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Abstract
Background
Endodontic therapy requires effective disinfection of dentinal tubules to prevent treatment failure.
Enterococcus faecalis (E. faecalis)  is a resilient pathogen that penetrates dentin and resists conventional
irrigants. Sodium hypochlorite (NaOCl) is widely used but has limited penetration into the tubules. Diode
lasers offer deeper antimicrobial action, yet evidence at 980 nm remains limited.

Aim
To compare the antimicrobial effect of 980 nm diode laser and NaOCl on E. faecalis in infected root canals of
permanent teeth in vitro.

Materials and methods
Fifty-five extracted permanent mandibular single-rooted premolars were standardized, sterilized,
instrumented, and inoculated with E. faecalis. After 14 days of incubation, specimens were randomly
allocated into five groups (n=11): Group A: NaOCl, Group B: saline, Group C: diode laser, Group D: diode
laser with NaOCl, Group E: NaOCl with diode laser. Residual NaOCl was neutralized with 5% sodium
thiosulfate. Post-treatment E. faecalis counts were recorded in each group and compared. Viable bacterial
counts were determined by colony-forming units (CFU) analysis and expressed as log₁₀ CFU/mL. Data were
analyzed using SPSS (IBM Corp., Armonk, USA). One-way analysis of variance (ANOVA) followed by Tukey's
honestly significant difference (HSD) post hoc test was used to evaluate the statistical differences among the
five groups.

Result
Bacterial counts differed significantly among the five groups (p<0.001). Relative to saline, NaOCl alone
lowered the mean count by 20.8% (p<0.001), whereas diode laser alone did not differ significantly from saline
(4.5% reduction). Both combination protocols demonstrated significantly lower post-treatment counts than
either treatment alone, with diode laser followed by NaOCl achieving the lowest count (50.5% lower than
saline) and differing significantly from the reverse sequence (28.5% lower than saline; p<0.001).

Conclusion
Within the limitations of this in vitro study, in which pre-treatment bacterial counts were not recorded,
combining NaOCl with 980-nm diode laser irradiation resulted in lower post-treatment E. faecalis counts
than either agent alone. Diode laser followed by NaOCl gave the lowest counts and differed significantly
from the reverse sequence.
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Introduction
Endodontic therapy is fundamentally directed toward achieving three‑dimensional disinfection of the
dentinal tubule walls and the root canal system. Bacterial invasion of the deeper dentin layers through
necrotic pulp tissue is a principal cause of periapical inflammation [1].

Among the implicated microorganisms, Enterococcus faecalis (E. faecalis ), a Gram-positive, facultatively
anaerobic coccus, demonstrates remarkable adaptability to the harsh conditions of instrumented and
medicated root canals. It exhibits resistance to mechanical instrumentation and to irrigation with
antimicrobial agents, while its ability to colonize root canals, penetrate dentinal tubules, and persist despite
conventional therapy has established it as a model pathogen for in vitro investigations [2].
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Diode lasers are increasingly employed in endodontics for their capacity to disinfect major and accessory
canals and to aid in smear layer removal [3]. Four diode laser wavelengths are commonly used: 810, 830, 940,
and 980 nm. Their antimicrobial efficacy is attributed to thermal effects, with irradiation raising the
temperature by approximately 7-10°C above baseline within the canal system [4].

However, evidence regarding the antimicrobial effectiveness of the 980‑nm diode laser against E. faecalis
remains limited. Thus, the present study aims to evaluate and compare the antimicrobial efficacy of a 980
nm diode laser, 3% sodium hypochlorite (NaOCl), and their sequential combinations against E. faecalis in
infected root canals. The null hypothesis tested was that there is no significant difference in post‑treatment
E. faecalis counts among diode laser, NaOCl, or their sequential combinations, regardless of the order of
application.

Materials And Methods
The present study was conducted in the Department of Conservative Dentistry and Endodontics of Mahatma
Gandhi Postgraduate Institute of Dental Science, Puducherry, in collaboration with the Pondicherry Center
for Biological Science Educational Trust (Reg. No. 34-2025 and File No. 417/MGPGIDS/IEC/2025/MDS).

