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Abstract

The aim of the present study was to evaluate the effect of intraoral photobiomodulation involving super-pulsed laser (905 nm)
combined with red (640 nm) and infrared (875 nm) light-emitting diodes on pain, mandibular range of motion, and functioning in
women with myogenous temporomandibular disorder. A randomized, sham-controlled, double-blind clinical trial was conducted
involving 30 women with myogenous temporomandibular disorder diagnosed using the Research Diagnostic Criteria for
Temporomandibular Disorders. The participants were randomly allocated to two groups (active and sham photobiomodulation).
The evaluations involved this use of the visual analog scale, digital calipers, and a functional scale. Photobiomodulation was admin-
istered intraorally in the region of the pterygoid muscles, bilaterally, in all participants for a total of six sessions. Evaluations were
performed on five occasions: prior to the intervention, immediately after the first session, 24 h and 48 h after the first session, and after
the six sessions. Significant differences between groups were found regarding pain (p <0.01) and functioning (p <0.04). However, no
statistically significant difference was found regarding range of mandibular motion. The findings demonstrate that intraoral
photobiomodulation involving super-pulsed laser (905 nm) combined with red (640 nm) and infrared (875 nm) light-emitting diodes
diminishes pain and improves functioning but does not exert an influence on mandibular range of motion in women with temporo-

mandibular disorder.
Trial registration: NCT02839967

Keywords Temporomandibularjointdysfunction - Pain - Physiotherapeutic modalities - Temporomandibular disorder syndrome -
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Introduction muscles of the mandible, and/or related structures [1]. Pain is
one of the most common and limiting clinical manifestations of
Temporomandibular joint disorders are a heterogeneous group of ~ this disorder [2-5]. Moreover, women have a twofold greater

conditions that affect the temporomandibular joints (TMJ),  chance of experiencing pain symptoms than men [6] due mainly
to hormonal, biological, and psychosocial factors [7]. The com-
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carolinaherpich@gmail.com ment of a multidisciplinary team to ensure effective treatment [8].
Photobiomodulation has been used for the treatment of
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Paulo, Brazil cation of low-level laser [9—12] or light-emitting diodes [13].
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palpation of the lateral pterygoid region in clinical examina-
tions using the Research Diagnostic Criteria for
Temporomandibular Disorders (RDC/TMD) [10, 16] as well
as the favorable results of manual techniques applied in the
lateral pterygoid region [17] and on nearby structures [18]
regarding the reduction in pain, it is plausible that the intraoral
administration of photobiomodulation could have beneficial
effects.

This possibility is strengthened by the known involvement
of the lateral pterygoid muscle in chronic degenerative dis-
cases of the TMJ [19] as well as the emergence of a new
photobiomodulation modality involving a combination of
low-level laser and light-emitting diodes with different wave-
lengths in the same device. Studies report that the combination
of multiple wavelengths offers benefits [20], such as a reduc-
tion in non-specific knee pain [21], a reduction in pain in
patients with fibromyalgia [22], as well as improvements in
TMD following a single application [15].

Therefore, the aim of the present study was to evaluate the
effects of intraoral photobiomodulation involving super-
pulsed laser (905 nm) combined with red (640 nm) and infra-
red (875 nm) light-emitting diodes on pain, mandibular range
of motion, and functioning in women with myogenous TMD.
The hypothesis was that photobiomodulation with a combina-
tion of different light sources reduces pain, increases mandib-
ular range of motion, and exerts a positive influence on func-
tioning in individuals with myogenous TMD.

