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Background: Pain during orthodontic treatment, particularly during the levelling and align-
ment phase, is a major concern that can impact patient compliance and treatment experience.
While several methods exist to manage this discomfort, many have limitations including
potential interference with tooth movement. Low-Level Laser Therapy (LLLT) has emerged
as a promising non-pharmacological approach to reduce orthodontic pain. Aim: To evaluate
the effectiveness of Low-Level Laser Therapy (LLLT) in reducing pain during the levelling
and alignment of maxillary anterior crowding. Methods: This randomized controlled trial
included 24 patients aged 14-25 years with maxillary anterior crowding (Little’s Irregu-
larity Index: 4-6). Participants were randomly assigned to a laser irradiation group (n=12)
and a control group (n=12). The laser group received diode laser treatment (970 nm, 200
mW) biweekly, starting from day one of fixed appliance therapy until alignment completion.
Pain was assessed using the Visual Analogue Scale (VAS) at baseline and every two weeks
during follow-up. Data were analyzed using unpaired t-tests and repeated measures ANOVA.
Results: The laser group demonstrated a significant reduction in VAS scores at the 2nd and
4th week compared to the control group (p<0.05). No statistically significant differences
were observed at subsequent time points. Both groups exhibited a decline in pain over time,
but LLLT showed superior pain reduction during the early phase of orthodontic treatment.
Conclusion: LLLT is effective in reducing orthodontic pain during the initial levelling and
alignment phase. While its short-term benefits are promising, further studies are required to
optimize laser parameters and assess long-term efficacy and practicality in routine orthodon-
tic care.

Copyright© The author(s) 2025,This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

like NSAIDs (nonsteroidal anti-inflammatory drugs), TENS
(Transcutaneous electrical nerve stimulation), etc®. However,

The increasing need, especially among the young population,
for a pleasing smile through orthodontic treatment is usually
tested by possible associated discomfort. The recent years
experienced the ongoing search for a strong, realistic, solution
that reduces the associated pain of orthodontic treatment
without slowing down the orthodontic tooth movement
(OTMU2

Levelling and alignment are normally carried out initially
or is usually the first procedure carried out in orthodontic
treatment that can usually take up to 8 months depending
on the severity of teeth crowding.®’ Various methods have
been used in the past to reduce pain during tooth movement

*Corresponding author: Dr. Krish Raichura

the use of NSAIDs during treatment is still controversial
because of its potential for interference with tooth movement,
as its mechanism of action promotes inhibition of prostaglandin
synthesis, responsible for the bone resorption process

One such method has been recently introduced, which is Low-
level laser therapy which is shown to reduce OTM related
pain®. Low-level laser therapy (LLLT), is among the leading
techniques currently, has an energy output which is not high
enough to cause any elevation of temperature of tissue which
is undergoing treatment above 36.5°C, or normal human
temperature.©

The efficacy of lower-level laser therapy (LLLT) in reducing
pain levels has been studied, and it may be due to increased
local circulation, reduction in the production of inflammatory
factors, and the release of inflammatory neurotransmitter.®”

Optimal LLLT wavelength is not yet definitively determined,
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but most commonly used in dentistry is generally between
600-1000 nm and power between 50-200 mW.®

Past research has been very inconsistent when taking into
account laser parameters as well as irradiation protocols.
Secondly, past research was focused more on protocol
efficiency rather than clinical relevance. In fact, past research
had lower wavelengths of 600 to 900 nm and treatment of
upper wavelengths used in LLLT up to 980 nm has not been
extensively investigated

AIM AND OBJECTIVES

Aim

To measure the effectiveness of “LLLT” for reduction in pain
during levelling and alignmentof maxillary anterior crowding
Objectives

To evaluate the level of pain using the visual analogue scale
during levelling and alignment of maxillary crowding using
LLLT method.

Research Hypothesis

Null Hypothesis- There is no effect on pain during levelling
and alignment using LLLT.

Alternate hypothesis- There is a significant difference in pain
during levelling and alignment using LLLT.

