Frontiers in Dentistry

Effects of Chitosan as a Novel Obturation Material for
Pulpectomized Teeth on Periapical Inflammation, Periodontal
Ligament Widening, and Hard Tissue Resorption: A Preliminary
Exploratory Study on Dogs

Leila Basirl, Elahe Babashahil®, Seyed Mohammad Razavi2, Maziar Manshaei?,
Vahid Rakhshan*

1. Department of Pediatric Dentistry, School of Dentistry, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
2. Department of Oral and Maxillofacial Pathology, Dental School, Isfahan University of Medical Sciences, Isfahan, Iran
3. Dental Research Center, Isfahan University of Medical Sciences, Isfahan, Iran

4. Private Practice, Tehran, Iran

Article Info ABSTRACT

Article type: Objectives: This preliminary animal study was conducted to assess the effects of chitosan
Original Article as a novel obturation material for pulpectomized teeth on periapical inflammation,
periodontal ligament (PDL) widening, and hard tissue resorption.
Materials and Methods: Forty premolar root canals in two mature dogs were obturated
with zinc oxide eugenol (ZOE) and an experimental 3% chitosan paste (n=20 in each
Article History:

group). The teeth were then restored with amalgam. After 28 days, the dogs were
sacrificed, and histopathological assessment was performed. The amount of resorbed
obturation material, degree of inflammatory response, degree of PDL widening, and the
number of bone/cementum/dentin resorption defects were recorded under x40 and
x200 magnifications. Data were analyzed using the Mann-Whitney U test, one-sample
Wilcoxon signed-rank test, and Fisher’s exact test (a=0.05).
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Results: Bone, cementum, and dentin resorption were seen in 6, 10, and 1 chitosan-
obturated canals and 14, 15, and 0 ZOE-obturated canals, respectively. Only the bone
resorption defects were significantly fewer in the chitosan group (P=0.026). Mild,
moderate, and severe inflammation were observed in 17, 3, and 0 chitosan-obturated
canals, and 7, 9, and 4 ZOE-filled canals, respectively (P=0.004). Mild, moderate, and
severe PDL widening were seen around 15, 5, and 0 chitosan-filled canals and 7, 12, and
1 ZOE-filled canals, respectively (P=0.025).

Conclusion: The 3% chitosan was superior to ZOE in terms of causing less inflammation
and PDL widening. It also decreased bone resorption and acted similar to ZOE in terms of
dentin and cementum resorption.
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INTRODUCTION

The goal of root canal treatment in permanent or
primary dentition (i.e., pulpectomy) is to
mechanically and chemically remove the

contaminated tissues, bacteria, and bacterial
products from the root canal system [1,2].
Although mechanical debridement is an
important part of root canal therapy, it cannot
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decrease the bacterial load of the canal by more
than one-half, because anatomical limitations
(e.g, isthmi and apical accessory canals) do not
allow the instruments to reach all areas of the
canal. Such limitations and anatomical
variations are more noticeable in primary teeth
with thinner roots and root walls, which also
undergo physiological resorption [1-4]. Due to
such  anatomical limitations and the
subsequently low success rate of mechanical
instrumentation alone, antimicrobial agents are
used to aid in further removal of bacteria, debris,
and infected and necrotic tissues [1,2,5].
Nevertheless, chemo-mechanical preparation
and debridement of the canal still fail to
completely remove the bacteria and their
products from the root canal system [1,6]. Thus,
more precautionary measures need to be taken
in order to ensure that the residual bacteria and
their products do not leach into the periapical
tissues and cause inflammation and infection;
such measures may include sealing of the canal
and apex with antimicrobial obturation
materials [1,4].

Developmental, anatomical, and physiological
differences between the primary and
permanent teeth lead to different standards for
obturation materials [7]. An ideal root canal
filling material should easily fit and fill the canal
and adhere to the root canal walls, must be
antiseptic, should not undergo shrinkage, must
be biocompatible and safe for the periapical
tissues and permanent tooth buds, must be
highly resorbable if pushed beyond the apex,
should be radiopaque, should not cause dental
discoloration, and must be easily washable and
retrievable, if required [8]. An ideal obturation
material needs to be biocompatible because it
may leak through the apex into the periapical
tissues and distribute locally and systemically
[1]. In primary dentition, an ideal obturation
material should undergo resorption at a similar
rate to the speed of physiological root resorption
[1,9]. The most commonly used materials for
obturation of primary root canals include zinc
oxide eugenol (ZOE), iodoform compounds, and
calcium hydroxide [1,4]. ZOE is the most
commonly  used obturation material
recommended by the American Academy of
Pediatric Dentistry for use as an obturation
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material for primary roots [1,10]. It has an
average success rate of 83% (range: 65% to
100%) with no significant difference with the
results of iodine- or calcium hydroxide-based
pastes [1,9].

