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Abstract: 

Introduction: The aim of the study was to compare the antibacterial efficacy of 0.125% 

chlorhexidine (CHX) and nanocurcumin when used alone and in combination with a 980 nm 

diode laser against Enterococcus faecalis biofilm. Materials and methods: Forty eight extracted 

human single rooted teeth were selected. Their crowns were resected at the cementoenamel 

junction (CEJ), and their roots were mechanically prepared. They were sterilized and then 

infected with Enterococcus faecalis for three weeks. They were divided randomly into four 

groups in accordance with the type of irrigant used. Group (A), normal saline. Group (B), 

0.125% CHX. Group (C), nanocurcumin irrigant. Group (D),nanocurcumin irrigant and a 980 

nm diode laser. The antibacterial efficacy was evaluated before and after irrigation. Results: The 

reduction percentage was 93.5% in group (B), 90.26% in group (C), 99.5% in group (D), and 

0.15% in group (A). Conclusion: The combination of nanocurcumin irrigant and a 980 nm diode 

laser is a promising modality in elimination of Enterococcus faecalis completely from the root 

canals. 
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Introduction: 

The success of root canal treatment relies on 

the total elimination of pathogenic 

microorganisms from the root canals. 
(1) 

Because they were considered the main 

causative factor of endodontic failures and 

periapical inflammations, especially 

biofilms, as they have high impedance to 

antibacterial agents. 
(2,3) 

Enterococcus faecalisis a facultative 

anaerobic bacteria that is detected in cases 

with secondary infections and endodontic 

failures because it can live without nutrition 

for a long period of time and can penetrate 

deeply into dentinal tubules. 
(4, 5) 

Traditional endodontic treatment was done 

through mechanical preparation of the root 

canals, chemical cleaning by irrigants such 

as sodium hypochlorite (NaOCl) and 

chlorhexidine (CHX), and the placement of 

intracanal medication such as calcium 

hydroxide (Ca(OH)2) paste. 
(6) 

CHX was considering done of the most 

common irrigants used during endodontic 

treatment. 
(7)

 It has many advantages, such 

as antibacterial properties, biocompatibility 

to periapical tissues, and less cytotoxicity. 
(8)

 

Lately, herbal irrigants have been introduced 

in dentistry because they have several 

specifications, such as easy availability and 

low cost. Furthermore, they have 

antimicrobial and anti-inflammatory 

properties with low cytotoxicity. 
(9)

One of 

the most prevalent herbal extracts used in 

endodontic treatment was curcumin.
(10)

 It is 

a natural component extracted from turmeric 

plants. It has antimicrobial and antioxidant 

characteristics. And it also has the ability to 

induce the mineralization process. 

(11)
Recently, nanotechnology has attracted a 

lot of attention in the last few decades 

because it improves the basic qualities of 

materials. 
(12)

And an example of that is that 

nanoparticles of curcumin have evolved the 

valuable properties of curcumin and 

lessened its disadvantages. 
(13, 14) 

Since root canal irrigants produce 

incomplete eradication of microorganisms, 

lasers were recently introduced in dentistry, 

hoping to get rid of all intra canal 

microorganisms completely. Lasers have the 

ability to enter deeply into dentinal tubules, 

unlike irrigants.
(15)

 

Diode lasers were widely utilized because 

they have many advantages, such as low 

cost, affordability, flexibility, and small size. 

(16)
These characteristics make it capable of 

permeation into curved canals and proper 

allocation of the laser light into the dentinal 

tubules. And hence, this results in the 

elimination of most root canal 

microorganisms. 
(17) 
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But complete killing of microorganisms is 

not achieved by irrigant alone or by laser 

alone. 
(18)

So we are aiming to combine the 

benefits of all recent modalities such as 

nanotechnology, herbal irrigants, and lasers 

to achieve a complete sterilization of the 

root canal system to increase the success 

rate of endodontic treatment. 

The purpose of our study was to compare 

the antibacterial efficacy of 0.125% CHX 

and nanocurcumin when used alone and in 

combination with a 980 nm diode laser 

against Enterococcus faecalis biofilm. The 

null hypothesis was that the combination of 

nanocurcumin irrigant and a 980 nm diode 

laser was able to eliminate Enterococcus 

faecalis completely from the root canals. 

