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Abstract

Introduction. Temporomandibular disorders (TMDs) are considered multifactorial conditions, thereby with different therapy
options, from occlusal equilibration, splint therapy, pharmacotherapy or physical therapy. Among the physical therapies, over the
last years, laser therapy and ultrasound therapy have gained attention, as different experimental or clinical studies suggest their
efficacy in case of TMDs. The aim of our literature review is to evaluate the available evidence on the effectiveness of laser and
ultrasound therapy in the treatment of temporomandibular disorders. Material and method. A research of literature has been
performed - articles published over the last 5 years (January 2016 until June 2021) were searched by introducing a combination
of different terms, using the Pubmed, Scopus and Google Scholar databases. Results and discussions. A total number of 332
articles was found. For multiple publications regarding the same group of patients, the most recent studies were included. Initial
analysis of titles and abstracts eliminated 232 articles, leaving 35 articles whose full text was examined. 20 articles met the
inclusion criteria Conclusions. According to the findings of this literature update we can conclude that low level laser therapy,
ultrasound therapy, and photobiomodulation may effectively reduce pain for patients suffering of muscular and joint TMDs.
However, their effects appear to be only shortly maintained, and only for less complex cases. In addition, it was difficult to
compare the studies included, as they do not offer an optimal usage (program, duration of sessions, or number of sessions) of
each technique. In this context, we consider that further randomized clinical studies are necessarily to compare each physical

technique as well as their synergic effect on the symptoms in case of temporomandibular disorders.
Keywords: temporomandibular disorders, low level laser therapy, ultrasound therapy, photobiomodulation, TMD, LLLT

1. INTRODUCTION

It is estimated that 1 in 5 adults in Europe, suffers from a
dysfunction of their masticatory system, related to
temporomandibular disorders (TMDs) (1,2,3). According
to the Diagnostic Criteria for TMD (DC/TMD)
temporomandibular disorders are complaints involving
the masticatory system, and refer to myalgia (pain
situated in the masticatory muscles), arthralgia (pain
situated in the temporomandibular joints), and/or
functional complaints of the joints, such as limitation of
mouth opening or joint sounds (clicking, crepitus) (4).
Muscle and joint pain represent the most frequent chief
complaints of patients with TMDs, often being associated
with muscle tension and fatigue, ranging from mild
sensitivity to extreme discomfort, and frequently
exacerbated by function of the muscles involved (5,6).

As TMDs have a multifactorial etiology and variety in
clinical presentations, treatment possibilities are also
extensive and diverse, involving professionals from
different areas. The most frequent therapies indicated are
pharmacotherapy, occlusal equilibration and use of
occlusal splints, as well as physical therapy, such as
Low-Level Laser Therapy (LLLT), photobiomodulation,

Transcutaneous electrical nerve stimulation (TENS),
ultrasound, massage or acupuncture (6,7,8,9).

Over the last decade, the interest in using laser
photobiomodulation in reducing TMD pain and obtaining
anti-inflammatory effects has increased. According to
Karu (2001) Low Level Laser treatment is a non-thermal
therapy which can promote cell and tissue alterations
caused by different types of metabolic activation
(increased vascularization and the formation of
fibroblasts) which determines an increase in the recovery
process and/or tissue healing with non-invasive
characteristics (10).

Laser therapy is known for several treatment properties,
such as tissue repair, mediation of inflammatory
processes, analgesia in acute and chronic pain, improving
local microcirculation. In this context, the use of laser has
increased in all areas of dentistry, especially in the
management of TMDs, for obtaining analgesia and for
reducing the inflammatory processes (6,11).

Therapeutic ultrasound has also been commonly used by
physiotherapists for muscle pain. Ultrasonic therapy has
shown to have a thermal mechanism achieved by a
continuous frequency (100% duty cycle) and a non-
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thermal mechanism achieved by a pulsed frequency (50%
duty cycle) (12, 13).
Low Intensity Ultrasound (LIUS) therapy is used in case

of musculoskeletal disorders, for its thermal and
mechanical effects on the targeted tissues, increasing
local metabolism, microcirculation, and also tissue
regeneration along with extensibility of connective
tissues (14). The mechanical energy released is
transferred in the manner of acoustic compression waves,
producing mechanical and thermal physiological changes
in the targeted tissue. Thermal physiological changes
refer to increasing the local tissue temperature, increasing
the blood flow associated with the increasing of the
flexibility and extensibility of tissue with diminished
fluid viscosity (15). Those features make LIUS another
common modality of treatment in case of TMDs.