Although the commonly used obturation
materials for primary roots have numerous
advantages, they also have limitations; for
example, ZOE and KRI pastes can be cytotoxic for
1 and 7 days after setting, respectively [1,11].
Furthermore, due to the thinness of the root
canal walls of primary teeth, ZOE is likely to be
overfilled and exit through the apex, which can
considerably reduce the success rate from 58%
to 83% [1,12]. ZOE also has other disadvantages
such as slow resorption rate, irritation of
periapical tissues, bone and cementum necrosis,
and alteration of the eruption path of permanent
teeth [10]. Other common obturation materials
have their own drawbacks, such as allergy and
encephalopathy followed by coma in use of
iodoform-containing compounds [1,13,14].
Thus, a new obturation material that can
provide the advantages of previous commonly
used materials without their disadvantages
would be of significant clinical use. Chitosan is
produced by deacetylation of chitin, and was
recently suggested for different stages of root
canal therapy due to its adequate
biocompatibility as well as antimicrobial and
anti-inflammatory activities [1]. It is a cationic
polysaccharide which is non-toxic and highly
biocompatible [1,15]. Its positive charge allows
its attachment to the negatively charged surface
of bacteria or fungi, increasing their
permeability and facilitating their destruction
[1,2,16]. It can eliminate a wide range of fungi
and bacteria, and is effective against viruses and
even tumoral cells. It also has anti-inflammatory
properties, boosts the immune system, induces
tissue regeneration, and affects Sn2+ enhancing
its anti-erosive and anti-abrasive effects [1,2,17-
21]. It is also easily available since its base
substance, chitin, is a major component of the
exoskeletons of the crustaceans and the second
most available biopolymer in nature, after
cellulose [1,2,22].

Due to its antibacterial and anti-
demineralization activities, chitosan has been
applied in various products such as dentifrices
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and chewing gums, and has been effective in
reducing enamel decalcification and caries as a
result of its  antimicrobial activity
[1,2,15,23,24]. Ithas also been tested as irrigant
in root canal therapy [2,25-27] and as an
obturation material [1]. In addition to its
antimicrobial activity, chitosan was recently
shown to be capable of optimally filling and
sealing the root canal space [1]. The
aforementioned in vitro evidence suggests
chitosan as a possibly good obturation material
for pulpectomy. However, studies in this regard
have been very few, especially in primary
dentition. Moreover, no in vivo study is
available on chitosan as a root canal filling
material. Therefore, this preliminary study
aimed to experimentally produce a chitosan-
containing obturation material for pulpectomy
and assess its biocompatibility in dogs’ teeth.

MATERIALS AND METHODS

Phase 1: Preparation of 3% chitosan paste
Initially, 0.15 g of 1% acetic acid (BDH, England)
was mixed with 50g of chitosan powder (Sigma,
USA) with a viscosity of less than 25 P. The
compound was kept in a closed container for 24
hours to fully hydrate the chitosan. Barium
sulfate was used to make the solution opaque:
first, 15g of chitosan suspension was poured into
a bottle. Afterwards, 1.5 g barium sulfate (10% of
chitosan weight) was gradually added to the
suspension until a uniform paste was obtained.
Then, the remainder of the chitosan suspension
was added to the mixture and blended (Ultra
Homogenizer, IKA, Germany) for one hour to
obtain a perfectly homogenous paste. The
resulting material had a fairly uniform and
relatively thick consistency, with an estimated pH
of 3.8 (pH Meter, Presens, Germany).

