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Abstract
Objectives: In this study, chitosan was introduced and used as a substitute for pulpectomy
obturation against conventional materials: zinc oxide eugenol (ZOE) and iodoform-calcium
hydroxide (Ca(OH)2) compounds. Also, efficacies of rotary versus manual instrumentations
were compared.
Materials and Methods: This preliminary in-vitro study was performed on 152 intact nonresorbed root canals of primary molars divided into rotary (n=78) versus handinstrumentation (n=74) and also into ZOE (n=53), iodoform-Ca(OH)2 (n=50), and 3% nanochitosan (n=49). Canals were cleaned/shaped using hand or rotary files. Canal spaces were
measured using spiral computed tomography (CT). Canals were then obturated using the
three materials. The percentages of obturation volume (POV) were estimated. Rotary and
manual instrumentations were compared in terms of canal spaces before and after obturation.
Three obturation materials were compared in terms of canal spaces after obturation (α=0.05).
Results: Average POVs of materials were 96.54% (ZOE), 97.87% (Metapex), and 74.74%
(nano-chitosan; P=0.000). POV of chitosan differed from the other two (P=0.000) but the
other two were similar (P=0.896). Average POVs were 91.46% (manual) and 88.51%
(rotary); the difference was not significant (P=0.322). Pre-obturation spaces of canals for
different methods were 3.89 mm3 (manual) and 3.26 mm3 (rotary); the difference was
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INTRODUCTION
The purpose of root canal therapies in permanent
and primary teeth (i.e., pulpectomy) is to
eliminate
contaminated
tissues,
canal
microorganisms, and their products from the
canal through mechanical and chemical
cleansing and debridement using hand
instruments or nickel-titanium (NiTi) rotary

