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Abstract
AIM: The study was done to assess the antimicrobial effectiveness of Chitosan Nanoparticles (CNPs), Chlorhexidine 
(CHX), and their combination (CHX/CNPs) versus that of Sodium hypochlorite (NaOCl) in patients with mandibular 
necrotic premolars and to evaluate their effects on post-operative pain after single-visit endodontic treatment.

MATERIALS AND METHODS: Sixty patients with necrotic mandibular premolars were divided randomly to four 
groups (n = 15) according to the used irrigating solution. Instrumentation was done using rotary ProTaper files. 
During instrumentation, irrigation was done using 2.5% NaOCl; afterward, canals were flushed with sterile saline. 
A final flush with the study irrigants was done as follows: 3% CNPs for Group A, 2% CHX for Group B, CHX/CNPs for 
Group C, and 5.25% NaOCl for Group D. Samples were collected from root canals before and after canal preparation 
then cultured to assess the number of colony-forming units/ml. All patients were instructed to record their pre- and 
post-operative pain levels on a numerical rating scale.

RESULTS: CNPs and CHX/CNPs were significantly more effective than either CHX or NaOCl; however, there was 
no significant difference between them against anaerobic bacteria. All tested irrigants were similarly effective against 
aerobic bacteria. CNPs and CHX/CNPs were associated with significantly lower post-operative pain levels in the first 
24 h after treatment.

CONCLUSIONS: CNPs and its combination with CHX are significantly more effective than both CHX and NaOCl 
against anaerobic bacteria isolated from necrotic mandibular premolars. Post-operative pain intensity was 
significantly lower with CNPs and CNPs/CHX combination than with either NaOCl or CHX.
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Introduction

Bacteria play an essential role in pathogenesis 
of apical periodontitis; therefore, success of root 
canal treatment depends on its eradication before 
root canal obturation [1]. Bacteria remaining within 
the root canal system after obturation can contribute 
to endodontic failures [2]. Different studies that used 
modern techniques such as micro computed tomography 
scanning to assess the effects of instrumentation on root 
canals after using different techniques have concluded 
that proportionally great parts of the root canal walls 
remained unprepared by the endodontic instruments 
enhancing the value of chemical preparation [3]. 
Therefore, the major challenge during endodontic 
retreatment is to efficiently disinfect the entire pulp 
space before filling.

Sodium hypochlorite (NaOCl) has been used 
for decades in the treatment of both primary and 
secondary endodontic infections [4], [5]. However, 

NaOCl possesses many drawbacks including irritation 
of the periapical tissues and burning of surrounding oral 
tissues [6], [7]. On the other hand, chlorhexidine (CHX), 
the available alternative to NaOCl, despite being 
nontoxic and non-irritant and significantly effective 
against bacteria [7], [8], [9], [10], lacks any tissue 
dissolving abilities.

Despite the recent advancements in root 
canal treatment strategies, the failure rate did not 
decrease below 18–26% in the past 50 years; this 
could be attributed to the inability of current techniques 
to deal with the disease process as a whole and the 
lack of capable strategies to destroy bacterial biofilm 
during treating infected root canals. Therefore, more 
advanced disinfection techniques and irrigants are 
being investigated [11].

Many studies were conducted to assess 
new irrigants aimed to obtain irrigating solutions that 
are more effective and less irritating to the periapical 
tissues than NaOCl shedding the light on a wide range 
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of natural substances such as Chitosan [7], Propolis, 
herbal solutions [11], [12], [13], and antibacterial 
nanoparticles [14], [15] that are alleged to be as efficient 
against bacteria as NaOCl, while being less toxic and 
less irritant.

Chitosan is a naturally occurring polysaccharide 
derived from the shells of crustaceans. It is nontoxic, 
biocompatible, and biodegradable. Its use in the field 
of endodontics was based on its broad-spectrum 
antimicrobial activity and considerable chelating 
effects [16]. Nanoparticles possess better antimicrobial 
activity thanks to their polycationic/polyanionic nature 
together with their high surface area and charge density, 
providing more interaction with the bacterial cells [17]. 
Therefore, chitosan nanoparticles (CNPs) have been 
employed in different health-care domains including 
root canal therapy [18].

