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Use of non-invasive neuromodaulation in the treatment of pain in
temporomandibular dysfunction: preliminary study

Uso da neuromodulacdo ngo invasiva no tratamento da dor em disfungdo temporomandibular:

um estudo preliminar
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ABSTRACT

BACKGROUND AND OBJECTIVES: In temporomandibu-
lar disorder, the pain is a very present and striking symptom,
with a tendency to chronicity, through mechanisms of maladap-
tive neuroplasticity. In the face of this, transcranial direct cur-
rent stimulation appears as a possible strategy for the treatment
of chronic pain in the temporomandibular disorder. This study
aimed to evaluate the efficacy of anodal transcranial direct cur-
rent stimulation in the pain symptoms and anxiety levels in in-
dividuals with chronic myofascial temporomandibular disorder.

METHODS: The participants received three different types of
intervention in a randomized order: anodic in the primary mo-
tor cortex, in the dorsolateral prefrontal cortex and sham stim-
ulation.

RESULTS: There were significant improvements in clinical pain
in all stimulation protocols, with a relief of approximately 40%
(p=0.001). There was no significant difference in the effect of
the transcranial direct current stimulation between the different
types of stimulation (p=0.14). There was a positive impact on
anxiety symptoms, leading to a significant decrease in state anxi-
ety levels (p=0.035) and trait (p=0.009).

CONCLUSION: The use of the transcranial direct current
stimulation improved the health status of patients with chronic
myofascial temporomandibular disorder, promoting pain relief,
decreased level of anxiety, and quality of life.

Keywords: Orofacial pain, Rehabilitation, Transcranial stimula-
tion by continuous current.
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RESUMO

JUSTIFICATIVA E OBJETIVOS: Na disfuncio temporo-
mandibular, a dor aparece de forma frequente e marcante, com
tendéncia a cronicidade, através de mecanismos de neuroplasti-
cidade mal adaprativo. Diante disso, a estimulagio transcrania-
na por corrente continua surge como uma possivel estratégia de
tratamento da dor cronica em disfun¢ao temporomandibular. O
presente estudo objetivou avaliar a eficcia da estimulagio trans-
craniana por corrente continua anddica nos sintomas dolorosos
e, por conseguinte, nos niveis de ansiedade em individuos com
disfunc¢ao temporomandibular muscular cronica.

METODOS: Os participantes receberam trés tipos diferentes
de intervengio cuja ordem foi randomizada: anddica no cértex
motor primdrio, na regido cortical dorsolateral pré-frontal e esti-
mulagio simulada.

RESULTADOS: Houve melhorias significativas para a dor cli-
nica em todos os protocolos de estimulagio, com um alivio de
aproximadamente 40% (p=0,001). Nao houve diferenca signifi-
cativa no efeito da estimulagdo transcraniana por corrente con-
tinua entre os diferentes tipos de estimula¢io (p=0,14). Ocorreu
impacto positivo sobre os sintomas de ansiedade, com diminui-
¢lo significativa nos niveis de ansiedade estado (p=0,035) e traco
(p=0,009).

CONCLUSAO: O uso da estimulagio transcraniana por cor-
rente continua melhorou a condi¢io de satde dos portadores de
disfun¢io temporomandibular muscular crénica, promovendo
um alivio do quadro 4lgico, diminui¢io do nivel de ansiedade,
além de gerar qualidade de vida.

Descritores: Dor orofacial, Estimulagio transcraniana por cor-
rente continua, Reabilitacao.

INTRODUCTION

Temporomandibular dysfunction (TMD) is a disease of high
prevalence that affects the masticatory muscles and/or the tem-
poromandibular joint. Among the symptoms, pain appears fre-
quently and markedly, with a tendency to chronicity'?. Chronic
pain represents a significant public health problem that impacts
the performance of daily activities, physical and psychosocial
functioning, as well as the patients’ quality of life (QoL), gen-
erating a high cost for society and the health system'*”. Studies
indicate that chronic pain results from a constant stimulus in
the central nervous system (CNS), which in turn leads to central
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sensitization where there are changes in the excitability of the
neuronal membrane due to physiological and structural changes.
This mechanism is characterized by maladaptive neuroplasticity
but can be reversed with treatment®®.

Chronic TMD pain is a complex and multidimensional phe-
nomenon that is often associated with an altered emotional
16, requiring a multidisciplinary treatment that involves
different therapies. Some aim to treat the muscles, others act on
dental occlusion or joint structures, and there are those whose
main focus is the psychoemotional factor"7-".

