
Effects of single-dose, low-level laser therapy 
on pain associated with the initial stage of fixed 
orthodontic treatment: A randomized clinical trial

Objective: The aim of this study was to assess the analgesic effect of a single 
application of low-level laser therapy (LLLT) on spontaneous pain and pain 
on chewing after placement of initial archwires. Methods: Forty-two patients 
(26 women, 16 men) were randomly recruited for this split-mouth randomized 
clinical trial. Each patient received super-elastic nickel-titanium (NiTi) initial 
archwires (0.012, 0.014, 0.016, and 0.018-inch [in]) in the maxilla for leveling and 
alignment for an interval of 4 weeks between archwires. One side of the mouth 
was randomly designated as experimental, while the other side served as placebo. 
After insertion of each archwire, the experimental side was irradiated with a 
diode laser for 3 seconds each on 5 points facially and palatally per tooth, from 
the central incisor to first molar. On the placebo side, the laser device was held 
the same way but without laser application. A numerical rating scale was used 
to assess the intensity of spontaneous and masticatory pain for the following 7 
days. The Mann–Whitney U test was used to compare pain scores between sides. 
Results: Patients in the LLLT group exhibited significantly lower mean scores for 
spontaneous pain after insertion of the initial two archwires (0.012-in and 0.014-
in NiTi; p < 0.05), while there was no significant difference for 0.016-in and 
0.018-in wires between the LLLT and placebo groups. LLLT significantly reduced 
chewing pain scores (p < 0.05) for all archwires. Conclusions: A single dose of 
LLLT considerably lessened postoperative pain accompanying the placement of 
super-elastic NiTi wires for initial alignment and leveling.
[Korean J Orthod 2018;48(2):90-97]
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INTRODUCTION

Pain is a subjective feeling of distress caused by sti-
mulation of specialized nerve endings.1 Patients un-
dergoing orthodontic treatment usually experience pain 
of varying degrees during treatment,2 which leads to 
decreased acceptance of treatment and noncompliance.3 
After the activation of an appliance, pain usually 
begins within 4 hours, increases over the following 24 
hours, and diminishes within 7 days.4 Pain is a major 
factor dampening patients’ determination for pursuing 
orthodontic treatment5 and some even consider cea-
sing the treatment prematurely due to the pain they 
experience.6 For this reason, orthodontists have been 
searching for effective methods to reduce patient 
discomfort that are not associated with undesirable 
effects over the course of treatment and on patient 
health.

One common method of pain reduction is the use of 
nonsteroidal anti-inflammatory drugs (NSAIDs) such 
as acetylsalicylic acid7 and ibuprofen,8 among oth-
ers. However, the use of NSAIDs during tooth move-
ment may result in aberrant remodeling of the pe-
riodontal vasculature, causing impairment in tooth 
movement, eventually affecting orthodontic treatment 
efficacy.9-12 Other methods of pain management include 
anesthetic gels,13 xylitol chewing gums,13 bite wafers,14 
transcutaneous electrical nerve stimulation,15,16 and 
vibratory stimulation of the periodontal ligament17; 
however, these methods have yielded inconsistent re-
sults.

Recently, the application of low-level laser therapy 
(LLLT) to periodontal tissues has been introduced as 
a method of pain reduction.3,18-21 The effect of LLLT 
in terms of reducing pain is two-fold: the first is the 
inhibition of the release of arachidonic acid, which 
leads to decreased levels of prostaglandin E222,23; the 
second is the release of beta-endorphin, an endogenous 
opioid neuropeptide that produces potent analgesic 
effects.12 Because the energy output of the laser device 
is very low, it does not increase the temperature of the 
irradiated tissue above normal,20 which makes LLLT a 
noninvasive, nonthermal procedure.18,19

A review of the literature highlights the role of LLLT 
in minimizing postoperative pain after insertion of 
elastomeric separators.19,24 Although multiple appli-
cations of LLLT have been used in previous studies 
to reduce orthodontic pain,19 very few investigations 
have evaluated the analgesic effect of LLLT on pain 
in relation to the initial stage of alignment of the 
teeth.20 Therefore, the aim of this study was to assess 
the analgesic effects of a single application of LLLT 
on postoperative spontaneous and masticatory pain 
associated with the placement of initial archwires in 

orthodontic patients during alignment of teeth.