 

Materials and methods: 

Sample size calculation: 

It was calculated based on a past study by 

Mathewet al.
(19) 

as a reference. According to 

this study, the minimum acceptable number 

of sample size was 12 per group, as the 

response within each subject group was 

normally distributed with standard 

deviation1.97×108. If the genuine difference 

was 2.3 × 108, when probability (power) 

was 0.8., the Type I error probability 

associated with this test was 0.05. The 

sample size was prepared using P.S Power 

3.1.6. software. 

Ethical Approval: 

The study was approved by the Research 

Ethical Committee (REC) of the National 

Institute of Laser Enhanced Sciences on 

3/1/2023, and the approval reference was: 

NILES-EC-CU 23/3/1. 

Selection of the samples of the study:  

Forty eight extracted human single rooted 

teeth with a mature apex were chosen. They 

were gathered from patients whose teeth 

were extracted because of orthodontic 

treatment. They were tested for the absence 

of fractures, resorption or cracks. 
(20)

 

Preparation of the teeth: 

The teeth were prepared by removing their 

crowns at the cementoenamel junction (CEJ) 

by stone bur in a high speed motor. The 

length of the roots was standardized to 13+/- 

1 mm. Working length was established to be 

one mm shorter than the root apex. 

Mechanical preparation was done by M-pro 

rotary files according to the manufacturer's 

instructions. 

One ml of 2.5% NaOCl was used as an 

irrigant between each file, and then the roots 

were irrigated with one ml of 17% 

ethylenediaminetetraacetic acid (EDTA) for 

the removal of the smear layer, followed by 

one ml of saline and then one ml of 2.5% 
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NaOCl. Finally, roots were irrigated with 

5ml of saline.  

Closure of the apices of the roots was done 

with light-cured composite resin to restrain 

apical leakage. To prevent external bacterial 

contamination, roots were covered by two 

layers of varnish. 
(20) 

All roots were sterilized in an autoclave at 

121 °C for 15 minutes. All subsequent 

stages were done in laminar air flaw. 

Preparation of bacterial suspension and 

infection of the roots: 

Enterococcus faecalis ATCC 29212 was 

obtained from the Microbiological 

Department, Faculty of Medicine, Cairo 

University. The bacterial suspension was 

standardized to 0.5 McFarland. Each root 

was placed in an Eppendorf tube and 

injected with 10ml of Enterococcus feacalis 

suspension with a sterile syringe. Eppendorf 

tubes were placed inside an incubator at 37 

ºC under anaerobic conditions for 3 weeks. 

The bacterial suspension was renewed every 

3 days to get a mature biofilm 

of  Enterococcus  feacalis. 

Laser used in the study: 

A high power 980 nm diode laser
* 

with an 

output power of 2 watts through 400 um 

optical fibers was used in our study. 

__________________________________ 

* 
Ezlase, Epic X, Biolase, CA, USA. 

Formation of nanocurcumin: 

Nanocurcumin was synthesized at Nawah 

Scientific Company (Cairo, Egypt) by the 

wet milling method
 (21)

, in which distilled 

water was used in this fabrication 

method.100 mg of curcumin was dissolved 

in 20 ml of dichloromethane solvent to get a 

solution, which was sprayed with a flow rate 

of 0.2 mL/min into boiling water drop wise. 

And it was agitated by ultrasonic’s with 200 

W powers and a frequency of 30 kHz for 30 

minutes. After the agitation process, the 

solution was centrifugal 800 rpm for about 

20 minutes, until an orange-colored, clear 

solution was collected. 

Classification of the root canals: 

Forty eight root canals were randomly 

divided into four groups according to the 

type of irrigant used. Each group was 

composed of twelve root canals. They were 

treated as follows: 

Group A: The root canals were irrigated 

with 2ml of normal saline for one minute. It 

acts as a positive control group. 

Group B: The root canals were irrigated 

with 2 ml of 0.125% CHX for one minute. 

 

Group C: The root canals were irrigated 

with 2 ml of nanocurcumin for one minute. 

Group D: The root canals were irrigated 

with nanocurcumin irrigant, then activated 
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by a 980 nm diode laser with an output 

power of 2watts through a 400 um optical 

fiber used in a helical movement inside the 

root canals for 15 seconds, which was 

reduplicated for four cycles, with the total 

exposure time being one minute, as shown 

in figure (1). 

 

Figure(1): Application of diode laser after 

irrigation of nanocurcumin in group (D). 