It is believed that this neuronal modification, coupled with the
emotional imbalance present in many patients with this disorder,
leads to an unsatisfactory response to traditional therapies such
as patient education in relation to self-care, pharmacotherapy,
acupuncture, stabilizing occlusal splint, biofeedback, ultrasound,
transcutaneous electrical nerve stimulation (TENS), cogni-
tive-behavioral therapy, among others" 1715,

Given this context, it is evident the need for a therapy that
acts directly on the CNS. This can be accomplished with
drugs. However, many patients are refractory or have ad-
verse effects, as the dependence and/or tolerance'”'. Given
that, it is important to have new treatments involving the
neuromodulation and neuroplasticity mechanisms, as the
transcranial direct-current stimulation (tDCS), that can be
a therapeutical alternative and also to complement the differ-
ent types of treatment already in use’®**. Moreover, the tDCS

corroborates the need to give to preference the reversible and
1,17,18

state

non-invasive procedures
tDCS emerges as a possible TMD treatment modality, to modify
the pattern of the cortical activity and restore the normal acti-
vation of pain processing centers, and consequently, promoting
pain relief?>?. It is a simple, low-cost, non-invasive, painless, safe
and well-tolerated technique?®*7.

Some studies show that the use of tDCS protocols is prom-
ising, with good results in reducing pain symptoms in pa-
tients with chronic pain?*?*24262831 The analgesic effect has
been reported with anodic stimulation, mainly in the pri-
mary motor cortex (M1)2¢283%32-5 However, there is anoth-
er protocol option of anodic stimulation that corresponds
to the dorsolateral region of the prefrontal cortex (DLPF),
which demonstrates the involvement in the processing of
the emotional component of pain!*?43>38-49 However, these
results are still scarce and inconclusive, which indicates the
need for further investigation, especially when it comes to
TMD21,31,32,39,41,42.

In this context, it is pertinent to investigate alternative meth-
ods in the treatment of chronic muscular TMD in order to
increase the range of possibilities and, therefore, to promote
pain relief, functional recovery and, consequently, better QoL
for a greater number of patients*!'?2. Considering the lack
of studies comparing the effect tDCS in patients with chron-
ic muscular TMD, the objective of the present study was to
evaluate and compare the efficacy of anodic tDCS applied in
different cortical regions (M1 and DLPF) to treat the painful
symptoms and, therefore, the levels of anxiety in patients with
TMD with chronic pain.
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METHODS

A preliminary double-blind, cross-sectional, controlled study
was conducted with three intervention arms, which sequence
was determined at random.

Initially, the sample consisted of patients with chronic muscu-
lar TMD who sought treatment at the Orofacial Pain Control
Service of the University Hospital Lauro Wanderly (HULW) of
the Federal University of Paraiba (UFPB). Due to the difficulty
in finding participants for the study, we used printed and elec-
tronic ads, direct contact or health professional referrals from
for the recruitment of volunteers. After the volunteers contact,
screening appointments were scheduled for the evaluation of the
selection criteria.

Participants were evaluated by a trained researcher (P1), using
the Diagnostic Criteria for Research in Temporomandibular
Dysfunction (RDC/TMD) to confirm the TMD diagnosis.
Those who met the eligibility criteria were invited to participate
in the study. Those who agreed signed the Free and Informed
Consent Term (FICT), in two copies, after a thorough reading
and explanation of all the research procedures.

To be included in the study, the individual should: (1) have
previously signed the FICT; (2) be in the age range of 18-60
years, regardless of gender; (3) have a diagnosis of muscu-
lar TMD corresponding to group I of RDC/TMD Axis I);
(4) have a pain score equivalent to 4 or higher on the visual
analog scale (VAS), present regularly for 6 months or more;
(5) the presence of moderate depressive symptoms assessed
by Axis II of the SCL-90 scale (RDC/TMD); (6) not being
pregnant; (7) have no metal or electronic devices implanted
in the head; (8) have no history of alcohol or drug abuse in
the past 6 months; (9) not taking carbamazepine in the last
6 months (use of modulating CNS activity drugs); (10) have
no history of epilepsy, stroke, moderate to severe traumatic
brain injury, or migraine; (11) did not perform neurosurgery;
(12) not having psychiatric disorder, such as schizophrenia or
bipolar disorder; (13) have no other source of pain similar to
muscular TMD, such as fibromyalgia.

The present study had the following exclusion criteria: (1) two
absences during the treatment sessions; (2) miss any inclusion
criteria during the study, as becoming pregnant in the case of
women.