Phase 2: Pilot study

Two extracted human primary canine teeth
were selected for the pilot study. Access cavity
was prepared using diamond burs. The canals
were instrumented with K-files (Mani-Korea)
#20, 25, 30, and 35. After using each file, the
canals were irrigated with saline. Then, the
prepared canals were filled with the obtained
paste by the injection method. Finally, periapical
radiographs were obtained from the teeth to
confirm proper obturation of the canals.
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Phase 3: Animal study

Animals were selected in accordance with the
ethical guidelines of the Animal Care and Use
Committee. The protocol of the study was
approved by the Ethics Committee of the
Research Center on Laboratory Animals
(IRAAJUMS.REC.1395.133). The dogs were kept
in a standard room in the animal house of the
Dental Research Center of Isfahan University of
Medical Sciences. The dogs were provided with
sufficient water and fed dry food.

The dogs were obtained from the dog breeding
centers, examined by a veterinarian, and
vaccinated after admission. Antiparasitic
treatment was also performed for them [28].
The dogs were kept in quarantine for 14 days,
and were re-examined twice by the veterinarian
during this period. After the quarantine period,
they were re-examined once more and after
ensuring their health, they entered the main
animal house.

A mature dog has 42 teeth which erupt
completely within 7 months. A dog has 3
premolars in each quadrant [29]. The first
premolar teeth of dogs have one canal, and their
second and third premolars have two canals
each. The first, second and third mandibular and
maxillary premolars of two 18-month-old dogs
(Iranian mixed hybrid breed) were selected for
pulpectomy (a total of 40 canals in 12 teeth).
This sample size was determined based on
discussion to have a reasonable sample size of
the canals and to sacrifice the minimum number
of animals. These 40 canals were divided into 4
groups of 10 each:

Group A: 6 upper and lower right premolars (10
root canals) of the first dog that were obturated
with 3% chitosan paste (Sigma, USA).

Group B: 6 upper and lower left premolars (10
root canals) of the first dog that were obturated
with ZOE paste (KemDent, UK).

Group C: 6 upper and lower right premolars (10
root canals) of the second dog that were
obturated with ZOE paste.

Group D: 6 upper and lower left premolars (10
root canals) of the second dog that were
obturated with 3% chitosan paste.

The dogs were anesthetized with 0.2cc/kg of 1%
acepromazine (Petmeds, USA) and 10mg/kg
ketamine (Rotexmedica, Germany) [30]. After
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irrigation with 2% chlorhexidine (Najo, Tehran,
Iran), the access cavity was prepared in the
occlusal surface, and the working length was
estimated 2mm shorter than the apex on
periapical radiographs using a #20 K-file (Mani,
Japan). The teeth were filed up to #40 file
according to the standard technique. After using
each file, the root canals were rinsed with a
minimum of 3.6 mL of saline. If there was still
debris in the canal, the filing would continue
after the irrigation. After washing, the canals
were dried with sterile paper points (Mani,
Japan). The root canals were obturated by the
injection technique.

All teeth were restored with amalgam (GK116,
China). Next, for evaluation of the quality and
extent of obturation, periapical radiographs
were obtained from all canals (AGFA, Japan).
Overfilled canals had to be excluded from the
study (there was no overfilled canal to be
excluded). After 28 days [31], periapical
radiographs were obtained again to evaluate
root canal obturations.

The dogs were then sacrificed by the vital
perfusion method, which enables rapid fixation
of tissues before any autolysis and necrosis after
the death of animal in order to have a normal
view of the tissues and perform more precise
cellular studies. The animals were anesthetized
and the cervical vein and the carotid artery were
identified on both sides of the neck using the
carotid pulse. The vessels were clamped, and a
catheter was inserted into the carotid artery
from the clamped section. The blood within
arteries was removed using normal saline.
Afterwards, 10% formalin solution was injected
into the carotid catheter. At the end of this phase,
while the heart rate was low, the carotid artery
was clamped beneath the clogged location and
jugular vein. The heartbeat stopped by removal
of blood from the body and the induced
hypovolemic state.

The jaws were surgically removed, washed with
tap water, and coded according to the number of
dogs and teeth (in terms of filling material) and
placed in formalin.

Phase 4: Histopathological assessment

The specimens were stored in formalin for 24
hours (Chembid, China). Afterwards, they were
stored in 10% formic acid (Merck, Germany) for

Volume 21 | Article 22 | Jun 2024

30 days to decalcify and soften the jaws for
easier cutting. The acid was refreshed once a
week to remove calcium deposits. For
processing, the tissues were diced into small
pieces and immersed in 50% ethanol (Merck,
Germany). The samples were subjected to
ascending concentrations of alcohol up to 100%
concentration. The last container had xylol
alcohol (Merck).