In a clinical trial published in 2018 by De Souza Simao et
al. (16) the wultrasonic and photobiomodulation
technology combined showed good results in the
treatment of hands and knee osteoarthritis, with pain
relief and increase of joints (hand and knee) functional
movements.

The two therapies mentioned above have been studied in
case of temporomandibular disorders over the last years,
either as unique option or in combination with other
types of treatments. The aim of our literature review is to
evaluate the available evidence on the effectiveness of
laser and ultrasound therapy in the treatment of
temporomandibular disorders, with regard to pain
reduction, improvement of functional disability, and
success rate.

2. Materials and Methods

2.1 Search strategy

In order to identify the studies involving the application
of LLLT, photobiomodulation and LIUS in case of
temporomandibular disorders, a literature search was
performed. The databases PubMed, Scopus, Google
Scholar were reviewed from January 2016 to July 2021.
The keywords “laser therapy”, “low level laser therapy”,
“ultrasound  therapy”, “temporomandibular  joint
disorders”, “facial pain” were used as terms or as a free-
text in different combinations. In addition, we combined
descriptors and terms using “AND” in the search process.
The papers considered were only the ones using these
descriptors.

Two authors have independently screened titles and
abstracts for potential eligibility and the full texts. The
data were extracted using a standardized data collection
form, in order to record study design, methodological
features, interventions, outcomes and missing outcome
data.

2.2. Inclusion criteria

The inclusion criteria for the studies were as follows:
studies investigating low level laser therapy, ultrasound
therapy, studies reporting clinical series of patients

TMDs in treatment with either one of the methods or in
combination, and clinical studies that included the
follow-ups of the subjects included, systematic reviews
and meta-analysis.

2.3 Exclusion criteria

Thesis, monographs, abstracts presented in conferences
were excluded from the evaluation. In addition, studies
that focused on intervention in animals and those not
written in English or French were excluded from the
evaluation process.

3. Results

The initial search revealed 332 articles. For multiple
publications regarding the same group of patients, the
most recent studies were included. Initial analysis of
titles and abstracts eliminated 232 articles, leaving 35
articles whose full text was examined. A total of 20
articles met the inclusion criteria (Figure 1).
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Figure 1 - PRISMA flow diagram for research stages

4. Discussion

The aim of this study was to evaluate the current
literature on the outcomes of laser therapy and ultrasonic
therapy for temporomandibular disorders (TMDs). Over
the past five years the literature revealed a higher
interest, compared to ultrasonic therapy, in the
effectiveness of Low-Level Laser therapy (LLLT) and
photodynamic therapy either as unique treatment or in
combination with other types of physical therapies.

4.1 Laser therapy in case of temporomandibular
disorders

A clinical trial published in 2016 by Cavalcanti et al.
investigated the efficiency of LLLT on pain associated
with TMD compared to physiotherapeutic and Drug
Protocol (PDP therapy) on a sample of 60 female patients
(17). LLL therapy was applied in five different points, 3
times per week, for 4 weeks, while PDP therapy involved
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a myorelaxant drug in association with an anti-
inflammatory drug and applications of hot packs, thrice a
day and mouth exercise (twice a day). The results
revealed that LLL therapy outcomes comparable with
PDP therapy regarding pain reduction and improvement
of functions for the patients included in the study.

A similar study, performed on 104 subjects with TMD,
by Machado et al. (2016) investigated the effects of oral
motor exercises (OMT) and laser therapy. The authors
evaluated the two therapies either as unique treatments,
or in combination. The results revealed that LLLT and
OM-exercises combined were more effective in
promoting TMD rehabilitation (decreasing the signs and
symptoms and functional recovery) compared to LLLT
alone. However complete OMT protocol was superior to
the combined therapy (LLLT& OM-exercises) (18).

