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ABSTRACT 
 

 

Aim: 

 

Comparative evaluation of antimicrobial efficacy of N-acetyl cysteine with 

Photodynamic therapy and Diode laser on root canals infected with Enterococcus 

faecalis - an in vitro study 

Study design: 

 

Eighty-four single rooted human mandibular premolars were stored in 0.1% thymol 

solution till use after removing the organic debris. The crowns were sectioned at the 

cemento- enamel junction (CEJ) to obtain the root canal length of 14mm and were 

divided into 3 groups (n=28), according to the disinfection protocol used. Group 1- 

NAC; Group 2-NAC in combination with PDT; Group 3-NAC in combination with 

diode laser. Antimicrobial efficacy is determined by microbiological culture analysis 

(CFU/ml). The root canals were contaminated with E.faecalis biofilm, instrumented 

and then irrigated according to the experimental groups. Two samples were collected 

from the root canals before and after irrigation according to various experimental 

groups. These samples were plated in specific media cultures, to assess the presence 

or absence of microbial growth and determine the average reductions of viable 

microorganisms. 

Results: 

 

The mean reduction in CFU values post-treatment relative to pre-treatment was 0.85 ± 

 

0.29 in Group I. Group II showed a higher mean reduction of 1.53 ± 0.551. In contrast, 

Group III exhibited a mean reduction of 0.91 ± 0.121. 



  

A one-way ANOVA revealed statistically significant differences in CFU reduction 

among the three groups (F(2, 81) = 29.69, P < 0.0001). Tukey‘s post-hoc test indicated 

that Group II had a significantly greater CFU reduction than Group I (P < 0.0001), 

while Group I and Group III did not differ significantly (P = 0.8346). Additionally, 

Group II showed a significantly greater reduction than Group III (P < 0.0001). 

Conclusion: 

 

All three disinfection methods were effective for partial elimination of E. faecalis 

biofilm. But PAD was significantly more efficacious as compared to NAC and diode 

laser assisted irrigation 

Key words: Enterococcus faecalis, N-acetylcysteine, Photodynamic therapy, Diode 

laser, irrigation. 
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INTRODUCTION 

 

Endodontic treatment failure is thought to be primarily caused by persistence 

of bacteria within the intricate anatomical structure of root canal system. Bacterial 

presence and their metabolic by-products primarily drive pulpal and periapical 

diseases.
1
 Thus, primary goal of endodontic therapy is to comprehensively disinfect 

root canal system along with three-dimensional network of dentinal tubules.
2
 

Complex anatomy of root canal system, existence of smear layer on canal 

walls and in dentinal tubules, and development of germ biofilms at different depths of 

dentin, all result in inadequate cleaning of canal system.
3 

Studies show that 40% to 

60% of root canal surface remains polluted with bacteria or their by-products, even 

after traditional chemomechanical debridement (TCMD).
4
 

Enterococcus faecalis (E. faecalis) is robust microorganism usually found in 

both primary and chronic endodontic infections.
5
 It can persist and proliferate in 

managed root canals, withstanding extreme conditions such as low pH and high 

temperatures for extended periods of time.
6
 According to an in vitro study by Kishen 

et al., E. faecalis can initiate biofilm formation on dentinal surfaces, which over time 

may become calcified, forming a protective barrier resistant to antimicrobial agents.
7
 

Biofilms generally demonstrate much greater resistance to bactericidal agents 

than their planktonic forms.
8
 Streptococcus mutans is another microbial species 

occasionally found in endodontic infections.
9
 It works synergistically with other 

microbes, further enhancing biofilm formation. Diverse and dynamic nature of 

microbial communities within infected root canals and their biofilm-forming abilities 

necessitate effective irrigation strategies.
10
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Reports indicate that even most sophisticated instrumentation methods fail to 

treat over 35% of root canal surfaces, such as fins, lateral and accessory canals, cul- 

de-sacs, and isthmuses.
11 

Fortunately, irrigating solutions can access these complex 

areas, aiding in removing or reducing biofilms and enhancing the overall success rate 

of endodontic therapy.
12

An ideal irrigant should possess multiple desirable 

characteristics: strong antimicrobial activity, biocompatibility, and favorable physical 

characteristics. 
13

 

Sodium hypochlorite (NaOCl) is gold standard for root canal irrigation due to 

its strong antibacterial characteristics and capability to dissolve organic tissue, 

preventing bacterial adherence to dentinal walls.
14

 Chlorhexidine (CHX), commonly 

used at a 2% concentration, also exhibits antibacterial effects against Gram-positive & 

Gram-negative bacteria.
15

 Nevertheless, evidence indicates, neither 2% CHX nor 1%– 

3% NaOCl is entirely effective in eliminating biofilm-associated bacteria such as E. 

faecalis.
16

 Berber et al. observed that higher concentrations of NaOCl improved 

disinfection efficacy; however, such concentrations pose a significant risk of 

periapical tissue irritation.
17

 Additionally, biofilm-embedded bacteria demonstrate 

heightened resistance to antimicrobials like CHX, highlighting the need for alternative 

irrigants capable of disrupting biofilms while remaining biocompatible.
18

 

N-acetylcysteine (NAC), derivative of amino acid L-cysteine, is 

acknowledged antioxidant and mucolytic agent, proven effective against E. faecalis.
19

 

Many studies indicate that NAC can inhibit growth and biofilm formation of various 

microbes, including E. faecalis. Its mechanism involves disrupting polysaccharide 

synthesis, a critical biofilm matrix component, thus preventing bacterial adhesion to 

dentinal surfaces.
20

 By reducing bacterial exopolysaccharides, NAC interferes with 
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the ability of biofilms to trap and concentrate essential minerals and nutrients, leading 

to the destabilization of mature biofilms and reduced bacterial viability.
20

 

Notably, the antimicrobial effects of NAC are not significantly diminished by 

the buffering action of dentin, which can otherwise compromise the activity of NaOCl 

and CHX.
21 

Despite the effectiveness of chemical irrigants, their action is largely 

confined to the superficial dentin layers adjacent to the canal walls, with a maximum 

penetration depth of approximately 130 µm. In contrast, bacteria can infiltrate dentin 

up to depths of 1000 µm.
13

 To address this limitation and enhance the efficacy of root 

canal disinfection, adjunctive techniques such as laser irradiation and 

Photodynamically activated disinfection (PAD) have been proposed. 

Laser irradiation has been thoroughly researched as additional method for 

disinfecting root canals, either on its own or alongside TCMD.
22

 Various laser 

wavelengths, particularly diode and neodymium lasers, have significantly reduced 

intracanal bacterial load. Diode lasers, in particular, are favored for their compact 

design and cost-effectiveness.
9,
 

23
 One of key advantages of laser treatment is its 

ability to penetrate dentin adjacent to the canal, exerting antimicrobial effects through 

mechanisms such as light scattering, localized intensity enhancement, and 

attenuation.
24

 Absorbed laser energy is converted into thermal energy, inducing tissue 

alterations.
25

 The extent of laser energy absorption is influenced by its wavelength 

and the optical properties of the target tissue, including its pigmentation and water 

content.
26

 

Photodynamic therapy (PDT) is a promising supplementary method that 

utilizes a low-level laser alongside a photosensitizing agent to produce antimicrobial 

effects while avoiding cytotoxicity or thermal harm to dentin and nearby tissues.
26
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PDT operates on principle of activating photosensitizer molecules—whether sourced 

from within body or introduced externally—using visible light, mainly in red or near- 

infrared spectrum.
26

 This process generates reactive oxygen species (ROS), involving 

singlet oxygen, that interact with cellular targets, leading to damage and death of the 

cells.
27

 In recent years, the application of PDT has broadened significantly, offering a 

potential alternative for overcoming antibiotic resistance in endodontic infections.
28

 

Although NAC, diode lasers, and PDT individually demonstrate antimicrobial 

efficacy, combining them may provide synergistic benefits. However, research on 

such combinations is incomplete.
29

 This research seeks to assess and compare 

effectiveness of NAC combined with Diode laser (DL) therapy and PDT in targeting 

Enterococcus faecalis, which is most resistant and commonly found microorganism in 

infected dental pulp. The null hypothesis to be tested was that the groups had no 

difference in antibacterial efficacy. 
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AIMS AND OBJECTIVES 

 

AIM 

 

To evaluate and compare effectiveness of supplemental Photodynamic therapy and 

Diode laser irradiation with N-acetyl cysteine in optimising the removal of bacteria 

from root canals infected with Enterococcus faecalis. 