Sample size calculation
The sample size was determined based on the expected difference in antimicrobial efficacy among the five
experimental groups. Considering the five-group parallel experimental design and the primary outcome of
bacterial reduction expressed as log₁₀ colony-forming units (CFU)/mL, an effect-size approach for
comparison of multiple independent groups was used. With an assumed large effect size (f = 0.40), a
significance level (α) of 0.05, and a statistical power of 80%, the minimum required sample size was
estimated to be approximately 45 specimens, corresponding to nine specimens per group. To compensate for
possible specimen loss during tooth preparation, sterilization, bacterial inoculation, incubation, laser
irradiation, or microbiological sampling, an additional 20% was added. Therefore, the final sample size was
determined as 55 teeth, with 11 specimens allocated to each of the five experimental groups.

Inclusion criteria
The study included permanent mandibular single‑rooted premolars with fully formed roots and intact root
structures. Only teeth with straight or minimally curved canals were selected, ensuring standardization of
canal morphology. Eligible teeth were free from caries or restorations in the root portion and had not
undergone any previous endodontic treatment. Specimens were obtained from extractions performed for
orthodontic or periodontal reasons, thereby minimizing pathological bias.

Exclusion criteria
Teeth with complex anatomy, such as multi‑rooted teeth or those with more than one canal, were excluded.
Specimens showing calcification, obliteration, root resorption, cracks, fractures, or extraction‑related
damage were also omitted. Immature teeth with open apices, previously restored or root‑filled teeth, and
those with severe curvature or anatomical anomalies were excluded to avoid variability in canal preparation
and microbial colonization.

Procedure
The study included fifty-five extracted permanent mandibular single-rooted premolars with fully formed
roots. Specimens were rinsed thoroughly with distilled water and temporarily stored in physiological saline
at 4°C. The external root surfaces were coated with a self-etching adhesive (3M Dental Products, USA) to
prevent microbial contamination. Crowns were decoronated using a water-cooled diamond disc, and roots
were standardized to 15 mm in length. After preparation, the apical foramina of all canals were sealed with
glass ionomer cement (GC Corporation, Fuji, Japan). Working length was established using a size 10 K-file
and standardized to 14 mm, 1 mm short of the apical foramen. Specimens were individually placed in sterile
containers and autoclaved at 121°C and 15 psi for 20 minutes. Standardized access cavities were prepared
using a sterile high-speed diamond bur under water cooling. Canals were prepared using the crown-down
technique to size 35 K-file at the established working length, with sterile saline used for irrigation
throughout instrumentation.

A pure colony of E. faecalis [microbial type culture collection and gene bank (MTCC) 2729] was cultured in
nutrient broth for 24 hours at 37°C. The bacterial suspension was adjusted to 0.5 McFarland (~1 × 10⁸
CFU/mL) using sterile 0.85% saline. The standardized suspension was introduced into the prepared canals
using insulin syringes, and the specimens were individually placed in sterile 2-mL centrifuge tubes and
incubated for 14 days at 37°C.

Following specimen preparation and E. faecalis inoculation, the 55 specimens were randomly allocated in
equal proportions to five experimental groups (n = 11 per group) using a computer-generated randomization
sequence. Group A: NaOCl; Group B: saline; Group C: diode laser; Group D: diode laser followed by NaOCl;
Group E: NaOCl followed by diode laser.

 

2026 Bagade et al. Cureus 18(10): e117528. DOI 10.7759/cureus.117528 2 of 7

javascript:void(0)
javascript:void(0)


Group allocation was performed by an investigator who was not involved in the microbiological assessment.
The microbiological assessor was blinded to the group allocation during sample processing, CFU
enumeration, and recording of the results. Specimens were identified using coded labels to maintain
blinding throughout the assessment.