To characterize the sample, a sociodemographic questionnaire
was used to collect information on age, gender, religion, marital
status, schooling, family income, history of illness, use of drugs,
treatments performed or in progress.

In order to evaluate the levels of anxiety, pain and overall per-
ception of change, the following instruments were used: The
State-Trait Anxiety Inventory (STAI), VAS, and the Perception
of Change Global Scale (PCGS).

o The STAI objectively assesses both aspects of anxiety: trait and
condition. It is an instrument with 40 descriptive statements
about the person’s feelings, distributed in two parts (trait and
state of anxiety), where each part is formed by 20 statements and
the answers are given in a Likert-type scale of four points (1 - ab-
solutely not to 4 - very much). The score of each questionnaire
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ranges from 20 to 80, with an anxiety level rating of low (20 to
33), average (33 to 49) and high (49 to 80)*.

e PCGS is an understandable instrument capable of measuring
the perception of change in health status and satisfaction with
the treatment of patients with chronic musculoskeletal pain. It
is a one-dimensional measure in which individuals classify their
improvement associated with intervention on a 7-item scale
ranging from 1 (no change) to 7 (much better)®.

e The VAS allows the subjective experience of pain to be convert-
ed into numerical data. Subjects were asked to mark their score
on the horizontal rating scale from zero to 10 representing the
pain intensity, in which zero means the absence of pain, (1-3)
mild pain, (4-7) moderate pain, and (8-10) intense pain. It is a
widely used instrument with valid and reproducible results for
pain measurement®.

Participants were allocated in a single group and received
three different types of intervention, and the order was ran-
domized for each participant. The treatment protocols were:
1. Anodic tDCS on the left M1 cortex (C3) and cathod-
ic in the right supraorbital region (Fp2), 2. anode on the
left DLPF (F3) and cathode on the right supraorbital re-
gion (Fp2), and 3. simulated tDCS (placebo) with the same
electrode arrangement as the first protocol (C3 and Fp2),
but the current was stopped after 30 seconds, following the
protocol of previous studies?!?23*42,

The neurostimulator used was the TCT (Research Version) de-
veloped by Trans Cranial Research Limited (Hong Kong, Chi-
na), with a kit containing the neurostimulator pads, sponges,
rubber, electrodes, and connecting cables. The positioning of the
electrodes followed the 10/20 international electroencephalo-
gram system. They were wrapped by 5x7cm of sponge moistened
with saline solution at 0.9%.

'The procedure took place in three steps, each step with five ses-
sions. Each session lasted 20 minutes and was held daily (from
Monday to Friday). A 2mA current with a current density
equivalent to 0.05 A/m2 was applied. The stimulation proto-
col used (regarding intensity, frequency of sessions, electrode/
position size, and duration of treatment) was based on previous
Studi6821723,39,42'

The painful symptoms and level of anxiety were quantified pri-
or to initiation of treatment. Then, the order of the three types
of intervention that each participant received was randomized,
and the interventions started. At the end of the five sessions
of each type of intervention, reevaluations were made regard-
ing the levels of pain and anxiety, as well as the application of
scales regarding the global perception of change and level of
confidence. Based on previous studies, there was a four-week
wash-out period between the different types of stimulation to
avoid undesirable residual effects (carry-over)?*¢. Thus, par-
ticipants were re-evaluated for pain and anxiety levels before
and after each step of the five stimulation sessions, with a four-
week wash-out interval between the different treatment proto-
cols. During the study, no participant received any other type
of treatment for the disease in question, avoiding any effect
besides the neuromodulation (except for the sporadic use of
analgesic in the wash-out period).

The randomization was done by online computer software
(www.random.org). The team involved in the study was prop-
erly trained and blinded. For this purpose, each researcher was
responsible for one step, without access to the other information.
Regarding the role of each researcher (P), we had diagnosis (P1),
randomization and hidden allocation (P2), treatment (P3), data
collection (P1) and data analysis (P1).

In order to blind the allocation, we used opaque and sealed en-
velopes, sequentially numbered. The participants were identified
by codes and were not aware of the type of intervention they
received in the study.

The clinical trial was registered at clinicaltrials.gov (registration
number NCT03285685) after the approval of the HULW Eth-
ics Committee in Research of the University (CAAE Opinion
number 64862817.0.0000.5183).

Statistical analysis

The numerical data were presented in mean and standard de-
viation, and their distribution was evaluated by the Kolmog-
orov-Smirnov normality test. The alpha value was set at 5%
(p<0.05). The analysis was performed with the SPSS statistical
package version 21.0.