OBJECTIVES 

 

1. To evaluate the antibacterial effect of N-acetyl cysteine as root canal irrigant 

in canals infected with Enterococcus faecalis. 

2. To evaluate the antibacterial effect of Photodynamic Therapy (PDT) on canals 

infected with Enterococcus faecalis. 

3. To evaluate the antibacterial effect of Diode laser on canals infected with 

 

Enterococcus faecalis. 

 

4. To compare the effectiveness of Photodynamic therapy and Diode laser with 

N-acetyl cysteine in removing the bacteria from the root canals infected with 

Enterococcus faecalis. 

HYPOTHESIS 

 
NULL HYPOTHESIS: There will be no reduction in the microorganisms count 

when N-acetyl cysteine will be used in combination with PDT and Diode laser. 

ALTERNATIVE HYPOTHESIS: There will be reduction in the microorganism 

count when N-acetyl cysteine will be used in combination with PDT and Diode laser. 
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REVIEW OF LITERATURE 

 

1. Du et al. studied antibacterial properties of antimicrobial Photodynamic therapy 

(a-PDT) with 0.01% methylene blue (MB) against Enterococcus faecalis 

biofilms found in bovine and human dentin. a-PDT was compared with 5% 

NaOCl and saline across different exposure times (3,12, and 30minutes). 

Researchers employed LIVE/DEAD staining and confocal laser scanning 

microscopy (CLSM) for determining that both a-PDT and NaOCl notably 

enhanced bacterial death with extended exposure durations. However, most 

bacterial killing occurred within the first 3 minutes. NaOCl was more effective 

than a-PDT at all time points. Additionally, younger biofilms were more 

susceptible to disinfection methods than mature biofilms. No structural damage 

to dentin was observed with prolonged aPDT exposure. The results indicate that 

a-PDT using MB can significantly diminish E. faecalis biofilms, especially 

during their initial stages of formation.
30

 

2. In this study, Sardari et al. assessed how well a 980 nm diode laser, combined 

with 2% chlorhexidine (CHX) and 2.5% NaOCl, can eradicate Enterococcus 

faecalis from root canals. Results showed that DL significantly enhanced the 

antibacterial efficacy of CHX and NaOCl, with the combination treatments 

outperforming the irrigants alone.
31

 

3. The effects of three disinfection techniques on E. faecalis in single-root 

deciduous teeth were compared by Tehrani et al., using direct high-intensity 810 

nm diode laser, PDT with MB and diode laser, and 2.5% sodium hypochlorite. 

Colony counts (CFUs) following bacterial inoculation were measured after 

treatment. All treatments examined demonstrated antibacterial activity against 
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E. faecalis, with sodium hypochlorite emerging as most effective disinfection 

method, followed by PDT and high-intensity laser treatment.
32

 

4. Hoshyari et al. assessed antibacterial efficacy of triple antibiotic paste (TAP), 

DL irradiation at 970 nm and 445 nm, both alone and in combination with TAP, 

sodium hypochlorite, and 660 nm Photodynamic treatment using doxycycline as 

a photosensitizer on E. faecalis in this in vitro investigation. Although every 

evaluated approach demonstrated antibacterial activity, TAP—either by itself or 

in conjunction with diode lasers—was the most successful in eliminating germs. 

Diode lasers and PDT with doxycycline also demonstrated significant, but 

weaker, antibacterial effects.
33

 

5. In this study Wang et al, evaluated the effectiveness of three decontamination 

methods—CHX + Er: YAG laser, CHX + PDT, and CHX alone—on reducing 

biofilm vitality on titanium surfaces simulating dental implants. Using a custom 

mouth device worn by eight volunteers, biofilm was allowed to develop on 

titanium discs over 72 hours. Fluorescence microscopy and image analysis were 

used to quantify residual vital biofilm. Results showed that CHX combined with 

Er: YAG laser significantly reduced biofilm on titanium surfaces and appeared 

superior to both PDT and CHX
34

 

6. In this in vitro research, Yavagal et al. evaluated disinfection efficiency of 

saline, 2.5% NaOCl solution, and 5.25% NaOCl gel, comparing results both 

with and without DL activation, in root canals of primary teeth contaminated 

with E faecalis. Laser-activated irrigation with 5.25% NaOCl gel proved to be 

the most effective method for eliminating E. faecalis.
35
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7. Afrasiabi et al. assessed effectiveness of hydrogen peroxide (HP) as 

photosensitiser without irradiation and with 980 nm diode laser-based aPDT 

targeting Enterococcus faecalis in both its planktonic and biofilm states. The 

results showed HP could improve anti-biofilm efficacy as a photosensitizer in a- 

PDT
36

 

8. The in vitro research carried out by Haghighi et al. assessed antibacterial 

effectiveness of cold atmospheric plasma (CAP), Photodynamic therapy (PDT) , 

two distinct Diode laser, 2.5% sodium hypochlorite (NaOCl) and 

photosensitizers in disinfecting root canals of primary mandibular second 

molars infected with E. faecalis. Research revealed that greatest decrease in 

bacterial count occurred with 2.5% NaOCl, and that CAP was equally effective, 

indicating it as a valid alternative. However, the 940 nm DL showed the least 

effect
37

 

9. Goel et al. compared antimicrobial effectiveness of 0.2% chitosan, 3% NaOCl, 

and 2% CHX against E. faecalis, both alone and in conjunction with an 810-nm 

Diode laser. Teeth have been categorized into experimental groups according to 

irrigants used and further divided into subgroups based on application of laser. 

Results showed that chlorhexidine group exhibited the highest antimicrobial 

efficacy, followed by chitosan group II. Combining irrigants with DL enhanced 

disinfection compared to irrigants or laser alone.
38

 

10. In this invitro study by Sharma et al., antimicrobial effectiveness of 

photosensitized nanoparticles, DL, and various irrigation combination like - 

NaOCl alone, NaOCl with EndoActivator, NaOCl with 910 nm diode laser, and 

a group treated with silver nanoparticles (AgNPs), indocyanine green (ICG), 
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and 910 nm DL was evaluated against E. faecalis in root canals. Results showed 

that NaOCl + DL group demonstrated highest antimicrobial efficacy (99.93% 

reduction), followed by the NaOCl + EndoActivator group. Although the 

AgNPs/ICG/DL group showed promise, its results were not significantly 

superior to those of NaOCl alone.
39

 

11. Jambagi et al. compared antimicrobial effectiveness of DL irradiation, 

ultrasonic-activated irrigation, and traditional irrigation using 2.5% sodium 

hypochlorite in single-rooted canals. Microbial samples were collected before 

and after cleaning, shaping, and disinfection. DL disinfection demonstrated 

superior antimicrobial efficacy compared to ultrasonic and conventional 

irrigation methods.
40

 

12. Hasna et al. investigated the best ways to remove E. faecalis biofilm using CH, 

NAC, PDT, and their combination NAC + PDT. According to his findings, 

NAC, NAC+PDT, and calcium hydroxide (CH) significantly reduced bacterial 

counts compared to saline and PDT alone.Also, NAC alone showed strong 

antibacterial activity, comparable to CH, and did not require PDT to be 

effective.
41

 

13. Ghorbanzadeh et al. studied effectiveness of three disinfection methods - 

CCMD, CCMD + light-activated disinfection (LAD) using ICG and an 810 nm 

DL and CCMD + DL (810 nm, 2 W) alone against E. faecalis biofilms in root 

canals, focusing on both immature(4-day) and mature(4-week) biofilms. Results 

showed that none of methods eliminated biofilm. CCMD + LAD exhibited 

highest antibacterial activity, whereas CCMD + DL was least effective.
22
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14. Study by Torres et al. conducted in vitro, antibacterial effects of red laser 

therapy using various photosensitizers—MB and malachite green (MG)—were 

evaluated on monoradicular premolars contaminated with E. faecalis ATCC 

29212. It was concluded that the red laser combined with methylene blue 

demonstrated the highest antimicrobial potential against E. faecalis compared to 

malachite green.
42

 

15. Antimicrobial effectiveness of 5.25%NaOCl, 2%CHX, and 200mg/mL NAC 

was evaluated and compared against E. faecalis and Streptococcus mutans (S. 

mutans) by Bhasin et al. It was found that NAC demonstrated the greatest 

reduction in planktonic S. mutans counts, followed by NaOCl, CHX, and the 

control. NAC group exhibited lowest count of E. faecalis.
43

 

16. This study by Eslami et al. compared antimicrobial effects of calcium hydroxide 

(Ca(OH)₂), TAP, light-emitting diode (LED), toluidine blue (TOL), PDT, and 

940nm diode laser (DL) against E. faecalis and Candida albicans biofilms in ex- 

vivo human teeth root canals, using scanning electron microscopy (SEM). 

