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Abstract

Background: Fixed orthodontic appliances are associated with increased plaque retention and difficulty in maintaining oral hygiene, frequently resulting in
gingival inflammation and hyperplasia. Low-Level Laser Therapy (LLLT) has been proposed as a non-invasive adjunctive approach due to its biostimulatory,
anti-inflammatory, and antimicrobial properties.

Aims and Objective: To evaluate the clinical and microbiological effects of LLLT as an adjunct to conventional mechanical debridement in managing gingival
inflammation among patients undergoing fixed orthodontic therapy.

Materials and Methods: A randomized, split-mouth clinical trial was conducted involving 30 patients undergoing fixed orthodontic treatment. Each patient's
oral cavity was divided into quadrants, with one quadrant randomly assigned to receive mechanical debridement alone (control), and the contralateral quadrant
receiving mechanical debridement in conjunction with LLLT (test group). The test quadrants underwent LLLT application on days 1, 3, and 5 post-
debridement. Clinical parameters, including the Modified Sulcus Bleeding Index (M-SBI) and Plaque Index (PI), along with microbiological evaluation of
bacterial load using colony-forming units (CFU), were recorded at baseline, 3 weeks, and 6 weeks.

Results: The LLLT group demonstrated a statistically significant reduction in M-SBI and P1 scores at both 3 and 6 weeks compared to the control group (p <
0.05). Additionally, a marked reduction in CFU counts was observed in the test group, indicating a substantial decrease in microbial colonization.
Conclusion: LLLT, when used as an adjunct to mechanical debridement, effectively reduces gingival inflammation, plaque accumulation, and microbial load
in patients undergoing fixed orthodontic treatment. These findings support its potential as a complementary therapeutic modality in orthodontic periodontal
management.

Keywords: Low-level laser therapy, Gingival inflammation, Orthodontics, Mechanical debridement, Microbial load, Periodontal health.

Received: 01-06-2025; Accepted: 25-06-2025; Available Online: 31-07-2025

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License,
which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

Plaque buildup on brackets and the resins that hold them

) ) together causes a change in the equilibrium of the normally
In order to improve oral function and appearance and correct  giaple resident oral flora, which exacerbates periodontal
malocclusions, orthodontic therapy is essential. However,  gisease.  This change can be seen through

keeping the best possible oral hygiene is made extremely  jmmunohistochemical analysis or clinical observation.®
difficult by the presence of fixed orthodontic appliances such

as bands, brackets, and archwires. These devices create a Several studies showed that even patients with good oral
large number of plague-retentive regions, which promotes hygiene who are treated with fixed orthodontic appliances
biofilm formation and raises the risk of gingivitis and may develop gingivitis.* Bacterial metabolic products were
gingival hyperplasia.! Plaque-induced gingival inflammation  able to penetrate the epithelium and disturb its functional and
is a common complication during orthodontic therapy,  structural integrity.

characterized by swelling, erythema, bleeding on probing,
and histopathological changes in the gingival tissues.?

1. Introduction

Although mechanical debridement, including scaling
and root planing, remains the gold standard for managing
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plaque-induced gingival inflammation, its effectiveness can
be limited in the context of ongoing appliance-related biofilm
accumulation.® Consequently, adjunctive therapies have been
investigated to enhance periodontal outcomes during
orthodontic treatment.

One such promising adjunct is Low-level laser therapy
(LLLT). LLLT involves the application of low-intensity light
at specific wavelengths, which promotes biostimulation at the
cellular level. The therapeutic effects of LLLT include
modulation of inflammatory mediators, reduction of edema,
promotion of fibroblast proliferation, stimulation of collagen
synthesis, and enhanced tissue healing.” A soft tissue laser
with a wavelength of 810 nm or 910-980 nm is called a diode
laser. It has some positive effects, including increasing
growth factor release, promoting angiogenesis, and speeding
up wound healing.? Without interacting with the hard tissues
of the teeth, low power lasers have an efficient bactericidal
effect. During irradiation, a portion of the laser energy
scatters and enters periodontal pockets. In addition to the
bactericidal effect, this causes stimulation of the cells in the
surrounding tissues, which lowers inflammatory conditions
and improves periodontal tissue attachment. It also increases
cell proliferation and lymph flow and significantly reduces
post-operative pain.®

The present study aims to evaluate the clinical and
microbiological efficacy of LLLT as an adjunct to
mechanical debridement in managing gingival inflammation
in patients undergoing fixed orthodontic therapy. It is
hypothesized that the adjunctive use of LLLT will result in a
more significant reduction in gingival inflammation and
microbial load compared to mechanical debridement alone.