systems [1,2]. Due to the complicated anatomy
of root canals (depending on numerous factors
such as existence of accessory canals, isthmuses,
partial root canal connection, and morphological
variations), cleaning and shaping the canals can
contribute to half of the bacterial reduction; in
primary teeth (molars in particular), these
morphological limitations are more severe, their
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roots are more slender and longer (compared to
their crowns), and unlike permanent roots, they
undergo physiologic resorption which increases
the probability of perforation during root canal
therapies; all of these factors make mechanical
bacterial reduction difficult [3-5]. Therefore,
antimicrobial materials are used to make sure the
number of bacteria is considerably reduced in
inaccessible parts of root canals [6]. Despite all
these efforts, a great deal of microorganisms or
debris remains after mechanical and chemical
treatments [7]. This calls for additional
procedures such as sealing the remaining
microorganisms using antimicrobial obturation
materials [5]. Ideal pulpectomy obturation
materials should be antimicrobial. Since
obturation materials can exit the apex and
distribute locally and systemically [8], they need
to be biocompatible. They also should be
resorbable at speeds close to the physiologic root
resorption [9]. The most common obturation
materials in primary teeth are zinc oxide eugenol
(ZOE) and compounds of iodoform and calcium
hydroxide (Ca(OH)2) [5]. ZOE is the most
commonly
used
substance
that
was
recommended in 2008 by the American
Academy of Pediatric Dentistry (AAPD) for
treatment in primary teeth [10]. The success rate
reported for ZOE varies from 65% to 100%, with
an average of 83%, and there is no significant
difference between the success rates of ZOE and
calcium hydroxide or iodoform formulations [9].
The main combinations of iodoform-based
pastes are parachlorophenol, camphor, and
menthol; they are converted to KRI paste by
addition of iodoform. By adding calcium
hydroxide, zinc oxide (ZnO), thymol and lanolin
to the KRI, a Maisto paste is obtained. Iodoform
compounds are antibacterial, resorbable, and safe
to permanent teeth germination [11]. Advantages
of KRI paste over ZOE include easier
application, faster resorption, and higher
antibacterial activities [12] with an overall
success rate of about 84% [13]. Calcium
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hydroxide is another useful pulpectomy root
filling material with success rates of about 88%
[10]. However, these materials have their own
limitations, and there is room for the introduction
of other antimicrobial agents with similar or
better biocompatibility. For instance, both KRI
and ZOE are cytotoxic; the cytotoxicity of KRI
remains for 7 days after its setting, while the
cytotoxicity of ZOE reaches the baseline after
one day [12]. Moreover, over-filling of ZOE
during pulpectomy of primary teeth might reduce
the success of the treatment from 83% to 58%,
while the probability of over-filling of ZOE paste
is high because of the thinness of root canal walls
in the interradicular area [14]. The advantage of
using iodoform-containing compounds in
dentistry is unclear because of complications
such as allergy to iodine derivatives,
discoloration of substituted teeth [15], and
encephalopathy followed by coma [16]. Unless
the uncertainties regarding the safety of iodoform
as a root canal filler material are resolved, it is
advisable to consider the use of other substances.
A novel agent recently suggested for root canal
therapy is chitosan which is derived from
deacetylation of chitin and has proper
antimicrobial, biocompatibility, and antiinflammatory properties [17,18]. Chitin (a main
part of crustaceans) is the second most available
biologic base substance in nature, after cellulose,
and hence it can serve as an economic and
ecological resource [19]. Chitosan, which is a
cationic polysaccharide, has outstanding nontoxicity and biocompatibility and therefore is the
subject of ever-increasing recent research [2022]. Since it has a positive charge, it can attach to
bacterial or fungal surfaces with a negative
charge and destroy them by increasing their
permeability [23]. Besides being effective
against a broad range of bacteria and fungi, it
might also be effective against viruses and
tumoral cells, has anti-inflammatory effects and
improves immune response and tissue
regeneration [24]; moreover, it might facilitate
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the anti-abrasive and anti-erosive influences of
Sn2+ [25-29]. Therefore, recent research has
attempted to benefit from its favorable effects by
incorporating it into products such as toothpastes,
dentifrices, gum, etc.; such studies have proven it
to be effective in reducing the discharge of dental