Research found that TAP, PDT, and LED were most effective methods for 

decreasing biofilm thickness, with TAP demonstrating greatest reduction.
44

 

17. Sarda et al. assessed the antimicrobial effectiveness of DL, PDT, NaOCl, and 

their combinations on E. faecalis and S. mutans. Combination of PAD and 3% 

NaOCl, utilizing laser with lower wavelength, proved to be especially effective. 

This implies that this combination could offer a better alternative for 

disinfection of root canals against both E. faecalis and S mutans.
29

 

18. This study by Singh et al. aimed to compare antimicrobial efficacy of 2%CHX 

and NAC as root canal irrigants against S. mutans and E. faecalis. The study 
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concluded that NAC is highly effective against endodontic pathogens and could 

be promising alternative irrigant in root canal treatment.
45

 

19. In this, in vivo study, Sonarkar et al. compared antibacterial efficacy of PAD, 

DL, 5% NaOCl, and normal saline in 32 patients and assessed it using microbial 

culturing techniques. The result showed statistically significant reduction of 

aerobic and anaerobic microorganisms with PAD and significant reductions 

with DL, 5% NaOCl.
46

 

20. Pourhajibagher et al. studied effectiveness of NaOCl, CHX, and a-PDT using 

curcumin (CUR) and ICG in eliminating E. faecalis. a-PDT demonstrated 

strong antibacterial and anti-biofilm activity, comparable to traditional irrigants, 

indicating its potential as an effective adjunctive strategy in endodontic 

disinfection.
47

 

21. This study assessed antibacterial effectiveness of several disinfection protocols: 

DL (810nm, 2W), LAD with ICG, 0.2% CHX, 0.2% CHX combined with LAD, 

and 0.2% CHX combined with DL, as reported by Ghorbanzadeh et al. It was 

observed that none of the methods eliminated biofilm bacteria. However, 

greatest reduction in biofilm was observed with CHX + LAD method, while DL 

alone showed least efficacy.
48

 

22. Ozkocak et al. assessed effectiveness of various root canal disinfection 

methods—including 2% chlorhexidine (CHX), 5% sodium hypochlorite 

(NaOCl), Diode and Er: YAG lasers, and ICG-DL mediated photodynamic 

therapy (PDT)—against E. faecalis infection. All tested methods significantly 

reduced bacterial counts. Among them, 2% CHX, 5% NaOCl, and PDT using 
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ICG with a DL were found to be equally effective and superior to diode and 

Er:YAG lasers alone.
49

 

23. In this study, Afkhami et al. evaluated disinfection efficiency of silver 

nanoparticles(AgNPs), 810-nm DL, conventional PDT utilizing ICG, and 

modified PDT that combines AgNPs with ICG and DL in their fight against E. 

faecalis in infected root canals. All treatment methods significantly reduced E. 

faecalis colony counts. The highest bacterial reduction (99.12%) was achieved 

with the modified PDT (AgNPs + ICG + diode laser).
50

 

24. Antibacterial efficacy of PDT and chitosan against E. faecalis was evaluated by 

Camacho-Alonso et al. in vitro using infected root canals of extracted human 

teeth. Bacterial load was assessed by culturing samples and analyzing CFU/mL, 

while SEM was used to evaluate contamination. The combination of PDT and 

chitosan resulted in the lowest bacterial count and contamination area, 

suggesting enhanced antibacterial effectiveness when used together.
51

 

25. In this study, Ridhalaksani et al. evaluated antibacterial potential of NAC at 

pH2.5 and pH11 against E. faecalis biofilms, compared to 2% CHX. NAC at pH 

11 showed greatest reduction in bacterial colonies, with statistically significant 

results compared to NAC pH2.5 and CHX. NAC pH2.5 also reduced bacterial 

counts, but not significantly.
52
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MATERIALS AND METHODS 

 

SOURCE OF DATA: 

 

Study was carried out at KLE VK Institute of Dental Sciences' Department of 

Conservative Dentistry and Endodontics, KAHER, Belagavi, while laboratory work 

was done at Dr. Prabhakar Kore's Basic Science Research Laboratory, also at 

KAHER, Belagavi. Extracted human mandibular premolar teeth have been obtained 

from the KLE Academy of Higher Education & Research's Department of Oral and 

Maxillofacial Surgery at KLE VK Institute of Dental Sciences in Belagavi. 

INCLUSION CRITERIA: 

 

 Extracted human single-rooted, single-canal teeth with patent canals 

 

 Teeth with apical width corresponding to #20 K-file or less 

 

 Teeth with straight canals 

 

EXCLUSION CRITERIA: 

 

 Teeth with radicular resorption, cracks or fracture line 

 

 Root canal treated teeth. 

 

 Teeth with calcified canals. 

 

 Teeth with root caries. 

 

 Teeth with multiple canals/Anatomic variation. 

 

MATERIALS USED FOR THE STUDY: 

 

 84 human mandibular premolar teeth that were removed with a single root 

 

 N-acetyl cysteine (Molychem), distilled water (NICE LIFE CARE) 

 

 0.85% saline solution, 3% sodium hypochlorite (NaOCl) (Vishal dental care) 
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 17% ethylene diamine tetraacetic acid (EDTA) (CANALARGE) 

 

 brain heart infusion agar plate 

 

 brain heart infusion broth 

 

 E. faecalis strain 

 

 Indocyanin Green 

 

ARMAMENTARIUM USED FOR THE STUDY: 

 

 Double sided Carborundum discs 

 

 Airotor handpiece (NSK) 

 

 K Files (10,15) (MANI) 

 

 ProTaper universal nickel-titanium files (Dentsply) 

 

 Endomotor (Orikam) 

 

 27 gauge syringe (Dispovan) 

 

 DL (Indilase) and Optic fibre tip (200µm) 

 

 Paper points (Diadent) 

 

 Eppendorf tubes 

 

 Micropipettes and tips 

 

 Laminar air flow 

 

METHODOLOGY: 

 

Eighty-four extracted human single-rooted, single canal mandibular premolar 

teeth have been chosen and sustained as per to ‗OSHA (Occupational Safety and 

Health Administration)‘ rules. Ultrasonic scaler has removed calculus and soft tissue 

debris. Until it was needed, 0.1 percent thymol was used as storage option. Every 

tooth was chosen based on inclusion and exclusion criteria after being radiographed 
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SAMPLE PREPARATION: 

 

Samples were decoronated using a carborundum disc to acquire standardized 

root length of 14mm, and their apex have been sealed with composite. The working 

length has been evaluated using 10 size k file until it is observed at apex and was 

determined by subtracting 1mm from it. Canals have been shaped to an F2 master 

apical file size using a Dentsply Protaper Universal file, accompanied by abundant 

irrigation with 3% NaOCl and 17%EDTA. Final irrigation has been done with 3ml of 

3%NaOCl for 3 minutes, followed by a final rinse with distilled water. All specimens 

were sterilized in autoclave (20 min at 121°C). Five teeth from sterilised specimens 

were placed in sterile BHI broth to serve as a negative control to check for the 

absence of contamination. The apex of all remaining specimens were sealed using 

composite. 

