JD, Cruz-Filho AM.
Chitosan: a new solution for removal of smear layer after root canal
instrumentation. Int Endod J 2013; 46(4): 332-8.
[http://dx.doi.org/10.1111/j.1365-2591.2012.02119.x]
22970844]

Ordinola-Zapata R, Bramante CM, Cavenago B, et al. Antimicrobial
effect of endodontic solutions used as final irrigants on a dentine
biofilm model. Int Endod J 2012; 45(2): 162-8.
[http://dx.doi.org/10.1111/j.1365-2591.2011.01959.x]
21985189]

Wu L, MuY, Deng X, Zhang S, Zhou D. Comparison of the effect of
four decalcifying agents combined with 60°C 3% sodium hypochlorite
on smear layer removal. J Endod 2012; 38(3): 381-4.
[http://dx.doi.org/10.1016/j.joen.2011.11.013] [PMID: 22341079]
Violich DR, Chandler NP. The smear layer in endodontics - a review.
Int Endod J 2010; 43(1): 2-15.

[PMID:

[PMID:

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Ratih et al.

[http://dx.doi.org/10.1111/j.1365-2591.2009.01627.x]
20002799]

Islam MM, Masum SM, Rahman MM, Molla MA, Shaikh AA, Shaikh
AA. Preparation of chitosan from shrimp shell and investigation of its
properties. IJIBAS-IJENS 2011; 11: 77-80.
[https://doi.org/110201-8484].

Zhang J, Xia W, Liu P, et al. Chitosan modification and
pharmaceutical/biomedical applications. Mar Drugs 2010; 8(7):
1962-87.

[http://dx.doi.org/10.3390/md8071962] [PMID: 20714418]

Christian P, Von der Kammer F, Baalousha M, Hofmann T.
Nanoparticles: structure, properties, preparation and behaviour in
environmental media. Ecotoxicology 2008; 17(5): 326-43.
[http://dx.doi.org/10.1007/3s10646-008-0213-1] [PMID: 18459043]
Turker SA, Yilmaz Z, Ozcelik B, Gorduysus M, Altundasar E. Effects
of ultrasonically activated irrigants with or without surfactant on smear
layer removal after post space preparation. J Clin Exp Dent 2012; 4:
€260-5. [https://doi.org/10.4317/jced.50835].
[http://dx.doi.org/10.4317/jced.50835]

Khoroushi M, Shirban F, Doustfateme S, Kaveh S. Effect of three
nanobiomaterials on the surface roughness of bleached enamel.
Contemp Clin Dent 2015; 6(4): 466-70.
[http://dx.doi.org/10.4103/0976-237X.169853] [PMID: 26681849]
Patil CR, Uppin V. Effect of endodontic irrigating solutions on the
microhardness and roughness of root canal dentin: an in vitro study.
Indian J Dent Res 2011; 22(1): 22-7.
[http://dx.doi.org/10.4103/0970-9290.79969] [PMID: 21525672]
Kamalasanan RR, Devarasanahalli SV, Ranjini MA, Khatib MS, Khan
S, Nadig RR. Quantitative assessment of surface roughness with
chlorine dioxide irrigant on root canal dentin by three-dimensional
confocal laser scanning microscopy. Endodontology 2018; 30: 38-44.
[https://doi.org/10.4103/endo.endo_62_17].

[PMID:

© 2020 The Author(s). Published by Bentham Open.

@@

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.


http://dx.doi.org/10.4103/JCD.JCD_337_18
http://www.ncbi.nlm.nih.gov/pubmed/31142984
http://dx.doi.org/10.1016/j.joen.2011.08.013
http://www.ncbi.nlm.nih.gov/pubmed/22152617
http://dx.doi.org/10.4103/ccd.ccd_745_17
http://www.ncbi.nlm.nih.gov/pubmed/29326515
http://dx.doi.org/10.1111/j.1365-2591.2012.02119.x
http://www.ncbi.nlm.nih.gov/pubmed/22970844
http://dx.doi.org/10.1111/j.1365-2591.2011.01959.x
http://www.ncbi.nlm.nih.gov/pubmed/21985189
http://dx.doi.org/10.1016/j.joen.2011.11.013
http://www.ncbi.nlm.nih.gov/pubmed/22341079
http://dx.doi.org/10.1111/j.1365-2591.2009.01627.x
http://www.ncbi.nlm.nih.gov/pubmed/20002799
http://dx.doi.org/10.3390/md8071962
http://www.ncbi.nlm.nih.gov/pubmed/20714418
http://dx.doi.org/10.1007/s10646-008-0213-1
http://www.ncbi.nlm.nih.gov/pubmed/18459043
http://dx.doi.org/10.4317/jced.50835
http://dx.doi.org/10.4103/0976-237X.169853
http://www.ncbi.nlm.nih.gov/pubmed/26681849
http://dx.doi.org/10.4103/0970-9290.79969
http://www.ncbi.nlm.nih.gov/pubmed/21525672
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/

	The Effect of Chitosan Nanoparticle as A Final Irrigation Solution on The Smear Layer Removal, Micro-hardness and Surface Roughness of Root Canal Dentin 
	[Background:]
	Background:
	Objective:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Smear Layer Removal Evaluation
	2.2. Micro-hardness Evaluation
	2.3. Surface Roughness Evaluation

	3. RESULTS
	4. DISCUSSION
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