 

Sampling procedures: 

First sample (before treatment sample): 

Bacterial samples were collected from the 

infected root canals before treatment by 

sterile paper points.  

Second sample (after treatment sample): 

Bacterial samples were collected from the 

infected root canals after treatment by sterile 

paper points. 

Culture of the samples: 

After the collection of the samples, each 

paper point was placed in an Eppendorf tube 

containing 0.5ml of brain heart infusion 

(BHI) broth. Fifty µl from each Eppendorf 

tube was cultured on bile esculin agar plates 

and incubated at 37 °C for 24 hours. Colony 

forming units (CFUs) were calculated per ml 

before and after treatment. 

Statistical analysis: 

All our data were presented as maximum, 

minimum, mean, and standard deviation. 

Data were represented in one table and two 

graphs. Statistical analysis was done with 

SPSS 16 ® (Statistical Package for 

Scientific Studies), Graph pad prism, and 

windows excel. 

Inspection of the study data was completed 

using Shapiro-Wilk test and Kolmogorov-

Smirnov test to check the normality, which 

revealed that the significant level (P-value) 

was insignificant as P-value > 0.05, which 

referred to the fact that the alternative 

hypothesis was unacceptable, and the 

concluded data was generated from non-

parametric data. Accordingly, comparing 

between two different intervals was done by 

using Wilcoxon Rank Sign, while 

comparing between four different groups 

was done by using Kruskal Wallis test. 

 

Results: 

1-Comparison between before and after 

treatment in all groups: 

There was a significant decrease in all 

groups as P<0.05 as the reduction 

percentage was 93.5% in CHX irrigant 

(group B), 90.26% in nanocurcumin irrigant 
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(group C), and 99.5% in nanocurcumin 

irrigant with a 980 nm diode laser (group 

D), except in the control group with saline 

irrigant (group A), where there was an 

insignificant decrease as the reduction 

percentage was 0.15%, as shown in table (1) 

and figures (2, 3). 

Table (1): Comparison between before and after treatment in all groups: 

  

Groups 

 

Interval  

 

N 

 

Min 

 

Max 

 

M 

 

SD 

% of 

reduction 

P-value 

Wilcoxon Rank 
Sign 

Group 

A 

Before 12.00 138.00 155.00 148.17 5.72 0.18% 0.89 

After 12.00 139.00 155.00 147.92 5.43 

Group 

B 

Before 12.00 139.00 155.00 147.92 4.87 93.5% 0.002* 

After 12.00 6.00 12.00 9.58 1.62 

Group  

C 

Before 12.00 138.00 154.00 148.08 5.43 90.26% 0.002* 

After 12.00 13.00 16.00 14.42 1.08 

Group 

D 

Before 12.00 139.00 166.00 150.83 8.92 99.5% 0.002* 

After 12.00 0.00 3.00 0.75 1.14 

Min: minimum                   Max: maximum  

M:mean                             SD: standard deviation        

*Significant difference as P<0.05.            ns: non-significant as P>0.05 

 

 

Figure (2): Agar plate cultured after irrigation with (A): saline (Group A), (B): 0.125% CHX (Group B), 

(C): nanocurcumin (Group C), and (D) nanocurcumin and diode laser (Group D). 
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Figure (3): bar chart showing percent of reduction in all groups. 

2-Comparison between different groups: 

In the before treatment groups, there was an insignificant difference between all groups as 

P=0.85, while after treatment groups, there was a significant difference as P=0.001, as control 

group with saline irrigant (group A) was significantly the highest (147.92 ± 5.43), followed by 

thegroup of CHX irrigant (group B) (9.58 ±1.62), and the group of nanocurcumin irrigant (group 

C) (14.42 ±1.08), with an insignificant difference between them, while the group nanocurcumin 

irrigant with 980 nm diode laser (group D) (0.75 ±1.14) was significantly the lowest, as shown in 

table (1) and figure(4). 

 

Figure (4): bar chart showing Comparison between different groups. 



                                                                                                                                      ACDJ 2023 Volume 2 | Issue 3 

70 
 

Discussion: 

The goal of chemical cleaning in endodontic 

treatment is to eradicate the microorganisms 

completely from the root canals, but there 

are some difficulties. These difficulties don’t 

lie only in finding an irrigant with superior 

antibacterial properties. But it also lies in the 

complexity of the root canals, in which 

microorganisms can persist and enter deeply 

into the dentinal tubules in areas where the 

irrigant can't reach them perfectly. 
(22) 

The aim of our study was to compare the 

antibacterial efficacy of 0.125% CHX and 

nanocurcumin when used alone and in 

combination with a 980 nm diode laser 

against Enterococcus faecalis biofilm. 