mineral elements and bacterial activity and hence
decelerating caries formation or enamel
decalcification
[20,30-32].
Antimicrobial
properties of chitosan have been shown recently
[33-35]. However, it is not known if this material
can also effectively fill the canal space in order
to seal the debris and microbial remnants.
Therefore, this preliminary study was conducted
to introduce an experimental nano-chitosan
formula and to test its canal-filling efficacy
determined using the non-invasive yet accurate
method of three-dimensional (3D) spiral
computed tomography (CT) in comparison with
that of ZOE and an ‘iodoform-calcium
hydroxide’ compound as the most common and
successful pulpectomy obturation materials. We
also compared two methods of cleaning and
shaping (rotary versus hand-instrumentation).
MATERIALS AND METHODS
A total of 48 primary first and second molars (D
and E) were selected for this study according to
the following inclusion criteria: minimum root
length of 8 mm, lack of calcification in the root,
and absence of perforation in the root. Canals that
had resorptions or calcifications (determined
later using CT scan) would be excluded. The
final sample consisted of 152 canals. The teeth
were prepared according to the Occupational
Safety and Health Administration (OSHA)
guidelines. The teeth were cleaned and placed in
a container (with a biohazard label) containing
normal saline and were kept at room temperature.
Afterwards, they were autoclaved. All study
procedures were performed by one operator.
The teeth were randomly divided into two groups
of hand-file and rotary preparation (A and B)
with similar distributions of maxillary and
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mandibular teeth in each group. There were 74
and 78 canals in groups A and B, respectively. In
group A, there were 18, 21, 18, and 17 canals
from maxillary E, mandibular E, maxillary D,
and mandibular D, respectively. In group B, there
were 17, 26, 18, and 17 canals from maxillary E,
mandibular E, maxillary D, and mandibular D,
respectively.
Canal preparation:
Access cavities were prepared in each tooth. A
K-file #10 (MANI, Korea) was used to determine
the exact root length; the working length was
considered 1 mm shorter than the apical foramen.
In group A (n=74), canals were prepared by K
hand-file (MANI) to size 30 by irrigation with
saline and 1% sodium hypochlorite (NaOCl)
between different file sizes; then, they were dried
using sterilized paper cones [36]. In group B
(n=78), canals were prepared using rotary files
(Mtwo, VDW Co., Munich, Germany) up to size
25 at a 4% convergence with saline and 1%
NaOCl irrigation; they were dried using sterile
paper cones.
Determining the volume of prepared (empty)
root canals using spiral CT scan:
To determine the prepared volume of root canal
space, a spiral CT scan was taken from all teeth.
First, all teeth were mounted by the root within a
red wax block. Then, they were subjected to
high-resolution CT scan at a slow speed (VCT,
GE System, Optima, USA). Vertical and
horizontal slices were sectioned on the entire
length and width of the teeth with a thickness of
0.625 mm/slice at a table speed of 0.5 and
Kilovoltage peak (kVp) of 140. The scanned data
were transferred to GE System Optima software,
and the surface areas of canal sections were
measured in each slice; the volume of canal space
was measured by multiplying the surface area of
the cross-section of the canal in each axial slice
by 0.625 mm and summing up the volumes of all
slices. In order to eliminate measurement error,
other sections were assessed, and the floor of the
pulp chamber and its direction (in order to
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determine the vertical axis) were determined.
Obturation:
After excluding canals with CT signs of
calcification or resorption, 152 canals remained;
these were divided into three subgroups of 1, 2,
and 3, each with a balanced distribution of canal
types and tooth types. The canals were obturated
by a combination of intracanal injection and use
of Lentulo spiral (Medin, Korea) attached to a
low-speed handpiece, in sizes 20 to 35 based on
the size of the root canal. When the obturation
material was repelled to the pulp chamber, the
canals were assumed as filled; afterwards, a wet
cotton wool was used to gently compress the
substance into the root canal. Ultimately, a
dressing (Zonalin, Kemdent, Wiltshire, UK) was
applied over the filled canal.
The used obturation materials in groups 1, 2, and
3 were respectively ZOE (Kemdent, Wiltshire,
UK, n=53 canals), Metapex (Meta Biomed Co.
Ltd., Cheongju, Korea, n=50 canals), and an
experimentally produced 3% nano-chitosan gel
(Faculty of Pharmacology, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, Iran,
n=49 canals).
Preparation of experimental 3% nano-chitosan gel:

This material is being introduced as a noncommercialized experimental material. First,
0.1% chitosan solution was prepared: 10 g of 1%
acetic acid solution (BDH Laboratory Supplies,
Poole Dorset, UK) was mixed with 10 mg of
chitosan powder with a viscosity of less than 25
cP
(ChitoClear,
Primex
Biochemicals;
Haugesund, Norway). The resulting compound
was kept for 24 hours in a container in order to
completely hydrate the chitosan. Afterwards,
0.1% Sodium Tripolyphosphate (TPP) solution
was prepared by mixing TPP powder (Acros
Organics, USA) with distilled water. The third
stage was to prepare chitosan nanoparticles by
mixing chitosan solution within a stirrer blending
at 1400 rpm (revolutions per minute) with TPP
solution dripped until an opaque suspension was
created. Afterwards, the suspension was made
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radiopaque by adding 10% barium sulfate
(Merck, Germany) to the suspension. Finally, a
paste-like 3% nano-chitosan gel was created by
gradually adding 0.45 g of chitosan powder
(ChitoClear) with 500 cP to the suspension and
waiting for 24 hours for the gel to be completely
hydrated [24]. The produced material was
immediately used.
Estimation of the percentage of obturated canal
space:
After obturation, teeth were subjected to CT
scan, exactly as mentioned above. The crosssection of obturated material in each axial scan
was computed, and the volume of obturated
material in that slice was estimated. The volumes
of all slices were summed up for each canal. The
percentage of obturation volume (POV) was
calculated for each canal as filled space × 100 /
total canal space.
Statistical analysis:
Descriptive statistics and 95% confidence
intervals (CI) were calculated. Data normality
was confirmed using Kolmogorov-Smirnov test.
Groups were compared using one-way analysis
of variance (ANOVA), independent-samples ttest, and Tukey test in terms of pre-obturation
volumes and POVs among different tooth types,
different root types, different materials, and
different methods. Effects of different obturation
materials and methods together with root lengths
on POV were assessed using two-way analysis of
covariance (ANCOVA) of SPSS 25 (IBM Corp.,
Armonk, NY, USA). P-values ≤ 0.05 were
considered significant.
RESULTS
Mean ± standard deviation (SD) of pre-filling
canal space volume was 3.57±1.59 mm3 (95% CI
= 3.31 to 3.82) in all 152 roots. Mean ± SD of
POV was 89.95±18.31% (95% CI = 3.31 to 3.82)
in all roots. ANOVA did not show any significant
difference among various tooth types (first and
second primary molars in the maxilla or the
mandible) in terms of pre-obturation canal space
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Table 1. Descriptive statistics for pre-obturation canal space volume (mm3) and POVs (%) among various teeth.