Diode laser irradiation
A 980-nm diode laser, Clean Cut model DEN10B (Confident Dental Equipments, New Delhi, India), with a
maximum output of 10 W, was operated at 1.5 W in pulsed mode (20 ms pulse duration, 30 Hz) using a 200-
µm bare optical fiber. The fiber was positioned 1 mm short of the working length and maintained centrally
within the canal without intentional wall contact. Before irradiation, the canal lumen was dried with sterile
paper points; thus, irradiation was performed under dry-canal conditions, although complete desiccation of
dentinal tubules was not assumed. The fiber was moved from the apical to the coronal direction at
approximately 2 mm/s using controlled oscillatory motion. Four cycles of 5 s irradiation followed by 10 s
cooling were performed, resulting in 20 s of cumulative irradiation and 30 J total energy delivered per
specimen.

External root-surface temperature was continuously monitored using a calibrated thermocouple positioned
at the middle third of the root. Temperature was recorded before, during, and after irradiation, and a
maximum temperature rise of 7°C above baseline was predefined as the thermal-safety limit.

NaOCl irrigation
The canals were irrigated with 3% NaOCl using a sterile 5-mL syringe fitted with a 27-gauge side-vented
needle for 60 s. The needle was positioned consistently within the canal without binding to the canal walls.
At the completion of the 60 s NaOCl irrigation, negative-pressure suction was applied for 1 minute to
remove the residual irrigant from the canal. The suction tip was positioned at a standardized location
relative to the working length, and the same suction duration and protocol were applied to all specimens in
the negative-pressure group.

Following completion of treatment, NaOCl-containing groups (Groups A, D, and E) were neutralized with
sterile 5% sodium thiosulfate solution to inactivate residual NaOCl and prevent continued antimicrobial
activity during microbiological sampling. The neutralizing solution was removed by aspiration followed by
sterile saline flushing.

For microbiological assessment, a sterile paper point was placed within the canal and transferred into a
sterile 2-mL centrifuge tube containing 1 mL sterile phosphate buffered saline (PBS). The tube was
vigorously vortexed, and 0.1 mL of the resulting suspension was plated for CFU determination. The
recovered viable bacterial counts were recorded and subjected to statistical analysis.

Statistical analysis
Data were analyzed using SPSS Statistics, Version 30.0 (IBM Corp., Armonk, USA). Bacterial counts were
analyzed as CFU/mL and after log₁₀ transformation (log₁₀ CFU/mL) and are presented as mean ± standard
deviation (SD) and median (IQR). Normality of the data within each group was assessed using the Shapiro-
Wilk test. Differences among the five groups were assessed using one-way analysis of variance (ANOVA),
followed by Tukey’s honestly significant difference (HSD_ post hoc test for pairwise comparisons. The
percentage reduction relative to the saline control was calculated as (1 − mean of treatment ÷ mean of saline)
× 100, and the log₁₀ reduction as the difference between the mean log₁₀ CFU/mL of saline and of the
treatment group. A p-value of less than 0.05 was regarded as statistically significant.

Results
Bacterial counts differed significantly among the five groups for both CFU/mL (p<0.001) (Table 1) and log₁₀
CFU/mL (p<0.001) (Table 2).

 

2026 Bagade et al. Cureus 18(10): e117528. DOI 10.7759/cureus.117528 3 of 7

javascript:void(0)
javascript:void(0)


Group Mean ± SD Median (IQR) p value Reduction vs saline (%)

NaOCl 32582 ± 2,582 32800 (30400 – 35200)

<0.001*

20.8

Saline (control) 41118 ± 2,382 41600 (39200 – 43200) –

Diode laser 39273 ± 3,229 39200 (36800 – 41600) 4.5

Diode laser + NaOCl 20364 ± 1,614 20800 (19200 – 21600) 50.5

NaOCl + diode laser 29400 ± 3,024 29600 (27200 – 32000) 28.5

TABLE 1: Descriptive statistics of E. faecalis counts (CFU/mL) among different treatment groups
*p<0.05 statistically significant; SD; standard deviation; IQR: interquartile range; NaOCl: sodium hypochlorite; E. faecalis: Enterococcus faecalis.

