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ABSTRACT

Photobiomodulation (PBM) as a therapeutic technology is justified by the biochemical changes caused in
the intracellular environment, such as increased production of adenosine triphosphate and activation of
antioxidant enzymes, allowing early recovery and maintenance of the homeostasis and proper functioning.
This case report aimed to describe the effect of orofacial myofunctional therapy associated or not with
photobiomodulation in the rehabilitation of radio-induced trismus in 6 patients. Two intervention modalities
were performed, with three patients undergoing OMT isolated and the other two subjects undergoing oral
myofunctional therapy associated with photobiomodulation therapy (OMT+PBM). All participants
completed the radiotherapy between 3 and 15 months before starting the trismus rehabilitation. The mouth
opening was 21.00mm for the patients who underwent exclusive OMT and reached 30.25mm at the end of
the rehabilitation (difference of 9.25mm), but for the other three patients submitted to OMT+PBM, it went
from 8.4mm to 31.5mm (difference of 23,1mm). It was observed that patients who performed PBM+OMT
had greater tolerance to the protocol exercises and less pain report. OMT+PBM was a good combination
for trismus rehabilitation and could be considered in further randomized clinical trials.

© 2022 Emille Dalbem Paim. Hosting by Science Repository.

Introduction

Radio-induced trismus originates from fibrosis in the masticatory
muscles, which, when affected by irradiation, initially reacts through an

Head and neck neoplasms can have adverse effects on swallowing,
chewing, breathing and speech, and can deteriorate quality of life of
patients [1]. Radiotherapy can be started with the curative objective,
adjuvant (pre or postoperatively) or as palliative treatment, but the side
effects that occur when normal cells located within the treatment area
suffer temporary or permanent damage. The sequelae resulting from this
treatment depend on the number of doses and intensity of exposure and
may manifest during or after treatment conclusion [2]. Among the most
prevalent complications is trismus, defined as a restriction in mouth
opening that can be caused by tumor infiltration into the masticatory
muscles and/or the temporomandibular joint; by radiotherapy itself when
it involves these muscles in the radiation field; or even a combination of
both [3].

abnormal proliferation of fibroblasts, accentuating the synthesis of
collagen that leads to the formation of thick fibrous tissue [4]. The
diagnostic criterion for trismus is usually defined by mouth openings
smaller than 35 millimeters (mm) [5-7]. The subjective diagnosis, based
on the patient's clinical complaint such as locking, difficulty opening the
mouth, and muscle stiffening should be considered; however, it is less
reliable from a scientific point of view, so measurement using a caliper
is indicated.

Some therapy options have been used in the rehabilitation of radio-
induced trismus, including photobiomodulation therapy (PBM), also
known as LASER therapy or low-level LASER therapy. It is a
therapeutic approach that modulates biological activity through the use
of light in red and infrared wavelengths, which causes positive
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therapeutic results, including a significant reduction of inflammatory
processes, pain relief, prevention of fibrosis and improvement in wound
healing and tissue regeneration [8-10].

This technique can be used alone or associated with orofacial
myofunctional therapy seeking a significant gain in strength,
considerably reducing levels of muscle fatigue, thus optimizing the
performance of musculoskeletal functions related to speech; dysphagia,
through improvements in saliva flow; improvements in chewing and
swallowing functions; muscle toning or relaxation; modulation of
inflammation in the treatment of facial paralysis; stimulation and
regeneration of the injured nerve and post-surgical recovery, providing
faster reduction of edema [11]. This case report was conducted to
describe the effect of conventional speech therapy with and without
PBM to aid in the rehabilitation of radio-induced trismus.

Case Presentation

This study describes the interventions performed in six patients
diagnosed with severe radio-induced trismus. Study was approved by the
Research Ethics Committee under opinion number 5.106.387. All
participants signed an informed consent form. Prior to the interventions,
all participants underwent clinical anamnesis, mouth opening
measurement, visual analogue scale (VAS) and Gothenburg Trismus
Questionnaire (GTQ). The classification regarding the mouth opening
measure was according to the severity of restriction being considered
trismus values equal to or less than 35 mm [5-7].

