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Abstract Low-level laser therapy (LLLT) has been com-
monly used for the treatment of painful musculoskeletal
conditions, but the results of previous studies on this subject
are controversial. The aim of this study was to evaluate the
efficacy of LLLT in the management of patients with myo-
genic temporomandibular joint disorders (TMDs). In this
randomized, double-blind clinical trial, 20 patients with
myogenic TMD were randomly divided into laser and pla-
cebo groups. In the laser group, a pulsed 810-nm low-level
laser (average power 50 mW, peak power 80 W, 1,500 Hz,
120 s, 6 J, and 3.4 J/cm?® per point) was used on painful
muscles three times a week for 4 weeks. In the placebo
group, the treatment was the same as that in the laser group,
but without energy output. The patients were evaluated
before laser therapy (T1), after six sessions of laser applica-
tion (T2), at the end of treatment (T3), and 1 month after the
last application (T4), and the level of pain and the amount of
mouth opening were measured. There was a significant
increase in mouth opening and a significant reduction of
pain symptoms in the laser group (p<0.05). A similar im-
provement was not observed in the placebo group (p>0.05).
Between-group comparisons revealed no significant differ-
ence in pain intensity and mouth opening measurement at
any of the evaluation time points (»p>0.05). LLLT can
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Introduction

Temporomandibular joint disorders (TMDs), the major eti-
ology of non-dental pain in the orofacial area [1, 2], com-
prise signs and symptoms relating to the masticatory
muscles, temporomandibular joint, or both. The Research
Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD) [3] classifies TMDs resulting from myofacial
disorder as a separate entity with a characteristic feature of
pain in the masticatory muscles, which is frequently associ-
ated with restricted mandibular movements. Physical treat-
ments usually aim to reduce pain and recover the function of
the masticatory system in patients with temporomandibular
disorders. Although there is a wide range of physiotherapy
modalities for TMD management, low-level laser therapy
has gained more popularity than others because of its con-
servative nature and the analgesic, regenerative, and anti-
inflammatory effects in the target tissue. Several mecha-
nisms have been involved in pain reduction and therapeutic
effects of low-level lasers, including promoting the release
of endogenous opioids, enhancing cell respiration and tissue
healing, increasing vasodilatation, increasing pain threshold
by affecting the cellular membrane potential, and decreasing
inflammation, possibly due to the reduction of prostaglandin
E, and suppression of cyclooxygenase 2 levels [4—10].
Previous studies demonstrated controversial results re-
garding the therapeutic efficacy of low-level lasers in the
management of temporomandibular joint disorders. A
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particular problem is that some studies included a combina-
tion of muscular-, disc displacement-, and articular-
originated TMDs with no interpretation of the treatment
response in each subgroup. In a placebo-controlled study
on patients with myogenic orofacial pain, Cetiner et al. [11]
found a statistically significant improvement in maximal
mouth opening and significant reductions in both pain and
chewing difficulty in the laser-irradiated group as compared
to the placebo group. The study of Carrasco et al. [1] proved
the superiority of the active laser probe for decreasing pain
in TMD patients, but there was no significant difference
between the laser and placebo groups regarding masticatory
function. Mazzetto et al. [2] reported a significant improve-
ment in painful symptoms of TMD patients mainly for the
active laser group, compared to subjects who received pla-
cebo application. Low-level laser therapy (LLLT) has been
demonstrated to be as effective or having greater efficacy
than transcutaneous electrical neural stimulation [12, 13],
microcurrent electrical stimulation [14, 15], and occlusal
splint application [16] for TMD management in several
studies. However, da Cunha et al. [17] and Emshoff et al.
[18] reported that both LLLT and sham LLLT were capable
of producing a significant improvement in pain symptoms
of TMD patients with no statistical difference between them,
implying that laser therapy was not more effective than the
placebo application. The meta-analyses performed by Gam
et al. [19], McNeely et al. [20], and Petrucci et al. [21] did
not prove the beneficial effects of low-level laser therapy on
pain that resulted from musculoskeletal [19] or temporo-
mandibular disorders [20, 21].

The present study aimed to investigate the efficacy of
LLLT in improving signs and symptoms of patients with
myogenous temporomandibular joint disorder, by using the
visual analogue scale (VAS) and measurement of mouth
opening.

Methods and materials

Twenty patients with myogenic TMD were selected from a
pool of patients referred to the Department of
Prosthodontics, School of Dentistry, Mashhad University
of Medical Sciences. The diagnosis was made through a
standard and comprehensive clinical examination based up-
on the RDC/TMD [3]. The study included subjects suffering
from myofacial pain with/without limited mouth opening.
Subjects with disc displacement (with/without reduction),
arthralgia, or osteoarthritis of the temporomandibular joint
and those who received analgesic or antidepressant medi-
cine or underwent any other form of treatment for TMD
were excluded from the study. The protocol was approved
by the Ethics Committee of Mashhad University of Medical
Sciences, and it was registered with the U.S. National
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Institutes of Health (NCT01417637). The purposes of the
study were described to each participant, and an informed
consent was obtained prior to the start of treatment.