Pre-Filling
Volume

POV

Tooth

N

Mean

SD

95% CI

Maxillary E

35

3.48

1.57

2.94

Minimum

Maximum

4.01

0.76

8.45

Maxillary D

36

3.54

1.47

3.05

4.04

0.76

6.56

Mandibular E

47

3.26

1.46

2.83

3.69

0.29

6.74

Mandibular D

34

4.12

1.83

3.48

4.76

1.54

7.98

Maxillary E

35

88.72

20.83

81.56

95.87

24.18

100

Maxillary D

36

92.76

11.65

88.82

96.70

62.37

100

Mandibular E

47

91.66

18.62

86.20

97.13

3.69

100

93.10

34.26

100

Mandibular D
34
85.87
20.72
78.64
POV=Percent of Obturated Volume, SD=Standard Deviation, CI=Confidence Interval

volume (P=0.115) or POVs (P=0.378; Table 1).
ANOVA did not detect any significant difference
among different root types (MB, ML, DB, DL, P,
D, and MB2) in terms of POVs (P=0.879; Table
2); however, it detected a significant difference
among pre-obturation canal space volumes of
different root types (P=0.000; Table 2). Although
pre-obturation canal spaces did not differ among
three material groups (P=0.255; Table 3), these
materials showed significantly different POVs
after obturation (P=0.000; Table 3).
Chitosan had a significantly smaller mean POV
compared to ZOE or Metapex (Tukey, P=0.000)
but there was no significant difference between
ZOE and Metapex (P=0.896).

Independent-samples t-test did not show any
significant difference between POVs of the
shaping methods (P=0.322; Table 4). However,
it showed that hand-filing can create a more
spacious pre-obturation canal compared to the
rotary system (P=0.013; Table 4).
Two-way ANCOVA showed a significant effect
of materials (P=0.000) but not root length
(P=0.585) or cleaning methods (P=0.362) on
POVs. The interaction of filling materials and
cleaning methods was non-significant (P=0.181).
One-way ANOVA and Tukey post hoc tests were
used to compare the POVs of different materials
in each of the subgroups pertaining to two
methods of shaping (rotary and manual).

Table 2. Descriptive statistics for pre-obturation canal space volume (mm3) and POVs (%) among various roots.

Pre-Filling
Volume

POV

Canal
MB
ML
DB
DL
P
D
MB2

N
50
21
41
15
22
2
1

Mean
3.74
2.90
3.08
3.39
4.62
6.32
3.23

SD
1.55
1.28
1.42
1.42
1.73
1.21
–

3.30
2.32
2.63
2.61
3.85
-4.52
–

95% CI
4.18
3.49
3.52
4.17
5.39
17.16
–

Minimum
1.63
0.29
0.76
1.89
1.53
5.47
3.23

Maximum
7.98
5.72
6.53
6.36
8.45
7.18
3.23

MB
ML
DB
DL
P
D
MB2

50
21
41
15
22
2
1

87.91
92.83
92.24
89.03
88.94
88.63
76.36

21.52
16.75
14.44
20.43
18.37
16.08
–

81.79
85.21
87.68
77.71
80.80
-55.86
–

94.02
100.46
96.79
100.34
97.09
233.12
–

3.69
42.13
49.57
34.26
24.18
77.26
76.36

100
100
100
100
100
100
76.36

POV=Percent of Obturated Volume, SD=Standard Deviation, CI=Confidence Interval, MB=Mesiobuccal, ML=Mesiolingual, DB=Distobuccal,
DL=Distolingual, P=Palatal, D=Distal
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Table 3. Descriptive statistics for pre-obturation canal space volume (mm3) and POVs (%) among different material groups.

Pre-Filling Volume

POV

Agent

N

Mean

SD

95% CI

ZOE
Metapex
Chitosan

53
50
49

3.65
3.27
3.78

1.65
1.58
1.54

3.19
2.82
3.34

ZOE
Metapex
Chitosan

53
50
49

96.54
97.87
74.74

9.70
8.20
23.14

93.87
95.54
68.10

Minimum

Maximum

4.10
3.72
4.22

0.29
0.76
1.63

8.45
6.74
7.98

99.21
100.20
81.39

46.22
47.34
3.69

100
100
100

POV=Percent of Obturated Volume, SD=Standard Deviation, CI=Confidence Interval, ZOE= Zinc Oxide Eugenol

There were differences among the three materials
in the rotary subgroup (P=0.000) and in the
manual subgroup (P=0.000; Table 5). In the
manual filing subgroup, Tukey test detected
significant differences between chitosan with
either of the other two materials (P≤0.001) but
not between ZOE and Metapex (P=0.845).
Similarly, in the rotary subgroup, there were
significant differences between chitosan with
either of the other two materials (P=0.000) but
not between ZOE and Metapex (P=0.997; Table 5).

