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ABSTRACT

Objective: The purpose of this study was to compare the effect of nano-silver (Nanotech 
Egypt for photo Electronics, Cairo, Egypt) irrigating solution versus sodium hypochlorite on post-
operative pain after single- visit endodontic therapy.

Methods:  A randomized controlled clinical trial was designed and carried out in the endodontic 
department at Cairo University. Fifty healthy patients with asymptomatic necrotic teeth that were 
scheduled for non-surgical root canal treatment were enrolled. Single- visit root canal treatment was 
performed using ProTaper Universal (PTU; Dentsply Maillefer, Ballaigues, Switzerland) rotary 
files and for irrigation NaOCl 5.25% (Egyptian Company for household products under license of 
Clorox. Co. Cairo, Egypt) (control group, n=25) and nano-silver irrigating solution (intervention 
group, n=25) were used. After obturation, post-operative pain was assessed using a visual analogue 
scale (VAS) after 4, 24, and 48 hours. Chi-square test was used to compare VAS values between 
tested groups within each follow- up period and Wilcoxon signed rank test was used for within 
group comparisons over time. 

Results: Insignificant differences between NaOCl group and nano-silver group were found 
in pain scores for each follow-up period. The pain score decreased significantly after 24 hours 
(p=0.003) and after 48 hours (p=0.001) in intervention group. Control group showed similar results 
were the pain score decreased significantly after 24 hours (p=0.008) and after 48 hours (p=0.001). 

Conclusion: Both tested irrigants were associated with a decrease of postoperative pain over 
time, in patients undergoing single-visit endodontic treatment with necrotic pulps. There was no 
statistical significant difference between both groups.    
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INTRODUCTION 

Postoperative pain is an undesired yet common 
sensation after root canal treatment, since its 
incidence was reported to range from 3% to 58% (1). 
Postoperative pain could be due to microbial factors, 
to the effects of chemical mediators, to phenomena 
related to the immune system, to cyclic nucleotide 
changes, to psychological factors, and to changes in 
the local adaptation (2). 

Mechanical instrumentation and irrigation are 
used aiming at removing vital and necrotic remnants 
of pulp tissue, debris, microbiota and their by-
products from the root canal system. (3) Even with 
the introduction of modern rotary instrumentation, 
complete debridement of canals is reported to 
be very difficult to achieve. Some authors, using 
micro-computed tomography scanning, have 
shown that most of the area of main root canal 
walls remained untouched by the mechanical 
instrumentation(4). These areas can harbor debris of 
tissues, microbes, and their by-products (5), and this 
can result in reinfection or persistent periradicular 
inflammation(6). This aspect emphasizes the 
importance of other means of cleaning and 
disinfecting all areas of the root canal system (7).

No unique irrigant solution can meet all the 
requirements of an ideal irrigant (8). Several studies 
have proven the effectiveness of the use of solutions 
of sodium hypochlorite (NaOCl) in addition to 
mechanical cleaning and shaping (8,9).  NaOCl is 
highly effective in tissue dissolution and in the 
removal of bacterial biofilm because of its ability 
to hydrolyze and oxidize cell proteins, its release 
of free chlorine, and its pH of 11 to 12 (10).  Since 
tissue dissolution is mandatory for antimicrobial 
action, NaOCl is the most used antimicrobial 
irrigant solution in root canal therapy.  On the other 
hand, NaOCl also possesses several disadvantages 
as, significant toxicity when extruded from the root 
canal system, disagreeable smell and taste, risk of 
bleaching clothes, and corrosion of metal objects. 

Most importantly, NaOCl is not bactericidal for 
all species of bacteria, it is ineffective in removing 
the smear layer, and its action results in changes in 
dentin physical properties (11).There is an associated 
risk for NaOCl accidental injection into the 
periapical tissues through the apical constriction 
of the root canal, leading to severe, painful 
postoperative complications. (12) Therefore, many 
irrigating devices are being developed to provide 
a safe delivery system thus preventing periapical 
damage and thereby reducing postoperative pain. (13)

