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Abstract

Temporomandibular dysfunction (TMD) can be described as a set of clinical conditions that
includes disorders of the temporomandibular joint (TMJ) and/or the masticatory muscles that
has a multifactorial origin, like bruxism, sleep alteration, trauma, among others. There are
several ways to treat TMD, such as: occlusal splints, physiotherapy, viscosupplementation,
among others. The aim of this case report was to show the new possibility in the treatment of
TMD by means of a combined therapy using low-level laser (LLL) and vacuum therapies in the
recovery process of two patients with TMD. A simultaneous LLL under 660 and 808 nm,

600 mW of power divided into six lasers outputs around the tip was used synergistically with a
vacuum device under negative pressure between 100 and 150 mbar. This case report included 2
patients and both of them were diagnosed with TMD according to the research diagnostic
criteria for temporomandibular disorders (RDC/TMD). Patients were treated for LLLT and
vacuum therapy at the same time. The treatment was applied to the left and right sides of the
face on the masseter muscles, temporal muscles on the previous fibers and TMJs. Two sessions
per week were performed totaling eight sessions. Oral opening, visual analogue scale (VAS) and
OHRQoL (oral health-related quality of life) measurements were evaluated by the Oral Health
Impact Profile (OHIP-14) at three moments: pre-treatment (TO), after the eight treatment
sessions (T1) and 30 d after the end of treatment (T2). The obtained results showed the
improvement of muscle pain and oral opening accompanied by improved quality of life of the
volunteers treated with a percentage of 84% in patient 1 and 100% in patient 2. Combined
therapies (LLL and vacuum therapies) may be a complementary or alternative treatment to
control pain and decrease the recovery time of normality masticatory muscles.
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1. Introduction

The temporomandibular joint (TMJ) has a unique and par-
ticular characteristic in the human body, because it presents
synchronous interlinked movements, that is, when right joint
movement occurs, the left also moves in synchrony through the
action of the masticatory muscles during normal mandibular
movement [ 1, 2]. In addition, it performs its movement related
to the meshing and proprioception of the teeth of the lower arch
with the teeth of the upper arch. Once parafunctional move-
ments involving the masticatory muscles occur, TMJ may
develop temporomandibular dysfunctions (TMDs) [3].

The appearance of limitation of mandibular movements,
joint noises, pain in the muscles of masticatory and TMJ, are
the main signs and symptoms of TMD. When TMD-related
pain persists for more than three months, a treatment should
be performed based on a chronic disease scenario and not as
acute pain. TMD is a disease of high prevalence in the Amer-
ican population [4]. TMD can affect the physical and mental
health of the patient, leading to a negative impact on the quality
of life [5]. Women are more susceptible than men to have TMJ
pain and a higher incidence in the population aged between 21
and 50 years has been demonstrated [6]. It is estimated that
40% of the Brazilian population has some sign or symptom of
TMD. However, only approximately 25% of this population
present TMD-related pain [6].

There are several modalities for pain management and con-
trol in the treatment of TMD. These modalities are classified
as invasive when it involves surgery, arthroscopy, arthrocen-
tesis, among others; and non-invasive such as occlusal splints,
physiotherapy, biofeedback, laser, among others [7]. Scientific
evidence has shown the high success rate of noninvasive or
minimally invasive treatments [7, 8] Minimally invasive treat-
ments, besides have been cited as the most common in the lit-
erature [8, 9] they are also more accepted in the daily clin-
ical practice. The most commonly used treatments in dentistry
are: occlusal stabilization plates of TMDs and masticatory
muscles, physiotherapy exercises, transcutaneous electrical
nerve stimulation (TENS), ultrasound, dry needling, biofeed-
back therapy, pharmacotherapy and psychological treatment
[7]. These noninvasive treatments are preferably selected due
to the fact that TMD is considered a self-limiting disease
of multifactorial origin. Treatments considered invasive, such
as occlusal adjustments and surgical interventions have been
less and less used and indicated for very specific cases of
TMDs [7].

Several studies have shown the analgesic and anti-
inflammatory effect of low-level laser (LLL) in the treat-
ment of temporomandibular disorders [10, 11]. In addition, the
effects of LLL have the ability to improve mouth opening and
the quality of life of patients who received TMD treatment.
The wavelengths most used for this therapy are based on red
(660-680 nm) and near infrared (780-808 nm) [10]. In addi-
tion, the most recent studies showed that infrared wavelengths
could provide better results in the TMD treatments [10, 11].