A systematic review published in 2017 by Hosgor et al
(19) investigated the efficiency of four types of
minimally invasive treatments (LLLT, pharmacotherapy,
inter-occlusal splint therapy and arthrocentesis therapy)
in case of anterior displacement of the
temporomandibular joint. The authors concluded, that
based on their research, all four types of therapies
investigated were successful in improving the clinical
symptoms in patients with TMDs (table 1).

Borges et al. published a placebo-controlled clinical trial
in 2018, investigating the effects of different
photobiomodulation dosimetries on TMD. Their pilot
study was performed on forty-four subjects and the
results revealed a significant reduction of TMD pain and
symptoms in all the photobiomodulation protocols used,
but no effect over the temporomandibular joint mobility
(20).

In a randomized clinical trial performed on 51 subjects,
published in 2018, Brochado et al. compared the
effectiveness of photobiomodulation and manual therapy,
alone or combined, on pain intensity, mandibular
movements, psychosocial aspects, and anxiety symptoms
of TMDs. The findings of this research revealed that all
protocols were able to decrease pain and improve
mandibular movements, with the reduction of the
negative effects of the psychosocial aspects and the
anxiety symptoms. However, both therapies combined
did not show an increase in the effect of both therapies
alone (21).

Tuner at al. published a systematic review in 2019,
investigating the applications of photobiomodulation in
temporomandibular disorders. While their research
revealed that the majority of studies included in the
investigation showed that photobiomodulation is
effective in reducing pain in case of TMDs, as well as to
enhance mandibular functions, the heterogeneity of those
studies did not allow for a standardization of
photobiomodulation therapy (22). In addition,
according to a literature review published by Karic et al.

(2019) photobiomodulation of stem cells with or without
scaffolds could also be used indirectly or directly as
modulation of  degenerative changes of the
temporomandibular joint disc (23).

Hanna et al. (2021) investigated the role of
photobiomodulation therapy in modulating oxidative
stress in case of temporomandibular disorders. The
results of their systematic review and meta-analysis
revealed that photobiomodulation of laser or LEDs, alone
or combined, have fundamental and substantial effects on
improving chronic pain and functionality in case of
temporomandibular disorders (24).

A clinical trial published in 2019 by Abbasgholizadeh et
al. aimed to evaluate the efficacy of three treatment
options (splint therapy alone, ultrasound guided
arthrocentesis and splint therapy, splint therapy + LLLT)
and to compare their outcomes in patients with painful
unilateral disc displacement. The results showed that all
methods were effective on pain and functional jaw
movements in treating temporomandibular disorders;
however, when the groups were compared, the
application of LLLT did not make a significant
contribution to pain and functional jaw movements (25).
4.2 Ultrasonic therapy in case of temporomandibular
disorders

Rai et al. (2016) compared the efficiency of ultrasound
therapy and transcutaneous electrical nerve stimulation
(TENS), in the management of myofascial pain of TMD
(table 1). The results of the clinical trial (performed on 90
subjects) showed better results with a statistically
significant difference when compared with TENS
therapy, based on the basis of VAS score of muscle pain
(26). A similar study, published in 2018 by Kirupa et al.,
aimed to investigate the effectiveness of ultrasound and
TENS therapies in case of temporomandibular disorders.
Statistical analysis revealed that ultrasound therapy was
more effective in reducing pain than TENS (27).

In a clinical trial published by Hussain et al. (2018) the
immediate effect of continuous ultrasound and sham
ultrasound in case of bilateral masseter myalgia has been
investigated. The measures used to evaluate the results
included pre- and post—self-reported pain intensity
recorded on a verbal rating scale (VRS), pressure pain
thresholds for the masseter (PPT-M) and temporalis
(PPT-T) muscles, and intraoral temperature for the
masseter muscle. The authors concluded that therapeutic
ultrasound (with a setting of 0.4 w/cm2 with 100%
continuous duty cycle significantly) might be more
effective for bilateral master myalgia (28).

