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Abstract:

Successful endodontic treatment of teeth with large periapical lesions requires effective microbial control within the root canal
system. Therefore, it is of interest to evaluate the 100 patients with pulp necrosis and periapical lesions 25 mm treated with
conventional irrigation alone or with adjunctive 980-nm diode laser disinfection. Laser-assisted treatment achieved significantly
greater bacterial reduction and lower post-operative pain than conventional treatment (p< 0.001). At six months, the laser group
showed greater reduction in periapical lesion size, improved Periapical Index scores and fewer post-operative flare-ups (p< 0.001).
Thus, adjunctive diode laser disinfection improved microbial reduction, post-operative outcomes and early periapical healing
compared with conventional endodontic treatment.

Keywords: Laser-assisted disinfection, diode laser, root canal therapy, periapical lesion, endodontics, bacterial reduction, Cone-beam
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Background:
Apical periodontitis is primarily caused by persistent microbial
infection within the root canal system following pulp necrosis
[1]. Large periapical lesions are challenging because complex
canal anatomy can harbor microorganisms beyond the reach of
conventional instrumentation [2]. Chemomechanical preparation
using sodium hypochlorite and EDTA remains the standard
approach, but irrigants may have limited penetration into
inaccessible areas [3]. Persistent microorganisms, including
Enterococcus  faecalis, Fusobacterium nucleatum, Porphyromonas
species and Candida albicans, may contribute to treatment failure
[4]. Laser-assisted disinfection has been proposed as an adjunct
because diode lasers can penetrate dentinal tubules and provide
additional antimicrobial effects [5]. Clinical studies suggest that
laser-assisted disinfection may reduce bacterial load, post-
operative pain and periapical inflammation [6]. CBCT provides
three-dimensional assessment of periapical lesions and may
improve evaluation of healing compared with conventional
radiography [7, 8]. However, clinical evidence supporting diode
laser use in teeth with large periapical lesions remains limited
and heterogeneous [9, 10]. Therefore, it is of interest to evaluate
the effectiveness of 980-nm diode laser-assisted disinfection as
an adjunct to conventional endodontic treatment by evaluating
bacterial reduction, post-operative pain, periapical healing and
flare-ups and treatment success in teeth with large periapical
lesions.

Methodology:

Study design and setting:

A prospective, parallel-arm, randomized controlled clinical trial
was conducted in the Department of Conservative Dentistry and
Endodontics at a tertiary care teaching hospital over a period of
12 months after obtaining approval from the Institutional Ethics
Committee. The study adhered to the principles of the
Declaration of Helsinki and written informed consent was
obtained from all participants before enrollment.

S

Study population:

The study included 100 patients aged between 18 and 60 years

who presented with pulpal necrosis and radiographically

confirmed large periapical lesions measuring 25 mm on CBCT.

Patients requiring nonsurgical root canal treatment in single-

rooted or multi-rooted permanent teeth were screened for

eligibility. Participants were randomly allocated into two equal

groups using a computer-generated randomization sequence.

[1] Group A (n=50): Conventional root canal treatment with
sodium hypochlorite and EDTA irrigation.

[2] Group B (n=50): Conventional root canal treatment
supplemented with 980-nm diode laser-assisted root canal
disinfection.

Inclusion criteria:

[1] Patients aged 18-60 years.

[2] Permanent teeth with pulp necrosis.

[3] Radiographic evidence of periapical lesions measuring =5
mm.

[4] Teeth indicated for nonsurgical root canal treatment.

[5] Presence of apical periodontitis confirmed clinically and
radiographically.

[6] Patients willing to participate and provide written informed
consent.

Exclusion criteria:

[1] Teeth with vertical root fractures.

[2] Previously root canal-treated teeth.

[3] Teeth with severe periodontal disease (probing depth >6
mm).

[4] Internal or external root resorption extending beyond one-
third of the root.

[5] Pregnancy or lactation.

[6] Patients with uncontrolled diabetes
immunocompromised conditions.

[7] History of antibiotic therapy within the previous four
weeks.

mellitus or
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[8] Teeth deemed non-restorable.
[9] Patients unable to attend scheduled follow-up visits.