Vacuum therapy is a noninvasive procedure that uses suc-
tion cups and negative pressure to increase peripheral blood
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Figure 1. Effect of negative pressure increasing blood circulation.
The arrows in this figure show the direction of blood flow during
application of the vacuum device.

irrigation [12]. Thus, it promotes local angiogenesis, leading
to an increase in oxygen and nutrients in the applied region,
causing anti-inflammatory effect and tissue repair [12—14]
(figure 1). The low-power laser has features of accelerat-
ing healing time, acting as anti-inflammatory, analgesic and
muscle relaxant [12]. In view of these characteristics, the asso-
ciation of low-power laser and vacuum therapy can enhance
the recovery of normal movements of the masticatory muscles,
TMIJs and the quality of life of patients with TMD.

Previous experiments conducted by our research group
have shown that phototherapy combined or not with ultra-
sound reduced pain and increased the mouth opening capa-
city of patients with TMD [15, 16], Within this context, thera-
peutic modalities such as laser and vacuum therapy emerge
as a complementary or alternative strategy for the noninvasive
treatment of TMD.

The aim of this paper was to present two clinical cases
of volunteers diagnosed with TMD who were treated with an
innovative device that combines the simultaneous application
of laser and vacuum therapy.

2. Case report description

The treated volunteers were selected and evaluated in the
dental office of Irmandade da Santa Casa de Misericordia de
Sao Carlos (Sao Carlos, SP, Brazil) conveniated to the Bio-
phonics Laboratory of the Physics Institute of Sao Carlos—
IFSC, University of Sao Paulo—USP, Sao Carlos, SP, Brazil.
To treat the patients under TMD, two volunteers were selec-
ted according to the “Research Diagnostic Criteria for Tem-
poromandibular Disorders (DrC/TMD)” designed by Dworkin
[17]. Mouth opening measurements and pain assessment using
a visual analogue scale (VAS) ranging from O to 3, where:
0 = no pain, 1 = discomfort with mild pain, 2 = acute pain
only during stimulus application, and 3 = pain acute during
stimulus application and continuous after its removal; were
evaluated at three times: pre-treatment (TO), after the eight
treatment sessions (T1) and 30 d after the end of treatment
(T2).

This case report was approved by the ethics committee
for human studies of Irmandade da Santa Casa de Miseri-
cordia de Sao Carlos, under the protocol number C.A.A.E.
09096219.0.0000.8148. All questions from the two volun-
teers were clarified, and it was explained that the participation
in the study was voluntary. Both volunteers read and signed
the informed consent form (TCLE). Oral opening and Oral
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Figure 2. VacumLaser® equipment (MMOptics, Sao Carlos, SP,
Brazil) (a), the suction cup used (b), the display of the device (c) and
(d) close-up view of the display with treatment protocol.

Health-Related Quality of Life (OHRQoL) measurements
were evaluated using the Oral Health Impact Profile (OHIP-
14) at three moments: pre-treatment (T0), after the eight treat-
ment sessions (T1) and 30 d after the end of treatment (T2).
The patients were treated with the VacumLaser® (MMOptics,
Sao Carlos, SP, Brazil) that synergistically applies LLL and
negative pressure through suction cup. The system is shown in
figure 2. The two volunteers received the same treatment. The
treatments applied were based on the LLL with 6 laser diode
outputs being 3 under 660 nm and 3 under 808 nm wavelength
concomitantly; each laser has the power output of 100 mW
producing a total power output of 600 mW, <72 J (discount-
ing lost energy according to the spot distance from the tissue
surface that varies with the size of the suction cup per region)
and laser spot area is 1.76 mm?. The suction cup was applied
punctually to the face synergistically to the laser, as shown in
figure 3 on both sides of the face. In case of unilateral pain,
the application is also unilateral. Whether any other mastic-
atory or face muscle shows pain, the application of LLL and
vacuum therapy can be applied under the same protocols. The
suction cups were adjusted with negative pressure from 100 to
150 mbar under pulsed mode (MP7 = 40 pulses per minute).
The suction cup used was the smaller one with a diameter of
40 mm. Previously the application of suction cups, vegetable
oil was applied to the patient’s facial surface so that the suc-
tion cup could glides over the skin tissue. The application was
made for 120 s per region (figure 3).

Figure 3. Vacumlaser® application areas (over the previous fibers
of the muscles, temporal and masseter, and TMJ).

3. Cases report

Both patients in these case report attended to the dental office
of the Brotherhood of the Santa Casa de Misericérdia Hospital
(Sao Carlos, SP, Brazil). The TMD treatment was performed
at the Biophonics Laboratory of the Physics Institute of Sao
Carlos—IFSC, University of Sao Paulo—USP (Sao Carlos,
SP, Brazil). Both patients were diagnosed with TMD, where
the patient 1 presented only muscle TMD and patient 2 presen-
ted muscle TMD and joint involvement on the left side with the
presence of click.

