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The use of noninvasive neuromodulation in the treatment of chronic pain
in individuals with temporomandibular dysfunction

O uso da neuromodulagéo nao invasiva no tratamento da dor crénica em individuos com

disfungédo temporomandibular

Tatyanne dos Santos Falcdo Silva', Melyssa Kelyanne Cavalcanti Galdino’

ABSTRACT

BACKGROUND AND OBJECTIVES: Faced with mecha-
nisms of maladaptive neuroplasticity that can generate a memori-
zation of pain sensation in individuals with temporomandibular
dysfunction, the transcranial direct current stimulation emerges
as a possible treatment strategy for chronic pain. However, fur-
ther studies are needed to demonstrate the efficacy of this thera-
peutic modality and its long-term effect. Thus, the present study
aims to discuss the use of transcranial direct current stimulation
in the treatment of temporomandibular dysfunction in individu-
als with chronic pain.

CONTENTS: The present review encompasses 40 articles, pub-
lished between the years 2000 and 2016. The temporomandibu-
lar dysfunction is a disease characterized by a set of signs and
symptoms that may include joint noise, pain in the muscles of
mastication, limitation of mandibular movements, facial pain,
joint pain and/or dental wear. Pain appears as a very present and
striking symptom, with a tendency to chronicity, a condition that
is difficult to treat and often associated with psychological factors
such as anxiety and depression. Studies using transcranial direct
current stimulation in patients with chronic pain symptomatol-
ogy have been showing good results through neuromodulation
of neuronal excitability. It is worth noting that it corresponds
to a non-invasive technique, low cost, easy and quick to apply,
besides having minimal adverse effects.

CONCLUSION: The transcranial direct current stimulation has
shown promising results in the treatment of temporomandibular
dysfunction pain, with the possibility of becoming a comple-
mentary technique to the existing treatments, and thus, provid-
ing a professional assistance of better quality and resolution to
the patient with this disorder.
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RESUMO

JUSTIFICATIVA E OBJETIVOS: Diante de mecanismos de
neuroplasticidade mal adaptativa, que podem levar a uma memo-
rizagio da sensacio dolorosa em individuos com disfun¢io tempo-
romandibular, a estimulagio transcraniana por corrente continua
surge como uma possivel estratégia de tratamento para a condicio
4lgica cronica. No entanto, é necessdrio o desenvolvimento de es-
tudos subsequentes que comprovem a eficdcia dessa modalidade
terapéutica e de seu efeito em longo prazo. Dessa forma, o presente
estudo teve como objetivo discorrer sobre o uso da estimulacio
transcraniana por corrente continua no tratamento da disfuncio
temporomandibular em individuos com dor cronica.
CONTEUDO: O presente estudo engloba 40 artigos, publica-
dos entre 2000 e 2016. A disfun¢io temporomandibular ¢ uma
doenca caracterizada por um conjunto de sinais e sintomas que
pode incluir ruidos articulares, dor nos musculos da mastigacio,
limitacio dos movimentos mandibulares, dor na articulagio e/ou
desgaste dental. A dor aparece como um sintoma bastante pre-
sente e marcante, com tendéncia a cronicidade, sendo essa uma
condicio de dificil tratamento, muitas vezes associada a fatores
psicoldgicos de ansiedade e depressio. Estudos utilizando a esti-
mulagio transcraniana por corrente continua, em pacientes com
sintoma doloroso cronico, vém demonstrando bons resultados
por meio da neuromodulagio da excitabilidade neuronal. Trata-
-se de uma técnica nao invasiva, de baixo custo, de ficil e rdpida
aplicacio, além de possuir efeitos adversos minimos.
CONCLUSAO: A estimulacio transcraniana por corrente conti-
nua vem apresentando resultados promissores no tratamento da
dor na disfun¢io temporomandibular, havendo a possibilidade
de se tornar uma técnica complementar aos tratamentos j4 exis-
tentes, ¢ desse modo, proporcionar uma assisténcia profissional
de melhor qualidade e resolutividade ao paciente portador dessa
desordem.

Descritores: Analgesia, Dor orofacial, Estimulagio transcrania-
na por corrente continua, Reabilitagdo, Transtornos da articula-
¢io temporomandibular.

INTRODUCTION

Temporomandibular disorder (TMD) is a pathological con-
dition that encompasses clinical problems related to mas-
ticatory musculature, temporomandibular joint (TM]), or
both structures'. In many cases, individuals with this disease
present pain as the most striking symptom, which may be
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acute or chronic, the latter having a dysfunctional character,
with a tendency to persist even after removing the initial
cause’.