Group Mean ± SD Median (IQR) p value Log₁₀ reduction vs saline

NaOCl 4.514 ± 0.037 4.520 (4.480 – 4.550)

<0.001*

0.100

Saline (control) 4.614 ± 0.026 4.620 (4.590 – 4.640) –

Diode laser 4.594 ± 0.035 4.590 (4.570 – 4.620) 0.020

Diode laser + NaOCl 4.306 ± 0.035 4.320 (4.280 – 4.330) 0.307

NaOCl + diode laser 4.467 ± 0.047 4.470 (4.430 – 4.510) 0.146

TABLE 2: Descriptive statistics of E. faecalis counts (log₁₀ CFU/mL) among different treatment
groups
*p<0.05 statistically significant; SD; standard deviation; IQR: interquartile range; NaOCl: sodium hypochlorite; E. faecalis: Enterococcus faecalis.

Saline exhibited the highest mean colony count (41,118 ± 2,382 CFU/mL; 4.614 ± 0.026 log₁₀ CFU/mL),
confirming its role as a negative control. Relative to saline, NaOCl alone reduced the mean count by 20.8%
(0.100 log₁₀), whereas diode laser alone produced only a 4.5% (0.020 log₁₀) reduction. The combined
regimens achieved further suppression, with diode laser followed by NaOCl yielding the lowest colony count
(20,364 ± 1,614 CFU/mL; 4.306 ± 0.035 log₁₀ CFU/mL; 50.5% reduction, 0.307 log₁₀), and NaOCl followed by
diode laser showing higher values (29,400 ± 3,024 CFU/mL; 4.467 ± 0.047 log₁₀ CFU/mL; 28.5% reduction,
0.146 log₁₀).

One-way ANOVA showed that bacterial counts across the treatment groups differed significantly
(p<0.001). Tukey post hoc analysis revealed that NaOCl alone produced significantly lower counts than
saline (mean difference −0.100 log₁₀, p<0.001) and diode laser alone (p<0.001), whereas diode laser alone did
not differ significantly from saline (p=0.702). Both combination protocols demonstrated significantly lower
counts than NaOCl alone (diode laser followed by NaOCl, p<0.001; NaOCl followed by diode laser, p=0.035),
diode laser alone (both p<0.001) and saline (both p<0.001). Notably, diode laser followed by NaOCl had
significantly lower counts than the reverse sequence (mean difference −0.161 log₁₀, p<0.001) (Table 3).
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Comparison Mean difference p value 95% CI

NaOCl vs Saline −0.1000* < .001 −0.1441 to −0.0559

NaOCl vs Diode laser −0.0800* < .001 −0.1241 to −0.0359

NaOCl vs Diode laser + NaOCl 0.2073* < .001 0.1632 to 0.2513

NaOCl vs NaOCl + diode laser 0.0464* .035 0.0023 to 0.0904

Saline vs Diode laser 0.0200 .702 −0.0241 to 0.0641

Saline vs Diode laser + NaOCl 0.3073* < .001 0.2632 to 0.3513

Saline vs NaOCl + diode laser 0.1464* < .001 0.1023 to 0.1904

Diode laser vs Diode laser + NaOCl 0.2873* < .001 0.2432 to 0.3313

Diode laser vs NaOCl + diode laser 0.1264* < .001 0.0823 to 0.1704

Diode laser + NaOCl vs NaOCl + diode laser −0.1609* < .001 −0.2050 to −0.1169

TABLE 3: Tukey HSD post hoc analysis of log₁₀ CFU/mL between groups
*p<0.05 statistically significant; CI: confidence interval; NaOCl: sodium hypochlorite; HSD: honestly significant difference; CFU: colony-forming units.

Discussion
The morphology of root canals and dentinal tubules is an important consideration in the treatment of
endodontic failure in permanent teeth. Thus, the elimination of microbial toxins and debris from the root
canal is essential for the success of root canal therapy. During root canal preparation, a portion of the outer
layer of the infected dentinal walls can be removed using a chemomechanical technique. The aim of the
present study was to evaluate and compare the antimicrobial efficacy of a 980 nm diode laser, 3% NaOCl,
and their sequential combinations against E. faecalis in infected root canals.