2. Materials and Methods
2.1. Study design and participants

This study employed a split-mouth randomized clinical trial
design to minimize inter-individual variability, allowing each
participant to serve as their own control. The trial was
conducted in the Department of Periodontics following
ethical approval from the institutional review board.

A total of 30 participants undergoing comprehensive
fixed orthodontic treatment were selected through random
sampling. The inclusion criteria comprised patients aged
between 18 and 30 years, in good general health, and with no
systemic conditions that could compromise periodontal
health. Exclusion criteria included smokers, individuals with
systemic illnesses, pregnant or lactating women, and patients
who had received antibiotics or periodontal treatment within
the past three months.

Each participant's oral cavity was divided into four
quadrants, which were randomly assigned to one of two
groups:

1. Testgroup (LLLT Group): Quadrants received full-
mouth mechanical debridement in combination with
Low-level laser therapy (LLLT) on days 1, 3, and 5
post-debridement.

2. Control group: Quadrants were subjected only to
mechanical debridement, with no adjunctive laser

therapy.
This  split-mouth  design  enabled intra-patient
comparison  between treatment modalities, thereby

controlling for confounding factors such as age, oral hygiene
practices, systemic health, and plaque susceptibility.

2.2. Intervention

2.2.1. Test group (LLLT group)

Figure 1: Application of diode laser in the gingival sulcus

1. Laser parameters: LLLT was performed using a diode
laser (wavelength: 810 nm) with a power output of 100
mW and an energy density of 4 J/cmz,

2. Application protocol: Laser irradiation was applied to
each designated quadrant for 20 seconds per tooth,
focusing on the gingival margins. Treatments were
administered on Day 1, Day 3, and Day 5 following
mechanical debridement to align with key phases of
gingival healing and inflammation resolution.

2.2.2. Control group

1. The control quadrants were subjected only to
mechanical debridement using ultrasonic scalers, with
no laser application.

All participants received standardized oral hygiene
instructions at baseline and during follow-up visits. They
were advised to maintain their usual oral hygiene regimen
throughout the duration of the study.

2.3. Outcome measures

Three primary clinical and microbiological outcome
measures were evaluated in this study to assess the impact of
Low-Level Laser Therapy (LLLT) on gingival inflammation
in patients undergoing fixed orthodontic treatment.

2.3.1. Modified sulcus bleeding index (M-SBI)

The Modified sulcus bleeding index (M-SBI) was employed
to assess the degree of gingival inflammation based on the
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bleeding response elicited upon gentle probing of the gingival
sulcus. The scores ranged from 0 to 3, as follows:

M-SBI Scoring Description

0 No bleeding

1 Point bleeding
2 Line bleeding
3 Profuse bleeding

This index provides a sensitive measure of inflammatory
status and vascular response within the gingival tissues.

2.3.2. Plaque index (PI)

The Plaque index (PI) was used to quantify the amount of
dental plaque accumulation on tooth surfaces, based on visual
and tactile inspection. The scoring criteria were as follows:

Pl Score | Criteria

0 No plaque

1 A thin film of plaque detectable only with a
probe

2 Moderate plaque visible to the naked eye

3 Abundant plaque covering more than one-third
of the tooth surface

This index served as an indirect indicator of the patient's
oral hygiene status and the biofilm burden contributing to
gingival inflammation.

2.3.3. Colony-forming units (CFU)

Microbiological evaluation was performed by quantifying
Colony-forming units (CFUs) from subgingival plaque
samples. Using sterile Gracey curettes, plague samples were
collected from the gingival sulcus of designated teeth and
cultured under anaerobic conditions on blood agar plates.
Incubation was carried out at 37°C for 48 hours, after which
the bacterial colonies were manually counted to estimate
microbial load within the periodontal environment.