None of the studies in the literature has 
evaluated the antibacterial effects of CNPs as an 
irrigating solution against primary endodontic infections. 
The null hypothesis is that there is no difference in the 
antimicrobial efficacy or post-operative pain amongst 
CNPs, CHX, CHX/CNPs combination, and NaOCl in root 
canal treatment. Hence, the purpose of our study was to 
assess the antibacterial effects of CNPs alone or loaded 
with CHX compared to those of NaOCl, as well as their 
effects on post-operative pain after single-visit root canal 
treatment in patients with necrotic mandibular premolars.

Materials and Methods

Study design

This was a prospective, four- arm, 
parallel- group, double-blinded, randomized, and 
clinical trial.

Setting and Recruitment

The trial protocol was registered on www.
clinicaltrials.gov (ClinicalTrials.gov Identifier: 
NCT03668899) and was approved by the Committee of 
Research Ethics, Faculty of Dentistry, Cairo University. 
The study nature, objectives, benefits, and risks were 
thoroughly described to all recruits then the ones 
accepting enrolment signed a written consent form. 
Participants were recruited from the outpatient clinic, 
Department of Endodontics, Faculty of Dentistry, Cairo 
University between June 2019 and January 2020.

Sample size calculation

Based on an earlier study by Shingare and 
Chaugule [6], the difference in bacterial count amongst 
at least two groups is 75 ± 75. Using 80% power and 

5% significance level, it was 12 subjects were required 
per group. The number was raised to a sample size 
of 15 subjects per group to compensate for follow-up 
losses. Sample size calculation was performed with 
the PS: Power and Sample Size Calculation Software, 
Version number 3.1.2 (Vanderbilt University, Nashville, 
Tennessee, USA).

Randomization, allocation concealment, 
and blinding

A random sequence was created on (https://
www.random.org/), assigning the patients at random 
to one of four groups with a 1:1 allocation ratio as 
follows: Group A: CNPs. Group B: CHX, Group C: CHX/
CNPs combination, and Group D: 5.25% NaOCl. The 
generated numbers were written in small eight-times 
folded opaque papers then insert into opaque sealed 
envelopes and signed across the seal. The envelops 
were placed in a container for each participant to grasp 
one envelope before the final flush with any of the tested 
irrigating solutions/suspensions. Both the participants 
and the microbiologist were blinded to the interventions. 
The steps of the treatment as stated in the informed 
consent form were explained to the participants without 
knowing which irrigants is to be used for the root canal 
final flush. Blinding to the microbiologist was done by 
hindering sequence generation, allocation concealment, 
and treatment options.

Preparation and characterization of the 
nanoparticles

Preparation

CNPs were prepared to a suspension form 
by the ionotropic gelation technique [19] using poly 
anion sodium tripolyphosphate TPP as a cross-
linking agent. CHX loaded CNPs: To get CHX 2% in 
final concentration an appropriate amount was used 
(75 ml) and evaporated to 7.5 ml then added to CNPs 
suspension with stirring and sonication for 1 h.

Characterization

The size and shape of the prepared 
nanoparticles were confirmed by transmission electron 
microscopy (TEM). The resultant suspension showed 
white spherical particles with an average size <50 nm.

Eligibility criteria

Eligible participants were medically free adults 
of both sexes with age range between 22 and 45 years 
suffering from asymptomatic necrotic mandibular 
premolars. Exclusion criteria included patients with 
vital inflamed pulps, symptomatic periapical abscess or 
previous endodontic treatment.
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Endodontic procedures

Medical and dental histories were obtained 
and recorded in medical and dental history charts. Pain 
scale chart was provided to each patient to record his/
her pain level before any endodontic treatment as a 
reading for the preoperative pain level. Patients were 
then asked to fill a pain dairy at 6, 12, 24, 48, 72 h, 
and 7 days postoperatively accurately and honestly 
then return it to the operator on time. An numerical 
rating scale (NRS), which was translated into Arabic, 
was used to record pain levels. The NRS is an 11 point 
scale anchored by two extremes “No pain” and “pain as 
bad as it could be.” Pain level was assigned to one of 
four categorical scores: None (0); Mild (1–3); Moderate 
(4–6); and Severe (7–10). Participants were asked to 
choose the mark that represented their pain level.

