Treatment of Temporomandibular Disorder Using Synergistic Laser and
Ultrasound Application
Vitor Hugo Panhóca, Larissa Biason Lopes, Fernanda Rossi Paolillo, Vanderlei Salvador
Bagnato
São Carlos Institute of Physics, University of São Paulo, São Carlos, São Paulo, Brazil

Abstract
The aim of this study was to present a clinical case showing the effects of an innovative device that applies low power laser and
ultrasound for the rehabilitation of a voluntary patient with temporomandibular disorder (TMD). The aim of this therapy is to reduce
muscle and joint pain and increase joint functionality, thus improving the quality of life of the patient. ATS, the voluntary patient, a
female Caucasian who is 27 years old, was selected as being apt to receive the TMD treatment after undergoing a clinical
assessment according to the Research Diagnostic Criteria for TMD (RDC/TMD). In this study, two therapeutic sessions were
carried out per week for 4 weeks, followed by an assessment of the initial pain: (t=0), at the end of 8 clinical sessions (t=1) and 30
days after the end of the treatment (t=2). During the clinical assessments, data was collected, using the analogue scale for pain and
oral quality of life questionnaire [Oral Health Impact Profile (OHIP-14)] in the pre- and post-treatment periods. Thermographic
images were also taken. The results showed reduced pain and improved quality of life. It can be concluded that the synergistic effect
of applying laser with ultrasound has a potential effect on the treatment of TMD.
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Introduction

pharmacotherapy and psychological treatment. This is mainly
due to the fact that TMD is considered a multi-factorial and
self-limiting disease [7].

Temporomandibular Disorder (TMD) is a condition that has a
high impact on the world population affecting millions of
people in Brazil. Recent research has related TMD to
individuals with anxiety disorders and also to
geneticpredispositionin individuals who present this disorder
related to the temporomandibular joint. TMD is a condition
that initially presents acute or transient pain that come become
a disease with chronic or persistent pain [1].

Treatments that are considered invasive, such as occlusal
adjustment and surgical interventions have been considered
last choice interventions or for specific cases which are being
increasingly less used.Other invasive treatments in particular
are arthrocentesis and intra-joint viscossuplementation, both
showing satisfactory results for degenerative osteoarticular
diseases [8].

The first interest in studying TMD began in 1934 with the
otolaryngologist James Costen [2] Epidemiological studies
concerning TMD are thanks to the Scandinavian school which
were carried out in 1974 by Helkimo [3]. In 1990, studies
conducted by Dworkin et al. showed some difficulties in
obtaining similar methodologies among the studies to validate
TMD treatments [4]. These authors developed a Research
Diagnostic Criteria for Temporomandibular Disorders (RDC/
TMD) to standardize and, therefore ensure more reliability to
TMD studies. In 2011, the prospective study “Orofacial Pain:
Prospective Evaluation and Risk Assessment” (OPPERA) for
evaluating risk factors in TMD identified some findings
showing a genetic component predisposing patients to TMD
[5]. In 2014, a publication that appeared in the first edition of
the “Journal of Orofacial Pain” presented the Diagnostic
Criteria (DC/TMD) showing concern in assessing the main
complaint during the physical exam, as well as the familiarity
of the pain [6].

A previous study conducted by our research group showed
that phototherapy reduced pain and increased the maximal
mouth opening capacity of patients with TMD [9]. Within this
context, physical modalities such as laser and ultrasound may
be an interesting strategy for non-invasive treatment of TMD.
The aim of this study is to present a clinical case of a
patient diagnosed with TMD who was treated using an
innovative device that combines simultaneous application of
laser and ultrasound.

Clinical Case Presentation
The patient is ATS, a Caucasian female, 27 years old, who
was selected and evaluated at the dental office of the
Biophotonics Laboratory atthe São Carlos Institute of Physics,
University of São Paulo (IFSC - USP) for TMD treatment
according to the “Research diagnostic criteria for
temporomandibular disorders (RDC/TMD)” designed by
Dworkin [4]. The main complaint reported by the patient was
pain on the left and right preauricular regions. Additional
complaints reported by the patient included: difficulties in
chewing and headaches. A diagnostic hypothesis of muscle
and joint TMD with secondary headache comorbidity due to
TMD was suggested. The patient was treated using a new
prototype comprising ultrasound and laser within a single
system.