The specimens were cut into 5-um long sections
by a microtome (YD-1512, USA) and stained
with hematoxylin (Kerr, Germany), eosin (Kerr,
Germany) and Mallory's trichrome stain (Kerr,
Germany). The periapical areas were inspected
by one observer under a light microscope (CX21;
Olympus, Tokyo, Japan). A magnification of x40
was used to assess the thickness of the
periodontal ligament (PDL) and to analyze the
hard tissues. Inflammation was assessed at x200
magnification.
Primary
variables
The degree of inflammation was categorized as
follows:

Mild: presence of three parameters of edema,
vasodilatation, and maximum inflammatory
cells in 4 microscopic fields.

Moderate: Presence of at least 2 of the above-
mentioned parameters in at least 5 and at most
9 microscopic fields.

Severe: Presence of at least 2 of the above-
mentioned parameters in at least 10
microscopic fields [32].

The normal PDL width is 0.15-0.2mm. In the
present study, increased PDL thickness was
categorized as follows:

Mild: Increased PDL width by 0.2-0.3mm.
Moderate: Increased width more than 0.3-0.4mm.
Severe: Increased width by 0.4-0.5mm [32].
Specimens were also assessed in terms of the
predominant types of white blood cells [3].
Another assessed parameter was the presence
or absence of hard tissue resorption (bone,
dentin, cementum).

Statistical analysis

The Mann-Whitney U test was used to compare
the inflammation scores between the chitosan
and ZOE groups. It was also used to compare the
two groups regarding PDL widening. The
Fisher’s exact test was used to compare the

outcome: Histopathological
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groups in terms of dichotomous variables
namely bone resorption, cementum resorption,
and dentin resorption. One-sample Wilcoxon
signed-ranks test was used to compare the
inflammation scores or PDL widening scores in
each material group compared to the moderate
score of 2 for inflammation or PDL widening,
Significance was set ata 0.05 level.

RESULTS

Periapical radiographs taken 28 days after
pulpectomy showed that most of the chitosan
was resorbed while most of the ZOE had
remained (Fig. 1). The dominant inflammatory
cells were macrophages and lymphocytes in
the chitosan group, while neutrophils were
dominant in the ZOE group.

Fig.1: Periapical radiographs showing ZOE (a) and
chitosan (b) immediately after the treatment, and
the remaining ZOE (c) and the resorbed chitosan
(d) 28 days after the treatment

Hard tissue resorption

As shown in Table 1, there was no significant
difference in the frequency of cementum
resorption (P=0.191) or dentin resorption
defects (P=1) between the chitosan and ZOE
groups. However, the chitosan group showed
significantly lower bone resorption than the
ZOE group (P=0.026).

Table 1. Frequency distribution of hard tissue
resorption in the two groups (N=20)

Bone 6(30) 14(70) 0.026
Cementum 10(50) 15(75) 0.191
Dentin 1(5) 0 1

ZOE: zinc oxide eugenol
*Fisher’s exact test
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Inflammation

The Mann-Whitney U test showed that the extent
of inflammation was significantly lower in the
chitosan group compared to the ZOE group
(P=0.001, Table 2). According to the one-sample
Wilcoxon signed-rank test, there was a significant
skewness towards mild inflammation in the
chitosan group (P<0.0001); while in the ZOE
group, all grades of inflammation had a similar
frequency and their medians did not differ
significantly from the moderate inflammation
group (P=0.549, Table 2).

Table 2. Frequency distribution of inflammation
grades in the two groups

Mild 17(85) 7(35)
Moderate 3(15) 9(45)
Severe 0 4(20)

ZOE: zinc oxide eugenol

Periodontal ligament widening

The Mann-Whitney U test showed that the PDL
widening scores were significantly lower in the
chitosan group compared to the ZOE group
(P=0.01, Table 3). In the ZOE group, moderate
PDL widening followed by mild widening were
much more common than severe widening, but
comparing with score 2 (moderate widening),
the results did not reach statistical significance
(P=0.070, one-sample Wilcoxon, Table 3)
meaning that the median PDL widening grade
did not significantly differ from moderate.
However, in the chitosan group, the distribution
of PDL widening tended towards mild widening
(P<0.0001, one-sample Wilcoxon, Table 3).