Patients were anaesthetized then rubber 
dam isolation was done to maintain aseptic field. The 
offending tooth and its surroundings were disinfected 
with 3% hydrogen peroxide and 2.5% NaOCl before 
and after coronal access cavity preparation. Working 
length was determined at first by an apex locator then 
confirmed by a periapical radiograph to be adjusted at 
1 mm shorter of the radiographic apex.

All canals were then mechanically 
instrumented in a crown-down approach using rotary 
ProTaper Universal files reaching up to size #F4. 
During preparation canals were thoroughly irrigated for 
1 min between every two successive files using 2 ml 
of 2.5% NaOCl. After complete preparation, all canals 
were flushed with EDTA followed by sterile saline to 
be ready for the final flush with either of the tested 
irrigants according to the randomly assigned group. 
At this point, the canals were flushed for 5 min using 
5 ml of either of the study irrigants; 3% Nano Chitosan, 
2% CHX, combination of CHX and Nano Chitosan, or 
5.25% NaOCl using a 29-gauge side-vented needle in 
a plastic syringe inserted 1 ml shorter of the working 
length. Irrigation activation was done by manual 
dynamic agitation using a well-fitting master cone (#40, 
taper 4%) pumped up and down in rapid, short (2–3 ml) 
vertical strokes.

All canals were completely dried using paper 
points size 40 and obturated with modified single cone 
technique utilizing a # 30 spreader to create space for 
#25 auxiliary cones in the coronal third alongside the 
well-fitted special F4 ProTaper master cone.

All participants had post-treatment instructions, 
were asked to call the operator in case of moderate to 
severe pain; and were allowed to take Ibuprofen 400 mg 
(Brufen 400, Kahira Pharm. and Chem. Ind. Co., under 
licence from Abbott Laboratories) as prescribed. The 
patients were also informed to contact the dentist to 
schedule an emergency intervention should the pain 
persist.

Microbiological procedures

Initial sampling

Two initial samples S1 were collected from each 
root canal before preparation using sterile #15 paper 
points. Sterile saline was injected in the canals followed 
by the insertion of a #15 K-file to the predetermined 
working length to facilitate the insertion of the paper 
points to collect the samples. Every paper point remained 
in place at least for 1 min then immediately placed in test 
tubes containing either freshly prepared Cary Blair as a 
transport medium specific for preservation of common 
anaerobic bacteria or phosphate buffered saline PBS 
as a transport medium for aerobic bacteria then sent to 
the Microbiology Laboratory, Faculty of Medicine, Cairo 
University for processing.

Final sampling

After flushing the canals with each irrigating 
solution, all canals were rinsed with 10 ml sterile saline 
before collecting the final sample S2 using a sterile # 40 
paper point in the same manner as S1.

The collected samples were cultured in serial 
dilution on blood agar plates under anaerobic and 
aerobic conditions, incubated for 48 h, followed by 
counting the number of colony-forming units per ml 
(CFUs/ml).

Statistical methods

Data were analyzed using IBM SPSS advanced 
statistics (Statistical Package for the Social Sciences), 
version 21 (SPSS Inc., Chicago, IL). Numerical data 
were described as mean and standard deviation or 
median and range. Data were explored for normality 
using Kolmogorov–Smirnov test and Shapiro–Wilk 
test. Comparisons among four groups for normally 
distributed numeric variables were done using the 
ANOVA; however, non-normally distributed numeric 
variables were done by Kruskal–Wallis test. p ≤ 0.05 
was considered statistically significant. All tests were 
two tailed. Categorical data were described as numbers 
and percentages and comparisons were done using 
Chi-square test or fisher exact as appropriate.

Results

Of 67 patients screened for eligibility, 60 were 
included, and randomly enrolled. All patients’ data were 
analyzed with no dropout. The gender distribution was 
27 females and 33 males. Participants’ age ranged 
between 22 and 45 years. The study included 26 first 
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and 34 second mandibular premolars. Baseline data 
were similar for all groups (p ≥ 0.05) (Table 1).