The treatment of TMD has been carried out in several ways,
and non-invasive or minimally invasive treatments have been
accepted as the first choice in bibliographic reviews and
clinical practice.The most commonly found treatments in the
literature
are:
occlusal
stabilization
splints
of
temporomandibular joints (TMJs) and the muscles of
mastication,
physiotherapy
exercises,
phototherapy,
transcutaneous electrical nerve stimulation (TENS),
ultrasound,
dry
needling,
biofeedback
therapy,
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Prototype

Pain was assessed before and after the 8 treatment sessions
by the visual analogue scale (VAS) performing manual
palpation with a pressure of approximately 1.0 Kgf and 0.5
Kgf on the mastication muscles and the TMJ, respectively.
The VAS scores were considered in the range of 0-3 (0=no
pain, 1=mild pain, 2=moderate pain, 3=severe pain). This
methodology was determined from the study that evaluated
the careful palpation training by Dworkin&LeResche –
described
in
“Research
Diagnostic
Criteria
for
Temporomandibular Disorders” (RDC/TMD) [4]. The patient
was reevaluated after 30 days of treatment.

A prototype was developed (Figure 1) at the Technological
Support Laboratory at IFSC - USP. This system includes a
laser beam at the center of the ultrasound transducer so that
the therapies can be carried out or applied simultaneously. The
ultrasound can be operated at 1 or 3 MHz frequency and in a
continuous or pulsed mode. The laser has a power output of
100 mW and red (660 nm) or infrared (808 nm) wavelength.

Additionally, an Oral Health Impact Profile (OHIP-14)
questionnaire was carried out before and after the low power
laser and ultrasound therapy. The questionnaire included 7
dimensions:
functional
limitations,
physical
pain,
psychological discomfort, physical limitation, psychological
limitation, social limitation and disability. Each domain
comprised two questions. The scores attributed to each
question were: never=0, rarely=1, sometimes=2, often=3 and
always=4. The answers were totalized and the maximum score
was 56 points. The higher the score, the lower the patient’s
quality of life [10]
Figure 1. Laser and ultrasound in the same hand piece
(prototype).

Thermographic images were carried out before, during,
immediately after and two minutes after the laser application
with ultrasound to measure the cutaneous temperature. The
thermographic evaluations were carried out always at the
same time of day in an acclimatized laboratory with
temperatures ranging from 22ºC to 24ºC and relative humidity
between 50% and 60%. An IR-CAM thermal imager (FLUKE
Corp., Washington, USA) was used to detect far-infrared
radiation. FlukeView® software (FLUKE Corp., Washington,
USA) was used for image acquisition. Six different points
within the region of interest (application area of prototype)
were selected to calculate an average and standard deviation
of the temperature.

Treatment and measurements
To treat the TMD, an infrared laser (808 nm) was used in the
continuous mode with a power output of 100 mW associated
with a pulsed ultrasound (50% duty cycle) with a frequency of
1 MHz and intensity of 1 W/cm². The application time was
120 seconds per region. The prototype was used in three
regions on each side of the face (left and right): (i) masseter
muscle body; (ii) anterior temporal muscle fibers; (iii) TMJ
(Figure 2). The treatment was carried out twice a week for
one month, making a total of 8 treatment sessions. During the
treatment, the applications were carried out using colorless gel
as a coupling medium for the transmission of ultrasound
waves and the applications were made in circular, slow and
gentle movements. The patient wore safety glasses during the
treatment.

Results
Data for VAS (pain score) and for OHIP-14 are listed in
Tables 1 and 2, respectively. The cutaneous temperature is
shown in Figure 3. Regarding the treatment, no thermal effect
was observed. The mean and standard deviation values of
temperature (ºC) before, during, immediately after and five
minutes after the treatment were: 28.4 ± 0.1ºC, 28.9 ± 0.4ºC,
29.3 ± 0.1ºC and 28.9 ± 0.1ºC, respectively.

Discussion
This is the first case study that shows a new system that
promotes synergistic application of laser and ultrasound for
TMD treatment. The results after the low power laser and
ultrasound, which were assessed by VAS, showed a reduction
in pain sensitivity by the patient after palpation of the
masseter, temporal and TMJ muscles. In the OHIP-14 quality
of life assessment, which measures the impact of TMD
treatment on the patient’s quality of life, it can be observed
that there was a 96% improvement in the total oral quality of
life score.

Figure 2. Treatment protocol regions where the ultrasound and
laser prototype were used (A).The patient being treated in the
TMJ region (left side) (B). The green light indicates that the
system is emitting mechanical and electromagnetic waves.
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Figure 3. Thermal images before (A), during (B), immediately after (C) and five minutes (D) after treatment with ultrasound and laser.