In the present study, both combination protocols lowered post-treatment E. faecalis counts significantly
more than either agent used alone, and diode laser followed by NaOCl gave significantly lower counts than
the reverse sequence. The count with NaOCl alone was significantly lower than with saline (20.8% lower),
whereas the 980-nm diode laser alone did not differ significantly from saline. 

The treatment sequence may influence antibacterial outcomes because photothermal and chemical
mechanisms may interact synergistically or antagonistically. Application of the diode laser prior to NaOCl
irrigation could disrupt bacterial biofilms and dentinal structures, thereby enhancing penetration of the
irrigant. Conversely, initial NaOCl irrigation may alter tissue properties or reduce laser absorption,
potentially diminishing the photothermal effect. Evaluating both sequences provides insight into whether
treatment order contributes to improved disinfection efficacy. The finding that diode laser followed by
NaOCl gave lower counts than the reverse sequence is consistent with the first of these possibilities,
although the mechanism was not examined directly in this study.

According to a study by Manikandan et al., E. faecalis produces biofilm at different pH values (7.3-12.3), and
this biofilm is more susceptible to the antimicrobial effects of NaOCl than chlorhexidine [5]. Various new
needle equipment and needle tip designs are becoming available to address irrigation problems in various
ways, since the mode of delivery determines the efficacy and safety of irrigation. Studies indicate that diode
lasers exhibit antimicrobial effects during root canal disinfection, and lasers have recently shown
considerable potential in endodontics. According to Moritz et al., the root canal walls may be disinfected
with an 890-nm diode laser [6]. However, in the present study, the 980 nm diode laser used alone did not
differ significantly from saline, whereas its combination with 3% NaOCl was associated with the lowest CFU
counts (50.5% lower than saline)

The diode laser was preferred in the present study due to its antimicrobial properties and low cost. Moritz et
al. discovered a response between the ions generated by the diode laser and chemicals on the cell wall, which
they attributed to the antibacterial mechanism [6]. The bacterial cell membrane was ruptured by this action,
thereby damaging the cell wall protein molecules. Furthermore, the laser's primary antimicrobial effect is
thermal, increasing the temperature in root canals via radiation, which disrupts bacterial cell membranes [7].
Moogi et al. stated that photoactivated disinfection with a diode laser was more effective at reducing or
eliminating the bacterial load from the canals than NaOCl irrigation alone [8]. The 980-nm diode laser and
1064-nm Nd:YAG laser are expected to share similar mechanisms of action, as both operate in the near-
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infrared region of the electromagnetic spectrum. Mineral content of dentin, such as carbonate and
phosphate, absorbs energy in these wavelength ranges, causing crystalline organisation and melting [9].

Laser energy can travel through dentinal tubules, scatter, and diffuse due to the low absorption coefficients
of water and hydroxyapatite. Diode and Nd:YAG lasers are two types of laser systems with wavelengths
between 980 and 1064 nm, which are near the infrared portion of the electromagnetic spectrum [10-13].

Findings of the current investigations are consistent with those of Mithra et al., Preethee et al., and Castelo-
Baz. et al., who found that the diode laser, when combined with traditional chemomechanical methods,
significantly reduced the number of E. faecalis in the root canals [14-16]. Diode laser irradiation penetrates
up to 1,000 μm into dentinal tubules, compared with chemical disinfection, which penetrates only up to 300
μm, explaining its greater antimicrobial action [17,18].

Irrigant penetration has been found to be limited as the diameter of deeper dentinal tubules shrinks
progressively. Because laser irradiation has built-in light scattering, local intensity augmentation, and
attenuation capabilities, it can penetrate deeper into the dentinal tubules, increasing its antimicrobial
activity [6]. Dai et al.'s study states that laser beams and NaOCl must be used together to completely clean
the root canal [19].