3.1. Case report 1

Patient A.A.M., 38 years-old, female (figure 4), complaining
of pain for 3 months in the preauricular left side region, pain
during the masticatory function, limitation of oral opening,
headaches and she also reported the habit of grinding teeth.
The patient was submitted to intra- and extra-oral clinical
examination using the RDC/TMD questionnaire and was dia-
gnosed with muscle TMD and absence of clicks during TMJ
palpation. The free and informed consent form was signed and
the questionnaire on the Impact of Oral Health OHIP-14 was
completed.

3.2. Case report 2

Patient M. F. R. S., 43 years-old, female (figure 5), complain-
ing of pain in the pre-auricular region and TMT bilaterally.
The patient reported that 23 years ago, the use of a stabilizing
plate for 5 years and it was in disuse in the last 5 years. The
patient reports absence of headache. The patient also reports
that at 21 years of age she had mandibular locking that lim-
ited the mouth opening since then. The patient has nocturnal
bruxism and feels painful the lateral region of the face when
she wakes up in the morning. She was submitted to intra- and
extra-oral clinical examination using the RDC/TMD question-
naire and she was diagnosed with muscular TMD with the
presence of clicking on the left side of the TMJ at 25 mm dur-
ing the mouth opening movement. The free and informed con-
sent form was signed and the questionnaire on the Impact of
Oral Health OHIP-14 was completed.
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Figure 4. Anterior view of the patient’s face (a), oral mouth
opening of 31 mm in TO (b), oral mouth opening of 36 mm in T1
(c) and oral mouth opening of 38 mm after 30 d (d).

Figure 5. Anterior view of the patient’s face (a); oral mouth
opening of 35 mm in TO (b); oral mouth opening of 38 mm in T1
(c) and oral mouth opening of 42 mm after 30 d (d).

4. Results

The results based on the VAS scale regarding the pain score
and for OHIP-14 are listed in tables 1 and 2, respectively.
Patient 1 presented in the first session (7' = 0) 31 mm of max-
imum oral mouth opening without pain, after the eighth ses-
sion (T = 1) of application, 36 mm of oral mouth opening and
38 mm in the return of 30 d, evidencing an evolution regarding
the mouth opening even after the return of 30 d. Patient 2 in
the first session (7" = 0) presented 35 mm of maximum oral
opening without pain, 38 mm in the eighth session (7' = 1)
and 42 mm after 30 d was observed. In addition, an improve-
ment in the maximum oral mouth opening without pain was
observed. The condition of clicking on the left side at 25 mm
of the oral mouth opening movement in the first session was
eliminated in the eighth treatment session and remained after
30 d in the evaluation after the end of treatment. After TMD
treatment, patients 1 and 2 showed improvement of pain bilat-
erally in the TMJ, masseter and temporal regions from the first
to the eighth session and maintained the same clinical behavior
after 30 d, as shown in table 1.

Table 1. Vas evaluation (pain score) before, after treatment and 30 d
after the end of TMD treatment of patients 1 and 2, showing a score
that goes from O to 3 on the right and left side.

VAS patients

1/ T=0 T=1 T=2

™I 3R-3L/ OR—-0L/ OR-OL/
3R-3L OR-OL OR-OL

Masseter 3R-3L/ OR-O0L/ OR-OL/
2R-2L OR-OL OR-OL

Temporal 1R-1L/ OR-OL/ OR-OL/
OR—-1L OR-OL OR-OL

Note: VAS stands for visual analog scale (0 = no pain, 1 = mild pain,
2 = moderate pain, 3 = severe pain). R means right and L means left.
T = 0 means initial evaluation, T = 1 evaluation after treatment and
T = 2 evaluation after 30 d of end of treatment.

5. Discussion

In this manuscript, we presented two cases report based on the
use of LLLT combined with vacuum therapy in a synergistic
way. Our findings showed positive and promising results for
the treatment of temporomandibular disorders., which can be
seen in tables 1 and 2.

The initial evaluation, after treatment and 30 d after the
treatment, based on VAS scale showed improvement in pain in
the masticatory muscles (table 1). VAS scale is a psychomet-
ric response scale that was used in the initial, final question-
naire and 30 d after the end of treatment for the two volunteers.
VAS scale was used as a measuring instrument for subjective
characteristics because they cannot be measured directly. Oral
health conditions are an inseparable part of people’s overall
health and quality of life, and OHIP was performed in both
patients to measure the social impact on each volunteer.