Handa et al. (2018) evaluated the efficacy of ultrasound
massage therapy as an adjuvant pain control modality in
TMDs, in a pilot study performed on 10 subjects. All the
patients were treated with US, once a week for 4 weeks
for 8 min and pain intensity was evaluated using visual
analog scale, in every session. The authors concluded
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that ultrasound massage therapy appeared to be useful in
relieving pain and improves subsequent mouth opening,
and hence can be considered as a valuable physiotherapy
method (29).

A study performed on 50 subjects, regarding a
comparative efficiency of analgesic gel phonophoresis
and ultrasound therapy, was performed by Ramakrishnan
et al. (2019). The results suggested that both therapies —
plain ultrasound and phonophoresis with aceclofenac gel
are effective in the management of temporomandibular
disorders (30).

Ba et. al (2021) published a clinical trial performed on
160 patients with TMD, investigating the effects of
ultrasound therapy on pain. The results indicated that
ultrasound therapy as effective to treat TMDs symptoms
(pain reduction and improvement of jaw functions), and
the effects were persistent in a follow-up period, with
less than 3% recurrence rate after ultrasound therapy
3.

4.3 Combined therapies in
temporomandibular disorders
El-sharkawy and Ahmad (2018) investigated the effect of
low-level laser therapy combined with conventional
physiotherapy on pain and quality of life in patients
suffering from temporomandibular disorders. The study
was performed on 60 subjects, divided in two groups
(study and control group); for both groups, physiotherapy
consisted in hot pack applications, exercise program and
ultrasound application, while for the study group LLL
therapy was also performed (32).

In a randomized comparative study published by Jain et
al., the efficacy of conventional therapy over therapeutic
ultrasound & conventional therapy was tested in the
management of myofascial pain. 20 patients were
enrolled, and each of them received conventional therapy
(anti-inflammatory drugs, local myorelaxant gel and local
hot packs application), while the subjects in the study
group received also ultrasound therapy (33). The results
revealed a significant pain reduction in the patients who
received ultrasound therapy - a decrease in pain over
temporomandibular joint area, while tenderness over
masseter and lateral pterygoid improved, as well as the
mouth opening.

A literature review published in 2018 by Abouelhuda et
al. investigated the validity and outcomes of non-invasive
and surgical therapies in case of temporomandibular
disorders (TMDs). Regarding physical therapy the
authors mentioned Low level Laser Therapy, Ultrasound
therapy and TENS as the main possibilities, as well as
their important part in the protocol and staging of
treatment in case of TMDs (34).

The efficiency of ultrasound heat therapy compared to
LLLT was investigated by Khairnar et al. in a study
published in 2019. The research was performed on forty-
two patients with TMD, and divided into two study

case of

groups: group A received anti-inflammatory drugs and
LLL therapy, while group B received same anti-
inflammatory drugs and ultrasound therapy. Statistical
analysis of the results revealed that LLLT was superior
that ultrasound in pain reduction; however, the authors
mentioned in addition that this therapy is effective in
cases with no underlying bony pathology (35).

A clinical study published by Panhdca et al. in 2019
aimed to analyze the oral health-related quality of life
(OHRQoL) of patients with temporomandibular disorders
(TMDs) who were treated simultaneously with
ultrasound (US) and photobiomodulation therapy
(PBMT). 13 patients were included in this study, all
diagnosed with temporomandibular disorder. The
subjects were treated with a prototype equipment
consisting of US and PBMT in the same system. The
treatment was applied to the left and right sides of the
face, in the masseter muscle, anterior temporalis muscle,
and temporomandibular joint, two sessions per week for
a total of eight sessions. The authors concluded that
synergistic treatment (ultrasound + photobiomodulation)
improved the OHRQoL of patients with TMDs, and its
beneficial effects persisted 1 month after termination of
treatment (36). Their study was preceded by a case
presentation published in 2018, in which a 27 years old
female patient was treated with a combination of
ultrasound and laser therapy with an analgesic effect and
improvement of the patient's quality of life (37).
Elgohary et al. published a clinical study in 2018 which
aimed to compare the effects of low intensity ultrasound
(LIUS), traditional exercise therapy (TET), low level
laser therapy (LLLT) and TET on temporomandibular
joint (TMJ) pain and trismus following recovery from
head and neck cancer (HNC). Performed on sixty
participants who had experienced head and neck cancer,
the research comprised in three groups, as follows:
group A received LIUS and TET; group B received
LLLT and TET; while group C received TET. The
authors concluded that LIUS and TET were more
effective than LLLT and/or TET in reducing TMJ pain
and trismus following HNC (38).