Through scientific investigations, it was observed that neu-
ronal circuits responsible for the pain and emotion process-
ing are associated, one overlapping the other, suggesting a
mutual influence relationship®#. These results corroborate
the frequent association of chronic pain with psychological
dysfunctions, such as anxiety and depression’®. Based on
these data, it was found that pain sensation does not only
depend on the stimulus nature and intensity, it is a multidi-
mensional experience composed of emotional, sensory and
cognitive aspects®*’.

Considering that chronic pain is a complex and multidi-
mensional phenomenon', it requires a multidisciplinary
treatment, addressing different therapies®”. However, some
patients have a temporary and/or unsatisfactory response,
leading to a suspicion that the emotional components of pain
often underlie treatment refractiveness. It is also worth men-
tioning the development of a memory for pain">', due to
reversible structural and physiological changes in the cerebral
cortex'.

Considering that neuroplastic changes play an important
role in the maintenance of chronic pain in TMD, transcra-
nial direct current stimulation (TDCS) emerges as another
treatment option, seeking to modify the cortical activity
pattern and restore normal activation of the pain processing
centers'>',

The application of stimulation protocols has shown promise
in some studies, with satisfactory results regarding the reduc-
tion of painful symptoms in patients with chronic pain'*!.
The analgesic effect provided by TDCS has been reported
through anodic stimulation, mainly in the primary motor
cortex (M1)'>718, However, there is another option of stimu-
lation protocol, with the anode in the dorsolateral of prefron-
tal cortex (DLPFC), which has also demonstrated therapeutic
effect on pain''. However, these results are still inconclu-
sive, which indicates the need for further investigation'®2*-22,
In this context, it is pertinent to investigate alternative meth-
ods for the treatment of chronic TMD in order to increase the
range of possibilities and, therefore, to promote pain relief,
functional recovery and, consequently, better quality of life
for a greater number of patients"®!!.

This study aimed to discuss the therapeutic use of TDCS in

individuals with chronic pain due to muscular TMD.
CONTENTS

This is a bibliographic survey carried out between January
and September of 2016 in Pubmed and Virtual Health Li-
brary (BIREME), chosen due the fact of aggregating differ-
ent databases, both international and national. Some books
and several articles were selected, published between the years
2000 and 2016, which approached the theme of the pres-
ent study. Descriptors such as “Analgesia”, “Orofacial pain”,
“Transcranial direct current stimulation”, “Rehabilitation”,

“Temporomandibular joint disorders” were used. 40 articles
were selected to compose the literature review, since they fit
the objective of this study.

TMD is a subgroup of craniofacial pain, constituting the main
cause of orofacial pain of non-dental origin that may involve
masticatory muscles, TM] and/or associated structures®. It has
been defined as a pathological condition characterized by a set
of signs and symptoms that may include joint noises, pain in
the mastication muscles, limitation of mandibular movements,
facial pain, headache, joint and/or dental wear"*?. It is ob-
served that the symptoms manifest themselves in a varied form,
being related to the anatomical components that collapse by
the disorder, depending on the physiological tolerance of each
structure of the stomatognathic system'.

It is estimated that approximately 40 to 60% of the popula-
tion presents some detectable clinical signs of TMD, being
more frequent in people between 20 and 40 years old*®. A
very prevalent disease whose etiology is considered complex
and multifactorial, being the result of an interrelationship
between some main etiological factors: occlusal condition,
trauma, psychological alterations, sources of deep pain stimu-
lus and parafunctional activities®*%. Studies in the behavioral
area observed that TMD was often related to psychopatholo-
gies, which may present as a initiating, precipitating and even
perpetuating factor>®5%,

TEMPOROMANDIBULAR AND EMOTIONAL DIS-
ORDERS

Pain appears in a very marked and present way in the TMD
and may affect the development of daily activities, physical
and psychosocial functioning, as well as the quality of life
(IASP-International Association for the Study of Pain). Es-
pecially when chronic, pain is related to emotional factors,
such as anxiety and depression, possibly due to a sharing
and proximity of neural pathways of processing®** . Stud-
ies performed with patients with chronic TMD corroborate
this relationship when they observe a positive correlation be-
tween the severity of this disease and the levels of anxiety and
depression presented by the patients®®. In addition, women
showed a greater propensity to present emotional stress and
concomitant psychiatric disorders®.

PAINFUL SYMPTOMS

According to IASP, pain is defined as an unpleasant sensory and
emotional experience, being associated with or related to actual
or potential tissue damage. Approximately 10% of the world
population presents facial pain due TDM (IASP), and this
painful symptom may be characterized as acute or chronic'.