Table 3. Frequency distribution of PDL widening
grades in the two groups

Mild 15(75) 7(35)
Moderate 5(25) 12(60)
Severe 0 1(5)

ZOE: zinc oxide eugenol

DISCUSSION

This study was the first to assess the
application of chitosan as an endodontic
material in vivo in order to evaluate its
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biocompatibility = and  resorption-inducing
behavior. Since there is no other study in this
regard (even in vitro), only more general aspects
of chitosan are now discussed. Histopathological
evaluation of the samples in this study showed
no evidence of chitosan infiltration into the
periapical area and tissue fluids. Radiographic
evaluation of the specimens in the present study
after 28 days in both groups showed that
chitosan degraded faster than ZOE, and it
appears that in human primary teeth, it might
resorb faster than a primary tooth would.
Chitosan is not radiopaque; thus, in this study, it
was mixed with barium sulfate to opacify it
without affecting its physical and chemical
properties. It also had a positive effect on the
viscosity of chitosan. The histopathological
findings of the 3% chitosan group in the current
study indicated the superior biocompatibility of
this material. To the best of the authors’
knowledge, no previous study is available on
endodontic use of chitosan for the purpose of
comparison with the present results. In the
present study, one root showed dentinal
resorption after the application of chitosan. In a
study by Sun et al, [17] the pulp cap paste
containing chitosan was in contact with the pulp
tissue for 21 days, and a large area of
regenerated dentin and a long dentin barrier
formed along the pulp walls. Thus, observing
one case of dentin resorption in the chitosan
group does not mean that this substance causes
dentin degradation. Yet, this topic is in need of
further  investigations  using  different
percentages of chitosan.

ZOE paste was used in the present study because
of its availability and widespread use. According
to the present histological findings, bone
resorption was higher in the ZOE group, which
may be due to the higher inflammatory response
to ZOE compared to chitosan. This result was in
line with the findings reported by others [33].
Since overfilling was an exclusion criterion of the
present study, this result is unlikely to be due to
greater penetration of ZOE into bone.

In the chitosan group, inflammation was
significantly less than that in the ZOE group, and
this could be due to its antimicrobial properties
and biocompatibility. Additionally, histopatho-
logical evaluation of periapical tissues in the ZOE
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group revealed a high level of neutrophils,
indicating a severe and acute inflammation in
the area [34], which is consistent with the results
of Ramos et al, [35] who used propolis paste as
an intra-canal medicament after pulpectomy. In
histopathological evaluation of periapical
tissues of the chitosan group, the macrophage
and monocyte levels were higher than in the ZOE
group. These cells were found in areas of tissue
repair and chronic inflammation [34]. These
findings were consistent with the results of
Ramos et al, [35] who used a corticosteroid-
antibiotic paste as an intracanal medicament
after pulpectomy. Based on the
histopathological parameters evaluated in dog
teeth, tissue integrity of the apical and periapical
areas was maintained in the chitosan group. The
low penetration of inflammatory cells in the
area, the mildly increased PDL width, and the
subtle resorption of hard tissues indicate that
this material may be used to fill the root canals
of primary teeth in pulpectomy. Of course,
further studies are required to reach a definitive
conclusion. Also, future studies should use other
concentrations of chitosan in comparison with
different commerecially available pastes for this
purpose such as calcium-based materials.
Additionally, future studies should have a
negative control group with no treatment. Since
there are many overlaps between the
physiological systems of dogs and humans, the
present results may be used in future clinical
studies on humans.

We did not use primary dog teeth in this study
because dogs’ primary teeth begin to exfoliate
from 3 to 6 months of age. In other words, the
primary dentition period is from 0 to 3 months in
dogs, and the permanent dentition period starts
from 6 months of age. Anesthesia is contra-
indicated during the primary dentition period in
dogs due to incomplete development of the liver
at this age; and only emergency surgeries may be
allowed during this period [36-40].

CONCLUSION

In this preliminary animal study, the level of
inflammation was significantly lower in 3%
chitosan paste group than the control group
(teeth filled with ZOE paste). Bone resorption
was lower in the chitosan group, while the
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lower cementum resorption observed in the
chitosan group compared to the ZOE group did
not reach statistical significance. PDL
widening was milder in the chitosan group
compared to the ZOE group. Therefore, 3%
chitosan appears to be a biocompatible
material. Future human studies are warranted
to assess its efficacy.
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