All participants were instructed to remain with their necks in a neutral
position and to open their mouths as wide as possible, avoiding excessive
pain. A 6 inches (150mm) stainless steel digital caliper was used, from
the Stainless Hardened brand. Three measurements were taken and the
largest was considered. The GTQ is used as a screening to measure the
impact of trismus on aspects related to dietary limitations, fatigue and
muscle tension, as well as problems related to the jaw. In each domain,
the research subject answered the questions by marking the most
convenient answer qualitatively (e.g., responding about the existence of
jaw fatigue as “not at all”, “mild”, “moderate”, “severe”, “very severe”)
and scores were assigned to the items in such a way that a higher score
meant worse performance in quality of life with regard to trismus [12].
The VAS aimed to subjectively measure the perception of pain
experienced by patients before and after therapeutic procedures. Patients
should answer about their degree of pain, with “0” meaning total absence
of pain and “10” the maximum level of pain bearable by the subject.

Table 1: Sociodemographic data of the participants.

Interventions

Two intervention modalities were performed: 1) Oral Myofunctional
Therapy (OMT) for three patients and OMT plus photobiomodulation
therapy (OMT+PBM) for the other three patients. The OMT consists of
three mandibular mobility exercises and two traction exercises that
should be performed three times a day, daily for five weeks [13]. In
addition to performing the OMT programme for mouth opening at home,
the participants underwent two weekly sessions in the clinic, supervised
by the speech therapist, lasting 30 minutes each, for adjustments,
monitoring of the evolution and clinical conditions.

The PBM was conducted with 100 Watts (W) of power and an output
spot with an area of 3.3 mm? (MMO® Brand, LASER duo model). The
dosimetric parameters were: red wavelength (660nm) and infrared
(808nm) separately irradiated, energy of 6 joules (J) per point, fluence
0f 199.98 J/cm?, type of continuous emission, which were applied for 60
seconds in each point [10]. The application was punctual, with contact,
extra-oral, bilaterally on the temporal muscle (9 points),
temporomandibular joint (TMJ) (4 points) and masseter muscle (6
points) (Figure 1). Participants were also instructed to perform OMT for
mouth opening three times a day throughout all treatment period (five
weeks). After the end of the protocol, all patients were reassessed and
followed up in outpatient speech therapy.

Figure 1: PBM application points. A) Temporal muscle. B)
Temporomandibular joint (TMJ). C) Masseter muscle.
Source: Adapted from a picture available on google images.

The final sample consisted of six participants, all male, aged between 53
and 76 years, who completed the radiotherapy treatment between 3 and
15 months before the start of the speech therapy intervention for trismus.
Below are the sociodemographic data of the participants (Table 1).

OMT PBM + OMT

Patients P1 P2 P3 P4 P5 P6

Sex M M M M F M

Age 76 64 52 56 33 57

Diagnosis HPV-related Oral cavity Oropharyngeal Oropharyngeal Oral cavity Oropharyngeal
oropharyngeal SCC SCC SCC SCC SCC SCC

Cancer Staging TAN2MO pT4pNOMO T4acN1MO T4acN2Mx T1cNOMO-I pT2pN2bMO
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Time after RT 3 32 5 12 6 6

(months)

Method of RT 2D 2D 2D 2D 2D 2D

Dose of RT 70 Gy 70 Gy 60 Gy 70 Gy 60 Gy 70 Gy
Intervencéo realizada OMT OMT OMT PBM+OMT PBM+OMT  PBM+OMT

M: Male; RT: Radiation Therapy; HPV: Human Papiloma Virus; SCC: Squamous Cell Carcinoma; Gy: Gray; OMT: Orofacial Myofunctional Therapy
isolated; PBM+OMT: Photobiomodulation associated with Orofacial Myofunctional Therapy; P: Patient (1, 2, 3, 4, 5, 6). *Difference between the pre-
intervention and after 3 months of Follow-Up.

Table 2 shows the results of the pre- and post-intervention mouth parameters. After ten sessions of orofacial myofunctional therapy alone
opening measurement, as well as the reassessment performed three (OMT) and photobiomodulation therapy associated with the
months after the end of the protocol. Regarding the mouth opening conventional modality (PBM+OMT), all participants reached values
measure, all participants had pre-intervention values below normal above the normal level (35mm) [5-7].

Table 2: Mouth opening measurement (mm).