Nano-silver has a bactericidal effect and was 
used as irrigating solution due to its low surface 
tension, and to the nanoparticles that can penetrate 
the smallest fissures and dental tubules of the 
root canal system. In this way, even the bacteria 
residing in the fissures in spore-form after root 
canal treatment could be reached by the irrigating 
solution. The nano-silver interacts with multiple 
targets in the microbial cell, such as cell membrane, 
enzymes and plasmids, simultaneously providing 
the bacteria least capacity to gain resistance. (14).The 
use of solutions with nano-silver has been proposed 
in root canal therapy due to their inhibitory effect on 
bacteria. Nano-silver has an affinity to the abundant 
sulfur-containing amino acids inside and outside 
the bacterial cell membrane which in turn affects 
the bacterial cell viability (15). Moreover, nano-silver 
has been recommended as an alternative root canal 
irrigating solution not only for its strong bactericidal 
potential but also for its biocompatibility, especially 
in lower concentration (16-17). 

The aim of this study was to compare the 
postoperative pain after using nano-silver versus 
NaOCl irrigation after single visit root canal 
treatment in asymptomatic necrotic teeth.

MATERIALS AND METHODS

The outline of this study was approved by the 
Ethical Committee of Cairo University. This study 
was performed over a 6-month period spanning 
from February to June 2016. 
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All the patients who participated in this study 
were informed about the treatment protocols, 
benefits, risks, treatment alternatives, and signed an 
informed consent. 

Sample size

Sample size calculation was based on an error of 
alpha = 0.05 and a power of 80%, and a significance 
level of 5% indicating an ideal sample size of 44 
subjects. This number has been increased to a total 
sample size of 50, to allow for losses of around 15%. 

Randomization and blinding

The sequence generation was done for the 
patient’s numbers (from 1 to 50) using computer 
sequence generation (http://www.random.org/) 
which gave a table for group A and group B with 
randomized patients’ numbers (25 number in each 
group). Group A (control group) was the sodium 
hypochlorite group while group B (intervention 
group) was the nano-silver group. For the allocation 
concealment mechanism, 50 papers (each was eight 
folded) with a number from 1 to 50 were placed 
inside opaque envelopes. Each patient picked up 
an envelope before the treatment. The number in 
the envelope determined which irrigation solution 
was to be used for that patient according the table 
generated by the computer. The operator knew 
which irrigating solution will be used.

Trial design

The study was reported following the guidelines 
provided in the Consolidated Standards for 
Reporting Clinical Trials (CONSORT) statement 
(18). The present was a parallel-group randomized 
controlled clinical trial with an allocation ratio of 
1:1.

Participants 

The inclusion criteria were:

•	 18 years old or older

      Single rooted teeth

•	 Subjects without any relative or absolute 
contraindication to endodontic treatment as 
tooth hypermobility (grade III), presence of 
untreatable longitudinal fracture

•	 Clinical diagnosis of asymptomatic pulp 
necrosis: non-responsive to thermal pulp testing. 
No pain to percussion or radiographic evidence 
of osseous breakdown.  

•	 Patients who were able to sign an informed 
consent form

•	 Subjects classified as ASA-1 following the 
classification proposed by the American Society 
of Anesthesiologists.

The exclusion criteria were:

•	 Patients taking analgesics or anti-inflammatory 
drugs in the seven days before intervention

•	 Patients with vital teeth, apical periodontitis, 
periapical radiolucency, retreatments, root 
resorption, immature/open apex, or a root canal 
in which the is no patency to the apical foramen.  

Interventions 

All subjects were treated in the out-patient 
endodontic clinic, Faculty of Oral and Dental 
Medicine, Cairo University, Cairo, Egypt. Data were 
collected and analyzed in the same Department. 
All patients were treated by a single experienced 
operator.

Patients were anesthetized using nerve block 
local anesthesia or infiltration local anesthesia 
with Mepivacaine 2% + epinephrine 1:100.000 
(Carpule Mepecaine-L, Alexandria Company 
for Pharmaceuticals and Chemical Industries, 
Alexandria, Egypt) according to the tooth location 
in mandibular or maxillary arch respectively. After 
removal of caries-affected tissue, access cavity 
was created after rubber dam application. Working 
length was determined using an electronic apex 
locator (Root ZX, J.Morita USA, Irvine, CA.) then 
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confirmed with intraoral periapical radiograph, to be 
0.5-1 mm, shorter than radiographic apex. Cleaning 
and shaping was done using crown down preparation 
technique with the ProTaper Universal (PTU; 
Dentsply Maillefer, Ballaigues, Switzerland) in an 
endodontic motor according to the manufacturer 
instructions (X-Smart, Dentsply Tulsa, Salzburg, 
Austria.) Glyde File Prep (Dentsply, Maillefer, 
Ballaigues, Switzerland) was used as a lubricant 
during mechanical preparation. Depending on each 
tooth the final instrumentation size was ProTaper 
F3 or F4. All teeth received the same volume of 
irrigant.