CONTAMINATION OF SPECIMENS: 

 

MTCC 439 strain of E. faecalis will be used in the experiment, isolated 

colonies of which will be suspended in the BHI broth solution and will be incubated 

for 24 hrs to adjust turbidity and MC farland unit of solution to 0.5(1× 108 

CFUmL−1). Each tooth sample has been placed in pre-sterilized microcentrifuge tube 

comprising 1mL of BHI broth. 50µL of inoculum containing E. faecalis has been 

transferred into each specimen. All procedures have been carried out under laminar 

flow. Purity of culture has been checked from subculturing 5µL of broth from 

incubated dentin specimens in BHI broth on BHI agar plates. Dentin specimens have 

been contaminated for 21 days at 37± 1ºC. 
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EXPERIMENTAL GROUPS: 

 
After 21 days, samples have been categorized into three experimental groups 

based on disinfection protocols utilized. 

GROUP 1: Disinfection of root canal with NAC 

 

GROUP 2: Disinfection of root canal with NAC and PAD 

GROUP 3: Disinfection of root canal with NAC and DL 

DISINFECTION PROTOCOLS: 

N-ACETYL CYSTEINE DISINFECTION 

 
200mg/ml of NAC solution was prepared by dissolving 0.2gm in 1ml sterile 

distilled water with pH adjusted at 11 as per Quah etal.
21

 All specimens of Group 1 

were treated with 5 ml of this solution followed by final flush with 4 ml of distilled 

water. 

N-ACETYL CYSTEINE (NAC) AND PHOTOACTIVATED DISINFECTION 

 

(PAD) 

 

Initially, Group 2 specimens were treated with NAC, then underwent photo- 

activated disinfection using 1mg/ml Indocyanin Green in canal for 5 minutes. 

Activation was performed using diode laser with wavelength of 810nm and output 

power 0.1W, employing an optical fiber with diameter of 200 µm for 60 seconds, with 

10-second interval after every 20 seconds. 
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N-ACETYL CYSTEINE (NAC) AND DIODE LASER DISINFECTION 

 

For group 3, initial disinfection with NAC followed by its activation with 810 

nm wavelength Diode laser set at 1.0 W was used. Optical fibre was positioned 1mm 

below apex and then recessed with helicoidal movements at approx 2mm/ sec² for five 

secs, repeated four times with intervals of 10 seconds in between. 

ANTIMICROBIAL ASSESSMENT: 

 

Samples were collected from each specimen both before and after disinfection 

by placing sterile 20-size paper points in root canal for 1min. Paper points were then 

shifted to Eppendorf tubes holding 10µl of saline. Using cell spreaders, samples were 

streaked on BHI agar media plate and incubated at 37
º
C for 72 hrs. 

After this colony forming units will be calculated by following formula- 

 

Colony forming unit/mL = number of colonies formed 
 

Volume plated (mL) × Total Dilution used(mL) 

Results obtained was then tabulated. 
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STATISTICAL ANALYSIS: 

 

Microsoft Excel 2021 was utilized to organize the data in a spreadsheet, and 

IBM SPSS Statistics for Windows, Version 27.0 (Armonk, NY: IBM Corp.), was 

used for statistical analysis. GraphPad Prism for Windows, Version 10.1.2 (GraphPad 

Software, La Jolla, California, USA), created graphs, box plots, and pie diagrams. 

Data have been transmuted to log10 scale to normalize data distribution and reduce 

variability, ensuring a more reliable comparison of CFU reductions across groups. 

Visual inspection of histograms and Shapiro-Wilk's test, box plots, and normal 

Q-Q plots demonstrated that gathered data followed normal distribution after log 

transformation. Descriptive statistics were used to report the quantitative variables in 

terms of the mean (central tendency) and standard deviations (SD) (measures of 

dispersion) along with the minimum and maximum values to report range. Parametric 

tests were carried out to analyze quantitative variables. Intra-group comparisons have 

been analysed using Paired t-test. Inter-group comparisons have been conducted with 

One-way analysis of variance (ANOVA) with post-hoc Tukey HSD test. P-value  ≤ 

0.05 has considered a level of significance. 
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Eighty-four extracted human single-rooted single canal mandibular premolar teeth 

have been chosen and maintained conferring to ‗OSHA guidelines‘ 

Calculus and soft tissue debris have been cleaned utilizing an Ultrasonic scaler 

Working length has been evaluated using size 10 k file until it is observed at apex 

and recorded by subtracting 1mm from working length. 

The apex of all the specimens were sealed with composite 

MTCC 439 strain of E.faecalis was used in the experiment, isolated colonies of 

which was suspended in BHI broth solution and incubated for 24 hrs to adjust 

turbidity at 0.5 Mcfarland unit. 

 

   FLOWCHART OF THE STUDY 

 

 

 

 

 

 
 

 

 

 
 

 
 

 
 

 

 

 

 

Samples were decoronated to standardized root length to14 mm. 

Instrumentation of root canal was completed to master apical file size of F2 by 

utilizing ProTaper universal, nickel-titanium rotary instruments under copious 

irrigation with 3%NaOCl and 17%EDTA 

Final irrigation was done with 3ml of 3%NaOCl for 3minutes, followed by final rinse 

with distilled water 
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Samples have been divided into 3 experimental groups according to disinfection 

protocol used. 

 

 

GROUP 1 

NAC (n =28 ) 

 

GROUP 2 

NAC+PDT 

(n=28) 

 

GROUP 3 

NAC+DIODE 

LASER (n = 28) 

 

DISINFECTION 

PROTOCOLS 

 

GROUP 1: N-ACETYL CYSTEINE DISINFECTION 

200mg/ml of NAC solution was prepared by dissolving 0.2 gm in 1ml of sterile 

distilled water with pH adjusted at 11.
21

 

 

 

 

 

 
 

 

   
 

 

 

 

 

Root canals of the tooth sample was then contaminated with bacterial suspension, 

followed by incubation at 37± 1ºC for 21 days. 
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5 ml of this solution was used for irrigating each sample with final flush with 4 ml of 

distilled water. 

GROUP 2: N-ACETYL CYSTEINE (NAC) AND PHOTODYNAMIC 

THERAPY (PDT) 

Source of irradiation has been Diode laser with an output power of 0.1W and 

wavelength of 810nm, delivering 6J of energy. Light activation was done by using 

optical fibre of diameter 200 µm for 60 sec with an interval of 10 sec after every 20 

secs. 

1mg/ml of Indocyanin Green was placed in the canal for 5 minutes. 

Diode laser with energy set at 1.0 W and central wavelength of 810 nm irradiation 

was used 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

Initial disinfection with NAC followed by Photoactivated disinfection was done. 

GROUP 3: N-ACETYL CYSTEINE (NAC) AND DIODE LASER 

DISINFECTION 

Initial disinfection with NAC followed by Diode laser disinfection was performed. 
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BACTERIOLOGICAL ANALYSIS 

For assessment of the microbial growth, sterile 20 size paper points was introduced 

in the root canal for 1min both before and after the disinfection protocols 

The paperpoints were transferred to the Eppendorf tubes containing I ml of sterile 

0.85% saline solution and will be vortexed for 1min 

Using cell spreaders, samples were streaked on BHI agar media plate and incubated 

at 37 ºC for 72 hrs. 

Colony-forming unit/mL =  number of colonies formed 

 

Volume plated (mL) × Total Dilution used (mL) 

 

The readings were then tabulated. 

 

 
 

 

 

 

 

 

 

 

The optical fibre was introduced 1mm short of the apex and was recessed in 

helicoidal movements at speed of around 2mm/sec
2
 for 5 sec for 4 times at interval of 

10 sec. 
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Fig 1: 84 extracted single rooted single canal Premolar teeth. 
 