Group Awas designed to be a positive 

control group and irrigated with saline to 

assure that Enterococcus faecalis entered 

deeply into dentinal tubules, forming 

biofilm. Enterococcus faecalis was chosen 

as a tested microorganism in the study 

because it is the most commonly detected 

microorganism in cases with secondary 

infections and retreatments. 
(23) 

The results of this study stated that the 

reduction percentage of numbers of 

Enterococcus faecalis after treatment with 

0.125% CHX irrigant in group B was 93.5 

%. This may be attributed to the solitary 

characteristic of CHX irrigant, which is 

called substantivity. It means that it has the 

ability to adhere to root canal dentin, which 

leads to prolonged liberation of its efficacy. 

It is also abroad spectrum antibacterial 

agent. 
(19)

And this is related to its 

characteristic of being a cationic agent. This 

property enables it to bind to the anionic 

portion of the surface of the microorganisms 

(lipopolysaccharide in gram-negative 

bacteria and phosphate groups in gram-

positive bacteria), resulting in damage to the 

cytoplasmic membrane of the 

microorganisms. 
(24)

This result was in 

accordance with the results of Mathewet 

al.
(19)

, who proved that CHX irrigant has 

antibacterial efficacy against Enterococcus 

faecalis. Also with the results of Duanet 

al.
(25)

, Zhanget al.
(26)

, and Lvet al.
(27)

who 

stated that CHX has a strongly antibacterial 

effect against Enterococcus faecalis. 

Furthermore, with the results of Abdullahet 

al.
(28)

 who stated that CHX was effective 

even at low concentrations against root canal 

microorganisms. The result of this study was 

against the results of Vaziriet al.
(29)

 who 

stated that CHX irrigant was not efficient in 

killing Enterococcus faecalis. This may be 

attributed to the use of different 

concentration of CHX irrigant.  

While the reduction percentage of numbers 

of Enterococcus faecalis after treatment 
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with nanocurcumin irrigant in group C was 

90.26%. This may be attributed to the 

antibacterial efficacy of nanocurcumin 

against gram-negative and gram-positive 

species. 
(30)

 It also has an antibacterial effect 

against bacterial species that have antibiotic 

resistance and inhibit bacterial biofilm. 
(31)

 

Its mechanism of action was to destroy the 

cell membrane of the bacteria, prevent 

bacterial quorum sensing, and confuse 

cellular procedures by targeting bacterial 

DNA.
(32, 33)

This result was in accordance 

with the results of Shalan
(34)

, who proved 

that curcumin irrigant could eliminate 

Enterococcus faecalis biofilms. And with 

the results of Abdou and Mohamed 
(35)

 and 

Panwaret al. 
(36) 

who stated that 

nanocurcumin hasan antibacterial effect 

against Enterococcus faecalis. While our 

result was in disagreement with the results 

of Chaitanyaet al.
(37)

 who stated that 

turmeric extracts could not eliminate 

Enterococcus faecalis. This may be related 

to the use of a different formulation of 

curcumin because they did not use it as 

nanocurcumin. 

Furthermore, the reduction percentage of 

numbers of Enterococcus faecalis after 

treatment with 0.125% CHX irrigant in 

group B was higher than the group treated 

with nanocurcumin irrigant in group C. This 

result was in accordance with the results of 

Aboubakret al.
(38)

 who stated that CHX 

irrigant had more antibacterial efficacy than 

curcumin. 

The highest percentage reduction in 

numbers of Enterococcus faecalis was 

detected in group D treated with 

nanocurcumin and a 980 nm diode lasers, 

which was 99.5%. This may be related to the 

combination of the antibacterial efficacy of 

both nanocurcumin and diode laser. The 

bactericidal effect of diode laser was 

achieved through thermal photo disruptive 

activity. As it interacts with the 

hydroxyapatite and water contents of root 

dentin.
(39)

Also, it has the capability of 

removing dentin debris and the smear layer, 

which leads to easy accessibility to complex 

areas of root canals and hence increases its 

bactericidal effect. This result was in line 

with the results of Polenik
(40)

,who stated that 

the combination of curcumin nanoparticles 

and laser led to the elimination of 

endodontic microorganisms, especially in 

inaccessible areas. Also, these results were 

in line with those of Devarajet al.
(41)

, who 

concluded that the use of curcumin as a root 

canal irrigant with laser showed higher 

antibacterial efficacy against Enterococcus 

fecalis biofilm. 
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The limitation of our study was that it was 

an in vitro study; therefore, we recommend 

assessing this combination of laser and 

nonocurcumin irrigant in vivo and using 

long-dated clinical tests. 

