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ABSTRACT

Purpose: This study was designed to assess the impact of Chitosan-acetate as
final root canal irrigant on bond strength of resin-based sealer to radicular dentin.
Materials and Methods: Forty extracted human lower premolars with single roots
and canals were prepared with ProTaper Universal rotary files till size F4. The samples
were dispensed into 3 experimental groups according to the final rinse used and control
group (10 samples each); Group I: irrigated with 0.2% chitosan acetate, Group 11:17%
EDTA, Group III: distilled water and control group (IV): saline. The samples were
obturated by cold lateral compaction technique using AH plus sealer. Samples were sec-
tioned into three sections (each 2 mm-thickness) from coronal, middle and apical thirds
of each sample. The push out bond strength test was performed using universal testing
machine. Three sections from each group were split longitudinally in buccolingual di-
rection where the sealer/dentin interface and the sealer penetration inside the dentinal
tubules was evaluated using scanning electron microscope (SEM). Results: Regarding
the coronal and middle levels, there was no statistical significant difference among the
tested groups. However, at the apical level, there was a statistical significant differ-
ence among the tested groups. SEM observation revealed minimal sealer penetration
in group I at the apical level, while in group II, there was minimal sealer penetration
at the coronal and middle levels. Regarding group III, there was minimal sealer pen-
etration at middle level, while in control group (IV), there was no sealer penetration.
Conclusion: The effect of 0.2% Chitosan acetate on the push out bond strength of AH
Plus sealer was comparable to that of 17% EDTA when used as a final rinse. AH Plus
sealer showed better adhesion to the dentin in the presence of smear layer especially at

the apical third.

e Paper extracted from Master thesis titled “Effectiveness of Chitosan as Final Irrigating Solution on Bond Strength of Resin

Based Sealer to Radicular Dentin”.

1. Dentist at Al-Zahraa University Hospital.

2. Professor of Endodontics, Endodontic Department, Faculty of Dental Medicine for Girls, Al-Azhar University.

3. Associate Professor of Endodontics, Endodontic Department, Faculty of Dental Medicine for Girls, Al —Azhar University.



(138) ADJ-for Grils, Vol. 6, No. 2

INTRODUCTION

Perfect endodontic treatment relay on complete
cleaning & shaping of radicular pulp space and
achive three-dimensional filling with biocompati-
ble, and dimensionally stable filling material. Using
of nickel-titanium files alone in root canal prepara-
tion is insufficient as more than 35% of the root ca-
nal’s surface can be left un-instrumented after con-
ventional root canal treatment . In order to clean
these un-instrumented surfaces, it is necessary to
irrigate the root canal abundantly for killing micro-
organisms, lubrication, removing debris and smear
layer created by cleaning & shaping of the radicular
pulp space @.

Sodium hypochlorite (NaOCl) solution is the
gold standard because of its exceptional qualities
as an antiseptic and its tissue dissolving effects.
However, it is active only against organic part of
smear layer, so other substances must be used to
remove the inorganic material. Therefore, chelating
compounds like ethylenediamine tetraacetic acid
(EDTA) and citric acid (CA) were recommended as
adjuvant in root canal treatment ®.

Irrigation solutions at our disposable have their
share of limitations, therefore natural products are
widespread nowadays because of their antimicro-
bial activity, anti-inflammatory, biocompatibility
and anti-oxidant properties . Chitosan is a natural
polysaccharide, that received more attention in den-
tal research due to its biocompatibility, biodegrad-
ability and non-toxicity. It was used extensively in
various industrial fields because of its high chelat-
ing capability for different metal ions in acidic envi-
ronment®. Chitosan is obtained from chitin through
deacetylation process, this material found in shrimp
shells and crabs and became ecologically exciting
for various applications due to its plenty in nature
and reduced costs of production ©.