Table 1. Assessment by the VAS (pain score) before and after the treatment of TMD of ATS, a 27 year-old patient.
Palpations / VAS

Before treatment T=0

After 8 treatment sessions T=1

30 days after the end of the treatment T=2

TMJ

2R 2L

0R 0L

1R 0L

Masseter

2R 1L

0R 0L

0R 0L

Temporal

2R 2L

0R 0L

0R 0L

VAS stands for Visual Analogue Scale (0=no pain, 1=mild pain, 2=moderate pain, 3=severe pain). R stands for right and L for left.

Table 2. Assessment by OHIP-14 before and after treatment of TMD of patient ATS.
OHIP-14 / Dimensions

Before treatment T=0

After 8 treatment sessions T=1

Percentage change after therapy (%)

Functional limitation

0

0

0

Physical pain

6

1

83

Psychological discomfort

5

0

100

Physical limitation

1

0

100

Psychological limitation

3

0

100

Social limitation

2

0

100

Disability

4

0

100

Total

21

1

96

Maximum score of OHIP-14 = 56

Using these techniques separately is well known for
treating osteomioarticular disorders, particularly TMD.
Various studies [9-13] show that low power laser (LLLT) can
be considered a useful physical modality in TMD
management, relieving pain and increasing the orofacial
function. Regarding ultrasound, Esposito et al. showed that
this therapy can be used effectively to relieve myofascial pain
[14] In addition, Ucar et al. showed that the combination of
ultrasound with home exercise was more effective compared
to home exercise alone for pain relief and greater mouth
opening in patients with TMD [15].

Cytochrome c peroxidase and NADH dehydrogenase, which
accelerates the mitochondrial electron transport chain,
promoting biochemical cascade reactions, which in turn
generates an increase in the ATP synthase [16]. Furthermore,
LLLT promotes cytokine modulation which produces an antiinflammatory effect, as well as stimulating nitric oxide (NO)
synthase which in turn increases peripheral vascularization
and oxygen supply to these tissues [16,17]. LLLT can also be
considered an analgesic treatment as it modulates nociception.
Moreover, it stimulates opioids such as beta-endorphin [18].
These photobiomodulatory effects converge for muscle
relaxation [19].

In this context it was expected that the synergistic use
would be positive for pain reduction in the patient with TMD
of this study. Moreover, 30 days after the end of the treatment,
the pain had not returned. These therapeutic effects are related
to the interaction of photoacoustic (photons + acoustic wave)
energy with biological tissue.

Infrared laser was chosen because this wave length allows
greater tissue penetration so that the photons act in the
osteomioarticular system [20]. The pulsed ultrasound was
chosen as it does not present a predominant thermal effect, as
observed in thermographic images [20,21]. The non-thermal
effect is important for avoiding an increase in edema, heat,
redness and pain when treating an acute inflammatory

A literature review shows that LLLT is able to act on
biological tissue due to the absorption of photons by the
photoreceptors present in the mitochondria, for example:
3
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process. Therefore, the laser and ultrasound parameters used
for this case study were adequate for the treatment of TMD.
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While the laser emits photons, ultrasound is an acoustic
waveform whereby energy is transmitted by molecular
vibrations through a medium that can be solid, liquid or
gaseous through which the wave passes, with absorption of
mechanical energy by the tissues. Therefore, the vibrational
energy is transformed into molecular energy [22]. Ultrasound
applied in a continuous mode has a predominant thermal
effect. However, for this study the pulsed mode was used as it
has a predominant non-thermal effect and promotes stable
cavitation, whereby resonant bubbles or microvibrations,
remaining intact. There was a microvibration of particles
which results in a constant circulation of fluids. This
vibration, located around the bubbles and adjacent cell
membranes and their organelles, increases membrane
permeability to ions and metabolites, promoting various
therapeutic effects [23,24]. Various studies concerning
ultrasound show that there is an increase in cytokine
vascularization and modulation, promoting an antiinflammatory effect, as well as the modulation of the nerve
conduction velocity and the increase in the nociceptive
threshold result in the treatment of pain [25-27]. Ultrasound
also changes muscle contractility, promoting relaxation [28].
To treat TMD of the clinical case presented here, infrared
laser (808 nm) associated to ultrasound was used, with an
application time of 120 seconds per region. It could be
observed that there was pain reduction in the anterior temporal
muscle fibers, masseter muscle and TMJs on the left and right
sides. Additionally, the patient reported secondary headaches
to the TMD, which at the end of the treatment and after the
30-day assessment, no longer had this symptom.

Conclusion
The current case study showed the treatment of TMD through
the synergistic action of the laser and ultrasound with an
analgesic effect and improvement of the patient´s quality of
life. Future large randomized clinical trials should be
conducted to explore more potent effects of this treatment.
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