Control group (A): irrigated with 5.25% NaOCl 
(Egyptian Company for household products under 
license of Clorox. Co. Cairo, Egypt) 3ml between 
each file using 30-gauge Max-i-Probe syringe that 
was placed down the canal, 2mm short of the apex.  

Intervention group (B): irrigated with nano-
silver based irrigant 3ml between each file (Yellow 
solution of citrate functionalized silver nanoparticles 
dispersed in water of concentration 1 mM Ag1+ 
(109µg/ml) and of average size 20 nm and spherical 
in shape placed in dark bottle to avoid oxidation of 
its silver content with light (Nanotech Egypt for 
photo Electronics, Cairo, Egypt)

All canals were irrigated with5 mL normal saline 
then dried with sterile paper points and obturation 
was carried out using the single cone technique 
using  protaper guttapercha cones  and resin sealer 
(ADSEAL, META BIOMED CO., LTD, Cheongju, 
Korea) with spreader (Mani, INC, Utsunomiya 
Tochigi, Japan) size according to master cone size, 
its depth short 2 mm of the working length. After 
obturation, a cotton pellet was placed in the pulp 
chamber and the access cavity was closed with a 
temporary filling to avoid coronal leakage (MD-
Temp, META BIOMED CO., LTD, Cheongju, 
Korea). As it was prescribed in other studies with 
the same aim of the present all patients received 
eight tablets of ibuprofen 200mg to take only one 
tablet if needed within 0-4 hour time interval after 

the treatment and then one tablet every eight hour in 
the event of pain (3,7,11,13) . 

Outcomes 

Following the treatment, each patient received 
a questionnaire based on the visual analogue scale 
(VAS) to assess the pain after 4 hours, 24 hours and 
48 hours (7). The VAS consisted of a horizontal line 
measuring 100 mm in length where the numerical 
values were grouped into visual categories. Pain 
was rated according to 4 four categories: no pain 
(level 1, 0-24mm), mild pain (level 2, 25-49mm), 
moderate pain (level 3, 50-74mm), and severe 
pain (level 4, 74-100mm)  (19,20). The number of 
analgesics taken was also recorded.

Statistical analysis

Data were presented as frequency (N) and 
Percentage (%) values. Chi-square test used to 
compare between tested group within each follow-
up periods. Wilcoxon singed rank test used to 
compare between follow-up periods. Significance 
level was set at p≤0.05. Statistical analysis was 
performed with IBM® SPSS® (SPSS Inc., IBM 
Corporation, NY, USA) Statistics Version 24 for 
Windows.

RESULTS

Patients’ flow diagram is showed in Figure1.	

For all evaluated demographic variables (age, 
tooth type and gender), there was no statistical sig-
nificant difference between both groups (Table 2). 
Frequency for the pain scores for the tested groups 
is presented in Table 1.  Pain values between groups 
were not statistically different for all follow-up pe-
riods. The pain score was significantly lower 24 
hours and 48 hours after intervention in both groups 
as compared to values recorded 4 hours after inter-
vention. Table 3 gives a detailed overview of the 
number of anti-inflammatory tablets taken by the 
patients in both groups. 
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Fig. (1)  CONSORT flowchart to depict enrolment of patients, allocation to intervention, and posttreatment pain analysis.
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TABLE (1) Frequency (N) and Percentage (%) of Pain Score.