A preliminary study evaluated the chelating
properties of chitosan as a (natural polymer) in
comparison with other irrigating solutions on the
middle third of prepared root canal using SEM re-
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vealed that 2% chitosan acetate effectively removed
the smear layer as 17% EDTA and using 2% chi-
tosan acetate followed by NaOCI produced a clean
surface. These results suggested that chitosan is a
promising chelating agent ?. The impact of chito-
san at various concentrations on dentin structure
and on smear layer elimination was assessed. The
results revealed that using 0.2% chitosan for 3 min
was effective in eliminating the smear layer and re-
sulting in slight dentinal erosion ®. A recent study
compared the smear layer removal from radicular
dentin subjected to two root canal irrigants; 17%
EDTA and 0.2% Chitosan using SEM. The results
revealed that 0.2% chitosan eliminate smear layer
more efficient than 17% EDTA at the apical level of
the root canal ©.

Sealer is required to bond gutta-percha, which is
the most popular root canal filling material to the ra-
dicular dentin as it is not able to adhere to radicular
dentin alone . The strength of the bond received
more attention with the evolution of resin-based
sealers, the possibility of producing a ‘monoblock’
of core material and sealer which also bonds to the
radicular dentin has inserted the chance of strength-
ening the endodontically treated teeth. AH Plus
sealer (epoxy resins-based sealer) has very good
physical properties, small expansion, long working
time, excellent apical sealing, adhesion to the tooth
structure and adequate biological performance.
Because of its desirable properties, it is widely used
in the obturation of root canals V.

The impact of removing smear layer by various
types of irrigating solutions on the bond strength of
sealer to radicular dentin subjected to several stud-
ies. In some studies, improvement in the sealers’
bond strength was reported when the smear layer
was removed. However, other studies showed no
significant difference or even higher values when the
smear layer was present. A previous study revealed
that the bond strength of AH plus sealer to radicular
dentin improved upon elimination of smear layer by
using maleic acid, EDTA, smear clear and CA as
final rinses compared to the saline group 2. Also,
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the impact of 17% EDTA ,0.2% chitosan, QMix and
distilled water as final irrigating solutions on bond
strength of AH Plus, MTA Fillapex and Total Fill BC
sealers to radicular dentin was assessed. The results
revealed that the bond strength of all tested sealers
decreased when irrigated with distilled water 9.
A recent study revealed that the greatest push out
bond strength was noticed in samples irrigated with
NaOCI alone (presence of smear layer) which was
different from those samples irrigated with NaOCl
+ EDTA (absence of smear layer), regardless of the
sealer type (AH plus or EndoRez) “¥. Another study
assessed the impact of removing smear layer on the
bonding of two resin based endodontic sealers (AH
26 and AH plus). It was concluded that bonding of
AH-26 to radicular dentin improved after treatment
with 17% EDTA. Conversely bonding of AH Plus
sealer decreased following the treatment with 17%
EDTA®.

Different methods were used for assessing the
strength of sealers’ bond to dentin, such as push-out
bond strength test, shear bond test and tensile test.
The push-out test showed several advantages, in-
cluding the placement of sealer directly to radicular
dentin, rather than sealer placement on flat coronal
dentin discs, which shows a various order of den-
tinal tubules 9. Moreover, it provides more accu-
rate bond strength assessment than the traditional
shear test as in the push-out test, fracture happens
parallel to the dentin-bonding interface, which ren-
der it a real shear test for parallel-sided specimens
U3 Therefore, the aim of this study was directed to
assessed the impact of chitosan-acetate as final rinse
on bond strength of resin-based sealer to radicular
dentin using push out test.

MATERIALS AND METHODS

Teeth selection and preparation

Forty extracted human lower premolars with
completely formed single roots and single canals
were selected. All teeth were rinsed under tap wa-
ter to eliminate blood, tissues and debris and kept
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in distilled water until use. Each tooth was decapi-
tated at the cemento-enamel junction by using dia-
mond disc under continuous water cooling and the
root length was standardized to be 16 mm. Sticky
wax was used to close root apices in order to mimic
closed-end model. K-files size #10 were used to
achieve canal patency and the working length was
measured by subtracting Imm from length when the
file tip observed at the apical foramina.