Sample size:

A total sample size of 100 patients was determined based on
previous clinical studies evaluating laser-assisted endodontic
disinfection, considering an expected difference in bacterial
reduction between treatment groups with 80% statistical power,
95% confidence interval and a 5% level of significance. Fifty
participants were allocated to each treatment group using block
randomization to ensure equal distribution.

Clinical protocol:

All treatments were performed by experienced endodontists
under rubber dam isolation. After administration of local
anesthesia and access cavity preparation, working length was
established using an electronic apex locator and confirmed
radiographically. Root canal preparation was performed using
nickel-titanium rotary instruments following a crown-down
technique. In Group A, canals were irrigated with 5.25% sodium
hypochlorite throughout instrumentation, followed by 17%
EDTA for one minute and a final saline rinse. In Group B, the
same chemomechanical preparation protocol was followed.
Subsequently, canals underwent 980-nm diode laser irradiation
using a 200-pm optical fiber inserted 1 mm short of the working
length. Laser irradiation was delivered at 1.5 W in pulsed mode
for 10 seconds per cycle, repeated four cycles with 10-second
intervals between applications while withdrawing the fiber
helically from the apex toward the canal orifice to ensure
uniform energy distribution. Following disinfection, canals were
dried with sterile paper points and obturated using gutta-percha
and epoxy resin-based sealer by the cold lateral condensation
technique. Permanent coronal restoration was completed during
the same appointment whenever feasible.

Outcome measures:

Primary outcome:

[1] Reduction in intracanal bacterial count (CFU/mL) before
and after disinfection.

Secondary outcomes:

[1] Post-operative pain assessed using a 10-cm Visual Analog
Scale (VAS) at 24 hours, 72 hours and7 days.

[2] Incidence of post-operative flare-ups.

[3] Periapical healing assessed by CBCT at baseline and six
months.

[4] Periapical Index (PAI) scores.

[5] Overall clinical success based on absence of symptoms and
radiographic evidence of healing.

Data collection:

Microbiological samples were collected using sterile paper
points before instrumentation and immediately after completion
of the disinfection protocol. Samples were cultured under
anaerobic conditions to determine colony-forming units
(CFU/mL). Clinical pain assessment was recorded using the
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Visual Analog Scale at predetermined follow-up intervals.
Standardized CBCT scans were obtained at baseline and six
months to evaluate reduction in lesion volume. Clinical
examinations included assessment of tenderness to percussion,
swelling, sinus tract healing, tooth mobility and functional
status.

Statistical analysis:

Data were entered into Microsoft Excel and analyzed using SPSS
version 26.0. Continuous variables were expressed as mean +
standard deviation, whereas categorical variables were
expressed as frequency and percentage. Independent t-tests
were used for comparison of continuous variables between
groups. Paired t-tests evaluated within-group changes. Chi-
square or Fisher's exact test analyzed categorical variables.
Repeated-measures ANOVA assessed post-operative pain scores
across follow-up intervals. A p-value <0.05 was considered
statistically significant. Document Effectiveness of Laser-
Assisted Root Canal Disinfection in Teeth with Large Periapical
Lesions this is the tittle of a research article write it as orignal
article with sample size 100 and im attaching file kindly follow
that You're right. For an original research article, the abstract
should follow the IMRaD structure and be concise (about 250-
300 words).

Results:

A total of 100 patients with pulpal necrosis and large periapical
lesions were enrolled, with 50 patients allocated to the laser-
assisted group (Group A) and 50 to the conventional irrigation
group (Group B). All participants completed treatment and
follow-up, with no loss to follow-up. Baseline demographic and
clinical characteristics were comparable between the groups,
with no significant differences in age, sex, tooth type, lesion size,
preoperative pain, or bacterial count (p > 0.05), confirming
baseline comparability (Table 1). Both groups demonstrated
substantial reductions in intracanal bacterial counts following
treatment. However, the post-treatment bacterial count was
significantly lower in Group A than Group B (1.3 £ 0.5 x 10° vs.
7.5 +2.1 x 10° CFU/mL; p < 0.001). The mean bacterial reduction
was also significantly greater with laser-assisted disinfection
(98.4% vs. 91.2%; p < 0.001) (Table 2). Post-operative pain
decreased progressively in both groups. Pain scores were
significantly lower in Group A at 24 and 48 hours compared
with Group B (p < 0.001 for both). No significant differences
were observed at 7 or 14 days (p > 0.05) (Table 3). Radiographic
evaluation demonstrated progressive reduction in periapical
lesion size in both groups. Group A showed significantly smaller
mean lesion diameters at 6 months (3.2 £1.1 vs. 4.5 £ 1.3 mm; p <
0.001) and 12 months (1.0 £ 0.8 vs. 2.3 £ 1.1 mm; p < 0.001)
compared with Group B (Table 4). At 12 months, complete
radiographic healing was observed in 41 (82.0%) teeth in Group
A compared with 32 (64.0%) in Group B (p = 0.043). Partial
healing occurred in 6 (12.0%) and 11 (22.0%) teeth, while no
healing was observed in 3 (6.0%) and 7 (14.0%) teeth in Groups
A and B, respectively (Table 5). Overall clinical success was
achieved in 47 (94.0%) patients in Group A compared with 41
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(82.0%) in Group B (p = 0.048). Clinical failure occurred in 3
(6.0%) and 9 (18.0%) patients, respectively. Swelling, sinus tract
formation and retreatment were numerically less frequent in the
laser group, although these differences were not statistically
significant (Table 6).

Table 1: Baseline demographic and clinical characteristics of the study population

(n=100)

Variable Group A Group B p-
(Laser) (Conventional) value
(n=50) (n=50)

Age (years), mean + SD 35.8+10.2 364+9.8 0.762

Male, n (%) 27 (54.0) 25 (50.0) 0.688

Female, n (%) 23 (46.0) 25 (50.0) 0.688

Single-rooted teeth, n (%) 30 (60.0) 29 (58.0) 0.838

Multi-rooted teeth, n (%) 20 (40.0) 21 (42.0) 0.838

Mean lesion diameter (mm) 69+14 71£15 0.486

Preoperative VAS score 74+1.2 72+13 0.417

Baseline bacterial count (x10° 8.3+1.6 85+1.8 0.571

CFU/mL)

Table 2: Comparison of intracanal bacterial counts before and after treatment

Parameter Group Group B p-
A (Conventional)  value
(Laser)
Baseline bacterial count (x10° CFU/mL) 83+1.6 85+1.8 0.571
Post-treatment bacterial count (x10° 1.3+0.5 75+21 <0.001
CFU/mL)
Mean bacterial reduction (%) 984 + 91237 <0.001
1.8

Table 3: Comparison of post-operative pain scores (Visual Analog Scale)

©Biomedical Informatics (2026)

Although conventional chemomechanical preparation remains
the cornerstone of root canal therapy, the complex anatomy of
the root canal system often limits complete microbial
elimination. The superior outcomes observed in the laser-
assisted group suggest that laser irradiation provides additional
antimicrobial benefits through deeper penetration into dentinal
tubules and disruption of bacterial biofilms, thereby promoting
more favorable periapical healing. Our findings are consistent
with those of Asnaashari et al. (2022), [11] who conducted a
systematic review evaluating high-power lasers for root canal
disinfection. They concluded that diode, Er: YAG and Er,
Cr:YSGG lasers used as adjuncts to sodium hypochlorite
irrigation achieved greater bacterial reduction than conventional
irrigation alone, particularly against microorganisms located in
inaccessible areas of the root canal system. The authors also
highlighted that laser-activated irrigation improved irrigant
penetration and biofilm disruption, supporting the enhanced
microbial reduction observed in the present study. Similarly,
Kurian et al. (2023) [12] systematically reviewed laser-activated
nanoparticle-assisted disinfection and reported that laser
activation significantly enhanced the elimination of Enterococcus
faecalis compared with conventional irrigation techniques. Their
review emphasized that laser-based approaches improve
antimicrobial efficacy by facilitating deeper penetration into
dentinal tubules and increasing the bactericidal activity of
irrigants. These findings correspond closely with the
significantly greater reduction in intracanal bacterial counts