Group p-value
Nano silver NaOCL (Control)

N % N %
4 hrs No Pain 11 44.0% 10 40.0% 0.921 NS

Mild Pain 4 16.0% 4 16.0%
Moderate Pain 5 20.0% 7 28.0%
Sever Pain 5 20.0% 4 16.0%

Rank a a
24 hrs No Pain 18 72.0% 20 80.0% 0.117 NS

Mild Pain 7 28.0% 2 8.0%
Moderate Pain 0 0.0% 1 4.0%
Sever Pain 0 0.0% 2 8.0%
Rank b b

48 hrs No Pain 25 100.0% 25 100.0% 1.00 NS
Mild Pain 0 0.0% 0 0.0%
Moderate Pain 0 0.0% 0 0.0%
Sever Pain 0 0.0% 0 0.0%
Rank c c

Means with the same letter within each column are not significantly different at p=0.05. 

*= Significant, NS=Non-Significant

TABLE (2) Frequency (N) and Percentage (%) of gender and tooth type and age 

Group p-value
Nano silver NaOCL (Control)

N % N %
Gender Male 5 20.0% 4 16.0% 0.713 NS

Female 20 80.0% 21 84.0%
Tooth Maxillary Anterior 10 40.0% 17 68.0% 0.122 NS

Maxillary Premolar 4 16.0% 3 12.0%
Mandibuler Premolar 11 44.0% 5 20.0%

Age (Years) 34.08 7.86 36.80 9.32 0.270 NS

TABLE (3) Frequency (N) and Percentage (%) of ibuprofen tablets taken postoperatively:

Group
p-valueNano silver NaOCL (Control)

N % N %

Number of 
ibuprofen 

tablets taken 
postoperatively

0 0 0.0% 3 12.0%

0.195 NS
1 13 52.0% 11 44.0%
2 11 44.0% 7 28.0%
3 1 4.0% 3 12.0%
4 0 0.0% 1 4.0%



EFFECT OF NANO-SILVER IRRIGATING SOLUTION ON POST-OPERATIVE (3409)

DISCUSSION 

In modern endodontics randomized clinical 
trials provided evidence for the reliability of single 
visit root canal treatment in asymptomatic necrotic  
teeth (21, 23). All teeth were instrumented and obturated 
in a single visit to avoid the effect of this variable on 
postoperative pain. (7). Several  systematic reviews 
and meta-analyses have found either no significant 
difference or significantly lower postoperative pain 
following single-visit root canal treatment compared 
to multiple-visit treatment even in teeth with necrotic 
pulps (24,25).  It was also shown that the incidence of 
postoperative pain associated with symptomatic 
teeth was significantly more than asymptomatic 
teeth (26). Therefore, asymptomatic teeth were only 
included in the current study to prevent bias and 
to avoid the influence of   preoperative pain being 
a risk indicator for postoperative pain (27). Several 
studies showed that there is no the influence of a 
variety of factors such as age, gender, tooth type, 
presence of systematic diseases on postoperative 
pain (20, 22, 23). Therefore, only patients without any 
contributing history and who did not take analgesics 
recently were included in this study to avoid any 
interference of other pain or drug interaction with 
the pain resulting from the endodontic procedure. 
Multi-rooted teeth due to its complex morphology 
is significantly more susceptible to postoperative 
pain so only single rooted teeth were included in the 
current study (13).  The limitations of the current study 
are related to small sample size, patient perception 
of pain, pain measurement and to the methods used 
to collect the results. Pain perception is a highly 
subjective and a variable experience affected by 
many physical and psychological factors. Pain 
reporting is also difficult as it is influenced by other 
factors than the experimental methodology such as 
socioeconomic status of the patient.  In the current 
study, the visual analogue scale (VAS) was used as 
it is considered to be a valid and reliable instrument 
for measurement of pain intensity and it was used in 
other studies with similar objectives (3, 7,13). 

One of the common causes of postoperative pain 
is the extrusion of material during treatment or canal 
obturation (28). Debris extrusion could be a problem 
with all instrumentation techniques and file systems 
as all can generate apical extrusion of debris. Hence, 
the inflammatory reaction could be influenced by 
the type of file movement and instrument design. 
Crown-down instrumentation techniques can 
decrease the positive hydrostatic pressure being 
directed apically by establishing an adequate escape 
thus avoiding the passage of irrigating materials in 
the periapical area (28).  Moreover, the measurement 
of an adequate and reliable working length could be 
considered mandatory to avoid debris extrusion due 
to apical instrumentation (29). 