The sample consisted of 20 female patients, with a mean
age of 35.5 years. They were randomly divided into LLLT
(experimental) and placebo (control) groups with 10 subjects
each. The patients in the experimental group received treat-
ment from a pulsed 810-nm laser (Mustang 2000+, Moscow,
Russia; Fig. 1a). The laser was operated at a peak power of
approximately 80 W, average power of 50 mW, pulse repeti-
tion rate of 1,500 Hz, pulse length of 1 us, and spot size of
1.76 cm? for 2 min per point, giving an effective energy of
approximately 6 J and a dose of 3.4 J/cm® to each painful area.
The probe was held perpendicularly and with a light pressure
on the target tissue. The laser apparatus was calibrated by an
external power meter before and 3 months after the study
commencement to ensure delivering the desired energy.

The masticatory muscles were evaluated bilaterally with
firm and constant pressure to define painful areas. The
palpated sites to define tender points were origin, body,
and insertion of the masseter muscle; anterior, middle, and
posterior portions of the body of the temporalis muscle; and
insertion of the internal pterygoid muscle (Fig. 1b). The
laser was applied three times a week for 4 weeks on tender
points diagnosed at the start of the treatment. In the placebo
group, the laser apparatus was turned on, but without energy
output. Both patient and laser therapist wore protective
glasses during treatment.

The patients were evaluated before laser therapy (T1),
after six laser applications (T2), at the end of the treatment
(T3), and 1 month after the last application (T4) to deter-
mine the level of pain and the amount of mouth opening.
The pain intensity was calculated through a VAS, and the
patient was requested to mark the perceived pain on a 10-cm
scale representing 0 (no pain) at the left and 10 (the worst
possible pain) at the right end. The maximum mouth open-
ing was determined with a millimeter ruler, and the maxi-
mum distance between the incisal edges of the upper and
lower central incisors was measured.

All the evaluations were performed by an independent
investigator who had been trained to do these procedures
beforehand. To have a double-blind study, neither the pa-
tient nor the evaluator was aware of the group the participant
was assigned to. After completing the study, the subjects in
the placebo group who tended to continue treatment re-
ceived another form of therapy for TMD (occlusal appliance
therapy, laser therapy, or pharmacologic therapy).

Statistical analysis

The VAS scores obtained from each part of the muscles
were averaged between the right and left sides to be used
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Fig. 1 a The laser apparatus used in this study. b A schematic repre-
sentation of the points of laser application

for statistical analysis. The normality of the data was con-
firmed by the Kolmogorov—Smirnov test and the homoge-
neity of variances by Levene’s test. A repeated measures
analysis of variance was used to determine any significant
differences in VAS scores and the amount of mouth opening
between the study groups and between the different

evaluation times in each group. The statistical calculations
were performed using SPSS software (Statistical Package
for the Social Sciences, version 16.0, Chicago, IL, USA),
and the probability level was determined at p<0.05.

Results

All participants completed the study period. Table 1 presents
the mean values and standard deviations (SD) of mouth
opening at different evaluation times for the two groups.
The initial mouth opening value was 21.3 mm in the laser
group and 26.9 mm in the placebo group. After 12 sessions
of laser application, there was a 7.6-mm (36 %) increase in
mouth opening of the laser group and a 2.0-mm (7 %)
increase in mouth opening of the placebo group. The repeat-
ed measures analysis of variance indicated that the increase
in mouth opening was statistically significant between T1-
T3 and T1-T4 time points for the laser group (p=0.042 and
p=0.031, respectively), but no significant improvement was
found in mouth opening values of the placebo group during
the study period (p>0.05).

The masseter muscle gave the most severe pain in these
patients. The initial pain values of the body and insertion of
the masseter muscle were 4.44 and 3.95 cm, respectively, for
the laser group. The corresponding values were 3.33 (body)
and 2.31 cm (insertion) for the placebo group. After 12 laser
applications, there was a 50 % reduction in VAS score of the
body and a 73 % decrease in VAS score of the insertion of
the masseter muscle in the laser group. For the placebo
group, there was a 24 % decrease in VAS score of the body
and a 9 % decrease in VAS score of the insertion of the
masseter muscle, following 12 sessions of placebo laser
application.