Follow- Group A (Laser) Group B

up period (Conventional)
24 hours 28+1.1 45+1.4

48 hours 1.6+£09 3.0£12

7 days 0.5+0.6 09+0.8

14 days 0.1+0.3 02+04

achieved grzhltlpe laser-assisted group in the present investigation.
The reduetion in post-operative pain observed among patients
treated wdth0llaser-assisted disinfection is consistent with the
findings gﬁ?fiegler—Rudol et al. (2025) [13] who reported that

Table 4: Radiographic reduction in periapical lesion size during follow-up

Follow-up  Group A (Laser) (mm) Group B P-
(Conventional) (mm) value
Baseline 69+14 71+15 0.486
6 months 32+11 45+£13 <0.001
12months  1.0+0.8 23+1.1 <0.001

Table 5: Radiographic healing outcomes at 12-month follow-up

Healing outcome  Group A (n=50) Group B (n=50) p-value
Complete healing 41 (82.0) 32 (64.0) 0.043
Partial healing 6 (12.0) 11 (22.0)

No healing 3 (6.0) 7 (14.0)

Table 6: Overall clinical treatment outcomes

Outcome Group A (n=50) Group B (n=50) p-value

Clinical success 47 (94.0) 41 (82.0) 0.048

Clinical failure 3 (6.0) 9 (18.0)

Swelling during follow-up 1 (2.0) 4 (8.0) 0.168

Sinus tract formation 0 2 (4.0) 0.154

Retreatment required 2 (4.0) 7 (14.0) 0.081
Discussion:

The present randomized controlled clinical trial showed that
adjunctive laser-assisted root canal disinfection significantly
improved intracanal bacterial reduction, reduced post-operative
pain, enhanced radiographic healing and increased the overall
treatment success rate compared with conventional syringe
irrigation in teeth presenting with large periapical lesions.

ErYAGtaser-assisted irrigation improved smear layer removal,
enhanced irrigants penetration and achieved superior biofilm
disruption compared with conventional irrigation techniques.
The authors suggested that the more effective elimination of
microorganisms and Dbacterial by-products could reduce
periapical inflammation and promote favorable tissue healing.
These observations are comparable with the present study, in
which patients receiving adjunctive laser-assisted disinfection
experienced significantly lower post-operative pain at 24 and 48
hours together with improved radiographic healing during the
follow-up period. Radiographic assessment in the present study
demonstrated significantly greater reduction in periapical lesion
size and a higher proportion of complete healing after 12 months
in the laser-assisted group. These findings are supported by
Wong et al. (2021) [14], who reviewed contemporary root canal
disinfection strategies and emphasized that enhanced microbial
elimination through adjunctive technologies, including laser-
assisted techniques, improves disinfection of inaccessible canal
regions and dentinal tubules. The authors suggested that
superior canal disinfection minimizes persistent infection and
promotes favorable periapical tissue healing. The greater
radiographic healing observed in the present study is likely
attributable to the enhanced antimicrobial efficacy achieved with
laser-assisted disinfection Further support for the antimicrobial
effectiveness of laser-assisted disinfection is provided by Lu et al.
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(2026), [15] who compared semiconductor laser irradiation
combined with sodium hypochlorite irrigation against sodium
hypochlorite irrigation alone in patients with chronic apical
periodontitis. Their study showed significantly greater bacterial
reduction, higher elimination rates of Enterococcus faecalis and
superior short-term periapical healing in the laser-treated group.
These outcomes are highly comparable to the present study, in
which laser-assisted disinfection resulted in greater bacterial
reduction, improved radiographic healing and a higher overall
clinical success rate. Overall, the findings of the present study
reinforce the growing body of evidence supporting laser-assisted
disinfection as a valuable adjunct to conventional
chemomechanical preparation during nonsurgical root canal
treatment. Enhanced bacterial elimination, reduced post-
operative pain and improved radiographic healing observed in
the laser-treated group suggest that adjunctive laser therapy
may increase the predictability of treatment outcomes in teeth
with large periapical lesions. Nevertheless, differences in laser
wavelength, energy settings, irradiation protocols and follow-up
duration across published studies indicate the need for

©Biomedical Informatics (2026)

lesions. Further multicenter trials with larger samples and longer
follow-up are needed to confirm its long-term benefits.
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