MATERIALS AND METHODS

The present study was a single-blinded, placebo-
controlled randomized clinical trial using a split-mouth 
design. The study was conducted at the Department of 
Orthodontics at Baqai Medical University and Liaquat 
College of Medicine and Dentistry. The study was 
approved by the Ethics Committee of both centers. 
Forty-two patients (26 women, 16 men; 12 to 25 years 
of age) of Pakistani ethnic background were selected 
for this study. Informed consents were obtained from 
all participants. The sample comprised 24 adolescents 
(≤ 18 years of age) and 18 adults (> 18 years of age). 
The sample size was calculated using G power version 
3.1.9 software. The power of the study was set at 0.80 
with a 95% confidence interval, and the effect size was 
set at 0.8. Hence, the total sample size intended for 
this research was 42 subjects. Although the inclusion 
criteria involved patients with Class I, II, and III molar 
relationships, symmetric malocclusion was the essential 
criterion for eligibility. Patients who required extractions 
for initial alignment and leveling were excluded from 
the sample. Because this was a split-mouth clinical 
trial, special consideration was given to the extent of 
crowding between both sides. Patients with differences 
> 1 mm in crowding between sides were also excluded. 
Other exclusion criteria included patients taking pe-
riodic prescription drugs, parafunctional habits, tem-
poromandibular joint dysfunction, impacted teeth 
(except third molars), or periodontally compromised 
patients. Participants who used analgesics during the 
trial were also excluded from the study.

The operator explained the procedure to all par-
ticipants and informed consent was obtained. For 
participants under 18 years of age, consent forms 
were signed by their legal guardians. The orthodontic 
treatment was commenced by bonding the maxillary 
arch with preadjusted edgewise 0.022-inch [in] slot MBT 
prescription brackets (Ortho Organizers, Carlsbad, CA, 
USA). Alignment and leveling was achieved using 0.012-
in super-elastic nickel-titanium (NiTi) wire followed 
by 0.014, 0.016, and 0.018-in NiTi wires, changed at 
4-week intervals between each wire. 

In each patient, the left and right sides were randomly 
designated as experimental and placebo by coin flip.25 
Laser therapy was applied on the experimental side after 
placement of each archwire. The laser unit was a 940-
nm aluminum-gallium-arsenide (Al-Ga-As) diode laser 
(iLase; Biolase, Irvine, CA, USA) set on continuous mode 
with power at 100 mW. The procedure was performed 
according to standard protocol (i.e., in a segregated 
room using protective eyewear for the operator, assi-
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stant, and patient). The fiber tip of the laser was held 
perpendicular to the mucosa overlying the roots of 
teeth, in close but light contact with the surface of the 
gingival tissues. The mucosa was irradiated for 3 seconds 
each on 5 points facially and palatally per tooth, 
starting from central incisor to the first molar. These 
points were mesial and distal over the cervical-third of 
the root and middle of the root, and mesial and distal 
over the apical-third of the root. Because the diameter 
of the optical fiber tip was 0.04 cm2, the energy density 
was calculated to be 7.5 J/cm2 for each point and total 
energy density was 75 J per tooth. While applying laser 
to the experimental side, a plastic shield was used as a 
barrier to protect the placebo side from the laser beam. 
The shield was fashioned by modifying a pair of safety 
goggles provided with the laser unit because of its 
wavelength specificity. On the placebo side, the laser 
device was held the same way for the same time without 
turning the laser unit on. Music was played at a high 
volume in the room so that the patient could not hear 
the beeping sound emitted by the device while in use.

A questionnaire was designed to measure pain 
intensity using a numerical rating scale (NRS). It included 
feedback for spontaneous pain and pain on mastication. 
After the application of laser, these questionnaires were 
given to the participants to be completed at home and 
returned at the following appointment. The participants 
were asked to record pain at consecutive 12 hours 
intervals for 7 days. In addition, telephone calls were 
made every day for 7 days to ensure accurate collection 
of data.

IBM SPSS Statistics version 20.0 (IBM Co., Armonk, 
NY, USA) was used to analyze the data. Descriptive 
analysis was performed to obtain the mean values of 
pain in both groups. The Mann–Whitney U test was 
used to compare the level of pain between experimental 
and placebo sides independently for spontaneous pain 
during day, night, and pain on che wing. The same test 
was also applied to compare pain reported by male and 
female patients. Pain experienced by adolescents (≤ 18 
years of age) and adults (> 18 years of age) was also 
compared using the Mann–Whitney U test. 

RESULTS

The duration of this study was 7 months (July 2014 
to January 2015). Forty-two patients (mean age, 19.81 
years) were recruited, all of whom met the inclusion 
criteria.