Methods

The present randomized, sham-controlled, double-blind clini-
cal trial received approval from the Human Research Ethics
Committee of University Nove de Julho, Sdo Paulo, Brazil
(certificate number: 42264715.0.0000.5511), and the protocol
was registered with clinicaltrials.gov (NCT02839967). This
clinical trial was conducted with patients referred from the
Department of Physical Therapy of the University Nove de
Julho. All volunteers received clarifications regarding the
objectives and procedures of the study and those who agreed
to participate signed a statement of informed consent.
Thirty-eight patients were screened based on the eligibility
criteria. The inclusion criteria were the female sex, a diagnosis
of myogenous and/or mixed TMD based on the RDC/TMD,
and moderate to severe pain according to the palpation of
lateral pterygoid (question 10a of the RDC/TMD clinical axis)
and visual analog scale (VAS) score of 3 to 8 [23]. The exclu-
sion criteria were missing teeth, use of complete or partial
dentures, systemic or neuromuscular disease, a history of trau-
ma to the face or TMD, history of luxation of the TMJ, cur-
rently undergoing orthodontic treatment, or currently using
medication that affects the musculoskeletal system (analge-
sics, anti-inflammatory agents, or muscle relaxants). Based
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on these criteria, 30 women were selected to participate in
the present study.

Procedures

This study was conducted in accordance with the
Consolidated Standards of Reporting Clinical Trials
(CONSORT statement) to enable greater transparency and
better quality of the results.

The 30 individuals were randomized into groups according
to a spread sheet generated in a computer program.
Randomization occurred in the order in which each patient
was enrolled in the study: Treatment group and sham group.
The randomization procedure was performed by a researcher
who was not involved in the recruitment, evaluation, or treat-
ment of the participants. A physiotherapist with at least 3 years
of experience in a 2-month training period for procedure ad-
ministration was assigned to perform the treatments according
to the outcome of the randomization. A blind examiner
assessed the clinical results before, immediately, 24 and 48 h
after a session, and after 6 sessions within 2 weeks of
phototherapy.

The participants were informed that they would receive
treatment involving phototherapy and were blinded to wheth-
er the treatment was active or placebo. The study was divided
into five evaluation phases and two treatment phases.

Evaluation 1: The RDC/TMD [10] was administered to
classify the type of TMD. Mandibular range of motion
was determined with the aid of digital calipers. Pain in-
tensity was assessed using the VAS. Functioning was
evaluated using the Patient-Specific Functional Scale.
Treatment 1: After randomization, photobiomodulation
was administered in a single session according to the
respective groups (active or sham).

Evaluation 2: Immediately after treatment, mandibular
range of motion was determined with the aid of digital
calipers and pain intensity was assessed using the VAS.
Evaluation 3: 24 h after treatment, the protocol used in
evaluation 2 was repeated.

Evaluation 4: 48 h after treatment, the protocol used in
evaluations 2 and 3 was repeated.

Treatment 2: Six sessions of photobiomodulation were
held at a frequency of three times a week for 2 weeks
according to the respective groups (active or sham).
Evaluation 5: 24 h after the last session of
photobiomodulation, the protocol used in evaluation 1
was repeated.

The visual analog scale (VAS) was used for the assessment
of pain intensity, which consists of a straight line measuring
10 cm in length with the words “no pain” printed at one end
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and “worst pain ever felt” printed at the other end. The partic-
ipant was instructed to place a perpendicular mark on the line
at the point between the two extremes the best represented her
pain at that moment of rest [23]. Mandibular range of motion
was measured using digital calipers (Starrett®). For such,
three measurements of maximum vertical mandibular move-
ment without assistance were made according to the RDC/
TMD [14, 15] and the mean of the three readings was calcu-
lated. The Patient-Specific Functional Scale was also admin-
istered, on which the participant identified up to three activi-
ties that are difficult or impossible to execute. A higher mean
score (0—10) denotes a greater capacity to perform the activi-
ties [24]. The examiners were blinded to the allocation of the
participants to the different groups (active or sham
photobiomodulation).