'The data were analyzed by repeated-measures ANOVA, followed
by the Bonferroni’s post-hoc test. The primary dependent vari-
able was pain intensity, and the factors were the different stimu-
lation sites (M1, DLPE and placebo) and time (at baseline, after
five stimulation sessions and four weeks later). The secondary
dependent variable, the trait-state of anxiety level, was analyzed
similarly, with the scores presented in terms of mean and stan-
dard deviation.

The adverse effects were investigated after each stimulation ses-
sion, and the data analysis was also performed by repeated mea-
sures ANOVA. The results of the Global Perception of Change
and Confidence Level scales were presented by mean and stan-
dard deviation, which were analyzed by one-way ANOVA. The
presence of correlations between the studied variables was inves-
tigated using the Pearson correlation coefficient.

RESULTS

The present study went from March 2017 to December 2017. A
total of 151 patients were screened, 13 met the eligibility criteria,
but only nine accepted to participate in the study. After signing
the FICT, the sequence of the different types of stimulation was
randomized. During the study, four individuals were excluded
from the research.

With regard to the loss of follow-up, one participant received
only the first tDCS step and was excluded since he no longer had
pain. Others three participants gave up the last step due to lack
of time. Therefore, only five participants concluded the study
(Figure 1).

Table 1 shows the main variables that characterized the sample,
such as gender, age, duration of pain, VAS and STAI T and E
data. The sample comprised only women, possibly because the
studies show that female has two to three times more the risk of
developing TMD#:5051,
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Inclusion

1. Muscular temporomandibular disfunction; 2. Free and Informed Consent Form; 3.18-60 years; 4.
Visual analog scale >4; 5. Present pain =6 months; 6. Moderate SCL-90; 7. Not pregnant; 8. Absen-
ce of metallic devices in the head; 9. Absence of alcohol or drug abuse in the last 6 months; 10. No
use of modulating drugs of the central nervous system activity; 11. No history of epilepsy, stroke,
traumatic brain injury; 12. Absence of psychiatric disorder; 13. No other source of pain.

Eligibility

Not included (n=142)

Screening=151

>| » Miss some inclusion criteria (n=138)
¢ Refused to participate (n=4)

Randomized (n=09)

v

Allocation

Step 1
e M1, DLPF or Placebo (n=09)
e All attended

Interval: Step 2

4 weeks

|

of pain)

e M1, DLPF or Placebo (n=08)
¢ 01 did not attend (absence

Step 3

e M1, DLPF or Placebo (n=05)
¢ 03 did not attend
(withdrawal)

Interval:
4 weeks

|

Follow-up

Loss of follow-up (reasons) (n=4)
5 concluded

!

Analysis

Analyzed by ANOVA (n=5)

Figure 1. CONSORT flowchart with the sequence of the study development

DLPF = dorsolateral region of the prefrontal cortex.

Table 1. Characterization of the sample with clinical and demographic data

Characterization of the sample (n=5) Mean (SD) Minimum Maximum

Age (years) 31 (10) 22 48
Duration of pain (months) 16 (12) 08 36
VAS 6.8 (0.8) 36 50
STAI-E 44.8 (6) 33 55
STAI-T 47.2 (9.7) 04 15

SD = standard deviation; n = number of participants; BDI = Beck’s depression
inventory; VAS = visual analog scale; STAI= State-Trait Anxiety Inventory.

All participants had used some type of analgesic and/or muscle
relaxant drug before the study. Sporadically, the use of analge-
sics (paracetamol or dipyrone) was reported in the wash-out
period not to influence the results of the study. None were tak-
ing central-acting drugs during study participation or had any
comorbidities.

According to the VAS scores pre and post-treatment, both the ac-
tive stimulation and placebo generated significant improvement
(p=0.001 and CI:0.93-3.47) with a decrease equivalent to 37%
in the intensity of pain. In the tDCS in M1, it was observed an
average difference pre and post-treatment of 2.8 (40%) (p=0.012
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and CI:0.6-5) in the pain score. It was smaller in the DLPF re-
gion, only one score of improvement (p=0.69 and CI:-1.2-3.2).
However, there was no significant difference in the tDCS effect
between the types of intervention (p=0.14) (Table 2).

Table 2 shows a substantial improvement in pain, especially in
M1 and placebo stimulation (p=0.012 and CI:0.6-5). However,
after four weeks of placebo stimulation, there was a large decrease
in analgesia, including worsening in three of the five participants

(p=0.003 ¢ CI: -6,29— -1.3).