In this study, most of the patients reported an increase 
in pain intensity 12 hours after the insertion of each 
archwire. The intensity of pain persisted for 2 days and 
began to dissipate thereafter. Though LLLT reduced 
pain perception on chewing, it was still greater than 

spontaneous pain in that group. The maximum intensity 
of pain reported in this study was during mastication 
on the placebo side subsequent to the insertion of the 
0.012-in NiTi archwire (Figure 1).
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Figure 1. Comparison between low-level laser therapy 
(LLLT) and placebo groups during day (A), night (B), and 
on chewing (C) for 0.012-in nickel-titanium archwire. 
NRS, Numerical rating scale.
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Pain perception in the patients was analyzed inde-
pendently for each archwire. Pain intensity was more 
severe during alignment with the initial archwire than 
the latter wires (Tables 1–3 and Figures 1–4). Most of 
the patients with 0.016-in and 0.018-in NiTi archwires 
did not experience considerable spontaneous pain, alt-
hough some still reported pain on mastication (Table 3).

There was a statistically significant difference bet-
ween LLLT and placebo groups in pain perceived by 
the patients during day, night, and on chewing for 
all NiTi archwires except 0.016-inand 0.018-in, which 
demonstrated no significant difference in spontaneous 
pain during day and night. However, the difference in 
pain on chewing remained statistically significant, as 
shown in Table 3.

The difference in pain was neither significant between 
males and females, nor between adolescents and 
adults (p < 0.05). Intragroup comparison revealed no 
significant difference in pain during day, night, or on 

chewing in the LLLT group (p = 0.8); however, it was 
significant in the placebo group (p = 0.02).

DISCUSSION

Pain is a subjective response and is expressed with 
wide individual variation. It depends on many factors 
such as age, sex, individual pain threshold, magnitude 
of force applied, emotional state, dental anxiety level, 
motivation for orthodontic treatment, and previous 
pain experience.26,27 A split-mouth design was used in 
the present study because it eliminates inter-individual 
variability from estimations of the treatment effect. 
Despite several benefits, an inherent shortcoming of this 
design was the likelihood of carry-across effects from 
one side to the other.28 A plastic shield was positioned 
over the placebo side while applying laser to the 
experimental side so that any laser beams that may have 
been reflected did not penetrate the placebo side and, 
perchance, alter the results. Another prerequisite for a 
split-mouth design is that the disease to be investigated 
should be uniformly distributed.29 For this reason, 
patients with symmetrical malocclusions were included 
in this study. None of the patients reported any sense of 
temperature variation while the laser therapy was applied 
because of the very lower power output and energy dose 
delivered by the unit. This also kept the study design 
intact. 

A diode (Al-Ga-As) laser, with wavelength at the 
beginning of the near-infrared electromagnetic spec-
trum, was used. Infrared radiation has a low absorption 
coefficient in hemoglobin and water; thus, more 
depth of penetration in the irradiated tissue.1 It has 
been established previously that infrared radiation can 
achieve deeper penetration of irradiated tissues than 
laser therapy in the visible spectrum, possibly reaching 
cortical and alveolar bone tissues.1,30,31 Laser was applied 

Table 1. Comparison of spontaneous pain during daytime 
between low-level laser therapy (LLLT) and placebo groups 
(n = 42)

Wire 
(inch)

Spontaneous pain (day) (NRS)

LLLT  
side

Placebo 
side

Mean 
difference p-value

0.012 1.77 ± 2.47 2.92 ± 2.82 1.14 0.006*

0.014 0.51 ± 0.98 1.33 ± 1.50 0.81 0.001*

0.016 0.70 ± 1.08 1.31 ±1.84 0.61 0.084

0.018 0.21 ± 1.06 0.30 ± 1.13 0.09 0.346

Values are presented as mean ± standard deviation unless 
otherwise indicated. 
NRS, Numerical rating scale.
p-value by Mann–Whitney U test; *statistically significant 
(i.e., p < 0.05). 

Table 2. Comparison of spontaneous pain during the 
night between low-level laser therapy (LLLT) and placebo 
groups (n = 42)

Wire 
(inch)

Spontaneous pain (night) (NRS)

LLLT  
side

Placebo  
side

Mean  
difference p-value

0.012 1.68 ± 2.48 3.02 ± 3.13 1.34 0.003*

0.014 0.70 ± 1.22 1.50 ± 1.59 0.80 0.001*

0.016 0.78 ± 1.13 1.40 ± 1.84 0.62 0.068

0.018 0.27 ±1.11 0.41 ± 1.30 0.14 0.534

Values are presented as mean ± standard deviation unless 
otherwise indicated. 
NRS, Numerical rating scale.
p-value by Mann–Whitney U test; *statistically significant 
(i.e., p < 0.05). 