5. Conclusion:

According to the findings of this literature update we can
conclude that low level laser therapy, ultrasound therapy,
and photobiomodulation may effectively reduce pain for
patients suffering of muscular and joint TMDs. However,
their effects appear to be only shortly maintained, and
only for less complex cases. Furthermore, LLLT may
also improve oro-facial functions, reducing muscle
hyperactivity. This evidence-based review also highlights
the need for better-designed clinical trials with larger
sample sizes, in order to evaluate the efficacy of LLLT,
photobiomodulation and ultrasound therapy on
improving the signs and symptoms of TMDs.
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Table 1. General information about the clinical studies included in the research

Author/ year

Type of study
/no. of subjects

Treatment

Outcomes

Cavalcanti et al
(2016)

Clinical trial/60
female subjects

Group 1 —LLL (780nm laser, dose of 35.0
J/em2, for 20 sec, thrice a week, for 4 weeks);
Group 2—PDP (hot packs thrice a day,
myorelaxing and  anti-inflammatory  drug
administration);

Group 3—Placebo

Compared to PDP, LLL treatment was
effective to control pain associated with
TMD

Machado et al.
(2016)

Clinical trial/102
subjects

Group 1 - LLLT + orofacial myofunctional
exercises;

Group 2 - orofacial myofunctional therapy—
OMT; Group 3 - LLLT placebot+ orofacial
myofunctional exercises;

Group 4 - LLLT (AsGaAl;, 780-nm wave-
length; average power of 60 mW, 40 s, and
60+1.0 J/cm?)

LLLT combined with OM-exercises
was more effective in promoting TMD
rehabilitation than LLLT alone was.
Similar treatment results were verified
with the OMT protocol

Group 1 - splint therapy; Group 2 —
Hosgor et al Clir}ical tri.al/ 40 | arthrocentesis; Group 3 - medical therapy; Group | All non-invasive treatment methods
(2017) ’ subjects with 4 - low-level laser therapy ((500 mW output | used were successful in improving the
unilateral TMD | power for 180 s and 321 J/cm2 energy density/ | clinical symptoms in patients with TMD
3-min sessions, three times a week for 4 weeks)
Randomized Different dosimetries of photobiomodulation: | All dosimetries significantly decreased
Borges et al double-blind group 1 - 8 J/em2 (n=11), group 2 - 60 J/cm2 (n | pain (p < 0.05). Only the doses of 8
(2018) clinical trial/44 | = 11), group 3 - 105 J/cm2 (n = 11), and control | J/cm2 were effective regarding maximal
subjects group (n=11). opening and protrusion of the mandible
All protocols studied were able to
Group 1 (n = 18) — photobiomodulation with 808 | promote pain relief, improve
Randomized nm, 100 mW, 13.3 J/em2 mand.ibular functiqn, and reduce the
Brochado et al. - . , and 4 J per point; group 2 (n=16) — manual | negative psychosocial aspects and levels
clinical trial/51 . . Lo )
(2018) subjects therapy for 21 minutes each session on | of anxiety in TMD patients;

masticatory muscles and temporomandibular
joint TMJ; combined therapy (n = 17)

The combined therapy did not promote
an increase in the effectiveness of both
therapies alone

Abbasgholizade
h et al. (2019)

Clinical Trial/45
subjects with
unilateral TMD

3 groups: group 1- splint therapy; group 2 -
splint  therapy  with  ultrasound-guided
arthrocentesis; group 3 - splint therapy with low-
level laser therapy (Nd: YAG laser system at an
output power of 500 mW, 321 J/cm2 energy
intensity, and 1064 nm  wavelength.
Biostimulation for 1 minute to each painful
point, three times weekly for 4 weeks)