The CNPs group showed the least anaerobic 
bacterial colony count followed by the CHX/CNPs 
group but they were not significantly different from one 
another (p ≥ 0.05). Both groups had significantly lower 
CFUs count than NaOCl and CHX groups (p ˂ 0.05). 
NaOCl group showed a significantly lower CFUs count 
than CHX group (p ˂ 0.05). All the tested irrigants had 
similar effectiveness against aerobic bacteria with no 
significant differences among them (p ≥ 0.05) (Table 2).

A statistically significant difference was found in 
the post-operative pain scores among groups only after 
12 and 24 h postoperatively (p ˂ 0.05). Post-operative 
pain scores gradually decreased with time over 7 days 
postoperatively (Table 3).

Discussion

Mechanical root canal preparation involves the 
removal of all tissues (vital or necrotic) aim to eliminate 
pulp space infection. In addition, the anatomical 
complexity of the root canal system leaves hidden areas 
inaccessible to the endodontic instruments. Therefore, 
mechanical preparation cannot be performed without use 
of chemical disinfection and the process was referred to 
as biomechanical or chemo mechanical preparation [20].

NaOCl is still considered the gold standard 
irrigating solution and is widely popular in Endodontics. 
Thus, it was used in the current study as a comparator. 
In the current study 5.25% NaOCl was used as it was 
proved to be the only concentration able to leave root 
canals free of Enterococcus faecalis, one of the most 
resistant microorganisms in endodontic infections, in 
contrast to 1.3% and 2.5% concentrations [21].

About 2% CHX was used in the study owing 
to its broad-spectrum antimicrobial activity and 
substantivity as a root canal irrigating solution. It also 
overcomes the drawbacks of NaOCl [7], [6].

CNPs of a size 50 ± 5 nm at a concentration 
of 3% were used. It has been suggested that 3% 
CNPs solution has a positive bactericidal effect as a 
root canal irrigants against E. faecalis and the same 
effect occurred when compared with 2.5% NaOCl [22]. 
It was also demonstrated that CNPs with average size 
of 97 nm showed a strong bactericidal action against 
both Gram-negative and Gram-positive bacteria [23].

The combination of 2% CHX and 3% CNPS was 
used to explore the ability of CNPs to act as a vehicle to 
deliver CHX into dentinal tubules as it has been shown 
in the previous studies that the antimicrobial abilities of 
CNPs have been enhanced by loading them with other 
antimicrobial agents [24].

Mandibular premolars were selected in 
our study since their canals are oval buccolingually 
representing a challenge for clinicians to properly 
instrument. Mechanical preparation of oval canals 
creates buccal and lingual untouched recesses, which 
can retain necrotic tissues remnants, bacterial biofilms 
and packed dentin debris. These infected debris can 
provide a viable source of persistent infection and 
endodontic treatment failure [25].

After chemo mechanical preparation, the 
canals were rinsed with 2.5% NaOCl, 17% EDTA 
to eliminate the smear layer and open the dentinal 
tubules [26]. A final flush with sterile saline solution was 
mandatory to eliminate residual chemical activity of the 
used agents during preparation to be ready for the final 
flush with the experimental solutions [27].

Initial samples (S1) and final samples (S2) 
were collected using sterile paper points. Sampling of 
the root canal contents using paper points was proven 
to be better in detecting bacteria than dentin filing 
samples [28]. Bacterial culture method was used to assess 
the antibacterial effectiveness in the current study since it 
is widely available, and allows for accurate quantification 
of viable cultivable microorganisms in samples [29].

A NRS was used for measuring the intensity 
of pain. The NRS is a simple scale that provides 
higher sensitivity than the verbal rating scale and less 
complexity than the visual analog scale [30]. Evaluation 

Table 2: The median and range values of post‑operative anaerobic and aerobic bacterial count in the four Groups
Group A Group B Group C Group D p-value

Post-operative anaerobic CFUs Median (range) 77×103 (52×103–108×103) 124×103 (83×103–161×103) 88×103 (41×103–104×103) 89×103 (51×103–149×103) <0.001*
Post-operative aerobic CFUs Median (range) 19×102 (7×102–28×102) 17×102 (9×102–31×102) 17×102 (7×102–49×102) 19×102 (15×102–29×102) 0.541
*Significant at p<0.053.