 

Conclusion: 

The combination of nanocurcumin irrigant 

and a 980 nm diode laser is a promising 

modality in elimination of Enterococcus 

faecalis completely from the root canals. 

 

References: 

1-Wong J, Manoil D, Näsman P, Belibasakis 

GN, Neelakantan P. Microbiological 

Aspects of Root Canal Infections and 

Disinfection Strategies: An Update Review 

on the Current Knowledge and Challenges. 

Appl. Sci. 2022, 12(20), 10217; 

https://doi.org/10.3390/app122010217 

2-Vestby LK, Grønseth T, Simm R, Nesse 

LL. Bacterial biofilm and its role in the 

pathogenesis of disease. Antibiotics. 2020 

Feb3;9(2):59. 

3-Mensi M, Scotti E, Sordillo A, Agosti R, 

Calza S. Plaque disclosing agent as a guide 

for professional biofilm removal: a 

randomized controlled clinical trial. Int J 

Dent Hyg 2020;18(3):285-294.  

4-Sadek HS, Hassan MYM, Elshishtawy 

HMM.Antibacterial effect of cglorhexidine, 

nano-chitosan against enterococcus faecalis 

with and without using ultrasonic activation 

(An in vitro study). EDJ 2022; 68: 3915-

3923. 

5-González-Luna IVP, Martínez-Castañón 

GA, ZavalaAlonso NV, Patiño-Marin N, 

Niño-Martínez N, MoránMartínez J, et al. 

Bactericide effect of silver nanoparticles as a 

final irrigation agent in endodontics on 

Enterococcus faecalis: an ex vivo study. J 

Nanomaterials 2016;2016:e7597295. 

6-Shindy IM, Barakat IF, Elmansy TA, 

Tawfik AM.Effect of calcium hydroxide 

chlorhexidine mix on pulpectomized 

anterior primary teeth (clinical and 

radiographical study). AJDS 2020; 23: 55-

64. 

7-Drews D, Nguyen AD, Diederich A, 

Gernhardt CR. The interaction of two 

widely used endodontic irrigants, 

chlorhexidine and sodium hypochlorite, and 

its impact on the disinfection protocol 

during root canal treatment. Antibiotics 

2023,12,589. 

https://doi.org/10.3390/antibiotics12030589 

8-Amin AA, El Biomy SY, Barakat IF, 

Abdelrady BA.The antibacterial effect of 

three irrigant solutions in treatment of root 

canals of primary anterior teeth. AJDS 2019; 

22: 65-68. 



                                                                                                                                      ACDJ 2023 Volume 2 | Issue 3 

73 
 

9-Susan AC, Bharathraj AR, Praveen M, 

Kumar NSM, Karunakaran JV.Intraradicular 

smear removal efficacy of triphala as a final 

rinse solution in curved canals: A scanning 

electron microscope study. J Pharm Bioall 

Sci. 2019;11:420-428.  

10-Bonab SS,Samiei M, Moghanlou 

AS.Effects of IntracanalCurcumin and Aloe 

vera on pH Changes in Simulated Root 

Surface Resorption Defects: An In vitro 

Study. IEJ 2022;17(4): 172-178. 

11-Son HE, Kim EJ, Jang WG.Curcumin 

induces osteoblast differentiation through 

mild-endoplasmic reticulum stress-mediated 

such as BMP2 on osteoblast cells. Life 

Sciences. 2018;193:34-39.  

12-Bayda S, Adeel M, Tuccinardi T, 

Cordani M, Rizzolio F.The History of 

Nanoscience and Nanotechnology: From 

Chemical–Physical Applications to 

Nanomedicine. Molecules 2020, 25, 112; 

DOI:10.3390/molecules25010112 

13-Hettiarachchi SS, Dunuweera SP, 

Dunuweera AN, Rajapakse RMG.Synthesis 

of Curcumin Nanoparticles from Raw 

Turmeric Rhizome. ACS Omega 2021, 6, 

8246-8252. 