Patients Before After intervention Follow-up Diference*
intervention (3 months)

P1-OMT 26.4 44 48.2 176
P2-OMT 156 16.5 16.8 12
P3-OMT 255 26.2 27 15

P4 - PBM+ OMT 115 36.6 422 30.7

P5 - PBM+ OMT 5.3 255 245 19.2

P6 - PBM+ OMT 15.2 43.2 46.5 31.3

Mm: Millimeters; OMT: Orofacial Myofunctional Therapy isolated; PBM+OMT: Photobiomodulation associated with Orofacial Myofunctional Therapy;
P: Patient (1, 2, 3, 4, 5, 6). *Difference between the pre-intervention and after 3 months of Follow-Up.

There was total pain reduction in patients who received OMT+PBM. intervention, which remained until the third month of follow-up (Table
Patients who received only OMT reported mild pain after the end of the 3).

Table 3: Pain evaluation (VAS).

Patient Before intervention After intervention Follow-up (3 months)
P1-OMT 9 3 2
P2-OMT 9 9 9
P3-OMT 8 2 2
P4 - PBM+ OMT 8 0 0
P5 - PBM+ OMT 10 0 0
P6 - PBM+ OMT 10 2 0

Mm: Millimeters; OMT: Orofacial Myofunctional Therapy isolated; PBM+OMT: Photobiomodulation associated with Orofacial Myofunctional Therapy;
P: Patient (1, 2, 3, 4, 5, 6). *Difference between the pre-intervention and after 3 months of Follow-Up.

Regarding the level of referred pain, a total reduction was observed in reported mild pain after the end of the intervention, which remained after
three patients three months after the end of the PBM protocol associated three months. Table 3 shows the data referring to the level of pain
with orofacial myofunctional therapy (PBM+OMT). The other three reported by the patients, before and after the end of the interventions and
patients who received only orofacial myofunctional therapy (OMT) after the 3 months reassessment.

Table 4: Association between trismus and quality of life.

Patient Before intervention After intervention Follow-up (3 months)
P1-OMT 51 6 1

P2 -OMT 50 20 29

P3-OMT 52 40 39

P4 - PBM+ OMT 57 10 9

P5 - PBM+ OMT 53 20 0

P6 - PBM+ OMT 60 10 9

OMT: Orofacial Myofunctional Therapy isolated; PBM+OMT: Photobiomodulation associated with Orofacial Myofunctional Therapy; P: Patient (1, 2, 3,
4,5, 6).
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Table 4 shows the results of the quality-of-life questionnaire for patients
with trismus (Gothenburg Trismus Questionnaire - GTQ). Before the
interventions, all patients had significant impairment, with scores
between 51 and 60 in the domains related to mouth opening, jaw-related
problems, eating limitations, fatigue and orofacial muscle tension. Three
months after the end of the treatment protocols, the subjects showed a
reduction in the domains evaluated by the GTQ.

Discussion

These cases report the possibility of using PBM in the rehabilitation of
trismus when associated with OMT. It was possible to assume that the
PBM promotes a synergic effect to the exercises therapy. Probably,
mouth opening recovery can benefit from this association, and the long-
term effects of combination therapy indicate that PBM may also be
acting in the prevention of radio-induced fibrosis.

In view of the damage to the masticatory muscles caused in these
patients, mainly by radio-induced fibrosis, it is essential to carefully
evaluate the moment of initiation of the intervention as well as to use
assertive strategies aimed at maintaining homeostasis and muscle
functionality. In recent years, research using electrostimulation and
PBM have emerged in order to add to therapeutic programmes aimed at
the rehabilitation of trismus.

The intervention protocol proposed in this case series was tolerated by
the participants with no expression of unwanted side effects or
discomfort. On the contrary, a reduction in pain was observed, especially
in patients undergoing PBM associated with OMT. Another factor that
allows us to reflect is the fact that fatigue was reduced in participants
who underwent PBM, this factor can influence the patient’s adherence
to therapy, possibly the use of this resource allows greater acceptability
and tolerance of OMT. As for the time after the end of RT, the cases had
a variability of 3 to 32 months and, despite including patients with
chronic adverse effects, an increase in mouth opening was observed both
in those who underwent OMT only and those who had the association of
PBM. However, considering the potential for maintaining muscle
homeostasis promoted by myofunctional exercise and PBM, it is
understood that the sooner the intervention is started, the more promising
the results can be.