 

Fig 2: Debris and calculus removed using Ultrasonic scaler 
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Fig 3: Materials used for the study 

 

 

Fig 4 : Armamentarium used for the study 
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Fig 5: Materials and armamentrium used for microbiological assessment 



Materials & Methods 

Page 26 

 

 

 

  

 

Fig 6: Armamentarium used for disinfection 
 

 

 

 

 

Fig 7: Decoronation of tooth sample 
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Fig 11: Inoculation of test samples with E faecalis for 3wk 
 

 

 

 

Fig 12: Plating of initial samples in culture plates 
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Fig 13: CFU to determine baseline samples 
 

 

 

 

 

 

 

Fig 14: Weighing of 

required amount of 

NAC powder for 

irrigant 

Fig 15: Magnetic Stirrer 

to get homogeneous NAC 

solution 

Fig 16: Prepared ICG 

&NAC solution for 

disinfection 
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Disinfection of tooth sample according to different protocols 

 

Fig 17: Irrigation of tooth sample with NAC 

 

 

Fig 18: Photoactivated disinfection with ICG 
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Fig 19: Laser activated irrigation with 810 nm diode laser 
 

 

 

 

 
Fig 20: CFU in group I (NAC) Fig 21: CFU in group II (NAC) Fig 22: CFU in group III (NAC) 
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RESULTS 

 

Table 1: Colony forming units (cfu) before and after treatment protocols 

 

SL 

No 

Group 1-NAC Group 2-NAC+PDT Group 3-NAC+PTT 

Initial 

CFU 

Final 

CFU 

Initial 

CFU 

Final 

CFU 

Initial 

CFU 

Final 

CFU 

1 432 103 452 6 715 86 

2 424 98 623 12 473 78 

3 610 89 501 54 610 120 

4 524 176 610 69 453 63 

5 542 96 534 43 501 79 

6 573 132 580 8 445 44 

7 410 146 421 2 672 67 

8 610 116 675 37 529 69 

9 524 88 390 41 387 76 

10 540 46 642 92 540 59 

11 575 78 533 7 620 34 

12 501 45 478 72 410 57 

13 642 50 705 34 524 57 

14 372 96 410 13 575 64 

15 454 76 590 18 501 69 

16 670 67 462 6 642 58 

17 529 96 602 5 454 52 

18 715 98 550 1 670 76 

19 453 46 372 1 529 71 

20 662 10 673 46 715 51 

21 387 112 529 10 453 62 
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22 445 79 487 11 662 77 

23 664 70 664 55 387 44 

24 473 100 425 60 445 65 

25 550 96 524 43 664 100 

26 672 32 580 10 550 66 

27 410 22 670 3 480 89 

28 620 88 432 35 690 75 

 

 

Table 2: Descriptive statistics and comparisons between pre-treatment and post- 

treatment Colony Forming Units values for Group I 

 

 

Time Points 

 

Mean±SD 

 

Range 
Mean 

Difference 

t value 
 

P value 
a
 

Pre-treatment(n=28) 2.72±0.0818 2.57-2.85 0.85 15.61 
 

 

<0.0001* 

Post-treatment(n=28) 1.87±0.26 1-1.25 

n:sample size per time point 

SD:Standard deviation 

a:analyzed by the Paired t-test 

*: statistically significant (P ≤0.05) 

 

The mean CFU value before treatment in Group I was 2.72 ± 0.0818, ranging from 

 

2.57 to 2.85. Following treatment, the mean CFU value significantly decreased to 

1.87±0.26, with values ranging from 1 to 1.25 (t=15.61,P < 0.0001). 
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Graph 1: Comparisons between pre-treatment and post-treatment Colony 

Forming Units values for Group I 

 

Table 3: Descriptive statistics and comparisons between pre-treatment and post- 

treatment Colony Forming Units values for Group II 

 

 

Time Points 

 

Mean±SD 

 

Range 
Mean 

Difference 

t value  

P value 
a
 

Pre-treatment(n=28) 2.73±0.0804 2.57-2.85 1.533 14.73 
 

 

<0.0001* 

Post-treatment(n=28) 1.19±0.565 0-1.96 

 

n:sample size per time point 

SD:Standard deviation 

a:analyzed by the Paired t-test 

*: statistically significant (P ≤0.05) 

 

The mean CFU value before treatment in Group II was 2.73 ± 0.0804, ranging from 

 

2.57 to 2.85. Following treatment, the mean CFU value significantly decreased to 

 

1.19 ± 0.565, with values ranging from 0 to 1.96 (t = 14.73, P < 0.0001). 
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Graph 2: Comparisons between pre-treatment and post-treatment Colony 

Forming Units values for Group II 

 

Table 4: Descriptive statistics and comparisons between pre-treatment and post- 

treatment Colony Forming Units values for Group III 

 

 

Time Points 

 

Mean±SD 

 

Range 
Mean 

Difference 

t value  

P value 
a
 

Pre-treatment(n=28) 2.73±0.0824 2.59-2.85 0.899 36.26 
 

 

<0.0001* 

Post-treatment(n=28) 1.84±0.138 1.53-2.27 

n:sample size per time point 

SD:Standard deviation 

a:analyzed by the Paired t-test 

*: statistically significant (P ≤0.05) 

 

The mean CFU value before treatment in Group III was 2.73 ± 0.0824, ranging from 

 
2.59 to 2.85. Following treatment, the mean CFU value significantly decreased to 

1.84±0.138, with values ranging from 1.53 to 2.27 (t =36.26, P < 0.0001 
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Graph 3: Comparisons between pre-treatment and post-treatment Colony 

Forming Units values for Group III 

 

Table 5: Descriptive statistics of the change in Colony Forming Units values 

post-treatment relative to pre-treatment for all the study groups 

 

Time Points Mean±SD Range 

Group I (n=28) 0.85±0.29 0.448-1.37 

Group II (n=28) 1.53±0.551 0.822-2.74 

Group III (n=28) 0.91±0.121 0.706-0.555 

n:sample size per time point 

SD:Standard deviation 

a:analyzed by the Paired t-test 

*: statistically significant (P ≤0.05) 



Results 

Page 37 

 

 

 

Table 6: ANOVA TABLE showing inter-group comparisons 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 7.960 2 3.980 
 

 

 

 

 

 

 

F (2, 81) = 29.69 

 

 

 

 

<0.0001* Residual (within columns) 10.86 81 0.1341 

Total 18.82 83 
 

F: statistic derived from repeated measures ANOVA test 

DF: Degrees of freedom 

n:numerator, d:denominator 

 

NS:not significant(P>0.05),*: Significant at P≤0.05 

 

Table 7: Post-hoc pairwise comparisons between the Study groups 

 

Tukey's multiple comparisons test Mean Diff. Adjusted P value
a
 

Group I vs. Group II -0.6793 <0.0001 

Group I vs. Group III -0.05612 0.8346NS 

Group II vs. Group III 0.6231 <0.0001 

 

a:Adjusted for alpha error for pairwise comparisons by Tukey HSD test 

NS:not significant(P>0.05),*: Significant at P≤0.05 
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Graph 4: Comparison for the change in Colony Forming Units values post- 

treatment relative to pre-treatment for all the study groups 

 

 

 

The mean reduction in CFU values post-treatment relative to pre-treatment was 0.85 ± 

 
0.29 in Group I, ranging from 0.448 to 1.37. Group II showed a higher mean 

reduction of 1.53 ± 0.551, with values ranging from 0.822 to 2.74. In contrast, Group 

III exhibited a mean reduction of 0.91 ± 0.121, ranging from 0.706 to 0.555. 

One-way ANOVA revealed statistically significant differences in CFU reduction 

among three groups (F(2, 81) = 29.69, P < 0.0001). 