Prasada et.al. found that diode laser-activated NaOCl is much more effective than ultrasonically and diode-
activated chlorhexidine (CHX) and chitosan. CHX activated with ultrasonics is significantly more effective
than chitosan activated with the diode laser [20]. Because diode lasers can eliminate root canal bacteria and
the smear layer, they have improved the success rate of endodontic therapy. This clearly shows the
advantages of laser treatments over currently used conventional irrigation methods and techniques [21]. 

One of the study's major limitations was that the study was conducted in a lab rather than a clinical
environment. In addition, biofilm in clinical conditions is multidimensional, consisting of several species of
microorganisms, while in our study, it was recognised as a single species containing E. faecalis. Furthermore,
it is advised that future research examine the antimicrobial efficacy of laser beams in root canals using
clinical investigations and adjustments to laser irradiation methods. Paper-point sampling was used to
quantify viable intraluminal bacteria by CFU assessment; however, it may not detect microorganisms
persisting within deeper dentinal tubules. Therefore, reductions in CFU counts should be interpreted as
reductions in cultivable intraluminal bacteria rather than complete bacterial elimination. Also, baseline
bacterial count was not recorded from individual specimens prior to treatment. As a result, the study cannot
confirm within‑specimen bacterial reduction and instead reports differences in post‑treatment CFU counts
across groups. This limits interpretation of the findings to between‑group comparisons rather than absolute
bacterial reduction.

Conclusions
Within the limitations of this in vitro study, specimens treated with a 980-nm diode laser combined with 3%
NaOCl had significantly lower post-treatment E. faecalis counts than those treated with either agent alone.
Laser irradiation followed by NaOCl gave the lowest count and differed significantly from the reverse
sequence. Further standardized studies recording baseline counts and using mature multispecies biofilms
and clinical models are needed to confirm these findings.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Prashikkumar Bagade Jr., Bikash Jyoti Borthakur, Ganesan S, Swathika B

Acquisition, analysis, or interpretation of data:  Prashikkumar Bagade Jr., Bikash Jyoti Borthakur,
Ganesan S, Swathika B

Drafting of the manuscript:  Prashikkumar Bagade Jr., Bikash Jyoti Borthakur, Ganesan S, Swathika B

Critical review of the manuscript for important intellectual content:  Prashikkumar Bagade Jr., Bikash
Jyoti Borthakur, Ganesan S, Swathika B

Supervision:  Prashikkumar Bagade Jr., Bikash Jyoti Borthakur, Ganesan S, Swathika B

Disclosures
Human subjects: Informed consent for treatment and open access publication was obtained or waived by all

 

2026 Bagade et al. Cureus 18(10): e117528. DOI 10.7759/cureus.117528 6 of 7

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


participants in this study. Mahatma Gandhi Postgraduate Institute of Dental Science, Puducherry issued
approval 417/MGPGIDS/IEC/2025/MDS. The research proposal has been reviewed and is hereby approved.
The study meets the required ethical, methodological, and scientific standards, and authorization is granted
to proceed as outlined in the submitted protocol. Animal subjects: All authors have confirmed that this
study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Gliga A, Săndulescu M, Amza O, Stănescu R, Imre M: Dental pathologies of endodontic origin and

subsequent bacterial involvement - a literature review. Germs. 2023, 13:373-80. 10.18683/germs.2023.1407
2. Hargreaves KM, Cohen S: Cohen's pathways of the pulp . Hargreaves KM, Cohen S (ed): Elsevier, Amsterdam,

Netherlands; 2010.
3. Kaiwar A, Usha HL, Meena N, Ashwini P, Murthy CS: The efficiency of root canal disinfection using a diode

laser: in vitro study. Indian J Dent Res. 2013, 24:14-8. 10.4103/0970-9290.114916
4. Dawasaz AA: In vivo efficacy of diode laser as a monotherapy in root canal disinfection: a systematic review

and meta-analysis. Photobiomodul Photomed Laser Surg. 2022, 40:59-70. 10.1089/photob.2021.0073
5. Manikandan R, Hegde MN, Shey N, Geethashri: A comparative evaluation of biofilm formation ability of E.