Preparation of root canals performed by using
ProTaper Universal rotary NiTi files (Dentsply,
Maillfer, Switzerland) in crown-down manner. The
files were attached to a handpiece which was pow-
ered by an electric motor; at a rotational speed of
300 rpm and a torque-control that was set according
to manufacturer instructions for each file used. A
set consisting of seven instruments was used, three
shaping files (SX, S1 and S2) for preparation of cor-
onal 2/3 and four finishing files (F1, F2, F3 and F4)
for preparation of apical third used according to the
instructions of manufacturer. Freshly prepared 2.6%
NaOClI solution (2 ml) was used to irrigate root ca-
nal for 1 minute after the use of each instrument,
dispensed through a 31 gauge side vent irrigating
needle that was inserted deeply into the root canal
with no binding. In the control group, after each in-
strument use, irrigation was done with sterile saline.

Preparation of chitosan solution

Preparation of 0.2% chitosan acetate solutions
was performed using 0.2g chitosan powder (Sigma
Co., Egypt), diluted in 100ml of 1% acetic acid,
and a magnetic stirrer was used to stir the mixture
for 2h®. The prepared solution was saved in the
refrigerator and used within two weeks after
preparation!”.

Samples grouping

After preparation of root canal, the samples were
distributed through 3 experimental groups (I, II,
III) depending on the final rinse used and control
group (IV) (10 samples each). Group I: irrigated
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with 0.2% chitosan acetate. Group II: 17% EDTA
(Prevest Denpro limited, Digiana, Jammu, India).
Group III: distilled water. Group IV (control group):
sterile saline, each group was irrigated using Sml of
the irrigant for 3min ®, then all samples were re-
ceived 5 ml of distilled water and dried by utilizing
paper points.

Samples obturation

Obturation of samples was done by using ProTaper
gutta-percha cones (#F4) and AH Plus sealer
(Dentsply De Trey Gmbh Konstanz, Germany) which
was mixed following the instructions of the manufac-
turer. The walls of the canal were coated with the sealer
where, it was added on the master cone which moved
vertically up and down inside the canal to ensure full
coating of the canal wall by the sealer. Filling of root
canal was completed by cold lateral condensation us-
ing # 30 finger spreader size # 30 and adding accessory
cones (# 25, 02). Then a hot instrument was utilized
to get rid of the excessed gutta-percha and the access
cavity was closed using temporary filling. Storage of
samples at 37°c in 100% humidity for 48 hours was
done to assure full setting of the sealer.

Samples preparation for push-out bond strength
testing:

Isomet 4000 microsaw (Buehler, USA) was used
to section the samples perpendicular to the root’s
long axis under constant water coolant, where three
2 mm-thickness sections were gained from coronal,
middle and apical levels of each sample. Indelible
marker was used to mark the apical surface of each
section, then the sections were kept in 100% humidity
till testing.

Cylindrical stainless-steel plunger with diameter
1,0.7 and 0.5 mm corresponding to coronal, middle
and apical sections respectively used to load root
filling of each section. The tip of the plunger was ad-
justed to cover the root filling material without con-
tacting the canal wall. The plunger was connected
to a universal testing machine (Instron, Norwood,
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MA, USA) and the applied load was directed from
apical aspect to coronal aspect in order to avoid any
impediments during the push-out testing because
of tapering of the root canal. A cross-head speed of
0.5 mm/min was conducted until debonding happen
and the maximum load conducted for debonding
was measured in Newton (N).

The following equation was used to calculate
the value of push out bond strength in megapascal
(MPa):

Push-out bond strength (MPa) =
Maximum load (N)

Adhesion area of root canal filling (mm?)

Area of root canal filling (mm?) =

(Circumference of coronal aspect

+ circumference of apical aspect) X thickness

of the section
) (2mm)

SEM evaluation:

After the push-out test, one selected sample (3
sections) from each group were grooved longitu-
dinally in buccolingual direction without reaching
the internal portion of the canal and sectioned with
sharp chisel. SEM was used to examine the sections
which were coated with gold and mounted on an
aluminum stub. Evaluation of the sealer /dentin in-
terface and sealer penetration inside the dentinal tu-
bules was done by taking photomicrographs under
X 2000 magnification.