14-Karthikeyan A, Senthil N, Min T. 

Nanocurcumin: A Promising Candidate for 

Therapeutic Applications. Front. Pharmacol. 

2020,11:487.DOI:10.3389/fphar. 2020. 

00487 

15-Hongo T, Watanabe S, Yao K, Satake K, 

Okiji T. Evaluation of cleaning efficacy-

related properties of root canal irrigant 

activation using a computer-controlled hot 

tip powered with a diode laser. Asian Pac J 

Dent.2019; 19: 9-15. 

16-Abdelgawad LM, Asmail N, Latif SA, 

Safaan AM. Efficacy of diode laser and 

sonic agitation of Chlorhexidine and Silver-

nanoparticles in infected root canals. Braz 

Dent Sci. 2020; 23: 1-9. 

17-Shehab NF, Zakaria NA, Taha MY. 

Efficiency of diode laser as root canal 

disinfectant against Enterococcus faecalis: 

An in Vitro Study. Int J Sci Applied Res. 

2018; 42:15-23.  

18-Walia V, Goswami M, Mishra S, Walia 

N, Sahay D. Comparative Evaluation of the 

efficacy of chlorhexidine, sodium 

hypochlorite, the diode laser and saline in 

reducing the microbial count in primary 

teeth root canals- An in Vivo study. J Lasers 

Med Sci. 2019;10 (4):268-274.  

19-Mathew T, BM S, GV P, Jose J. 

Comparative evaluation of the antibacterial 

efficacy of chlorhexidine and 810 nm diode 

laser in the disinfection of root canals 

contaminated with Enterococcus faecalis: 

An in Vitro Study. Cureus. 2022;14:e28596.  



                                                                                                                                      ACDJ 2023 Volume 2 | Issue 3 

74 
 

20-Afkhami F, Karimi M, Bahador A, 

Ahmadi P, Pourhajibagher M, Chiniforush 

N.   Evaluation of antimicrobial 

photodynamic therapy with toluidine blue 

against Enterococcus faecalis: Laser vs 

LED. Photo diagnosis Photo dyn Ther. 

2020;2020: e102036.   

21-Giat L, Sinh DT, Toan TP. High 

concentration Nanacurcumin fabrication by 

wet milling method curcumin with 

glassball.Int J SciTechnol Res. 2014;3:345-

348. 

22-Sha AM, Garib BT. Antibacterial effect 

of curcumin against clinically isolated 

Porphyromonas gingivalis and connective 

tissue reactions to curcumin gel in the 

subcutaneous tissue of rats. BioMed Res. 

Int. 2019;2019:e6810936.  

23-Alghamdi F, Shakir M.The Influence of 

Enterococcus faecalis as a Dental Root 

Canal Pathogen on Endodontic Treatment: 

A Systematic Review. Cureus2020; 12(3): 

e7257. DOI 10.7759/cureus.7257 

24-Jaiswal N, Sinha DJ, Singh UP, Singh K, 

Jandial UA, Goel S. Evaluation of 

antibacterial efficacy of Chitosan, 

Chlorhexidine, Propolis and Sodium 

hypochlorite on Enterococcus faecalis 

biofilm: An in vitro study. J ClinExp Dent. 

2017; 9(9):1066-1074. 

25-Duan M, Sun Q, Fan W, Fan B.Enhanced 

antibacterial effect against Enterococcus 

faecalis by silver ions plus Triton X-100 

with low concentrations and cytotoxicity. 

Brazilian Journal of Microbiology 2022; 

53:161-169. 

26-Zhang R, Chen M, Lu Y, Guo X, Qiao F, 

Wu L. Antibacterial and residual 

antimicrobial activities against Enterococcus 

faecalis biofilm: A comparison between 

EDTA, chlorhexidine, cetrimide, MTAD 

and QMix. Sci. Rep. 2015, 5, 12944. DOI: 

10.1038/srep12944. 

27-Lv S, Fan W, Fan B. Enhanced in vitro 

antibacterial effect against Enterococcus 

faecalis by using both low-dose 

cetylpyridinium chloride and silver ions. 