Photobiomodulation was administered using a portable
cluster of nine diodes (PainAway/PainCure®, Multi
Radiance Medical®, Solon, OH, USA): one laser diode
(905 nm), four red LED diodes (670 nm), and four infrared
LED diodes (875 nm LED). The dose is established by the
device, resulting in a total energy delivered of 39.27 J per
point and energy density per point (J/cm?) 99.67. The aperture
measures 4 cm?, but an adapter with an aperture of 0.394 cm?
was placed for better application of intraoral therapy. Table 1
lists the photobiomodulation parameters used in the present
study. To ensure the blinding of the participants, the same
device was used in both groups. For the experimental group,
it was necessary to press the button twice (once to switch on
the device and once to activate the light). For the sham group,
the button was only pressed once to simulate the application.
The power of the device was tested with and without the
adapter and no loss of power occurred with the use of the
adapter.

The volunteer was positioned comfortably in the supine
position on an examining table and instructed to remain with
her eyes closed while wearing dark protective eyewear. The
volunteer was instructed to open her mouth for the positioning
of the tip of the photobiomodulation device. The application
site and positioning of the therapist were based on the method
described by Kalamir et al. (2013) [18] for intraoral
myofascial therapy. The therapist sat contralateral to the side
to be treated, performed palpation of the region, and inserted
the pointer following the orientation of the index finger along
the lateral wall of the oropharynx posterior to the last molar in
the region of the lateral pterygoid muscle and sphenoid plate
(Fig. 1). A 2-min interval with the mouth closed was respected
between applications to the right and left hemi-arches to en-
able the musculature to rest.

The choice of this technique was based on the symptoms
reported upon palpation during the clinical examination with
the RDC/TMD [10]. Considering the risk of false-positive
findings due to the palpation of the medial rather than lateral
pterygoid muscle [25], although following all

Table 1 Photobiomodulation parameters

PainAway/PainCure

Number of lasers 1 super-pulsed infrared

Wavelength of laser (nm) 905
Frequency (Hz) 1000
Mean optic output (mW) 0.9
Peak power (W) 8.5
Total dose (J) (300 s) 0.27
Size of laser tip (cm?) 04
Number of LEDs 4 red
Wavelength of LED (nm) 640
Frequency (Hz) 2
Mean optic output (mW) 15
Dose (J) of each emitter (300 s) 4.5
Total dose (J) (300 s) 18
Size of tip (cm?) 0.9
Number of LEDs 4 infrared
Wavelength of LED (nm) 875
Frequency (Hz) 16
Mean optic output (mW) 17.5
Dose (J) of each emitter (300 s) 5.25
Total dose (J) (300 s) 21
Size of tip (cm?) 0.9
Magnetic field (mT) 35
Treatment time (s) 300
Aperture of device with adapter (sz) 0.394
Total energy delivered (J) 39.27
Energy density per point (J/cm?) 99.67

recommendations proposed by Kalamir et al. (2013) [18],
the intraoral position referring to the region of the pterygoid
muscles was adopted as the application reference based on

Fig. 1 Application of phototherapy
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previous studies [17, 18]. At the end of the study, the patients
in the sham group were also submitted to active treatment
(Fig. 1; Table 1).

Calculation of sample size

The sample size was calculated considering o =0.05, 1-f =
0.9 and VAS data described in a study conducted by Pereira
et al. (2014) [26]. The calculation was performed using the
G*Power program, which determined 15 volunteers for each

group.

Statistical analysis

The SPSS program version 17.0 (Chicago, IL, USA) was used
for the statistical analyses, with a 5% significance level
established for all comparisons. Intention-to-treat analysis
was adopted. Histograms were created to test the normality
of the data. For outcomes with normal distribution, the data
were expressed as mean and standard deviation (SD) values.
Adjusted between-group mean differences (MD) and 95%
confidence intervals (CI) were calculated with linear mixed
models by using group, time, and group-time interaction
terms. The Wilcoxon test was used for data with asymmetric
distribution (Table 3), considering pre-treatment and post-

treatment conditions for the comparisons. The effect size
was calculated using the “r” coefficient [27] and interpreted
based on the values established by Cohen: small effect (less
than »=0.12), moderate effect (approximately »=0.33), and

large effect (greater than »=0.37).