Tukey‘s post-hoc test indicated that Group II had significantly greater CFU reduction 

than Group I (P<0.0001), while Group I and Group III did not differ significantly (P = 

0.8346). Additionally, Group II showed significantly greater reduction than Group III 

(P < 0.0001). 
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DISCUSSION 

 

Successful endodontic treatment centers on eliminating microbial infection 

within root canal system—or at the very least, reducing the microbial load below a 

level that permits healing of periapical tissues and prevents reinfection.
53

 Traditional 

chemo-mechanical methods, which combine mechanical enlargement of canal space 

with syringe-based irrigation using antimicrobial and chelating agents, have 

consistently fallen short of achieving this goal.
7
 

Two primary challenges contribute to this shortfall. The first is complex 

micro-anatomy of root canal system.
54

 Conventional techniques focus on the main 

canals, leaving insufficiently cleaned secondary structures, such as apical deltas, fins, 

cul-de-sacs, lateral canals, and isthmuses.
55

 Second challenge lies in the nature of 

established infections. Microorganisms within infected root canals are often organized 

as resilient biofilms, rather than existing solely as free-floating (planktonic) cells.
56

 

This biofilm organization, with its inherent structural defenses, renders it particularly 

difficult to eradicate within such a complex anatomy. 

E. faecalis is usually an isolated microorganism in infected root canals, 

detected in 90 percent of secondary and persistent infections, though it‘s notably less 

common in primary infections.
57

 This stark difference underscores its significant role 

in treatment failures, as E. faecalis demonstrates notable resistance to intracanal 

medications and can survive independently in harsh conditions while forming 

biofilms. Streptococcus mutans may also be present in these infections.
8
 

Given microbial communities diversity and ability to form biofilms, irrigating 

solutions and intracanal medications must possess strong antimicrobial and anti- 

inflammatory properties.
13
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With a trend toward single-sitting root canal treatments for greater patient and 

practitioner convenience, reliance on effective irrigants for disinfection has become 

increasingly critical. NaOCl and CHX are most frequently employed antimicrobial 

agents for treatment of root canal infection
.
 However, studies have shown that 

biofilm-associated bacteria, including E. faecalis, are not completely eradicated by 

2% CHX or NaOCl concentrations ranging from 1% to 3%.
58

 

Clegg et al. claims that high concentrations like 6% NaOCl solution can 

render bacteria nonviable and remove biofilm
59

 but such high concentrations are 

highly irritating to periapical tissues and can cause dentin deproteination, collagen 

breakdown, and loss in dentin flexural strength.
21

 Moreover, oral bacterial biofilms 

also show an increased resistance to antimicrobial agents like chlorhexidine.
59

 

This scenario necessitates alternative irrigants that combine potent 

antimicrobial activity with the ability to disrupt biofilms while maintaining 

biocompatibility.
60

 N-acetyl cysteine (NAC) has been shown to effectively combat 

both biofilm and planktonic forms of E. faecalis at pH 11.
21

 It's a thiol-containing 

compound known for its antioxidant and mucolytic properties, along with its 

antibacterial capabilities.
61

 

Its biofilm-disrupting activity is attributed to its interference with the synthesis 

of extracellular polymeric substances (EPS), where thiol group disrupts disulfide 

bonds in bacterial proteins, causing irreversible damage to bacterial growth.
21

 NAC's 

robust antioxidant properties further contribute to its anti-inflammatory actions, 

including preventing the development and release of several pro-inflammatory 

cytokines.
62

 Research conducted by Biswas and de Faria indicates that oxidative 

stress triggers inflammation, and by scavenging reactive oxygen and nitrogen species 
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through its free thiol group, NAC prevents inflammatory cascades that can cause 

permanent cellular damage.
63

 

SEM studies show that bacteria can invade dentinal tubules as deep as 

1000µm, exceeding penetration depth of conventional irrigants, which usually reach 

only 60–150 µm.
13

 This limitation has spurred the exploration of advanced methods 

such as high-power lasers and Photodynamic therapy (PDT) to enhance the 

penetration, distribution, and cleaning action of irrigants. 
64

 

Photodynamic therapy, also known as photo-activated disinfection (PAD), 

operates on the principle that a non-toxic photosensitizer, when excited by light, 

produces highly ROS from the surrounding oxygen.
65

 These ROS, which include 

oxygen ions and radicals, interact with and instantly destroy microorganisms.
66

 

Wainwright et al have witnessed that effectiveness of PDT hinges on the interaction 

among the light, the photosensitizer, and oxygen.
67

 

Over recent years, various photosensitizers have been applied in endodontics, 

including hematoporphyrin derivatives, phenothiazines, cyanines, etc. Phenothiazines 

such as MB and TOL, along with cyanines, are most widely studied for biofilm 

inactivation.
20

 Recently, ICG has garnered attention as new photosensitizer as it 

doesn‘t discolor the tooth.
68

As an anionic photosensitizer, ICG primarily operates via 

photothermal effects rather than photochemical ones, with an absorption peak at 810 

nm.
69

 Lasers are the most commonly used light sources in clinical PDT, though LEDs 

and halogen lamps are also employed; however, according to Boucher et al, lasers are 

favored for their superior penetration depth and efficacy. Hence, ICG is activated with 

810nm lasers.
70
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PDT's applications have expanded in recent years, providing a viable 

substitute for combating antibiotic-resistant bacteria. Because singlet oxygen and free 

radicals produced by PDT interact with various cellular structures and metabolic 

pathways, resistance to PDT is improbable.
71

 

Moreover, photosensitizers directly impact extracellular molecules. 
72

 

Concerning the disruption of oral biofilm Singlet oxygen is highly reactive, allowing 

it to damage polysaccharides in the biofilm's extracellular matrix—a dual action 

absent in antibiotics.
73

 

Laser-activated irrigation, also known as Photothermal therapy, has similarly 

attracted attention due to its robust bactericidal properties, economic viability, and 

enhanced penetration into dentinal tubules.
74

 Research has shown that various laser 

wavelengths, particularly those from diode and neodymium lasers, effectively reduce 

intracanal bacterial counts.
75

 

The mechanism behind laser-induced bacterial killing involves thermal 

heating that elevates temperatures beyond lethal thresholds, both externally and 

within the bacteria.
76

 However, due to differences in cell wall structure, Nussbaum et 

al., found that gram-positive bacteria often require several cycles of laser irradiation 

for effective eradication, whereas Gram-negative bacteria are more susceptible and 

are eliminated more quickly.
77

 

Among various laser options, Diode lasers are particularly favored due to their 

compact design, cost-effectiveness, and thin optical fibers flexibility, enabling better 

access to narrow root canals. This is because diode lasers exhibit minimal affinity for 

water and hydroxyapatite in hard dental tissues, allowing them to penetrate deeply 

into dentinal tubules and target bacterial pigments effectively. This results in a strong 
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bactericidal effect within the deeper layers of dentin.
78

 These lasers operate in the red 

and infrared spectrum, with wavelengths of 810 nm, 940 nm, and 980 nm commonly 

used. 

However, according to a study by Lapari et al., the 980 nm DL has a 

comparatively higher water absorption coefficient; this characteristic limits its 

penetration into dentinal tubules.
79

 

In contrast, the 810 nm DL demonstrates deeper penetration and more 

substantial antibacterial effects. Moreover, according to Beer-Lambert law, since 

there is an inverse relationship between laser wavelength and energy, 810 nm 

wavelength tends to cause more thermal damage. It is considered more effective and 

safer in endodontic disinfection.
80

 These advancements in lasers and photosensitisers, 

along with their progressive applications and economic benefits, represent a 

promising approach for disinfecting previously unreachable areas within the root 

canal system. 

While NAC, Diode lasers, and PDT have each demonstrated individual 

antimicrobial efficacy, no study has compared the antibacterial effectiveness of PDT 

and Diode lasers in conjunction with N-acetylcysteine. This research sought to 

evaluate and compare combined effects of 3 disinfection methods on E. faecalis: 

using N-acetyl cysteine irrigation, Photodynamic therapy combining 810nm laser with 

ICG, and Photothermal therapy using 810nm DL. 

Using sample size estimation method described by Sarda et al., we chose 84 

human permanent mandibular premolars extracted for orthodontic purposes, adhering 

to specified inclusion and exclusion criteria.
29

 These teeth have been stored in 0.1% 

Thymol solution, chosen for its antifungal properties, until needed.
81

 Samples were 
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decoronated using carborundum disc to standardize root length at 14mm, and their 

apices were sealed with composite. Working length has been determined using size 

10K-file, inserted until visible at apex, and recorded after subtracting 1mm. 