2.3.4. Evaluation timeline

All outcome parameters (M-SBI, PI, and CFU) were assessed
at three time points during the study period to evaluate both
short-term and sustained effects of the intervention:

This structured timeline allowed for the observation of
immediate, intermediate, and sustained effects of LLLT as an
adjunct to mechanical debridement on gingival inflammation
and microbial colonization.

3. Results

The clinical (Modified Sulcus Bleeding Index and Plaque
Index) and microbiological (Colony-Forming Units)
parameters were assessed on Day 1 (baseline), Day 21, and
Day 42 to evaluate the efficacy of Low-Level Laser Therapy
(LLLT) as an adjunct to mechanical debridement. The
findings demonstrate a superior reduction in gingival
inflammation, plague accumulation, and microbial load in the
LLLT group compared to the control group receiving
mechanical debridement alone.

3.1. Modified sulcus bleeding index (M-SBI)

At baseline (Day 1), both the LLLT and control quadrants
exhibited comparable M-SBI scores of 2.8, indicating a high
level of gingival inflammation. By Day 21, the LLLT-treated
quadrants demonstrated a substantial reduction in
inflammation, with M-SBI scores dropping to 1.5, while the
control quadrants showed only a moderate decline to 2.3. At
the final evaluation on Day 42, the LLLT group exhibited an
M-SBI score of 0.8, compared to 1.8 in the control group,
signifying significantly greater resolution of gingival
inflammation in the test group.

Table 1: Comparison of Modified sulcus bleeding index (M-
SBI) Scores between LLLT and control groups at different
time points

Time Point LLLT Group Control Group
Day 1 2.8 2.8
Day 21 15 2.3
Day 42 0.8 1.8

3.2. Plaque index (PI)

At baseline, both groups recorded a mean Pl score of 2.5,
indicative of moderate to severe plaque accumulation. By
Day 3, the LLLT group showed a more marked improvement,
with PI scores decreasing to 1.4, whereas the control group
only improved to 2.0. By Day 5, the LLLT group had a
further reduction to 0.7, while the control group achieved a
Pl score of 1.5.

At baseline (Day 1), the bacterial load was comparable in
both groups, with CFU counts averaging 4 x 10°. By Day 21,

- . Control
Timelin Evaluation Test Group Grou
e Parameters Intervention P Table 2: Comparison of Plaque index (PI) scores between
Intervention . . -
- - LLLT and control groups at different time points

M-SBI. Pl Mechanical Mechanical

Day 1 -CFL’J ' debridement + debridement Time Point LLLT Group Control Group
LLLT only Day 1 2.5 2.5

M-SBI. PI. LLLT Day 3 1.4 2.0

Day 21 (administered on None Day 5 0.7 15
CFU
Days 1, 3, 5)

Day 42 M'?:'Eib PI, None None 3.3. Colony-forming units (CFU)
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the test group (LLLT) showed a marked reduction to 2 x 10,
while the control group exhibited a milder decrease to 3 x
10°. At Day 42, the LLLT group demonstrated a substantial
reduction in microbial load to 0.5 x 10°, compared to 2 x 10°
in the control group.

Table 3: Comparison of Colony-forming units (CFU)
between LLLT and control groups at different time points

. . LLLT Grou Control Grou
Time Point (CFU) P (CFU) P
Day 1 4 x10° 4 x10°
Day 21 2 x10° 3 x10°
Day 42 0.5x10° 2 x10°

Interpretation: The significantly greater microbial
reduction in the LLLT group supports the antimicrobial
potential of laser therapy as an adjunctive modality in
periodontal management during orthodontic treatment.

These findings suggest that low-level laser therapy,
when used as an adjunct to mechanical debridement,
significantly enhances the management of gingival
inflammation in patients undergoing fixed orthodontic
therapy.

4. Discussion

Because orthodontic components make it more difficult to
maintain proper oral hygiene, orthodontic therapy constitutes
a major invasion of the oral environment. This may raise the
risk of gingivitis and periodontitis by promoting the buildup
of dental plague on brackets and permitting the coaggregation
of harmful microbes. Notably, any orthodontist finds these
kinds of situations quite difficult. Sometimes severe bleeding
and gingival hyperplasia make the brackets inaccessible,
which  makes orthodontic therapy more difficult.
Additionally, if gingivitis persists, the condition could
worsen and lead to periodontitis.