faecalis in alkaline conditions and its susceptibility to endodontic irrigant regimens - an in vitro
microbiological study. J Dent Med Sci. 2013, 4:49-52. 10.9790/0853-0424952

6. Moritz A: Oral laser application. Moritz A, Schoop U (ed): Quintessence Publishing, Berlin, Germany; 2006.
7. Abdollahi AA, Seyyedi SA, Lotfollahi L, Javan NY: Antibacterial effect of 940 nm diode laser on Enterococcus

faecalis-infected root canals. Dent Res J (Isfahan). 2024, 21:62. 10.4103/drj.drj_260_24
8. Balakrishna N, Moogi P, Kumar GV, Prashanth BR, Shetty NK, Rao KR: Effect of conventional irrigation and

photoactivated disinfection on Enterococcus faecalis in root canals: an in vitro study. J Conserv Dent. 2017,
20:125-8. 10.4103/0972-0707.212244

9. Gutknecht N, Franzen R, Schippers M, Lampert F: Bactericidal effect of a 980-nm diode laser in the root
canal wall dentin of bovine teeth. J Clin Laser Med Surg. 2004, 22:9-13. 10.1089/104454704773660912

10. Alfredo E, Souza-Gabriel AE, Silva SR, Sousa-Neto MD, Brugnera-Junior A, Silva-Sousa YT: Morphological
alterations of radicular dentine pretreated with different irrigating solutions and irradiated with 980-nm
diode laser. Microsc Res Tech. 2009, 72:22-7. 10.1002/jemt.20638

11. Schoop U, Kluger W, Dervisbegovic S, et al.: Innovative wavelengths in endodontic treatment . Lasers Surg
Med. 2006, 38:624-30. 10.1002/lsm.20331

12. Alfredo E, Silva SR, Ozório JE, Sousa-Neto MD, Brugnera-Júnior A, Silva-Sousa YT: Bond strength of AH plus
and epiphany sealers on root dentine irradiated with 980 nm diode laser. Int Endod J. 2008, 41:733-40.
10.1111/j.1365-2591.2008.01418.x

13. Coluzzi DJ: An overview of laser wavelengths used in dentistry . Dent Clin North Am. 2000, 44:753-61.
10.1016/S0011-8532(22)01318-0

14. Mithra NH, Krishna RS, Shishir S, Veenna SA: Comparative evaluation of bactericidal effects on
Enterococcus faecalis using diode laser irradiation, sodium hypochlorite and chlorhexidine gluconate
irrigation: an in vitro study. Oral Health Dent Manag. 2013, 12:145-50.

15. Preethee T, Kandaswamy D, Arathi G, Hannah R: Bactericidal effect of the 908 nm diode laser on
Enterococcus faecalis in infected root canals. J Conserv Dent. 2012, 15:46-50. 10.4103/0972-0707.92606

16. Castelo-Baz P, Martín-Biedma B, Ruíz-Piñón M, Rivas-Mundiña B, Bahillo J, Perez-Estévez: Combined
sodium hypochlorite and 940 nm diode laser treatment against mature E. faecalis biofilms in vitro. J Lasers
Med Sci. 2012, 3:116-21.

17. Fahim SZ, Ghali RM, Hashem AA, Farid MM: The efficacy of 2780 nm Er,Cr;YSGG and 940 nm diode laser in
root canal disinfection: a randomized clinical trial. Clin Oral Investig. 2024, 28:175. 10.1007/s00784-024-
05563-z

18. Subramani SM, Anjana G, Raghavan I, Manoharan V, Joy A: Evaluation of antimicrobial efficacy and
penetration depth of various irrigants into the dentinal tubules with and without lasers: a stereomicroscopic
study. Int J Clin Pediatr Dent. 2019, 12:273-9. 10.5005/jp-journals-10005-1647

19. 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. 10.1186/s12903-018-0611-6