The application of LLLT did not make a
significant contribution to pain and
functional jaw movements; US-guided
arthrocentesis  provided a  faster
improvement in the treatment of painful
™J

Rai et al. (2016)

Clinical trial/ 90
subjects

3 groups: group 1- healthy control patients;
group 2 - ultrasound therapy; group 3 - TENS
therapy

Ultrasound therapy appeared to be
subjectively better, in the context of
visual analogue scale score of massage
impression, muscle  pain, and
impediment to daily life after treatment

Hussain et al.
(2018)

Clinical trial/20
female subjects

2 groups: group 1 — ultrasound therapy (0.4
w/cm2 with 100% duty cycle for 5 minutes);
group 2 — sham ultrasound therapy

Therapeutic ultrasound produced an
immediate increase in pressure pain
thresholds for the masseter and intraoral
temperature  compared to  sham
ultrasound
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Ultrasound massage therapy (frequency of 1

The method was useful in relieving pain

Handa et al Cln'ncal trial/ 10 MHz and pulse setting at 1:1 for 8 min each | and in improving subsequent mouth
(2018) subjects . . .
session, once a week for 4 comparative weeks.) | opening
Both methods were effective in the
Ramakrishnan | Clinical trial/ 50 | 2 groups: group A - plain ultrasound and group | management of temporomandibular
et al. (2019) subjects B - phonophoresis with aceclofenac gel. disorders.

Baet. al (2021)

Clinical trial/

160 subjects

2 groups: group 1 —ultrasound therapy (output of
45 W and frequency of 800 kHz/ three 5-minute
blasts with a 2-minute interval between the
blasts, once a day for 5 days in a week, 2 weeks);
group 2 — control group (no therapy)

US therapy significantly reduced pain,
and improved the functionality of TMJ
and mouth opening limit

El-sharkawy

Clinical trial/ 60

2 groups: study group - active and stretching
exercises for mandibular muscles with

The combination of conventional
therapy with LLLT was more effective

and Ahmad subjects ultrasound and LLLT application; control group i pain rehef and improvement O.f the
(2018) ) . quality of life than the conventional
- conventional physiotherapy only;
therapy alone
2 groups: group 1 — conventional therapy and US massace therany was beneficial in
Jain et al. | Clinical trial/ 20 | therapeutic ultrasound (frequency of 1 MHz and  Massage | Py . .
. . . ) ; . |relieving pain and for improving
(2020) subjects continuous setting at 1:1 for 6 min each session); .
) subsequent mouth opening
group 2 — conventional therapy only
3 groups: group 1 — pharmacotherapy; group 2 —
’ o ' LLLT (660-nm laser light was applied directly LLLT has superior results in mouth
Khairnar et al. | Clinical trial/ 42 | over openine  compared  with  ultrasound
(2019) patients the TMJ region for three minutes at 2.2 Joules tlferap yg p

per minute); group 3 — ultrasound therapy (1.8
w/cm2 for 10 min per session)

All subjects treated with a combination therapy:
ultrasound (US) and photobiomodulation (laser

Combined treatment, US + PBMT,

Panhéca et al. | Clinical study/ | diode at 808 nm, power 100mW, and spot area | improved the subjects’ quality of life,
(2019) 13 patients 1.76mm2; and US with frequency of 1.0 MHz, | and the effects persisted 1 month after
intensity 1 W/cm2, 50% pulsed work cycle, and | termination of treatment.
effective radiation area of 1.6 cm2.)
Clinical trial/60 | 3 groups: group A received ultrasound and | The ultrasound and traditional exercise
Elgohary et al. | subjects with | traditional exercise therapy; group B received | therapy were more effective than LLLT
(2018) history of head | LLLT and traditional exercise therapy; while | and/or traditional exercise therapy in

and neck cancer

group C received traditional exercise therapy.

reducing TMJ pain and trismus
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