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Effect of frequent laser irradiation on orthodontic pain
A single-blind randomized clinical trial
Won Tae Kima; Mohamed Bayomeb; Jun-Beom Parkc; Jae Hyun Parkd; Seung-Hak Baeke;
Yoon-Ah Kookf
ABSTRACT
Objective: To analyze the effect of low-level laser therapy (LLLT) on perception of pain after
separator placement and compare it with perceptions of control and placebo groups using a
frequent irradiation protocol.
Materials and Methods: Eighty-eight patients were randomly allocated to a laser group, a lightemitting diode (LED) placebo group, or a control group. Elastomeric separators were placed on the
first molars. In the laser and LED groups, first molars were irradiated for 30 seconds every 12 hours
for 1 week using a portable device. Pain was marked on a visual analog scale at predetermined
intervals. Repeated measure analysis of variance was performed for statistical analysis.
Results: The pain scores of the laser group were significantly lower than those of the control group
up to 1 day. The pain scores in the LED group were not significantly different from those of the laser
group during the first 6 hours. After that point, the pain scores of the LED group were not
significantly different from those of the control.
Conclusions: Frequent LLLT decreased the perception of pain to a nonsignificant level throughout
the week after separator placement, compared with pain perception in the placebo and control
groups. Therefore, LLLT might be an effective method of reducing orthodontic pain. (Angle Orthod.
2013;83:611–616.)
KEY WORDS: Low-level laser therapy (LLLT); Light-emitting diode (LED); Orthodontic pain;
Elastomeric separator; Placebo; Visual analog scale (VAS); Laser irradiation
INTRODUCTION
Pain or discomfort during orthodontic treatment is a
major concern for clinicians and patients. It may
discourage patients from seeking or continuing treatment.1 The incidence and severity of pain have been
reported to be higher than those of extractions.2
Several patients have reported that orthodontic pain
disturbed their sleep during the first week after initial
wire placement.3 The peak of pain occurred approximately 24 hours after separator/initial wire placement
and decreased over the next 6 to 8 days.2,4–7
To control the pain, analgesics or anti-inflammatory
agents have been prescribed, and the initial arch wire
has often been limited to light force only.8,9 Preemptive
ibuprofen significantly reduced the pain 2 hours after
separator placement compared with a placebo. However, a significant amount of pain was reported at
24 hours.6 Another option, the use of nonsteroidal antiinflammatory drugs, is still controversial because of
their potential influence on tooth movement and their
adverse systemic side effects.10–13
Recently, low-level laser therapy (LLLT) has been
used to control pain because of its anti-inflammatory
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properties and regenerative effect on neurons.14–17
These effects have been attributed to photobioactive
reaction that stimulates the proliferation and differentiation of cells.18 Previous studies have shown that
LLLT may increase the blood supply and promote
recovery of dental tissue.19 In addition, several studies
have shown that LLLT reduced orthodontic pain.20–22
Other studies showed no significant reduction of pain
with lasers compared to a placebo.16,23 Moreover, laser
therapy had no impact on time of pain initiation and
maximum pain.21
Interestingly, in previous LLLT studies, clinicians
directly performed a single-session laser irradiation in
their office.17,21,24 Other studies recalled the participants
to the office several times for laser application.20,25 This
limitation might have decreased the efficacy of the
therapy. It is hypothesized that a more frequent
application of laser therapy during the pain/discomfort
period might lead to a greater reduction in the perception of pain in orthodontic patients. However, no
study has evaluated the effect of frequent LLLT.
Currently, a compact, battery-operated, handheld
device that produces a low-level aluminum-galliumindium-phosphide semiconductor (AlGaInP) laser has
been developed for use by patients at home. These
devices have been found to be safe and effective in the
management of dentin hypersensitivity.26
The purpose of this study was to analyze the effect
of a more frequent LLLT protocol on the perception of
pain from immediately up to 7 days after separator
placement and to compare it to the perception of pain
in control and placebo groups.
MATERIALS AND METHODS
One hundred and twenty patients were assessed in
a private clinic from May 2010 to January 2012. Of
these, 88 patients (23 males, 65 females; mean age,
22.7 years) met the following inclusion criteria:
complete eruption of the second molars and no open
interproximal contacts of the first molar. In addition,
patients with previous orthodontic treatment, metabolic
and periodontal diseases, or medication were excluded. The study was approved by the institutional review
board of the Catholic University of Korea. Sample-size
calculation was performed based on previous results.20
Subjects were assigned randomly to three test
groups: laser irradiation group (n 5 28), light-emitting
diode (LED) group as a placebo (n 5 30), and a control
group receiving no irradiation (n 5 30). Subjects
assigned to the laser and LED groups were blinded
to their assignment.
A low-level medical semiconductor laser device with
an AlGaInP diode, wavelength of 635 nm, energy of
10 mJ, field diameter of 5.6 mm, and output potency of
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Figure 1. A compact, battery-operated, handheld AlGaInP laser
device for home use. (A) Disassembled. (B) Activated.