Table 1: Baseline characteristics of the included study participants
Group A Group B Group C Group D p-value

Age
Median (range) 29 (23–45) 31 (24–42) 29 (23–41) 29 (22–41) 0.464

Gender
Male n (%)
Female n (%)

7 (46.7%)
8 (53.3%)

6 (40%)
9 (60%)

7 (46.7)
8 (53.3%)

7 (46.7%)
8 (53.3%)

0.977

Tooth type
1st premolar n (%)
2nd premolar n (%)

6 (40%)
9 (60%)

6 (40%)
9 (60%)

7 (46.7%)
8 (53.3%)

7 (46.7%)
8 (53.3%)

0.965

Preoperative anaerobic CFUs Median (range) 8.03×107 (71×103–141×103) 7.99×107 (6.97×107–9.14×107) 7.4×107 (5.12×107–9.6×107) 7.3×107 (6.27×107–9.24×107) 0.831
Preoperative aerobic CFUs Median (range) 92×103 (6.89×107–9.41×107) 98×103 (78×103–128×103) 89×103 (66×103–219×103) 101×103 (79×103–144×103) 0.343
n: number per group.
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of the pain intensity was done preoperatively, and 
after 6, 24, 48, 72 h, and 7 days. The previous studies 
agreed that endodontically treated teeth weather vital 
or non-vital showed high post-operative pain scores 
within the first 24 h [31], [32], [33]. The above-mentioned 
time points were chosen as most previous studies used 
them to assess post-operative pain [34], [35].
Table 3: Median, minimum, maximum values, and p value for 
comparison of NRS scores among the four groups

Group A Group B Group C Group D p-value
Preoperatively
Median (range) 1 (0–3) 0 (0–3) 1 (0–2) 1 (0–2) 0.945
After 6 h
Median (range) 6 (4–8) 6 (4–8) 5 (3–8) 6 (3–8) 0.673
After 12 h
Median (range) 4 (2–7) 4 (4–8) 3 (1–7) 4 (3–8) 0.014*
After 24 h
Median (range) 3 (2–4) 3 (2–5) 1 (1–4) 2 (1–5) 0.002*
After 48 h
Median (range) 1 (0–2) 1 (0–2) 0 (0–2) 0 (0–2) 0.475
After 72 h
Median (range) 0 (0–2) 0 (0–2) 0 (0–2) 0 (0–1) 0.53
After 7 days
Median (range) 0 (0–2) 0 (0–4) 0 (0–2) 0 (0–1) 0.818
*Significant at p<0.05.

A significant difference was detected in the 
anaerobic bacterial colony counts (CFU/ml) after 
irrigation among the four groups. Group A (3% CNPs) 
exhibited the best results being significantly better 
than both Group B (2% CHX) and Group D (5.25% 
NaOCl). However, there was no significant difference 
between Groups A (3% CNPs) and Group C (CNPs/
CHX combination).

These results agreed with the findings of 
Perochena et al. [36] who showed that CNPs solution 
was significantly better than NaOCl and contradicted 
those of Roshdy et al. [22] and Moukarab [37] who 
found no significant difference between CNPs and 
NaOCl. The difference in findings could be attributed 
to the different circumstances, where they tested the 
solutions in vitro against E. faecalis biofilm while the 
current study tested them clinically against the multi-
species primary endodontic infection.

The non-significant difference between CNPs 
and CHX/CNPs combination in the current study 
disagreed with the findings of Barreras et al. [38] who 
suggested a synergistic effect between both solutions. 
This might be attributed to the different study conditions 
as they used smaller CNPs concentrations (0.015%) 
and tested it against E. faecalis using BHI agar diffusion 
test.

The mode of action of chitosan as an 
antibacterial agent has been explained by many 
theories. One theory is based on contact mediated 
killing where the positively charged chitosan interferes 
with the phosphoryl group of bacterial cell membrane, 
resulting in increased membrane permeability, leakage 
of proteins, cellular components, and eventually 
bacterial cell death. Being a chelating agent, chitosan 
has also been suggested to inhibit the bacterial growth 
by metal chelation that reduces enzyme activity [39]. 
On the nano scale, CNPs can penetrate bacterial cell, 
bind to its deoxyribonucleic acid (DNA) and block RNA 

transport. It can also prevent the process enzymatic 
degradation by which bacteria penetrates into dentinal 
tubules [39].