Root canal preparation was performed using Dentsply ProTaper Universal 

files, reaching an F2 master apical file size, with ample irrigation using 3% NaOCl 

and 17% EDTA. All specimens were sterilized in autoclave at 121°C to eliminate any 

pre-existing contamination for 20 minutes.
29

 

Following this, 50µL of E. faecalis (MTCC 439 strain) was inoculated into 

each tooth sample in Eppendorf tubes, then incubated at 37±1°C for 21days to 

promote development of robust biofilm. This study examined the susceptibility of 

21day-old E. faecalis biofilms to NAC and different activation methods, given the 

growing awareness of biofilms in endodontic infections and E. faecalis's capacity to 

colonize dentinal walls and root canal surfaces, as noted by Distel et al.
82

 Culture- 

based CFU counting method assessed the effectiveness of different treatment 

protocols and reduction in viable E. faecalis capable of forming colonies.
78

 

Specimens were divided into 3 experimental groups based on different disinfection 

protocols. 

Group 1: Root canal disinfection using NAC 

 

Group 2: Root canal disinfection using NAC and PAD. 

 

Group 3: Root canal disinfection using NAC and a Diode laser. 
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Initial bacterial samples were collected from each tooth before treatment by 

inserting sterile size 20 paper points into root canal for 1min, and transferring them to 

Eppendorf tubes containing 10µl of saline. BHI agar plates were inoculated with 

samples using cell spreaders and incubated at 37°C for 72h, followed by counting 

bacterial colonies. 

NAC irrigating solution was prepared following method described by Quah et 

al., by dissolving 0.2g of NAC in 1ml of distilled water to achieve a concentration of 

200mg/ml at pH 11, as NAC exhibits optimal bactericidal activity at this pH.
21

 

Additionally, research conducted by Ridhalaksani et al. demonstrated that NAC at 

pH11 was more effective than NAC at pH2.5 and 2%CHX.
83

 Based on these findings, 

all samples in Group 1 were treated with 5 ml of this NAC solution, followed by final 

flush with 4ml of distilled water. 

Group 2 and 3 specimens underwent additional treatment with photodynamic 

therapy (PDT) using 1 mg/ml of ICG and activation of NAC with an 810nm 

wavelength DL, respectively, as outlined in the methodology. 

Standardization in laser-based disinfection studies is often complicated by 

variations in key parameters such as energy fluence, power density, and emission 

duration.⁷⁸ To enhance consistency and reproducibility, the present study utilized a 

200-µm optic fiber for both photodynamic therapy (PDT) and diode laser activation. 

The use of a standardized fiber diameter ensures uniform energy delivery within the 

canal and allows for better control over light distribution, particularly in narrow and 

curved root canals.
84
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After the disinfection procedure, a final sample was collected from each 

specimen as previously described, and we calculated Colony-forming units using 

provided formula. 

Colony-forming unit/mL = number of colonies formed 
 

Volume plated (mL) × Total Dilution used(mL) 

 

According to the results of present study, all tested methods—NAC, PDT with 

ICG, and 810nm diode laser activation— revealed statistically significant differences 

in CFU reduction. However, compared to other methods and as a complement to 

conventional irrigation in the final stage, Photodynamic therapy using ICG dye in 

Group II has shown more significant reduction than Groups I & III. Additionally, 

Group I & III did not differ significantly. This finding aligns with results of other 

studies, confirming effectiveness of Photoactivated disinfection. 

The superior effect of PDT with ICG in Group II can be attributed to its use of 

a photosensitizer that binds to bacterial surfaces and, upon activation, generates ROS 

such as free radicals and singlet oxygen.
85

 These ROS effectively eliminate bacteria 

without causing thermal damage to surrounding tissues, unlike the Diode laser, which 

primarily relies on heat and limited fluid agitation to disrupt biofilms. Furthermore, 

PDT targets gram positive and gram negative germs, like antibiotic-resistant strains, 

because of its non-specific oxidative damage mechanism. This makes PDT 

particularly advantageous in complex anatomical areas, as ROS can diffuse into 

deeper regions.
86

The ICG dye used in this study also added to the notable advantage 

of PAD due to its dual role in increasing temperature and exhibiting antibacterial 

properties within biofilms. 
87
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The suboptimal performance observed in Group III, where 810 nm Diode laser 

was combined with NAC, may be attributed to the laser‘s temperature-dependent 

photothermal mechanism, which could be less effective against the heat-resistant 

nature of E. faecalis, known for its robust cell wall structure.
78

 

Furthermore, the reduced efficacy may also be attributed to the differing 

interactions between lasers and various irrigants. Unlike sodium hypochlorite 

(NaOCl), which exhibits enhanced activity upon heat activation, NAC may undergo 

thermal degradation when exposed to laser-induced heat without a corresponding 

increase in its bactericidal properties. Studies indicate that NAC is susceptible to 

photodecomposition when exposed to high-energy laser irradiation, potentially 

reducing its biofilm-disrupting capability. For instance, Primas et al. reported a 24% 

reduction in NAC content after exposure to 80 °C for 3 hours and a 3% decrease 

under prolonged light exposure.
88

 

In the present study, Group 1 showed less effective outcomes compared to 

Photodynamic therapy (PDT) of Group-III likely due to the specific mechanism of 

action of N-acetylcysteine (NAC). Although NAC is known for its biofilm-disrupting 

properties, it primarily acts by breaking disulfide bonds within the extracellular 

matrix, rather than directly killing bacteria or producing reactive oxygen species 

(ROS). As a result, its ability to eliminate free-floating (planktonic) bacteria or those 

deeply embedded within biofilms may be compromised, contributing to its reduced 

antibacterial efficacy observed in this study.
89

 

Another factor contributing to its reduced effectiveness may be the limited 

penetration of irrigant into canal system. This limitation is due to highest irrigant flow 

being concentrated around the needle tip, with minimal distribution beyond this 
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point.
78

 Additionally, dead-water zones or apical vapor lock (air bubble formation in 

the apical region), along with the narrowing of dentinal tubules toward the apex, 

restrict the irrigant‘s diffusion.
90

 

The findings of this study are consistent with those reported by Ghorbanzadeh 

et al.⁴⁸, Afkhami et al.⁵⁰, Sonarkar et al.⁴⁶, Katalinić et al.⁹, and Asnaashari et al.⁷⁵. 

Ghorbanzadeh et al. observed that all three disinfection techniques—conventional 

chemomechanical debridement (CCMD), laser-activated disinfection (LAD), and 810 

nm diode laser irradiation—were effective in eliminating E. faecalis biofilms. They 

found that combining CCMD with LAD significantly reduced both mature and 

immature biofilms; however, the addition of laser irradiation did not result in a 

statistically significant improvement in bacterial reduction when used alongside 

CCMD alone.⁴⁸ 

Similarly, Afkhami et al. reported the highest bacterial reduction (99.12%) 

using a combination of silver nanoparticles (AgNPs) and indocyanine green (ICG) 

activated with an 810 nm Diode laser. Notably, both their study and the current one 

used ICG at a concentration of 1 mg/mL with a 5-minute incubation period, although 

their laser parameters differed—300 mW and 200 mW, respectively.⁵⁰ 

In contrast, a study by Grącka-Mańkowska et al. compared Diode lasers at 

1500 mW and 3000 mW (in both continuous and pulsed modes) with photoactivated 

disinfection using toluidine blue and 5.25% sodium hypochlorite. They found that 

both diode laser settings resulted in a significant reduction in E. faecalis cell counts, 

whereas the group treated with photoactivated disinfection showed a considerably 

lower bacterial reduction. This enhanced efficacy of diode lasers was attributed to the 

repeated application of laser pulses, which likely intensified the bactericidal effect.
90
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Its also important to note that the discrepancies in findings among different 

studies may stem from variations in laser parameters and the use of bare-end fiber 

tips. Radial firing tips have been recommended to improve light distribution and 

ensure uniform coverage of root canal walls.
91

 