Acute pain has a physiological and protective character, is
self-limiting and responds to conventional therapies. It usu-
ally ceases after treatment of the causative factor. Chronic
pain, however, does not have a biological character and per-
sists after removing the cause, with a tendency not to respond
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to conventional therapies, requiring a multidisciplinary treat-
ment to control pain®*,

Even eliminating the nociceptive stimulus, pain will not sub-
side, because learning-related neuroplasticity mechanisms
can lead to a memorization of the pain sensation'!, making it
chronic, especially if it is a constant pain condition, without
periods of complete remission'. This memory for pain is due
to functional and structural changes in the synapses underlying
the painful experience, due to a repetitive pain stimulus that
reinforces this circuit, and culminates in the establishment of
brain memory traces that maintain the sensation of pain'?"3.

The painful experience is a complex phenomenon, which can
be physiologically initiated by a somatic factor, but its per-
manence results from important structural and functional
cortical modifications such as cortical atrophy and neuronal
hyperactivity in different regions of the central nervous sys-
tem (CNS)'". It involves brain areas responsible for emotion,
perception, motor planning, behavior and memory, such as the
anterior insula, anterior cingulate COrtex, SOmatosensory, mo-
tor area, limbic system and thalamus®'-%°.

Studies observed that neuronal circuits responsible for the
pain and emotion processing are associated, one overlapping
the other, suggesting a mutual influence relationship®4***.
Based on these data, the principle that painful sensation does
not depend only on the nature and intensity of the stimulus
is reinforced. It is a multidimensional experience composed
of emotional, sensory, and cognitive aspects>™. Thus, the
chronic pain understanding should address the concept of
learning, emotional and motivational state, as well as memory
mechanism"3'.

In view of the complexity and multidimensionality of pain-
ful experience, the diagnosis of TMD should be judicious,
including the patient’s history, clinical examination and
complementary tests, and the information collected mainly
during anamnesis'. It requires a research for psychological,
physical and social factors, and a multidisciplinary team is

usually required®!"3*34,

THERAPEUTIC ALTERNATIVES

In view of the above, when it comes to chronic pain, the mecha-
nistic model of treatment is insufficient, and the dental surgeon
must understand the man as a biopsychosocial being in order
to implement and/or refer the patient to the most indicated
alternative therapy. Some aim to treat the musculature, others
act on dental occlusion or joint structures and there are those
whose main focus is the psychoemotional factor®!%30:34,

In dental area, there are several treatment modalities for
TMD, since this disease has a variety of symptoms. These
include patient education in relation to self-care, behavior
modification (including relaxation techniques), drugs, physi-
cal therapy, acupuncture, stabilizing occlusal plates, occlusal
therapy (orthodontics, oral rehabilitation) and surgery. The
need to give preference to reversible and non-invasive proce-
dures is emphasized. Thus, invasive procedures such as surgi-
cal, orthodontic and occlusal adjustment are not first-choice
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treatments and their efficacy is still questionable"*>**. Among
the therapies promoted by professionals from other areas are
biofeedback, iontophoresis, ultrasound, transcutaneous elec-
trical nerve stimulation (TENS), cognitive-behavioral thera-
py and meditation®?>3¢,

Despite the wide variety of strategies used to treat patients with
TMD, some patients have a temporary and/or unsatisfactory
relief response, generating hypotheses that emotional compo-
nents often underlie treatment refractiveness and development

of a memory for pain">'®!123!

. Given that chronic pain gener-
ates structural and physiological changes in the cerebral cortex,
and these, in turn, are not irreversible'’.

Thus, it is evident the need for a therapy that acts directly on
the CNS. This action can occur through drugs, however, many
individuals are refractory or present adverse effects, such as de-
pendence and/or tolerance"*>*. Therefore, the importance of
new treatments involving neuromodulation and neuroplasti-
city mechanisms is detached, such as TDCS, which can be a
complementary alternative to the different types of treatment

already in use'*"3.

Transcranial direct current stimulation

Neuroplastic changes play an important role in pain mainte-
nance, thus, cerebral stimulation emerges as a possible thera-
peutic strategy, differentiating itself from existing treatment
alternatives due to its direct action at the level of the CNS™.
Neuromodulation techniques include TDCS, which is based
on the use of a continuous electric current with the objective of
modifying the neuronal membrane potential and consequently
changing the pattern of cortical activity, besides restoring the
normal activation of the centers processing the pain!®!'>¢-26,
TDCS apparatus has two electrodes: an anode (positive pole)
and a cathode (negative pole) that generate a low intensity DC
current. Depending on the assembly, the flow will be either
anodic, cathodic or both, where anodic stimulation results in
increased neuronal excitability, while cathodic stimulation re-
1213 In addition to interfering with
the neuronal activity of areas located just below the electrodes,

sults in the opposite effect

this technique also affects the interconnected cortical and sub-
cortical regions'®".