The results showed that 5.25% NaOCl had a 
significantly higher effect against bacteria than 2% CHX. 
This agreed with the findings of Agrawal et al. [28] and 
Arias et al. [40]. However, it contradicted the findings of 
Rocas et al. [41] and Jaiswal et al. [7] who showed that 
both solutions were equally effective with no significant 
difference between them. This disagreement could be 
due to the different NaOCl (2.5%) concentration used 
in both studies which was lower than that used in the 
current study (5.25%).

NaOCl exerts its antibacterial effects through 
many mechanisms; first the released hydroxyl ions 
destroy bacterial cell membranes and nucleic acid. 
The high pH then causes denaturation of bacterial 
proteins [42]. The released chloride ions play a 
significant role in NaOCl antimicrobial activity, being 
responsible for dissolving organic materials including 
bacterial biofilms [43]. However, CHX exerts its action 
by disrupting bacterial cell walls through adsorption onto 
phosphate containing proteins. It then forms irreversible 
precipitates with bacterial adenosine triphosphate and 
DNA after penetrating the bacterial cells resulting in 
bacterial cell death [41].

The ability of the irrigants to dissolve 
bacterial biofilms is directly related to its ability to kill 
microorganisms that lie within this biofilm. Therefore, 
the lack of any biofilm dissolving effect of 2% CHX in 
comparison to NaOCl justifies the superior antibacterial 
effectiveness of NaOCl [43].

All tested irrigants showed significant 
antibacterial effects against aerobic bacteria. In the four 
groups a significant reduction in the aerobic bacterial 
colony count (CFU/ml) after preparation and irrigation 
was evident, with no significant difference among them.

The intensity of post-operative pain was highest 
in the first 24 h in all groups. It gradually decreased 
with time until reaching complete subsidence of pain 
(median = 0) at 72 h postoperatively. This finding agrees 
with the previous studies since it has been generally 
proven that endodontically treated teeth exhibited 
higher levels of pain in the first 24 h after treatment and 
that post-operative symptoms gradually subside within 
7 days after treatment [32], [33].

There was a significant difference in pain 
intensity among the four groups at 12 and 24 h 
postoperatively with the highest pain intensity values 
in the NaOCl group. The pairwise comparison revealed 
that patients in the NaOCl and CHX groups suffered 
from statistically higher pain levels compared to the 
patients in CNPs/CHX combination and CNPs groups.

The fact that CNPs and CNPs/CHX 
combination were accompanied by lower post-operative 
pain levels could be attributed to the biocompatibility 
of chitosan, being a natural polysaccharide with no 
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reported cytotoxicity [7]. It was reported that CNPs were 
significantly less cytotoxic than chitosan itself owing 
to the cross linker in the CNPs [44]. These properties 
make CNPs more tissue friendly than both NaOCl and 
CHX if it gets extruded. Since the severity of post-
operative pain might be related to extrusion of debris 
beyond the apex during root canal preparation [45] 
and Parirokh et al. [45] found significantly higher debris 
extrusion with 5.25% NaOCl compared to 3% NaOCl 
and 2% CHX, the prevalence of higher pain intensities 
in the NaOCl group in the study could be explained.

There was no significant difference between 
CHX and NaOCl regarding post-operative pain intensity, 
this result agreed with the findings of Almeida et al. [46] 
and Saba et al. [47] who found no significant difference 
between the two solutions and disagrees with the 
findings of Bashetty et al. [48] who showed that 5.25% 
NaOCl provoked significantly higher post-operative 
pain than 2% CHX.

Conclusions

Within the limitations of the current study, it 
was concluded that:
•	 3% CNPs and its combination with 2%CHX 

are significantly more effective than both 2% 
CHX and 5.25% NaOCl against anaerobic 
bacteria isolated from mandibular premolars 
with necrotic pulps and are not significantly 
different from each other.

•	 The addition of 2%CHX did not cause a 
significant improvement to the antibacterial 
effectiveness of 3% CNPs.

•	 Both 3% CNPs and its combination with 
2% CHX were associated with lower post-
operative pain scores than either 5.25% NaOCl 
or 2%CHX.

•	 Post-operative pain values were highest in the 
first 24 h and gradually decreased over time 
until complete subsidence within a week.
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