DISCUSSION
Root canal therapy in the primary dentition is
different from that in the permanent dentition
from some aspects. The first difference is related
to the morphology of the primary dentition,
which is different from that of permanent teeth
and has more lateral canals and extra canals, and
hence is more difficult to clean. The second
problem in primary teeth is the flow of the filling
substance in primary canals which are narrower
and more twisted than permanent canals.

Table 4. Descriptive statistics for pre-obturation canal space volume (mm3) and POVs (%) between handinstrumentation and rotary system.

Pre-Filling Volume

POV

Method

N

Mean

SD

95% CI

Minimum

Maximum

Manual

74

3.89

1.57

3.53

Rotary

78

3.26

1.57

2.90

4.26

0.29

7.98

3.61

0.76

8.45

Manual

74

91.46

16.34

87.68

95.25

34.26

100

Rotary

78

88.51

20.01

84.00

93.02

3.69

100

POV=Percent of Obturated Volume, SD=Standard Deviation, CI=Confidence Interval

Table 5. Descriptive statistics for POVs (%) among three materials in each of the two subgroups: hand-instrumentation
and rotary system.
Method

Manual

Rotary

Material

N

Mean

SD

SE

95% CI

Minimum

Maximum

ZOE

28

95.58

12.61

2.38

90.69

100.47

46.22

100

Metapex

24

97.81

10.75

2.19

93.27

102.34

47.34

100

Chitosan

22

79.31

19.34

4.12

70.73

87.89

34.26

100

ZOE

25

97.62

4.76

0.95

95.65

99.58

84.71

100

Metapex

26

97.93

5.05

0.99

95.89

99.97

82.28

100

Chitosan

27

71.02

25.57

4.92

60.90

81.13

3.69

100

POV=Percent of Obturated Volume, ZOE= Zinc Oxide Eugenol, SD=Standard Deviation, SE=Standard Error, CI=Confidence Interval
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The third problem is the open apices in the
primary dentition, which might increase the
probability of over-filling, which calls for higher
biocompatibility of root canal fillers in primary
teeth [37]. Root filling materials should also be
bacteriostatic; compounds of iodoform and
calcium hydroxide are slightly antibacterial [4].
In some cases, bactericidal agents are added to
their formulations in order to improve the
treatment success. The usual primary root filling
materials (such as ZOE and calcium hydroxide
compounds) provide proper antibacterial
properties and biocompatibility [37]. Primary
root obturation materials should also be
resorbable and should not induce inflammation
in the permanent dental bud [9]. However, they
should also be capable of flowing through narrow
parts of the canal, adhering well to the dentin on
canal walls, and hence producing the minimum
void [38]. The findings of this study suggested
that ZOE and Metapex were highly effective in
terms of the volume of the filled canal, and a high
sealing potential can contribute to proper clinical
success as well [39-41]. In the present study, we
introduced and assessed, for the first time, the
flow of chitosan as a new bioactive and highly
biocompatible root-filling material with
antibacterial properties in comparison to the
routine primary root filling materials that were
shown to be successful previously and were
economic and convenient [36]. This particular
formulation of nano-chitosan (being tested for
the first time) was successful as well although not
as perfectly polished as its commercial
counterparts. The comparison of pre- and postobturation CT scans showed that all three
materials filled the canal space considerably
(though not perfectly); these results were similar
with previous studies [36,42]. Void occurrence is
inevitable although using pressure syringes
might reduce it [43]. We used the same hybrid
method for all three materials, and therefore,
eliminated the confounding effect of the filling
methods.
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Metapex and ZOE filled over 95% of the canal
space. The insignificant superiority of Metapex
over ZOE was consistent in both hand-filed
canals and those shaped using rotary instruments.
Our results pertaining to ZOE and Metapex were
in line with previous findings [36]. However, the
extent of root filling was only about 75% with
nano-chitosan. The relative lower percentage of
nano-chitosan can be due to the preliminary
nature of this study as there was no previous
study on nano-chitosan in order for us to be able
to optimize its viscosity and wall-adhesion
properties based on earlier findings. Still, this
experimental formula filled up to about an
average of 75% of root canal space, which can be
considered a success for a pilot study. Chitosan
has an integrated gel structure, which might
reduce its adhesion to dentin walls or its flow
through narrower canal spaces. Future studies
can add various materials to chitosan and/or
change its percentage in order to improve its
filling potential. For instance, chitosan is acidic
and therefore adheres well to metal ions such as
calcium [44]; this might allow the production of
improved formulations that can provide both
better antibacterial properties and improved
dentin bonding characteristics [44,45]. The most
common obturation material for primary teeth is
ZOE paste. Several human and animal studies
have reported success rates of about 65-95% in
treatment with ZOE. Iodoform-based pastes
(such as Metapex and Vitapex which are a
combination of iodoform and calcium
hydroxide) are recommended by many
researchers and can have success rates of about
70-90% [13]. Both of these materials have
resorption rates similar to or faster than that of
the roots of primary teeth [10].
Techniques of canal preparation and their
advantages are a subject of ongoing debate [46].
The session should be brief in pediatric dentistry,
and therefore, rotary instruments might be of
assistance in this regard if they prove effective
clinically.
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In this study, hand-filing was compared with
rotary instrumentation. Both methods were
similar in terms of POVs after obturation. In
terms of the canal spaces before obturation, the
rotary system led to slightly smaller canals. This
was in contrast to previous research reporting
similar extents of canal cleaning by these
methods [47-49] and might be due to the fact that
in this study, the alloys of the rotary and manual
files were not similar. Such findings together
with other advantages of rotary systems such as
following the natural curvature of the canal, mark
rotary canal preparation as an efficient yet fast
technique which can be recommended for root
canal therapy in children who would not tolerate
extended sessions [50,51]. Therefore, many
clinicians prefer to use rotary systems, especially
in canals inaccessible to hand instruments [4].
This pilot study was limited by some factors. A
larger sample size could improve the reliability
of the findings; given the high number of
partially resorbed primary roots, collecting a
greater number of teeth was very difficult. Yet,
the current sample size had many canals per each
subgroup, and all subgroups were balanced in
terms of the tooth and canal types. Additionally,
the results of in vitro studies cannot be
generalized to clinical conditions, and clinical
studies are needed to verify in vitro results once
the optimum concentration and formulation of
nano-chitosan have been determined in vitro.
Another limitation was lack of any previous
knowledge about optimum conditions of storage
and application of the experimental formula;
potential physicochemical alterations during the
storage were not known, and the best method of
its application within canals was not determined
or standardized yet. Therefore, we immediately
used the produced material, without any storage,
in order to eliminate the confounding effects
associated with its storage. Also, we used both
methods of application together to reduce or
eliminate the confounding effects. It was better
to prepare various percentages of nano-chitosan
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in order to test which one can provide the highest
POVs. Also, it was possible to add different
materials to chitosan to improve its physical
properties. Moreover, the antibacterial properties
of chitosan should have been tested, and the
optimum percentage of chitosan that could
deliver proper antibacterial and root filling
properties at the same time should have been
found. However, these were quite beyond the
budget of this study and will be addressed in
future research. Another limitation was the use of
spiral CT scan, while it is recommended to use
micro-CT for determination of root canal
morphology and assessment of obturation quality
[52,53]. However, micro-CT was not available,
and the dispersion of spiral CT results confirmed
the proper accuracy of spiral CT. Conventional
methods of assessment of canal obturation
percentage are limited by constraints such as twodimensional (2D) radiographs being an inaccurate
projection of 3D canal space, or disruption and
losing a part of the obturation substance during
physical sectioning, creating new voids and
contributing to false positive errors; moreover,
once sectioned, the tooth cannot be used again, and
therefore, it is not possible to calculate the canal
space both before and after obturation [36].
Therefore, 3D radiographic techniques such as
spiral CT can eliminate both of these limitations
and also allow spotting the accurate place of voids
[36,54,55], which can be used in retreatment of
failed root canal therapies [54].
CONCLUSION
The experimental 3% nano-chitosan could fill
only about 3/4 of canal space. The commercial
ZOE and iodoform-calcium hydroxide materials
were on the other hand extremely successful.
Their results were comparable to each other
either in canals prepared using manual
instrumentation or shaped with the rotary system.
Compared to the rotary system, the manual
instrumentation technique might result in slightly
more spacious canals.
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