There is no general agreement regarding the 
optimal concentration of NaOCl for root canal 
preparation. Higher concentrations of NaOCl 
exhibit more cytotoxicity, while providing more 
tissue-dissolving properties (30). Most studies on 
postoperative pain have used 2.5–5.25% or higher 
concentrations of NaOCl (31,32). The study by 
Farzaneh et al (33) showed that patients who received 
5.25% NaOCl irrigation reported significantly 
lower pain during the first 72 hr following the 
treatment compared to those who received 2.5% 
NaOCl. The exact reason for less pain when a 
higher concentration of NaOCl was used is unclear. 
However, it is possibly related to the inclusion 
criteria where only patients with necrotic pulps 
without periapical pathosis were included. The 
presence of healthy and intact periapical structures 
(periodontal ligaments and bone) may prevent 
extrusion of the irrigant solution as well as debris 
despite the higher dissolution capacity of 5.25% 
NaOCl. Also, the higher dissolution capacity 
of 5.25% NaOCl may dissolve the remaining 
apical pulp tissues more effectively and therefore 
preventing the release signaling molecules that may 
upregulate inflammation in the periapical tissues. 
This is in agreement with the current study that 
showed a significant decrease in the pain score for the 
NaOCl group after 24 hours followed by significant 
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decrease after 48 hours. A systematic review and 
meta-analysis by Pak & White (34) showed that 
during the first 48 hours after root canal treatment, 
pain felt by the patients significantly decreased. 
Therefore, some investigations limited their 
research to the first 48–72 hours after treatment(35,36). 
The results showed an insignificant difference 
between the nano-silver group and the NaOCl group 
in pain score along all follow-up periods. For nano-
silver group the pain score decreased significantly 
after 24 hours followed by a significant decrease 
after 48 hours due the antibacterial effectiveness 
of nano-silver irrigating solution. By eliminating 
Gram-negative bacteria that plays an essential 
role in primary endodontic infections, from the 
root canal system, postoperative pain could be 
decreased. Endotoxins play an important role in the 
initiation and perpetuation of apical periodontitis 
not by causing a direct cell or tissue damage, but 
through the stimulation of immune system (37). 
Wadachi and Hargreaves proposed a mechanism 
of pain associated with endodontic infections. 
They demonstrated that trigeminal afferent neurons 
express the TLR4 and CD14 receptor complex 
and that LPS activation of TLR-4/CD14 may 
trigger intracellular signaling cascades, leading 
to peripheral release of neuropeptides and central 
nociceptive neurotransmission (38). Postoperative 
pain with the nano-silver group was related to its 
cytoxicity to host cells (16,39) and this confirmed that 
the cytotoxicity of nano-silver is concentration 
dependent, therefore the concentration of the nano-
silver irrigating solution used was 1 mM Ag1+ 
(109µg/ml) to decrease its cytotoxicity. 

Analgesics were only prescribed on-demand 
and not on regular basis as medication may affect 
the main outcome of the study. Non-steriodal anti-
inflammatory has been recommended as the first 
medication of choice for postoperative management 
after endodontic therapy (40). Therefore, ibuprofen 
was used in the current study. Our results showed a 
non-significant difference between both groups in the 
number of ibuprofen tablets taken postoperatively. 

Parirokh et al. (41) reported no significant difference 
in pain felt by the patients with either regular or 
on-demand use of ibuprofen following treatment of 
mandibular molars with irreversible pulpitis. Also 
the number of analgesics taken by patients who had 
5.25% NaOCl was significantly lower compared to 
the ones who had 2.5% NaOCl which confirmed 
lower pain reported by the patients in the 5.25% 
NaOCl group. This is consistent with other studies 
showing the same results (3,7, 20). The current study 
recommends the use of nano-silver as an adjunct to 
NaOCl to improve the antimicrobial efficiency of 
the used irrigating solution. 

In conclusion, both tested irrigants (5.25% NaOCl 
and 1 mM Ag1+ (109µg/ml) nano-silver) were 
associated with decreased incidence of postoperative 
pain after single- visit endodontic treatment with 
necrotic pulps. There was no statistical significant 
difference between both groups.  Further research 
comparing the postoperative pain experienced after 
using nano-silver irrigating solution versus sodium 
hypochlorite in symptomatic necrotic cases is 
suggested. 
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