Results

A total of 38 participants were recruited for the present study,
eight of whom were excluded for different reasons (Fig. 2—
flowchart). Thus, 30 women participated in the study (15 in
each group). The second column in Table 2 displays the base-
line values of the outcome measures. Age was 25.44 years
(standard deviation [SD]=5.76) in the treatment group and
26.55 years (SD =4.6) in the sham group. Mean body mass
index was 21.65 kg/m? (SD = 2.25) in the treatment group and
23.49 kg/m® (SD =2.13) in the sham group.

Analyzing the clinical effects of the proposed interven-
tions, active photobiomodulation was significantly more ef-
fective than sham photobiomodulation after 48 h (MD =—
1.57, 95% CI —3.10 to 2.32) and after six sessions (MD =—
2.70,95% CI —4.22 to 1.18). However, considering the min-
imal clinically important difference [28], active therapy was
only better after six sessions. No significant results were found
regarding mandibular range of motion (Tables 2 and 3).

Fig. 2 Flowchart

Evaluation of eligibility (n = 38)

[ Recruitment ]

Exclusion (n = 8)

e Did not meet inclusion criteria

e Dropped out during evaluation
Randomization

Allocation (n = 30) ]

A

Treatment group (n = 15)
Active phototherapy of pterygoid

Sham group (n = 15)
Sham phototherapy of pterygoid

Follow up ]

l

Dropouts during treatment (n = 0)

Dropouts during treatment (n = 0)

Analysis ]

\4

Immediately after one session
24 h after one session
48 h after one session

After 6 sessions in 2 weeks
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Table2  VAS scores and mandibular range of motion in treatment and sham groups
Outcome Time Treatment Sham Treatment group—Sham group
group” group®
Pre-P1° Pre-P24° Pre-P48° Pre-P6°
VAS (cm) Pre 5.75 (1.71) 5.03 (1.14) —0.92(-2.45,0.60) —1.19(-2.71,0.33) —1.57 (-3.10, —2.70(—4.22,
P1 4.67 (2.49) 4.87(1.51) 0.04)° -1.18)°
P24 425 (2.46) 4.72 (1.51)
P48 3.99(1.93) 4.84 (1.36)
P6 1.65 (1.61) 3.62 (1.76)
ROM opening Pre  40.05 (7.50) 39.50 (7.02)  0.45(—4.78,5.68) —2.95(—8.19,2.27) —2.19(-7.42,3.04) —1.20 (—6.43,4.03)
(mm) P1  43.31(6.73) 43.95 (5.80)
P24 40.59 (9.19) 42.22 (5.42)
P48  41.27 (9.34) 43.67 (6.48)
P6 4491 (5.31) 43.91 (4.89)

VAS, visual analog scale; ROM, range of motion; Pre, baseline; P/, immediately after one session; P24, 24 h after one session; P48, 48 h after one
session; P6, after six sessions. ® Data expressed as mean (standard deviation); b data expressed as difference between means (95% confidence interval);

¢ significant difference (p < 0.05)

In the analysis of functioning, a significant difference was
found between the pre-treatment evaluation and the evaluation
after six treatment sessions in the treatment group (p < 0.04),
with an effect size of 0.5 (Table 4).

Discussion

The aim of the present study was to determine whether
photobiomodulation with a combination of different light
sources diminishes pain, increases mandibular range of mo-
tion, and exerts a positive influence on functioning in women
with a diagnosis of myogenous or mixed TMD. Significant
differences were found in the analysis of pain comparing the
pre-treatment evaluation to the evaluations performed both
48 h after one session and after six treatment sessions
(p <0.01). A significant improvement in functioning was also
found comparing the pretreatment evaluation to the evaluation
performed after six treatment sessions (p < 0.04).