6 mW (Figure 1) and an LED device with wavelength
of 635 nm and output of 12.9 mW of the same exterior
design (Dental.M, M&H Co, Hwaseong, Korea) were
used. After placement of 2.1 mm elastomeric
separators (Dentalastics Separators, Dentaurum,
Ispringen, Germany) mesially and distally on both
maxillary first molars, subjects in the laser and LED
groups were taught to use the device and asked to
apply it for 30 seconds on each area immediately
then every 12 hours for 1 week with close contact
between the tip and mucosa to irradiate the
mesiobuccal, mesiolingual, distobuccal, and distolingual areas.
The three groups were asked to mark pain severity
on a questionnaire containing 11 copies of a 10 cm
visual analog scale (VAS) at 5 minutes, 1 hour, 6 hours,
12 hours and then at days 1, 2, 3, 4, 5, 6, and 7 after
the separators were applied.
Statistical Analysis
Statistical evaluation was performed by SPSS 16.0
(SPSS Inc, Chicago, Ill). Two-way analysis of variance
(ANOVA) was performed to compare age of subjects
according to group and gender. Repeated measures
ANOVA was conducted to evaluate the differences in
pain scores at each time point as the within-subjects
variable and between groups and gender as the
between-subjects variables. Age was used as a
covariant. The alpha level was 0.05.
RESULTS
There were no significant differences in age among
the laser, LED placebo, and control groups (P 5 .069)
or between genders (P 5 .094). Also, no significant
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Table 1. Descriptive Data for the Laser, LED, and Control Groupsa
Total
Laser group
LED group
Control group
Total
P value{

28
30
30
88

(20.79 6
(22.20 6
(25.10 6
(22.74 6
.069

Male
5.15)
7.19)
6.07)
6.40)

7
7
9
23

(18.14
(22.71
(21.78
(20.96

6
6
6
6

P Value*

Female
4.18)
10.19)
4.89)
6.75)

21
23
21
65

(21.67
(22.04
(26.52
(23.37

6
6
6
6

5.23)
6.30)
6.06)
6.21)

.094

a
Data presents number of subjects (mean age 6 standard deviation); two-way ANOVA comparing age according to gender (*) and group ({);
no significant interaction between group and gender.

interaction between groups and gender was found (P 5
.30) (Table 1).
There was a significant difference in pain perception
among the three groups (P 5 .004). The laser group
showed a statistically significant decrease in pain
scores compared with the control group (P 5 .003).
The placebo group demonstrated no significant differences from the laser and control groups (P 5 .28 and
P 5.26, respectively; Figure 2). However, gender had
no significant effect on scores of pain perception (P 5
.81; Figure 3). In addition, there was a borderline
significance of the interaction between the gender and
groups (P 5 .05).
The maximum level of pain was reached 1 day after
separator placement. The laser group showed a
maximum level of (26.6 6 6.3), which was significantly
lower than those of the LED placebo and control
groups (46.2 6 6.1 and 55.5 6 5.6, respectively)
(Table 2 and Figure 2).
During the first 6 hours, the pain scores in the
placebo group were not significantly different from
those of the laser group. Furthermore, at 12 and
24 hours after placement of separators, the pain

scores of the placebo group were not significantly
different from those of the control group. From day 2 to
day 7 after separators placement, the pain scores of all
three groups decreased. Pain scores were still lower at
day 2 in the laser group; however, the difference was
not statistically significant. A decrease was seen in the
control and placebo groups, which reached a level that
was not significantly different from the laser group
(Table 2 and Figure 2).
In the laser group, there were no significant
differences between pain scores at different time
points. However, in the placebo group, the maximum
pain score occurred at 1 day and was significantly
higher than at 5 minutes, 1 hour, 6 hours, or day 6 or 7;
whereas in the control group it was higher than at
5 minutes and at days 5, 6, and 7 (Table 2).
Because of the borderline significance (P 5 .05) of
interaction between groups and gender, the groups
were compared within each gender independently. In
male subjects, the pain scores in the laser group were
lower than those in the placebo and control groups,
which showed a similar pain perception trend. In
female subjects, pain scores in the placebo group

Figure 2. Comparison of mean pain scores on the VAS among the
laser, LED, and control groups over time.

Figure 3. Comparison of mean pain scores on the VAS between
male and female subjects over time.
Angle Orthodontist, Vol 83, No 4, 2013
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Table 2. Pain Perception Scores of the Laser, LED, and Control Groups at Each Time Pointa,b

Laser group
LED group
Control group
P value
Multiple comparison
a
b

5 min

1h

6h

12 h

1d

2d

9.28 6 4.43
10.30 6 4.27
26.10 6 3.97
.008
C . L (0.020) and
LED (0.025)

14.98 6 4.71
12.38 6 4.54
35.36 6 4.22
.001
C . L (0.006) and
LED (0.001)

19.59 6 5.53
25.32 6 5.33
47.43 6 4.96
.001
C . L (0.001) and
LED (0.10)

23.88 6 6.01
32.99 6 5.79
50.46 6 5.39
.005
C . L (0.005)

26.64 6 6.28
46.21 6 6.05
55.47 6 5.62
.004
C . L (0.003)