20. Prasada LK, Pai UA: Antibiofilm activity of ultrasonic and diode laser activated sodium hypochlorite,
chitosan, and chlorhexidine: a confocal laser scanning microscopic in vitro study. J Conserv Dent Endod.
2023, 26:441-6. 10.4103/jcd.jcd_224_23

21. Abraham S, Vaswani SD, Najan HB, Mehta DL, Kamble AB, Chaudhari SD: Scanning electron microscopic
evaluation of smear layer removal at the apical third of root canals using diode laser, endoActivator, and
ultrasonics with chitosan: an in vitro study. J Conserv Dent. 2019, 22:149-54. 10.4103/JCD.JCD_337_18

 

2026 Bagade et al. Cureus 18(10): e117528. DOI 10.7759/cureus.117528 7 of 7

https://dx.doi.org/10.18683/germs.2023.1407
https://dx.doi.org/10.18683/germs.2023.1407
https://scholars.uthscsa.edu/en/publications/cohens-pathways-of-the-pulp-tenth-edition/
https://dx.doi.org/10.4103/0970-9290.114916
https://dx.doi.org/10.4103/0970-9290.114916
https://dx.doi.org/10.1089/photob.2021.0073
https://dx.doi.org/10.1089/photob.2021.0073
https://dx.doi.org/10.9790/0853-0424952
https://dx.doi.org/10.9790/0853-0424952
https://www.quintessence-publishing.com/gbr/en/product/oral-laser-application
https://dx.doi.org/10.4103/drj.drj_260_24
https://dx.doi.org/10.4103/drj.drj_260_24
https://dx.doi.org/10.4103/0972-0707.212244
https://dx.doi.org/10.4103/0972-0707.212244
https://dx.doi.org/10.1089/104454704773660912
https://dx.doi.org/10.1089/104454704773660912
https://dx.doi.org/10.1002/jemt.20638
https://dx.doi.org/10.1002/jemt.20638
https://dx.doi.org/10.1002/lsm.20331
https://dx.doi.org/10.1002/lsm.20331
https://dx.doi.org/10.1111/j.1365-2591.2008.01418.x
https://dx.doi.org/10.1111/j.1365-2591.2008.01418.x
https://dx.doi.org/10.1016/S0011-8532(22)01318-0
https://dx.doi.org/10.1016/S0011-8532(22)01318-0
https://europepmc.org/article/med/24352305
https://dx.doi.org/10.4103/0972-0707.92606
https://dx.doi.org/10.4103/0972-0707.92606
https://journals.sbmu.ac.ir/jlms/article/view/3074
https://dx.doi.org/10.1007/s00784-024-05563-z
https://dx.doi.org/10.1007/s00784-024-05563-z
https://dx.doi.org/10.5005/jp-journals-10005-1647
https://dx.doi.org/10.5005/jp-journals-10005-1647
https://dx.doi.org/10.1186/s12903-018-0611-6
https://dx.doi.org/10.1186/s12903-018-0611-6
https://dx.doi.org/10.4103/jcd.jcd_224_23
https://dx.doi.org/10.4103/jcd.jcd_224_23
https://dx.doi.org/10.4103/JCD.JCD_337_18
https://dx.doi.org/10.4103/JCD.JCD_337_18

	Effect of Diode Laser and Sodium Hypochlorite (NaOCl) on E. faecalis in Infected Root Canals of Permanent Teeth: An In Vitro Comparative Study
	Abstract
	Background
	Aim
	Materials and methods
	Result
	Conclusion

	Introduction
	Materials And Methods
	Sample size calculation
	Inclusion criteria
	Exclusion criteria
	Procedure
	Diode laser irradiation
	NaOCl irrigation
	Statistical analysis

	Results
	TABLE 1: Descriptive statistics of E. faecalis counts (CFU/mL) among different treatment groups
	TABLE 2: Descriptive statistics of E. faecalis counts (log₁₀ CFU/mL) among different treatment groups
	TABLE 3: Tukey HSD post hoc analysis of log₁₀ CFU/mL between groups

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