MATERIAL AND METHODS

The present study was done to assess the pain associated
during levelling and alignment in maxillary anterior crowding
using LLLT

STUDY DESIGN: Randomized control trial
Materials and Armamentarium

»  SiroLaser Blue diode laser, Dentsply Sirona (445nm,
660nm, 970nm wavelength)

*  Dental Casts

»  Digital caliper

Inclusion Criteria

*  Age group = 14 — 25 years

*  All maxillary permanent teeth present

*  Patient having maxillary anterior crowding, with little’s
irregularity index (LII) 4-6

* No long-term medications including nonsteroidal an-
ti-inflammatory drug

*  No previous orthodontic treatment

*  Good oral hygiene, no gingival recession, no radiologi-
cal evidence of periodontal problems

Exclusion Criteria

*  Any systemic disease/syndrome
*  Abnormality related teeth size and/or shape
»  Patient having compromised periodontal health

Sample Size Estimation

Sample size taken at 95% Confidence Interval, 5% Allowable
Error and 10% Attrition
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n= (Z,,, Z-) (SD? +SD,’)

1 w2

(x1_x2)2

Where,
SD = standard deviation -group 1
SD,= standard deviation- group 2
= Mean - 1st group
,= Mean - 2nd group
Z = Alpha error at 5% (1.95 for 95% confidence interval
Z ;= Beta power at 90% (0.05 for 90% power)
Substituting the values in the above formula,

n=(1.96 - 0.05)* ((4.4)* + (19.2)%

(98.2 - 78.9)

Sample size = 10
Final Sample Sie with 10% attrition = 12 (each group)
Total Sample size = 24 (2 groups)

The present study had a 1:1 allocation and was a randomized
control trial. The sample was divided into 2 groups-

e Group I: Laser irradiation group
e Group 2: Control group

The CONSORT statement reporting guidelines were be
followed

Consort Flow Diagram

I Assessment for eligibility (n=41)

Excluded
+  Did not meet inclusion criteria (n=14
«  Did not consent for participation(n=3)

Randomized (n=24)

! l

lAsslgued for intervention rm(n=12) |

Assigned for intervention rm(n=12) |

l l

Failed for follow-up (n=2)

Failed for follow-up (n=2)

Patient missed several appeintment)

Patient missed several appointments)

l !

Randomization

The participants were split into two groups, with 12 individuals
in each group,

1. Group 1= Laser irradiation group

2. Group 2= Control group
Each participant were asked each to pull a piece of paper from
a box having 24 slips in it with half of them labeled “laser”
and the other half “control”. The fixed mechanotherapy was

administered to all patients with the conventional brackets
using 0.022” X 0.028” MBT brackets.

Full pre-operative charts were to be performed and teeth were
to be bonded with 3M Unitek MBT brackets in both groups
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Levelling and alignment was performed up to 0.017”” by
0.025” SS wire

For Laser group, the laser group was exposed to biostimulation
with 970 nm diode laser (SiroLaser Blue diode laser, Dentsply
Sirona). The power was 200mW. Two doses of irradiation were
given on the coronal region of the root, one on the buccal side
and one on the palatal side, and two doses in the same way to
the apical region of the root, with one on the buccal side and
one on the palatal side.

Power=200mW
Time=20 sec per site
Application=Starting on the
0 day of treatment, thereafter
0 every 2 weeks till

\ alignment was complete
20sec

ZOSEC\ /20595 @ —Lascr irradiation points
o/l

20sec /

The LLLT was treated with 20 sec irradiation per site of treat-
ment. The fiber tip was positioned 90° and in soft contact
against the mucosa at irradiation. Administration of the laser
was given on the day of treatment, and administered every
2-weeks until the alignment is done. (Until LII is less than
0.25mm).

For the control group, no treatment was received. Standard
fixed mechanotherapy with 0.022” X 0.028” MBT brackets
was used to treat patients.

Patients were scheduled for frequent visits every month for the
first 2 months and then every 2 weeks, from 2nd month until
levelling and alignment phase is complete.