Table 3. Comparison of pain on chewing between low-
level laser therapy (LLLT) and placebo groups (n = 42)

Wire 
(inch)

Pain on chewing (NRS)

LLLT  
side

Placebo 
side

Mean 
difference p-value

0.012 2.06 ± 2.57 4.43 ± 3.44 2.36 < 0.0001*

0.014 1.21 ± 1.79 2.90 ± 2.21 1.86 < 0.0001*

0.016 1.36 ± 1.73 2.45 ± 2.29 1.09 0.002*

0.018 0.38 ± 1.28 1.19 ± 1.22 0.81 0.025*

Values are presented as mean ± standard deviation unless 
otherwise indicated. 
NRS, Numerical rating scale.
p-value by Mann–Whitney U test; *statistically significant 
(i.e., p < 0.05). 
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to 5 precise points over the root of each tooth facially 
and palatally, as described by Tortamano et al.20

The frequency of laser treatment was only once (i.e., 
single dose) after ligation of the archwires, unlike other 

studies that applied laser multiple times.19,21 The laser 
unit beeps every second when in function; therefore, to 
keep patients blinded to the experimental and placebo 
sides, loud music was played in the room while the laser 

Figure 2. Comparison between low-level laser therapy 
(LLLT) and placebo groups during day (A), night (B), and 
on chewing (C) for 0.014-in nickel-titanium archwire. 
NRS, Numerical rating scale.
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Figure 3. Comparison between low-level laser therapy 
(LLLT) and placebo groups during day (A), night (B), and 
on chewing (C) for 0.016-in nickel-titanium archwire.
NRS, Numerical rating scale.
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therapy was performed so that the patients were not 
able to appreciate the audible sound emitted by the 
laser unit. Moreover, none of the patients reported any 
discomfort or heating during treatment, which can be 

explained by the lower densities of light energy used in 
the therapy.32

An 11-point NRS was used, with 0 signifying no pain 
and 10 representing the other pain extreme (i.e., worst 
pain imaginable). In contrast, many previously published 
studies19,21,24 have used a visual analogue scale. However, 
the NRS proved to be an effective assessment tool and 
has been shown to be highly correlated with the visual 
analog scale.33 Additionally, an NRS has the benefit of 
being administered verbally34; therefore, collecting data 
over the telephone was possible.

In this study, the most intense pain was associated 
with chewing. This is consistent with the results of 
previous studies,35 which concluded that chewing pain 
is sufficiently high to impede mastication and even 
swallowing performance. Both spontaneous and chewing 
pain peaked on the first 2 days after insertion of most 
of the archwires in both groups and began to dissipate 
thereafter. It has been established that postoperative 
pain reaches its maximum for 2 to 3 days, after which it 
gradually diminishes by day 5 or 6.5,35

Because orthodontic pain increases proportionally 
with the amount of force exerted, it is believed to have 
a linear relationship with contact point displacement.36 
This could explain why there was intense pain during 
alignment with the initial archwires but reduced with 
0.016-in and became negligible with 018-in NiTi wires. 
However, previous investigations did not find a linear 
relationship between pain and contact displacement.5,37 

Another rationale for lower pain scores reported in the 
later stages of alignment could be the fact that patients 
become acclimated to the fixed appliance and pain, 
although this phenomenon is yet to be supported by 
research in the literature.

There was a significant difference between LLLT and 
placebo groups in the levels of spontaneous pain (p < 
0.05) except in the 0.016-in and 0.018-in NiTi archwire 
groups, in which patients did not report any perceptible 
pain. Although this finding was consistent with that 
of the study by Tortamano et al.,20 that investigation 
used individualized stainless steel wires for alignment. 
It has been recognized that NiTi wires are ideal for 
initial alignment, and are most commonly used for the 
first phase of fixed appliance therapy.38 Domínguez and 
Velásquez35 also supported the analgesic effect of LLLT 
on pain following activation of orthodontic appliances; 
however, they evaluated this effect in the final stage of 
orthodontic treatment (i.e., after insertion of 0.019 × 
0.025-in stainless steel wire).

Our results demonstrate that all LLLT groups exhibited 
significantly lower mean scores for masticatory pain 
after the insertion of archwires. The data substantiate 
the precedent studies3,20 and show that pain on the LLLT 
side had reduced intensity, and had shorter duration 

Figure 4. Comparison between low-level laser therapy 
(LLLT) and placebo groups during day (A), night (B), and 
on chewing (C) for 0.018-in nickel-titanium archwire.
NRS, Numerical rating scale.
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when compared with the placebo side of the mouth. 
The aim of our study was to determine the analgesic 

effect of LLLT on postoperative pain during the initial 
alignment and leveling stage of orthodontic treatment. 
Further studies are required to validate the results of this 
study on larger sample size and the effects of LLLT on 
overall quality of life should be assessed. 

CONCLUSION

Application of LLLT at 4-week intervals can reduce the 
pain associated with the alignment and leveling stage 
of orthodontic treatment. It is a noninvasive method 
of analgesia and poses very minimal risks for adverse 
reactions if used according to appropriate protocols.
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