Statistical analysis:

Tests of normality (Kolmogorov-Smirnov and
Shapiro-Wilk tests) were used to explore the numer-
ical data for normality in addition to checking the
distribution of data. Presentation of data as mean and
standard deviation (SD) was performed. Kruskal-
Wallis test was used to compare between different
groups in case of non-parametric data. Friedman’s
test was utilized to compare between different root
levels. For pair-wise comparisons Dunn’s test was
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used. The significance level was set at P < 0.05.
IBM SPSS Statistics Version 20 for Windows was

utilized to carry out statistical analysis.

RESULTS
I-Push out bond strength results:

1 Comparison of push out bond strength among
the tested groups at each level:

No statistical significant difference was found in

the mean push out bond strength between the tested

irrigants at coronal and middle levels. However,
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group III (NaOCl) showed the highest value with
a significant difference from the control group (P <
0.05) at apical level. Whereas, there was no statis-
tical significant difference between 0.2% chitosan
and 17% EDTA groups. (Table 1) (Figure 1)

2 Comparison of push out bond strength among
root levels within each group:

Among all the groups there was no statistical
significant difference in the mean push out bond
strength between the root levels within each group
(P>0.05). (Table 1) (Figure 2)

Table (1): Descriptive analysis of the push out bond strength value and standard deviation at the coronal,

middle and apical root canal levels of all tested groups.

Group I Group II Group IIT Group IV
Root level (0.2% Chitosan) (17%EDTA) (NaOCl) (Saline) P-value
Mean SD Mean SD Mean SD Mean SD
Coronal 533 1.90 5.76 149 571 1.88 4.39 1.29 0.196
Middle 5.83 1.79 6.38 1.50 6.51 1.10 493 132 0.085
Apical 5.55 4B 1.61 5.77 A8 1.55 7.114 1.77 42768 1.70 0.015*
Total 5.57 A8 1.13 5.97 A8 0.85 6.44* 0.84 453" 0.86 0.003*
P-value 0.301 0.497 0.497 0.905

“:Significant at P < 0.05, Different superscripts in the same row indicate statistically significant difference.

I
o

Figure (1): A bar chart comparing the
mean push out bond strength

and standard deviation among
0.2% Chitosan, 17% EDTA,
NaOCI and saline (control) at the
coronal, middle and apical root
canal levels.

= Group | (0.2% cChitosan)
(17% EDTA)
(NaoOcl)

= Group IV (Control) Saline

= Group Il
1 Group I

Mean push out bond strength (MPa)
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Figure (2): A bar chart comparing the
mean push out bond strength
value and standard deviation at
the coronal, middle and apical
root canal levels within each
tested group.

= Coronal
m Middle
1 Apical

3 Overall comparison between groups:

Group III (NaOCl) revealed the greatest mean
push out bond strength with a statistical signifi-
cant difference from the control group (P < 0.05).
However, there was no significant difference be-
tween 0.2% chitosan and 17% EDTA groups. (Table
1, Figure 1)

II- Scanning electron microscopic (SEM) results:

A layer of AH plus sealer with filler particles
embedded in the resin matrix was coating the canal
walls in all groups.

In group I (0.2% Chitosan): Tracing the sealer/
dentin interface revealed that there was no resin tags
packed inside the dentinal tubules at coronal and
middle levels. However, there was minimal penetra-

tion of the sealer at apical level. (Figure 3)

In group II (17% EDTA): Tracing the sealer/
dentin interface revealed that there was minimal
sealer penetration into at coronal and middle levels.
However, no sealer penetration was noticed at api-
cal level. (Figure 3)

In group III (NaOCI): Tracing the sealer/ den-
tin interface revealed that there was minimal sealer
penetration at the middle level. However, no sealer
penetration noticed at coronal and apical levels.
(Figure 3)

In group IV (control group) (saline): Tracing the
sealer/ dentin interface revealed absence of sealer

penetration at all levels.