Because of CAL and bone resorption, the orthodontist
will be forced to cease orthodontic therapy. This suggests that
early treatment of gingivitis is necessary to prevent the
development of periodontitis.°

Targeting the etiological factors—primarily tooth
plaque, which contains the majority of the bacteria—is the
best way to manage gingivitis. As a result, there will be fewer
indications of inflammation, which will greatly enhance
gingival health. Thus, the goal of the current study was to
evaluate how diode lasers affected the reduction of gingival
inflammation in individuals undergoing orthodontic
treatment.

All patients underwent periodontal screening to assess
the level of gingivitis and inflammation both before and after
periodontal intervention. The four quadrants of each patient
were randomly allocated to receive either supra and
subgingival debridement with diode laser or debridement
only.

In the context of gingival healing, the timing of LLLT
application is crucial for maximizing its biological effects. In
this study, LLLT was applied on the 1st, 3rd, and 5th days
post-debridement, based on the rationale that these time
points correspond to critical phases of wound healing:

1. Day 1 targets the acute inflammatory phase, during
which LLLT modulates pro-inflammatory cytokines
and reduces oxidative stress.

2. Day 3 coincides with the proliferative phase, where
fibroblasts and endothelial cells are actively involved
in tissue repair. LLLT at this stage enhances fibroblast
activity, angiogenesis, and extracellular matrix
formation.

3. Day 5 represents the early maturation phase, where
collagen remodeling begins, and tissue stability
increases. LLLT application supports tissue
organization and consolidation.!

This timing strategy is supported by clinical studies
demonstrating that multiple LLLT sessions during early
healing periods vyield superior anti-inflammatory and
regenerative outcomes compared to single or delayed
applications. The split-mouth design used in this study
further strengthens the methodological reliability by
minimizing inter-individual variability

The findings of this study corroborate the hypothesis that
Low-level laser therapy (LLLT), when used as an adjunct to
mechanical debridement, significantly reduces gingival
inflammation and bacterial load in patients undergoing fixed
orthodontic treatment. These results could be justifies by the
substantial effect of diode laser on the repair of the persistent
inflammatory lesions in the sulcular epithelium (micro-
ulcerations), which cause gingival bleeding, may support
these findings. This was consistent with prior research that
demonstrated that lasers preserve tissue coherence.
Additionally, it can penetrate deeper layers and subgingival
tissues through overlying tissue, allowing for therapeutic
penetration.!?

Additionally, there were fewer bacteria in the laser group
than in the control group. Its effective bactericidal action
against harmful microorganisms may be the cause of this.
These findings concurred with those of Sasaki et al., who
demonstrated that the use of a diode laser decreased P.
gingivalis vitality.*® It has been noted that low-level laser
irradiation exerts analgesic, biostimulatory, and anti-
inflammatory effects. A stronger circulation or stimulation
right after laser therapy, which increases the blood flow
brought on by low-level laser irradiation, can help to explain
the anti-inflammatory effect and edema reduction. This is the
result of improved and restored homeostasis in the tissue
metabolism, not a heat effect.!4

Despite various outcomes, there were few limitations of
the studies. The small sample size of the study cannot
generalize the results obtained. Instead, a large sample size
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should be assessed. Although protocols were standardized,
differences in technique during mechanical debridement may
have introduced variability. The six-week duration may not
reflect the long-term stability and recurrence of gingival
inflammation or microbial regrowth. Long term followup
may lead to better predictions.'®

5. Conclusion

Within the limitations of this study, it can be concluded that
Low-level laser therapy (LLLT) serves as an effective
adjunct to mechanical debridement in managing gingival
inflammation in patients undergoing fixed orthodontic
treatment. The adjunctive application of LLLT resulted in
greater reductions in clinical inflammation and microbial
load compared to mechanical debridement alone. These
findings underscore the potential of LLLT as a valuable tool
in enhancing periodontal outcomes during orthodontic
therapy.
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