Records of both groups in the form of photographs and
maxillary alginate impressions were taken to record study
casts at four time points:

1. Before first archwire placement (T0),

2. 1stmonth (T1)

3. At 2 months of treatment commencement (T2), and

4. At the end of levelling and alignment (T3).
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Figure 1 - Little's Irregularity Index for the Upper Arch: Sum of the dis-
tances A+B+C+D+E.
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Assessment of Pain

Pain was measured via a visual analogue scale (VAS)
questionnaire on the day of laser irradiation and by the patient
and repeated every 2 weeks until the end of levelling and
alignment.

For the laser group, the patient used the VAS questionnaire
when they visited the laser treatments at a 2-week interval.

In the control group, the VAS questionnaire was filled at
visit by patients for routine appointment along with home
questionnaires for all 2 weeks in the first 2 months.

012345678910

I T )
No Pain Mild Moderate chcrc Very Severe Wl:)‘:'ss:l[l:;m
XXX
VISUAL ANALOGUE SCALE
Statistical Tests

The data collected from the study was entered into Microsoft
Excel and subsequently exported to the Statistical Package for
the Social Sciences (SPSS) Version 25, IBM Corp., USA for
analysis.

*  Descriptive statistics, including mean and standard
deviation, were recorded.

e Unpaired t-test/ Mann Whitney-U test was performed
for intergroup comparison

* Repeated measures ANOVA test followed by
Bonferroni’s Post-Hoc test- Pairwise comparison for
baseline to follow-up.
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»  Statistical significance was set at a 95% confidence
level (p <0.05).

RESULTS

Forty-one patients with a mean age of 17.7 + 2.91 years were
screened for inclusion into the study. Seventeen patients were,
however, deemed ineligible for the study due to reasons such
as excessive crowding, medical history contraindications, or
refusal.

Thus, twenty-four available Participants were enrolled
and then randomized to two groups in 1:1 ratio: i.e., laser
irradiation group and the control group. The two groups had
twelve participants each. There were four losses of follow-
up, two from each of the two groups, resulting in a sample
size of 20 For sensitivity to pain, Visual Analog Scale (VAS
measurements were taken at several time points following the
placement of the first archwire.

The descriptive statistics showing mean and standard deviation
for VAS scores for both the laser group and the control, are
given in table 1

The VAS scores demonstrated an overall declining trend in

Mean values of VAS scores at different time points amongst Cases
and controls

4.9

2.2

o m N W .
ToGnitial I
>
&
w
dthweek N 3
°
»
~
°
=
2nd week [ ;

IS
4thweek NN &
hd
o
°
@
°
w

2nd week [ ;
6th week

8th week
10thweek | §
6th week

8th week
10thweek M §
12thweek [ §
l4thweek ©

TO(initial)

Cases Controls

Graph 2. Mean values of VAS scores measured at various

time points amongst Cases and controls

At the 4th week, both groups exhibited a peak in pain scores;
however, the laser group continued to show lower values
(3.50 £ 0.52) than the control group (4.10 +0.73), with the
changes being significant (p < 0.05).

Intergroup assessment of VAS scores between Laser irradiation
and Controls at different time intervals had substantial

Table 1. Descriptive statistics of VAS scores measured at various time points
amongst Laser irradiation and control groups

VAS scores
Groups Time intervals N Minimum | Maximum Mean Std. Deviation
Laser TO(initial 10 3.00 6.00 4.20 1.03
irradiation 27 week 10 0.00 2.00 0.60 0.84
4" week 10 3.00 4.00 3.50 0.52
6" week 10 0.00 2.00 0.80 0.78
8t week 10 1.00 3.00 2.00 0.47
10" week 10 0.00 1.00 .10 0.31
Control TO(initial) 10 4.00 6.00 4.90 0.73
2 week 10 0.00 3.00 1.60 1.17
4" week 10 3.00 5.00 4.10 0.73
6" week 10 0.00 2.00 0.90 0.87
8t week 10 1.00 3.00 2.20 0.78
10" week 10 0.00 1.00 0.30 0.48
12 week 10 0.00 1.00 0.30 0.48