Figure (3): Scanning photomicrographs of sealer/dentin interface at the apical levels of root canals rinsed with; a) 0.2% chitosan
showing minimal penetration of the sealer into the dentinal tubules, b) 17%EDTA and c) NaOCl showing no sealer

penetration into the dentinal tubules (X2000).
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DISCUSSION

Ideal endodontic treatment relay on different
factors such as complete chemo-mechanical prepa-
ration of root canal and three-dimensional obtura-
tion with dimensionally stable and biocompatible
filling material '®. Gutta-percha that is used as
a root canal filling material is not able to bond to
the radicular dentin alone, thus a sealer is needed
to achieve bonding between the gutta-percha and
dentin to obtain a fluid tight seal. The adhesion of
sealers to radicular dentin was improved by differ-
ent methods, removing the smear layer is one of
these methods. Until now no irrigating solution can
act on the inorganic and organic constituents of the
smear layer. For efficient removal of smear layer, a
combination of NaOCI and EDTA has been recom-
mended "?. However, this combined irrigation regi-
men causes erosion to radicular dentin %,

Searching for chelating agent that is more ef-
ficient and biocompatible than EDTA has resulted
in various solutions being researched over the last
few years. Natural irrigants become more com-
mon nowadays because of their biocompatibility,
high antimicrobial activity and anti-inflammatory
@D Therefore, this study was designed to assess the
impact of chitosan-acetate as a final rinse on bond
strength of resin-based sealer to radicular dentin.

In this study, the obtained results revealed that
the highest mean push out bond strength was record-
ed at the middle level compared to the coronal and
apical levels in samples treated with 0.2% chitosan
acetate and 17% EDTA (group I & II respectively).
However, no statistical significant difference was
noticed in the mean push out bond strength among
the root levels. This could be attributed to the fact
that the diameter and the density of dentinal tubules
significantly reduced from the coronal to apical di-
rection. Thus, the diameter and number of the tu-
bules at middle level are less than that at coronal
level with more intertubular dentin which contains
collagen fibers to which AH Plus sealer bond. The
bonding of AH Plus sealer to dentin relays on cova-
lent bonds formed between exposed amine groups
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on collagen and the open epoxy rings in the sealer,
rather than micromechanical retention through pen-
etration of the resin tags into the tubules 22,

Regarding SEM observation of sealer/ dentin in-
terface of tested samples which were treated with
0.2% chitosan acetate (group I) revealed that there
was no penetration of sealer into dentinal tubules,
however, in group II (17% EDTA), there was mini-
mal sealer penetration. This may be attributed to
the viscosity of EDTA which was lower than that of
0.2% chitosan, so 17% EDTA could penetrate into
dentinal tubules removing smear plugs, and thus
permitting the penetration of AH plus sealer. This
finding was in consent with a previous study which
reported that there was little penetration of AH plus
sealer after using 17% EDTA as a final rinse .

The lower mean push out bond strength that was
recorded at the apical level in samples treated with
0.2% chitosan acetate and 17% EDTA might be at-
tributed to that, dentin is much more sclerosed in the
apical region with less content of collagen fibers to
which AH Plus sealer bond ®¥.