Figures 2, 3, 4, 5, 6, 7, and 8 demonstrate variations of
pain intensity in the masticatory muscles of patients in the
experimental and control groups. As shown in the figures,
the laser group experienced a remarkable decrease in painful
symptoms after the 6th (T2) and 12th (T3) sessions, with a

Table 1 Descriptive statistics

including mean, standard devia- Group Treatment evaluation Mean SD Min Max
tion (SD), minimum (Min) and
maximum (Max) values of Laser T1 21.3 11.26 0 36
mouth opening for the laser and ) 26.9 7.47 15 35
plaf:ebo.groups. at different eval- T3 28.9 10.14 17 45
uation time points
T4 30.4 9.35 17 45
Placebo T1 26.9 7.78 15 40
T2 25.4 7.96 9 39
T3 289 79 18 42
T4 29.3 6.46 21 42
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Fig. 2 Line chart indicating VAS values of the origin of the masseter
muscle for the laser and placebo groups at different evaluation times.
Significant differences were found between T1-T2, T1-T3, T1-T4,
T2-T3, and T2-T4 for the laser group
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Fig. 3 Line chart indicating VAS values of the body of the masseter
muscle for the laser and placebo groups at different evaluation times.
Significant differences were found between T1-T3, T1-T4, T2-T3,
and T2-T4 for the laser group
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Fig. 4 Line chart indicating VAS values of the insertion of the mas-
seter muscle for the laser and placebo groups at different evaluation
times. Significant differences were found between T1-T3 and T1-T4
for the laser group
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Fig. 5 Line chart indicating VAS values of the anterior portion of the
temporalis muscle for the laser and placebo groups at different evalu-
ation times. Significant differences were found between T1-T3 and
T1-T4 for the laser group
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Fig. 6 Line chart indicating VAS values of the middle portion of the
temporalis muscle for the laser and placebo groups at different evalu-
ation times. Significant differences were found between T1-T2, T1-
T3, and T1-T4 for the laser group
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Fig. 7 Line chart indicating VAS values of the posterior portion of the
temporalis muscle for the laser and placebo groups at different evalu-
ation times. Significant differences were found between T1-T2 and
T1-T4 for the laser group
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Fig. 8 Line chart indicating VAS values of the insertion of the internal
pterygoid muscle for the laser and placebo groups at different evalua-
tion times. Significant differences were found between T1-T2, T1-T3,
and T1-T4 for the laser group

small reversal between the end of laser therapy (T3) and
1 month later (T4). For some variables, the statistically
significant reduction in pain intensity occurred after 6 ses-
sions of laser therapy, and for other variables, the significant
pain relief was obtained after 12 applications. In the placebo
group, there was an alternation between improvement and
worsening of pain, with no significant reduction between
different treatment evaluations (p>0.05) (Figs. 2, 3, 4, 5, 6,
7 and 8). When the laser and placebo groups were compared
with each other, no significant difference was found either in
mouth opening measurements or in VAS scores at any of the
treatment evaluations (p>0.05).

Discussion

The effectiveness of a pulsed 810-nm laser for the treatment
of patients with myogenic TMD was investigated in this
placebo-controlled study using the parameters of pain inten-
sity and maximum mouth opening. The inclusion criteria
were designed so that the effect of interrupting factors on the
treatment results was eliminated as much as possible. For
example, the patients were restricted from receiving any
other form of treatment during the study. Furthermore,
patients with myogenic-originated pain were differentiated
from arthrogenic cases or those with disc displacement. In
some of the previous studies [17, 22-26], TMDs with dif-
ferent origins were included in the study, and this may
produce a variation in treatment results. Conti [27] revealed
that laser therapy was only effective in improving myoge-
nous pain and it had no effect on reducing pain of arthrog-
enous cases. A number of studies [28, 29], however, found
satisfactory results with both myogenic and arthrogenic
TMDs.

In this study, the laser group experienced a 36 % increase
in mouth opening after 12 laser applications and a 43 %
increase 1 month later. In comparison, the percentages of
improvement in mouth opening were 7 % (after 12 placebo
laser applications) and 9 % (1 month after the last applica-
tion) in the placebo group. The improvement was significant
for the laser but not for the placebo group, indicating the
effectiveness of LLLT to promote mandibular range of
motion in TMD patients, as reported by previous authors
[11, 20, 29].