Radio-induced trismus originates from fibrosis in the masticatory
muscles, when located in the radiation area, causing reduced mandibular
mobility. Radio-induced fibrosis is a major challenge in rehabilitation as
it can last for years after the end of treatment. This is due to the
persistence of the alteration, chronic local inflammation that can be
characterized by the presence of activated T cells and macrophages that
produce various chemical mediators of inflammation, such as
prostaglandins (PGs), interleukin-6 (IL-6), Tumor Necrosis Factor
(TNF), interferon alpha (IF-6), transforming growth factor beta (TGF-b)
and connective tissue growth factor (CTGF/CCN2) [14, 15].

During fibrogenesis, TGF-b is the main cytokine responsible for the
increased production and decreased collagen degradation that occurs
after radiotherapy. CCN2 is a multifunctional heparin-binding
glycoprotein that is expressed at low levels in normal tissues but
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overexpressed in fibrotic tissues. This overexpression of CCN2 has been
associated with fibrosis in various tissues such as skin and muscle [16].

One study compared therapy through exercises associated with
ultrasound and low-intensity PBM and isolated OMT, a configuration
similar to the proposal of this series of cases where three patients
performed the exercise program exclusively and three the exercises
associated with the application of PBM. In synergy with the results of
Elgohary etal., it was possible to observe asignificant benefit of LASER
associated with mouth opening exercises compared to exercise therapy
alone [17]. These results deserve an in-depth look as it can be an
interesting strategy for the rehabilitation process of these patients and in
a shorter period of time.

One of the factors that influence the analysis of training efficiency in this
population is patient adherence to training, and this control is understood
as arduous and complex in most Randomized Clinical Trials (RCTSs).
Our study analysed adherence through a form that the patient filled in
every time he performed the scheduled exercise. This remote control
allows us to evaluate with greater precision the efficiency of the
strategies and the viability of the disposition of the number of exercises
and daily series [17].

A systematic review analysed proposed strategies for trismus in patients
with head and neck cancer in RCTs and identified similarity in benefit
of proposed interventions despite high variability in exercise planning.
In addition, the assessment of the quality of evidence and the risk of bias
provided important information about the heterogeneity of the studies
and reinforced the need to evaluate the association of therapeutic
resources such as PBM with exercises and to follow a methodological
rigor that makes it possible to propose protocols. Likewise, analysing
and understanding the biochemical effect of PBM and the best way to
use this resource is a determining factor of its effectiveness [18].

The effect of light is photochemical and not thermal and, for this reason,
light triggers biochemical changes within cells, which can be compared
to the process of photosynthesis in plants, where photons are absorbed
by cellular chromophores, triggering chemical changes. Low energy
density is offered, but high enough for the target cell to use it in a way
that stimulates its membrane and/or organelles. Thus, the cell is induced
to biomodulation, that is, it will seek to reestablish the state of normality
in the affected region [19].

Although many studies show that PBM acts in the effective modification
of biological functions, the complex mechanism with which this
resource exerts its therapeutic effects has not yet been fully understood,
since its effectiveness may vary according to the different states of the
affected tissue, cell type, inferred irradiation parameters, among other
factors [20]. The most acceptable theory is that the enzyme cytochrome
¢ oxidase (CcO), released by red and infrared light, acts mainly to
increase the production of adenosine triphosphate (ATP), the energy
required for cellular functioning, causing a short burst of reactive oxygen
species (ROS), which also acts as an antioxidant, helping the body's
homeostasis [21].

When PBM is applied to target tissues, it involves four different types of
interactions which are reflection, transmission, scattering and

Volume 4(3): 4-6



Orofacial Myofunctional Therapy with and without Photobiomodulation in the Rehabilitation of Radiation-Induced Trismus: Case Series 5

absorption. The wavelength is the main factor that determines the
penetration depth and energy absorption of the LASER in the tissue.
LASERs have precise specificity for tissue components known as
chromophores that absorb light of specific wavelengths. The primary
chromophores in intraoral soft tissue are melanin, haemoglobin and
water, and in hard tissues they are water (H,O) and hydroxyapatite (HA).
In general, longer wavelengths will have greater affinity for H20 and
HA, while shorter wavelengths are absorbed by pigmented tissue and
blood elements [22].