These findings are in agreement with data described by
Manfredini et al. (2017) [10], Seifi et al. (2017) [11], and
Silva (2017) [22], who found improvements in pain following

Table 3 Within and between group differences (95% confidence
intervals) at baseline (pre) and at immediately after one session (P1),
24 h after one session (P24), 48 h after one session (P48), and after six

extraoral photobiomodulation, as well as intraoral manual
therapies [17, 18] in the same or nearby region to that
employed in the present study. The improvement in function-
ing may have been influenced by the number of treatment
sessions. Manfredini et al. (2017) [10] used nine laser appli-
cations to sore muscles over a 3-week period. Seifi et al.
(2017) [11] used four sessions, performing a short-term anal-
ysis, as in the present investigation. Therefore, further studies
are needed to provide solid evidence and precisely determine
the best treatment procedures [29].

The reduction in pain may be explained by the reduction in
inflammatory cytokines as well as an increase in microcircu-
lation around the irradiated area [22, 30]. Friedman et al.
(2009) [20] found that the combination of different wave-
lengths increases the transfer of electrons, increases the ATP
level, and neutralizes reactive oxygen species. Moreover, the
increase in local blood flow is capable of reducing the buildup
of lactate in the blood and increasing the supply of oxygen to
the muscle tissues, thereby reducing muscle fatigue [31] and
pain.

Despite the reduction in pain, no changes in the mandibular
range of motion were found, which is in agreement with data

sessions (P6) for pain intensity (VAS scores) and mandibular range of
motion in treatment and sham groups

Treatment group—Sham group

Outcome Pre-P1 Pre-P24

Pre-P48 Pre-P6

VAS (cm)
ROM opening (mm)

—0.92 (=245, 0.60)
0.45 (—4.78, 5.68)

-1.19(=2.71, 0.33)
—295(—8.19,2.27)

—1.57 (=3.10, = 0.04)*
—2.19(=742,3.04)

=270 (=422, -1.18)*
—1.20 (—6.43,4.03)

VAS, visual analog scale; ROM, range of motion; Pre, baseline; P/, immediately after one session; P24, 24 h after one session; P48, 48 h after one
session; P6, after six sessions; data expressed as difference between means (95% confidence interval); *significant difference (p < 0.05)

@ Springer



Lasers Med Sci

Table 4 Median and inter-quartile range (25-75%) for pre-treatment
and post-treatment evaluations of functioning

Pre-treatment ~ After 6 sessions  p value  Effect size
Group | 13 (9-19) 21 (16-23) 0.04 0.5
Group II 13 (11-13) 13 (10.5-18) 0.46 0.21

GI, experimental group; G/I, sham group

described in previous studies involving general mandible ex-
ercises versus occlusal splint therapy, global posture reeduca-
tion, the use of a splint plus counseling, or standard conserva-
tive care [32—34]. The number of sessions may not have been
sufficient to promote a gain in mandibular range of motion.
Therefore, further studies with a longer treatment period are
needed.

Trends in the treatment of TMD in recent decades have
leaned toward a multimodal approach [35] as well as multi-
disciplinary care [8], which is in line with the treatment for
other chronic musculoskeletal conditions [18, 21]. Treatment
strategies generally suggest faster, less invasive modalities,
such as photobiomodulation, which has been gaining ground
as a treatment option for different conditions, including TMD
[15], as demonstrated in the present study.

Therefore, it may be added that the use of the intraoral
photo facilitates the specific application for myofascial pain
of intraoral muscles, allowing the amplification of another
non-invasive technique by using a customized tip adapted to
the equipment, which it demonstrated favorable results in the
pain outcome, not being a limiting factor but a gain for
intraoral use, expanding possibilities for new studies for
TMDs.

Conclusion

Intraoral photobiomodulation involving super-pulsed laser
(905 nm) combined with red (640 nm) and infrared
(875 nm) light-emitting diodes diminishes pain and improves
functioning in women with myogenous temporomandibular
disorder.

Limitations

A convenience sample was used composed mainly of univer-
sity students.

There was difficulty finding eligible volunteers willing to
participate in the study during the recruiting process due to
lack of availability.
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