Regarding sensitivity to palpation of masticatory
muscles, there was a significant reduction in pain symptoms
in the laser group, while in the placebo group there was no
significant improvement in VAS scores for any of the tested
variables. This positive outcome can be attributed to the
analgesic effect of low-level lasers, which has been demon-
strated in several studies [4—10]. The self-limiting aspect of
TMD with periods of symptom improvement could occur in
both the laser and the placebo groups. The degree of pain in
the control group was fluctuating, showing a mild decrease
followed by some increases in painful symptomatology of
the masticatory muscles during the course of the study. The
placebo effect of LLLT was not demonstrated in this study
because the control group did not experience a significant
relief in clinical symptoms between the four evaluation time
points. This finding corroborates the results of previous
authors [1, 11, 23, 26, 27] who reported a significant
pain relief for TMD patients treated with the active laser
probe but not for the placebo application. The findings
of this study, however, are in contrast with those of da
Cunha et al. [17], Shirani et al. [30], and Emshoff et al.
[18] who reported a significant reduction of pain inten-
sity in both laser and placebo groups, implying that the
improvement was mainly due to the placebo effect of
laser administration.

Despite the significant improvement in clinical symptoms
in the laser group, the between-group comparisons were not
statistically significant, neither in muscle tenderness nor in
mouth opening at any of the evaluation times. This may be
related to the small sample size and the great variation in
clinical symptoms of patients in both groups. A number of
clinical trials also did not find significant differences between
the laser and control groups regarding pain [17, 19, 27, 31]
and mandibular range of motion [17, 27] in TMD patients
with different etiology. In contrast, several studies reported
significantly lower pain and greater mandibular movements in
the laser group compared to the placebo application [1, 2, 23,
29, 32-34]. The differences between the outcomes of this
study and those of other investigations may be related to the
different energy dosage, output power, laser wavelength, and
the frequency and number of laser applications as well as to
the study design, mode of application, number of subjects, and
measurement method.
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Some of the previous studies focused on the immediate
effect of laser therapy. These studies evaluated pain symp-
toms after each application [13, 35] or performed LLLT for
only one [26], three [27], or four [17] sessions. However, the
cumulative effect of laser therapy has been demonstrated in
several studies [1, 2, 13]. Kato et al. [13] reported that the
positive effects of laser treatment were achieved after sev-
eral sessions and the immediate effect was not significant.
Mazzetto et al. [2] found that the lower sensitivity to palpa-
tion of the pressured regions occurred after the eighth ap-
plication, implying the additive effects of low-level lasers in
TMD management. This cumulative effect of LLLT was
also observed in the present study because for some varia-
bles, the significant improvement in pain was not observed
after the 6 but after 12 laser applications. The improvement
in mouth opening and pain decrease remained significant
1 month after treatment. A review article regarding the effect
of LLLT on chronic joint pain also reported that in most
studies with follow-up, pain improvement remained sig-
nificant for 3 weeks [36].

The laser wavelength is critical to determine light
penetration and absorption in biologic tissues. The use
of infrared low-level lasers is common in studies re-
garding TMD because of its good penetration in biolog-
ic tissues. Bjordal et al. [36] believed that most of the
controversies observed in the studies of low-level laser
therapy are probably induced by the disagreement on
the dose of laser. In this study, the dose of laser was
calculated to be 6 J and 3.4 J/cm® per point, which was
consistent with the dosage recommendations of the
World Association for Laser Therapy to induce biologic
effects in the target tissue [37]. The laser probe was
used stationary and with light pressure on the painful
areas to prevent reflection and to deliver a defined dose
of energy to the affected tissues. Some studies [13, 26]
used scanning movements during laser therapy to in-
volve the entire painful area, but calculation of the
irradiated dose appeared to be difficult when the probe
is moved during therapy, and so in the present study,
the different parts of the masticatory muscles were irra-
diated individually.

The analgesic or anti-inflammatory drugs commonly
used for the treatment of TMD patients may induce delete-
rious health effects. Laser therapy can be regarded as a
suitable alternative for conventional treatments of temporo-
mandibular disorders, which enhances the treatment proce-
dure by alleviating the painful clinical symptoms, thus
allowing the clinician to remove the underlying etiological
factors as soon as possible. Considering the conservative
nature of this treatment modality, it appears that further
placebo-controlled studies with different laser parameters,
larger sample size, and long-term follow-ups are warranted
to determine the efficacy of LLLT in the management of
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subjects with TMDs of different etiology. The combined
effect of other modalities with LLLT and the possible syn-
ergism or interaction between them should also be investi-
gated in future studies.

Conclusions

Under the conditions used in this study:

1. Treatment with a pulsed 810-nm low-level laser caused
a significant improvement in mouth opening and pain
intensity in patients with myogenic TMD. Therefore,
LLLT can be considered as a suitable and non-invasive
treatment alternative for myogenous pain. The similar
improvement was not observed in the placebo group
during the course of the study.

2. In the laser group, the improvement in pain and mouth
opening remained significant for 1 month after the last
application.

3. The statistical analysis revealed no significant differ-
ence between the laser and placebo groups regarding
pain and mandibular movement, possibly due to the
small sample size and the great variation in patients’
symptoms.
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