BMC Oral Health 2023; 23:299 

https://doi.org/10.1186/s12903-023-02972-6 

28-Abdullah M, Ng YL, Gulabivala K, 

Moles DR, Spratt DA.Susceptibilities of two 

Enterococcus faecalis phenotypes to root 

canal medications. J Endod 2005;31(1):30-

36.  

29-Vaziri S, Kangarlou A, Shahbazi R, 

Nazari-Nasab A, Naseri M. Comparison of 

the bactericidal efficacy of photodynamic 

therapy, 2.5% sodium hypochlorite, and 2% 

chlorhexidine against Enterococcousfaecalis 

in root canals; an in vitro study. Dent Res J 

2012;9(5):613-618.  



                                                                                                                                      ACDJ 2023 Volume 2 | Issue 3 

75 
 

30-Baldi A, De Luca A, Maiorano P, 

D’angelo C, Giordano A, Luca AD, 

Maiorano P, Angelo CD, Giordano A. 

Curcumin as an Anticancer Agent in 

Malignant Mesothelioma: A Review. Int. J. 

Mol. Sci. 2020,21(5),1839.  

31-Praditya D, Kirchhoff L, Brüning J, 

Rachmawati H, Steinmann J, Steinmann E. 

Anti-infective properties of the golden spice 

curcumin. Front. Microbiol. 2019,10,912.  

32-Zheng D, Huang C, Huang H, Zhao Y, 

Khan MRU, Zhao H, Huang L. Antibacterial 

mechanism of curcumin: A review. Chem. 

Biodivers. 2020,17(8),2000171.  

33-Hussain Y, Alam W, Ullah H, Dacrema 

M, Daglia M, Khan H,Arciola 

CR.Antimicrobial Potential of Curcumin: 

Therapeutic Potential and Challenges to 

Clinical Applications. Antibiotics 2022, 11, 

322. 

https://doi.org/10.3390/antibiotics11030322 

34-Shalan HM.Evaluation of Antimicrobial 

Efficiency of Herbal Irrigants of 

Pulpectomized Primary Teeth.Mansoura 

Journal of Dentistry 2023; 10: 97-101. 

35-Abdou SA, Mohamed AI.Evaluation of 

antibacterial effect of silver nanoparticles 

paste with and without curcumin as intra 

canal medication.BNRC. 2022;46:36. 

36-Panwar D, Sidhu K, Bhushan J, Kakkar 

V, Mehta M, Sharma J. Evaluation of 

antimicrobial efficacy of nanocurcumin-

coated gutta-percha against Enterococcus 

faecalis: An in vitro study. J Conserv 

Dent. 2023;26(2):160-164. DOI 

:  10.4103/jcd.jcd_512_22 

37-Chaitanya BV, Somisetty KV, Diwan A, 

Pasha S, Shetty N, Reddy Y, Nadigar S. 

Comparison of Antibacterial Efficacy of 

Turmeric Extract, MorindaCitrifolia and 3% 

Sodium Hypochlorite on Enterococcus 

faecalis: An in-vitro Study. JCDR. 

2016;10(10):55-57.  

38-Aboubakr RM, Badaran AS, Elghazawy 

RK, El-Hady SA. Evaluation of 

Antibacterial Effect Against E. Feacalis and 

Smear Layer Removal Ability of Turmeric 

Extract Solution as a Root Canal Irrigant for 

Primary Anterior Teeth: An in-Vitro Study. 

2022;4:187-197.  

39-Dai S, Xiao G, Dong N, Liu F, He S, 

Guo Q.Bactericidal effect of a diode laser on 

Enterococcus faecalis in human primary 

teeth—an in vitro study. BMC Oral Health 

2018 18:154 https://doi.org/10.1186/s12903-

018-0611-6 

40-Polenik P. Curcumin nanoparticles and 

blue laser irradiation in photothermal in 

activation of selected oral pathogens in 

vitro.IJTAN. 2020;8:8-12. 

41-Devaraj S, Jagannathan N, Neelakantan 

P.Antibiofilm efficacy of photo activated 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10190088/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10190088/
https://doi.org/10.4103%2Fjcd.jcd_512_22


                                                                                                                                      ACDJ 2023 Volume 2 | Issue 3 

76 
 

curcumin, triple and double antibiotic paste, 

2% chlorhexidine and calcium hydroxide 

against Enterococcus fecalisin vitro. 

Scientific Reports. 2016; 6:24797. 

 

 

 

 