In addition, an improvement in the extent of mouth open-
ing after the end of treatment was also observed. Patient 1 had
an initial opening of 31 mm and the opening after 30 d was
38 mm. The same behavior was observed for the patient 2,
where the mouth opening increased from 35 mm for 42 mm.
Functional limitation for both patients was not present at the
beginning of treatment and remained absent until the end of
treatment. Social limitation for patient 2 was also not a prob-
lem, just as disability was not and remained for patient 1. How-
ever, for patient 2, physical pain and psychosocial discomfort
were high, which evolved to zero at the end of treatment. Thus,
compared to the results obtained in the first session, after the
eighth session and after 30 d, both patients presented improve-
ment of the condition related to the other questions addressed
in the OHIP-14 questionnaire, as show in table 2.

These cases report shows a new system for synergistic
application of LLL and vacuum therapy to treat TMD. Based
on the obtained results, the expectation of the efficacy of this
innovative equipment was shown. The results after LLL and
vacuum therapy evaluated through the visual analog scale
showed analgesia in the painful sensitivity of patients after
palpation of TMJ, masseter and temporal muscles. In quality-
of-life evaluation based on OHIP-14, which evaluates the
impact of TMD treatment on the patient’s quality of life, it
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Table 2. Evaluation by OHIP-14 before and after TMD treatment of patients 1 and 2.

% Percentage of

Initial 7 =0 Final T =1 Final after 30 d improvement after
OHIP-14 patients !/2 (1stS) (8thS) T=2 therapy
Functional limitation 0/0 0/0 0/0 0/0
Physical pain 5/8 2/0 0/0 65/100
Psychological discomfort 7117 1/0 0/0 86/100
Physical limitation 3/1 0/0 0/0 100/100
Psychological limitation 3/4 0/0 0/0 100/100
Social limitation 1/0 0/0 0/0 100/0
Disability 0/4 0/0 0/0 0/100
Total 19/24 3/0 0/0 84/100

Note: maximum score of OHIP-14 = 56, S = session.

was possible to observe that there was an improvement of 84%
for patient 1 and 100% for patient 2 in the total quality of
OHIP-14.

The use of LLL separately from vacuum therapy for TMD
treatment has been accepted as a valid noninvasive therapy
for this morbidity. Chen et al in a meta-analysis of 14 ran-
domized clinical trials concluded that LLL can significantly
improve the functional results of patients with TMD [18]. In
another systematic review published in 2016 [19], the authors
concluded that LLL seems to be effective in reducing pain
in TMDs. Xu et al suggesting that LLL effectively relieves
pain and improves functional results in patients with TMD
[20]. In these case report, the LLL under 660 and 808 nm
was used. The use of both wavelengths simultaneously can
improve the photon receptor chromophores in living tissue
promoting photobiomodulation effect.

The LLL acts by transferring energy mainly to cytochrome
peroxidase c¢ [21]. The photoreceptors in the mitochondrial
respiratory chain are excited producing photochemical and
photophysical effects, increasing membrane potential and con-
sequently changing mitochondrial properties [21] This change
results in increased production of ATP and molecular oxy-
gen, which stimulates the activity of DNA and RNA for the
synthesis of cell cycle regulatory proteins and thus the speed
of mitosis can be increased [22-25]. LLL therapy modulates
several biological processes, stimulating the healing and syn-
thesis of collagen, promoting the musculoskeletal regener-
ation, decreasing the inflammatory response and increasing
angiogenesis. In addition, it is hypothesized that LLL can pro-
mote photo-shutdown of nitric oxide (NO) which is an inflam-
matory flag. Recent evidence has shown that NO participates
in muscle physiology modulating the processes of vasodila-
tion, metabolism and contraction of the musculature [26].

In this case report, there was a significant improvement in
pain of the regions of the temporomandibular joint and mas-
seter muscle from the first to the eighth session, maintaining
the result even after 30 d of the final session. LLL therapy asso-
ciated with vacuum therapy promoted the overall improvement
in OHIP-14 indicators and VAS for both cases. Application
of LLLT with vacuum therapy showed effective results for
both patients. Further studies with a greater number of volun-
teers (clinical trials) would be necessary to obtain more robust

results proving the analgesic, restorative and quality of life
improvement in the treatment of patients with TMD.

6. Conclusion

In view of the results showed in these case report, it was pos-
sible to show that LLLT therapy combined with vacuum ther-
apy improves blood circulation, tissue repair, analgesic and
anti-inflammatory in patients with TMD. LLLT and combined
vacuum therapy may be a complementary or alternative treat-
ment to control pain and decrease the recovery time of nor-
mality masticatory muscles.
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