26.59 6 6.28
46.09 6 6.05
47.11 6 5.63
NS

Repeated measures ANOVA with Bonferroni post hoc for multiple comparison.
C indicates control; L, laser; LED, light-emitting diode; NS, nonsignificant.

showed a similar trend to those in the laser group
(Figure 4).
DISCUSSION
The aim of this study was to evaluate the effect of
frequent laser irradiation on the perception of pain
caused by orthodontic forces. The pain perception
ranged widely depending on individualized pain
thresholds, age, and gender.2–5,27,28
In agreement with previous studies, pain reached a
maximum level 24 hours after separator placement.14,22,28 The maximum pain level in the laser group
was similar to the initial pain level in the control group.
The pain scores were decreased and were not
significantly different among all time points. This might
indicate the laser blunts the peak of the pain compared
with the peak pain experienced by the placebo and
control groups (Figure 2).
It was presumed that a score of 0 to 30 score is the
mild pain range, whereas a score of 31 to 69 is
moderate pain.29 In our study, the laser group’s pain
was 20 scores lower than pain scores in the other
groups. This decrease that changes the level of pain
from moderate to mild might be clinically significant.

Less pain and faster recovery have been reported
with the CO2 laser than with the Nd:YAG laser group,
suggesting a longer-lasting analgesic effect with CO2
laser therapy.30 Meanwhile, Dilsiz et al.31 demonstrated
that the Nd:YAG laser was more effective in desensitizing teeth than the 685 nm diode laser. In our study,
the AlGaInP diode laser was applied whereas in
several studies a gallium-aluminum-arsenide diode
laser was used.19,24,32 Thus far, no study has compared
the effect of different laser types with different
treatment settings.
In our study, the LED group showed lower pain
scores than the control group during the first 6 hours,
and then the scores increased and showed no
significant difference from those of the control group.
The decreased scores could be attributed to the
placebo effect. Several mechanisms have been
suggested to explain the placebo effect, such as
emotional modulation and reduction of subjective
stress during painful stimulation.33
In a previous study, pain reduction was reported by
39% of the subjects after administration of analgesic
placebo.34 However, the increased fear of pain after a
previous placebo experience was found to reduce the

Figure 4. Comparison of mean pain scores on the VAS among laser, LED, and control groups over time according to gender. (A) Male subjects.
(B) Female subjects.
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Table 2. Extended
3d

4d

5d

6d

7d

P Value

26.40 6 6.20
36.78 6 5.98
37.58 6 5.56
NS

22.50 6 5.87
30.30 6 5.65
29.26 6 5.26
NS

17.30 6 5.59
25.08 6 5.38
24.76 6 5.00
NS

14.24 6 4.94
21.37 6 4.76
19.12 6 4.43
NS

9.55 6 4.47
15.94 6 4.31
19.48 6 4.01
NS

NS
.003
.004

a
b

Multiple Comparison
1 d . 5 min, 1 h, 6 h, 6 d, and 7 d
1 d . 5 min, 5 d, 6 d, and 7 d

Repeated measures ANOVA with Bonferroni post hoc for multiple comparison.
C indicates control; L, laser; LED, light-emitting diode; NS, nonsignificant.

placebo analgesic effect.35 This might explain the
increased pain scores in our study after the second
LED application. In addition, evidence supported the
hypothesis that placebo and treatment effects are not
cumulative and that they have mutually exclusive
mechanisms.36 Esper et al.23 showed that pain scores
decreased significantly in the LED group between 2 and
120 hours compared with scores of the control and laser
groups. They attributed their result to the high-potency
and high-energy LED (0.1 W and 7 J, respectively)
applied in their study. Consequently, this inconsistency
between the investigations might be due to the
differences in the properties of the LED and laser used.
In our study, the pattern of the placebo effect over
time seemed different between genders. The pain
scores in male subjects in the placebo group followed
the same pattern as the control group whereas in
females, pain scores appeared to more closely follow
the trend in the laser group. In agreement, Saxon et al.37
reported that female patients were more affected by
placebo treatment, although an effective response to the
analgesic placebo treatment was demonstrated in males
only.38 Another study demonstrated no gender dimorphism in relation to the placebo analgesic effect.39
Nevertheless, our results should be interpreted with
caution due to the relatively small size of the male group.
In concordance, no significant difference was
reported in the discomfort level after placement of
separators and initial arch wire, according to age and
gender.7,28 A group of environmental, sociocultural,
and genetic factors are responsible for these differences.40–43 Therefore, the present study might have
been affected by these individual variations. A future
study applying a split-mouth method might be required
to remove bias. Also, a study evaluating the effect of
laser application on the pain produced by the initial
wire is recommended. In addition, a comparison
between the pain that resulted from separator placement and from arch wire change is warranted.
CONCLUSIONS
N The laser group showed a significant main effect
compared with the control group only.

N The perception of pain was not significantly different
based on age or gender. However, the effect of laser
irradiation was more pronounced in male subjects.
N The placebo treatment was more effective after the
first irradiation than after the following sessions and
was more effective in female subjects than in males.
N Therefore, frequent low-level laser irradiation may be
an effective way to reduce orthodontic pain during
the first day after separator placement.
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