TDCS effects can be divided essentially into neuromodulatory
and neuroplastic. The first corresponds to the change generated
in the resting potential of the membrane, without significant
effects on the synaptic plasticity. On the other hand, secondary
effects occur due to modifications of the synaptic force after
the stimulation period, being dependent on the modulation of
GABAergic and glutamatergic synapses. Thus, TDCS efficacy
is influenced by the current density applied, which involves the
stimulation duration, current amplitude, location and elec-
trode size. In general, the stimulation parameters used are: du-
ration between 5 to 30 minutes, intensity of 0.5 to 2.0 mA, size
of the electrodes between 20 and 35cm? ¥7.

It is a simple, low-cost, safe, non-invasive, well-tolerated, and
painless technique that can modulate brain activity locally,
presenting therapeutic effects'>'>!73%. These favorable charac-
teristics stimulated the development of several clinical studies
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involving neurological and psychiatric disorders such as major
depressive disorder, acute and chronic pain, motor rehabilita-
tion, drug dependence, among other diseases®®.

The application of active stimulation protocols has shown
promise in some studies, with good results regarding the reduc-
tion of painful symptoms in patients with chronic pain, when
compared to placebo stimulation'®'®22, TDCS studies obtained
a significant analgesic effect through anodic stimulation in the
primary motor cortex (M1)">!7!8 possibly due to the second-
ary activation of the ipsilateral thalamus and other regions re-
lated to the pain processing and modulation, such as the cingu-
late cortex, prefrontal cortex and estriatum'>¥. Evidence also
indicates that M1 cortex stimulation inhibits the activity of the
ipsilateral primary somatosensory cortex (S1)*. For this pur-
pose, the anode is positioned on the contralateral M1 cortex in
the affected side in case of unilateral pain or on the M1 of the
dominant hemisphere in case of bilateral pain, and the cathode
on the supraorbital region contralateral to the anode!>"*1%41,
This therapeutic effect on pain after stimulation of the M1 re-
gion was reproduced in different groups of patients with chronic
pain resulting from diseases such as trigeminal neuralgia, TMD,
post-stroke pain and fibromyalgia'®*'”'%. However, there is anoth-
er option of assembly, applying the anode in the dorsolateral re-
gion of the left prefrontal cortex (DLPFC), which has also been

15,16,19,41

demonstrating therapeutic effect , since this region shows

to be hypoactive in individuals with chronic pain?-33.

Although less explored, stimulation in DLPFC region may be
a useful strategy to modulate affective-emotional cognitive net-
works associated with pain processing in patients with chronic
pain, changing their perception through cortico-subcortical
and cortico-cortical pathways, since this area seems to play an
important role in the cortical processing of the pain emotional
aspects'”442. Thus, it could be a good alternative in cases of
chronic pain, in which the emotional components are often
underlying the treatment refractiveness, possibly due to an ana-
tomical relationship of quite proximity between the circuits of
pain and emotions">*%,

Although TDCS seems to be an easy-to-use instrument, there
is a minimal risk of serious adverse effects'®. Through a sys-
tematic review, the most common side effects of active TDCS
were pruritus (39.3%), tingling (22.2%), headache (14.8%),
discomfort (10.4%), and burning sensation (8.7%)*. Thus, re-
searches should follow protocols for TDCS’ application, which
include parameters such as duration, intensity, standardization
of adverse effects assessment and reports, among others'“.
Although the aforementioned technique has potential for pain
management, the limited number of available randomized clin-
ical trials and their heterogeneous results evidences the need
for further scientific investigations regarding the technique ef-
ficacy, in order to identify the optimal stimulation parameters
(intensity, repetition rate, time, electrode positions and stimu-
lation polarity) since the stimulation protocols optimization
in relation to specific populations of patients is an important
aspect in the efficacy of said therapeutic technique, as well as to
monitor its analgesic effects and probable psychological reper-

cussion in the short, medium and long term'®"-22,

CONCLUSION

TDCS has shown promising results in the treatment of chronic
TMD pain, whose technique’s differential involves a direct ac-
tion in the CNS, through the neuromodulation of the painful
stimulus’ processing centers. Thus, it presents itself as a possible
therapeutic strategy, aiming to complementing the range of ex-
isting treatment alternatives.
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