In group III (NaOCl), the highest mean push
out bond strength was recorded at the apical level
compared to the coronal and middle levels with no
statistical significant difference among the root lev-
els. This could be attributed to the low viscosity of
NaOCI which allow it to reach the apical level and
act on dentin surface as a fat and organic solvent
which degrade fatty acids, converting them into
glycerol (alcohol) and salts (soap), that decrease
the surface tension of the remaining solution, which
improve NaOCI wettability to the treated dentin
surface, therefore it may enhance AH Plus sealer’s
wettability to radicular dentin ®. These results are
consent with a previous study, which revealed that
the greatest mean push out bond strength of AH plus
sealer was recorded at the apical level compared to
coronal and middle levels in case of presence of
smear layer @®,
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Regarding SEM observation of sealer/ den-
tin interface of tested samples which were treated
with NaOCI (group III) revealed that there was no
penetration of sealer into dentinal tubules at coro-
nal third. However, at the middle third there was
minimal sealer penetration. This could be attributed
to the fact that, when the root canal obturated with
lateral condensation technique, finger spreader and
gutta-percha cones exert pressure that is directed to
the root canal walls resulting in lateral forces es-
pecially at middle third which favored sealer pen-
etration into dentinal tubules ®”. This finding was
correlated with another study which reported that AH
plus sealer penetration into dentinal tubules was no-
ticed when NaOCl used alone to irrigate the root canal
without any chelating agent ®. In contrary, a previ-
ous study reported that penetration of AH plus sealer
was observed only in case of removing smear layer
by17% EDTA and was not observed in case of us-
ing NaOCl alone without chelating agent ?*. These
controversial results could be attributed to using
various volume and concentration of NaOCI irrigat-
ing solution following the use of each file.

In the current study, the features noticed in the
SEM assessment of the sealer/ dentin interface re-
garding sealer penetration into the dentinal tubules
and tags formation did not show correlation with
the push out bond strength evaluation. This could
be attributed to that the resin component of resin-
based sealers penetrates dentinal tubules, whereas
filler particles remain at the interface because they
are too large to penetrate the tubules. Resin deple-
tion from the interfacial layer may be the cause of
the low push-out bond strength ©®. This finding ap-
proves the hypothesis that the penetration of resin
tags into dentinal tubules is not the most effective
factor influencing the sealers’ adhesion to radicular
dentin. Adhesion process relay on several chemical
and physical aspects between dentinal walls and the
materials ©V.

These results are in consent with a previous
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study which studied the adhesion of endodontic
sealers and found that removal of smear layer was
not associated with higher bond strength although
penetration of sealer into the dentinal tubules ©?. In
contrary, the results of the current study are not con-
sent with other studies which indicate a direct rela-
tionship between the sealers penetration into the tu-
bules and values of the push out bond strength ¢°3%).

Regarding overall comparison between groups,
the results showed that, using 0.2% chitosan ac-
etate and 17% EDTA as final irrigating solution
(group I & II respectively) decreased the push out
bond strength of AH plus sealer to radicular dentin
compared to NaOCI alone without chelating agent
(group III). The possible explanation for the reduc-
tion of push out bond strength may be that opened
dentinal tubules act as stress risers, which promoted
failure in the adhesive joint. These failures result
from locally high stresses in specific areas and con-
tribute to the propagation of adhesive failure .

The results of this study are correlated with re-
cent studies which reported that the bond strength
of AH plus sealer to radicular dentin reduced by
using 17% EDTA as final irrigating solution (!9,
On the contrary, another study reported that the
bond strength of AH Plus sealer to radicular den-
tin improved upon using of 0.2% chitosan acetate
and 17% EDTA as final irrigating solutions !¥. This
could be attributed to using different smear layer re-
moving protocol as they immersed the samples in
5.25% NaOCI solution then immersed them in ei-
ther 17% EDTA solution or 0.2% chitosan solution.

The results revealed that, a statistically signifi-
cant difference in the mean push out bond strength
among group III (NaOCl) and control group (saline)
was present, where the samples treated with NaOCl
showed higher values. This finding was in consent
with a previous study which concluded that the
push-out bond strength of AH plus sealer when the
specimens irrigated with NaOCI was higher than
when irrigated with saline ¢¥.
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CONCLUSION
The following could be concluded within the
limitations of this study:

1. Chitosan acetate0.2% as natural product at-
tracts its use as dentin chelating agent.

2. The effect of 0.2% chitosan acetate on the push
out bond strength of AH Plus sealer was com-
parable to that of 17% EDTA when used as a
final rinse.

3. AH Plus sealer showed better adhesion to the
dentin in the presence of smear layer especially
at the apical third.

Evaluation of the impact of using 0.2% chitosan
acetate as a final rinse on the push out bond strength
of other sealers to the radicular dentin is recom-
mended.
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