Table 2. Intergroup comparison of scores for VAS between Laser irradiation and
Control groups at various time intervals

Comparison groups Time intervals Mean difference t value p value
TO(initial pain) -0.70000 -1.744 0.098

2nd week -1.00000 -2.188 0.042*
Laser irradiation 4th week -0.60000 2,092 0.05*
C 0\1/51‘ ol 6th week -0.10000 -0.268 0.791
8th week -0.20000 -0.688 0.091
10th week -0.20000 -1.095 0.071

pain perception during the levelling and alignment phase in
all groups. By the 2nd weekA notable decrease in pain was
observed in the laser group (mean = 0.60 + 0.84) versus the
control (mean = 1.60 + 1.17), p < 0.05.

311

differences (p value <0.05) at 2™ and 4" week between laser
irradiation and control groups.

However, during the following weeks no statistically significant
change was noticed
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This means that the effect of laser treatment on pain reduction
is higher during the start of the orthodontic treatment but not
over the entire period.

DISCUSSION

Pain and prolonged treatment times following force application
are significant disadvantages of orthodontic treatments.® The
levelling and alignment stage constitutes an important stage
of orthodontic treatment.”The current goal of this study
was to assess the effectiveness of LLLT in reducing the pain
associated during OTM during levelling and alignment in
cases of maxillary anterior crowding.

LLLT has been promising as an adjunct to orthodontic
treatment, especially in enhancing tooth movement and
modulating pain and inflammation.!'” The effects of LLLT are
based on photobiomodulation, where certain wavelengths of
light, especially in the red or near-infrared range'V, stimulate
cellular which causes increased local circulation, reduction
in the production of inflammatory factors, and the release of
inflammatory neurotransmitter.

The Little’s irregularity index was used to assess crowding in
maxillary anterior region, and the pain levels were checked
every 2 weeks from baseline (T0), till the end of treatment
(LII<0.25)

Efficiency of LLLT in decreasing pain has been previously
studied extensively.'> ¥Despite this, the results were
inconsistent and generalization can’t be done, because of
differences in major laser parameters like wavelength, density,
power, treatment duration, and delivery - and in samples and
orthodontic treatment that was used.

The density of energy that was calculated in the current
study was 5 J/cm? per treatment (4 J per point), one author®
proposed doses of density of energy of 2.5-8 J/cm?*

However, they stressed the uncertainty of the effective dose.
Additionally, another study ¥ employed 2 J per tooth with the
energy which had a total of 12 J per session; however, a small
effect caused on pain due to LLLT was seen.

Laser power used was 200mW and tip utilized was the usual
fiber optic tip for laser irradiation in this study. Laser irradiation
was applied at 4 points, 2 buccal and 2 palatal, which were
similar to another study ® where there were laser application
was again done at four sites-two on the buccal and two on the
palatal side.

In line with earlier studies ¥, the pain levels reported were
comparable across the groups. However, at 2nd and 4th week,
laser irradiation group had lowered mean scores of pain
significantly when compared with the control group.

However, after follow-up from then on, i.e., week 6, 8, and
10, both the groups did not show differences in the reaction
to pain.

This infers that LLLT could be useful for pain reduction
during the early stages of levelling and alignment, but there is
no statistical difference significance between the consecutive
appointments. More studies might be required with other
parameters, though, as LLLT can have the potential for pain
reduction. Whereas evidence of strong promise of LLLT for
pain relief was obtained, but overall number of visits needed

for laser therapy cannot be overlooked. Further studies may
therefore be required to maximize laser treatment regimens.

CONCLUSION

In spite of the limitations of the present study, the results give
strong evidence for the application of LLLT to reduce pain
and as a viable adjunct to conventional therapies. Although
treatment does reduce levels of pain, its effectiveness within
this present study can only demonstrate so in the short term.
Future research should look to optimize protocols of LLLT and
ascertain its long-term effect on orthodontic treatment.
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