Research indicates that temperature inside canal may rise by upto 45 °C 

during laser treatment.
91

In addition to its effectiveness, numerous studies have examined 

the safety of PDT. Kashef et al. found that PDT with MB, TBO, or ICG does not 

significantly harm human fibroblasts.
92

 George and Kishen also reported that PDT 

exhibits significantly lower cytotoxicity than conventional antimicrobial rinses. In an 

in vitro study, E. faecalis was eradicated more rapidly than normal fibroblasts, with 

PDT resulting in 97.7% decrease in bacteria while affecting only 30% of fibroblasts.
93

 

Regarding concerns about heat generation during laser application, 

Photoactivated disinfection (PAD) is considered a safer alternative. Dickers et al. 

found that PAD led to minimal temperature increase of 0.16 ± 0.08°C on external root 

surface 
94

while Radaelli et al. recorded a maximum temperature change of 7.45°C 

following an application of an 830-nm Diode laser. 
95

One method to reduce heat 

accumulation is the oscillatory technique with relaxation time created by Gutknecht et 

al. To provide tissues time to adjust to temperature fluctuations, this approach entails 

removing fiber from canal in a helicoidal motion at a speed of 2 mm/s.
96

 

Based on finding of this study and existing literature, PDT emerges as safe 

and effective clinical disinfection method. It can potentially reduce bacterial load in a 

single visit, minimizing the number of treatment sessions, particularly in retreatment 

cases where microbial resistance is a concern.
97
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One strength of this study was its examination of interventions on a well- 

developed biofilm model. 
98

 

However, a limitation was that only a single bacterial species was tested, 

which does not fully replicate clinical conditions. 
99

 Another strength was the 

consideration of CFU differences at baseline, preventing over- or underestimating 

intervention effectiveness. A notable limitation was using paper points for bacterial 

collection, which may have restricted bacterial recovery from dentin compared to the 

scraping method using a file. 
100

 

Following standard canal preparation, disinfection via N-acetyl cysteine, PDT, 

or 810nm diode laser activation significantly reduced CFU/ml counts, with PDT 

demonstrating the greatest bacterial reduction. This reinforces the notion that 

conventional irrigation alone is insufficient for eliminating persistent bacteria 

associated with reinfection and treatment failure, highlighting the need for adjunctive 

therapy. 

However, no statistically significant difference was identified between N- 

acetylcysteine irrigation and laser activation. Given PDT‘s advantages—such as its 

non-antibiotic approach and minimal side effects on dental and periodontal tissues- it 

presents a promising treatment option. Further ex vivo and in vivo studies comparing 

different photosensitizers and laser parameters are recommended to optimize use of 

NIR diode lasers and ICG in endodontic disinfection strategies. 
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CONCLUSION 

 

Considering limitations of current research, it has been concluded that all 3 

Groups – 

1. N-acetyl cysteine, Photodynamic therapy, and Diode laser activation- 

effectively reduced bacterial counts. 

2. Photodynamic treatment significantly reduced the CFU compared to the N- 

acetyl cysteine and Diode laser groups. 

3. However, efficacy of N-acetyl cysteine showed no significant difference when 

activated by an 810nm Diode laser. 
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SUMMARY 

 

Microorganisms are primary etiological agents of pulpal and periapical 

diseases. Effective endodontic treatment depends on the chemo-mechanical removal 

of these microorganisms, which can be found as deep as 1100 μm inside the dentinal 

tubules. Mechanical methods alone cannot adequately clean complex root canal 

system, highlighting importance of irrigants and activation devices. The most widely 

utilized irrigants are NaOCl and CHX, which possess potent antibacterial and tissue- 

dissolving properties. However, the cytotoxicity of NaOCl and the increasing 

resistance to CHX necessitate the investigation of alternative irrigants. 

One such alternative is NAC, a mucolytic agent with antioxidant properties. 

NAC has demonstrated superior efficacy in biofilm elimination compared to CHX 

and NaOCl and exhibits strong antibacterial properties. Additionally, it is 

biocompatible, anti-inflammatory, and non-toxic, making it a promising choice for 

endodontic irrigation.However, due to the limited penetration of irrigants, various 

techniques have been explored to enhance their effectiveness, including diode lasers 

and photodynamic therapy (PDT). 

The antibacterial effect of Diode lasers is primarily photothermal (PT) in 

nature, which is based on a temperature rise. Microbial harm results from energy 

being transferred both directly to pigmented bacteria and indirectly to transparent 

bacteria through surrounding microenvironment. On other hand, PDT produces little 

to no heating and mostly has an indirect effect. PDT needs a photoactivated dye. 

After applying, microorganisms absorb the dye. Dye becomes activated upon 

exposure to laser light and produces ROS within the cells. These highly reactive 

compounds interfere with cellular metabolism, leading to bacterial death. 
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This study used ICG dye, which has an absorption peak at 810 nm and 

exhibits both photothermal and photochemical actions without causing tooth 

discoloration. Due to the inverse relationship between laser wavelength and energy, 

the 810 nm Diode laser used in this study offers additional advantages, including 

deeper penetration and stronger antibacterial effects. 

Although various studies have investigated PDT, Diode lasers, and NAC 

individually, none have compared all three. This study assesses the impact of PDT 

and diode lasers when used alongside NAC. 

The study occurred at Department of Conservative Dentistry and Endodontics 

and Basic Science Research Centre within Viswanath Katti Institute of Dental 

Sciences, KAHER, in Belagavi. Total of 84 human single-rooted mandibular 

premolars have been chosen according to defined inclusion and exclusion criteria. 

Calculus and soft debris have been removed from teeth, which were then preserved in 

a 0.1% thymol solution until required. 

To achieve standardization, samples were decoronated, and working length 

was decided using size 10 K file. Canals have been treated using mechanical 

instruments, with ProTaper Universal instruments up to size F2, and were thoroughly 

irrigated with 3%NaOCl and 17%EDTA. A final rinse has been performed using 3% 

NaOCl for three minutes, preceded by distilled water. 

All tooth samples were then exposed to a suspension of the MTCC 439 strain 

of E. faecalis and incubated at 37±1ºC for 21days to allow for mature biofilm 

development. Initial colony-forming units (CFUs) were assessed, after which samples 

were divided into 3 groups based on disinfection protocols used: 
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Group 1: Samples were irrigated with 5ml of NAC (pH adjusted to 11), followed by a 

final flush with distilled water. 

Group 2: After initial NAC disinfection, 1 mg/ml of ICG was introduced into the 

canal for 5 minutes and then activated utilizing an 810 nm wavelength, 0.1 W Diode 

laser for 60 seconds. 

Group 3: NAC was activated with 810nm Diode laser at 1W for 20seconds. 

 

Following disinfection, we assessed final CFU counts and conducted statistical 

analysis utilizing one way ANOVA, followed by Tukey HSD test. Findings indicated 

that all tested disinfection methods—NAC, PDT with ICG, and 810nm Diode laser 

activation—significantly reduced bacterial CFUs. Among these, PDT using ICG as an 

adjunct was most effective, showing significantly greater bacterial reduction than 

NAC and Diode laser groups, which did not differ significantly. 

High effectiveness of PDT is due to photosensitizer that attaches to bacterial 

surfaces. When activated, it produces ROS that can reach intricate anatomical areas, 

effectively destroying gram-positive and gram-negative bacteria, including those that 

are resistant to antibiotics. In contrast, combining NAC with Diode laser was less 

effective, likely due to the photothermal mechanism, which may have limit due to the 

heat resistance of E. faecalis. Moreover, NAC may degrade under laser-induced heat, 

thereby reducing its biofilm-disrupting efficacy. 

Although NAC is known for its ability to disrupt biofilms by cleaving 

disulfide bonds, it lacks direct bactericidal activity and does not generate ROS. Its 

penetration into root canal system is limited by factors such as apical canal 

morphology, vapor lock, and the presence of dead-water zones, which further restrict 
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its antibacterial potential. As a result, null hypothesis is rejected, which states that 

there would be no reduction in microbial counts when NAC is combined with PDT or 

Diode laser. 
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