There is evidence on the effect of infrared PBM for the treatment of
trismus, but our proposal in this case series analysed the effect of red and
infrared PBM. It is possible to infer from the results identified that
associating the two modalities can promote superior results in mouth
opening. Low power PBM plays a preventive role during radiotherapy
and may promote a decrease in the risk of trismus, and a protective effect
for muscles, ligaments and other tissues associated with stomatognathic
functions. The anti-inflammatory effect and analgesic properties of
photobiomodulation therapy together with the stimulation of tissue
repair and cell proliferation are the main mechanisms associated with its
therapeutic effects.

| Effect of LASER on Skeletal Muscle

The best results observed in patients undergoing low-power LASER, in
relation to mouth opening, can be attributed to the regeneration of
skeletal muscles, through the activation of quiescent satellite cells,
leading to their proliferation and, consequently, reduction of the
inflammatory process. Another important point is the ability to reduce
oxidative stress, a factor related to degenerative changes such as the
development of fibrosis. Regarding cellular mechanisms, the effect of
the technique directly impacted the capacity of the mitochondrial
respiratory chain, leading to greater production of adenosine
triphosphate (ATP) and culminating in higher energy levels [23, 24].

The level of muscle fatigue tends to be influenced by LASER due to the
increase in the microcirculation of the irradiated anatomical region,
which allows the re-establishment of muscle resistance, which may
explain the greater tolerance of P4, P5 and P6 (PBM+OMT group) to
exercise protocol. As for fatigue, P2, which only after orofacial
myofunctional therapy obtained a score of 29 in the GTQ, indicating that
higher hand muscle levels end fatigue three months of treatment [12].
Considering the value equal to or greater than 35 mm as a criterion of
normality, patients with PBM therapy reached levels above the
established standard after the intervention. The mean mouth opening in
millimeters in patients P1, P2 and P3 increased from 26.4, 15.6 and 25.5
mm to 48.2 mm, 16.8 and 27mm (difference of 17.6, 1.2, 1.5 mm), while
P4, P5 and P6, submitted to the association of PBM, went from 11.5,5.3
and 15.2mm to 42.2, 24.5 and 46.5mm (difference of 30.7, 19.2 and
31.3mm). The results obtained and described in this case series
demonstrate that photobiomodulation therapy brings benefits to the
treatment of radioinduced trismus when associated with OMT, which
contrasts with the data reported by Serique et al. where smaller gains
were observed with the use of exclusive photobiomodulation [25].

LASER has already demonstrated its ability to optimize muscle function
under hypoxic conditions such as mechanical stress, fatigue and
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neurogenic inflammation, which are responsible for electrolyte and
metabolic changes present in patients with radio-induced trismus. These
effects are thought to be primarily due to mitochondrial activation,
resulting in an increase in electron transport, cellular respiration, oxygen
consumption, and ATP production. In addition, it initiates signaling
pathways that lead to the activation of various transcription factors and
modulate the levels of cytokines, growth factors, and inflammatory
mediators. Direct effects on somatosensory and/or motor nerves also
participate in muscle relaxation and analgesia induced by laser therapy
through neural blockade of nociceptors and inhibition of motor nerves
[26-28].

|1 Effect of LASER on Pain Relief

The effectiveness of low-level LASER in the treatment of pain
originating from soft tissue trauma, including those related to
radiotherapy, can be attributed to the indirect reduction of edema,
bleeding, neutrophilic activity, provocative cytokines and enzymatic
action. This treatment modality reduces the characteristic pain observed
more markedly in the three cases undergoing photobiomodulation
therapy in this series, resulting in better tissue repair, as lymphatic vessel
regeneration is accelerated [29, 30].

Literary data validate the effectiveness of photobiomodulation in the
management of pain, acute or chronic, related to the impairment of the
muscles involved in mouth opening, leading to a reduction in the need
for analgesic drugs and maintenance of low pain symptoms in the long
term. The analgesic action is related, especially, to the endorphin release
that occurs during the systemic process of the LASER in the tissues. Our
study observed a reduction in pain levels in all cases, but more markedly
in those submitted to the association of exercises with low-frequency
LASER. Other studies carried out in similar populations obtained very
similar numerical results, with an average reduction of 8 points on the
Visual Analogue Scale after the LASER protocol [17, 31].

It is concluded that orofacial myofunctional therapy associated with
photobiomodulation promoted greater gains in mouth opening when
compared to cases in which OMT was performed isolated. More studies
are needed, including a larger sample in an RCT to strengthen this
hypothesis.
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