Table 2. tDCS effect on pain intensity pre, post-intervention and after
4 weeks

tDCS VAS pre, VAS post, p-value VAS p-value
type mean mean (SD) post-4w,

(SD) mean (SD)
M1 7(1) 4.2 (2.6) 0.14 4.4 (1.6) 0.28
DLPF 44(2.6) 3.4(1.8) 2.6 (1.6)
Placebo 4.8 (1.7) 2(1) 5.8 (2.7)
Total 5.4 (2 3.2(2 0.001* 4.2 (2.3) 0.15

p = value represents the significance by the repeated measures ANOVA test;
tDCS = transcranial direct-current stimulation; DLPF = dorsolateral region of the
prefrontal cortex; VAS = visual analog scale; *p<0.05.
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Figure 2 shows that after four weeks the pain relief remained
in the active stimulation protocols (M1 and DLPF), with an
improvement in pain in the DLPF region, equivalent to 41%.
However, according to the repeated measures ANOVA test,
there was no difference between the different stimulation pro-
tocols (p=0.28).
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Figure 2. Visual analog scale scores per stimulation protocol accor-
ding to time (pre, post-intervention, and after 4 weeks)

tDCS = transcranial direct-current stimulation; DLPF = dorsolateral region of the
prefrontal cortex.

tDCS had a positive impact on the anxiety symptoms traced
by STAI (Table 3). There was a significant decrease in levels
of anxiety state (p=0.035) and trait (p=0.009) after the stim-
ulation sessions. However, there was no difference between
the types of intervention in both the anxiety state (p=0.43)
and trait (p=0.69). Moreover, Pearson’s correlation coefficient
did not detect a linear relationship between the pain and anx-
iety variables (state: r=0.46 and p=0.081; trait: r=0.47 and
p=0.86) (Table 3).

Table 3. Mean effect of tDCS on the level of state and trait anxiety
after the intervention

Variables Mean (SD) Cl95% p-value
STAI-E 4.8(7.3) 0.39-9.2 0.035
STAI-T 4.1 (5.2) 12-7 0.009

p = value represents the significance by the repeated measures ANOVA test;
Cl = confidence interval; tDCS= transcranial direct-current stimulation; STAI =
State-Trait Anxiety Inventory.

Participants showed a high level of confidence in the treatment
received, on a scale ranging from 1 to 5. It is noteworthy that when
participants received the placebo stimulation, they reported a
slightly higher confidence (Mean [SD]: 4.4 [0.8] and CI: 3.5-5.5)
compared to M1 regions (Mean [SD] : 4 [0.7] and CI: 3-4.8) and
DLPF (Mean [SD]: 4.2 [0.8] and CI: 3-5.2), with no significant
difference (p=0.74). There was a negative correlation between the
confidence level and intensity of pain after the treatment (r=-0.61

and p=0.015), as well as a positive correlation between confidence
and global perception of change (r=0.612 and p=0.015).
Through the PCGS, the participants demonstrated a moder-
ate and significant change in their health state, performance
of daily activities, emotions and QoL due to the improve-
ment in the pain situation, with an average score of approx-
imately 5 (SD=1.3 and CI: 4.1-5.7), in a scale from zero to
7. This change has a slightly higher value in the tDCS in the
cortical M1 area (Mean [SD]: 5.4 [1.1] and CI: 4-6.8), but
there was no difference between the different stimulation
protocols (p=0.67).

Concerning the adverse effects during tDCS sessions, all three
types of stimulation were well tolerated. When present, they
had low intensity with no difference between the different stim-
ulation protocols (p>0.05). After each stimulation session, the
participants answered a questionnaire that listed some adverse
effects, rating them on a 1 to 4 scale in absent, mild, moderate,
or severe. No skin lesions were observed under or near the areas
where the electrodes were positioned. No participant reported
severe discomfort or worsening of the clinical picture during the
intervention. Thus, it was confirmed that tDCS is safe and well
tolerated, with tingling, itching and burning among the most
prevalent adverse symptoms®*253,

Since it was a blind study, when questioned after treatment, all
subjects who participated in the study believed that they had
received the active current.

DISCUSSION

The present study observed as primary endpoint a significant
improvement in all stimulation protocols. Especially with the
M1 and placebo stimulation, soon after the stimulation, when
compared to the DLPF region. After four weeks, the analgesic
effect persisted mainly in the active stimulation protocols. How-
ever, there was no significant difference related to the perception
of pain between the different stimulation protocols. It is worth
mentioning that according to the standard recommendations
of the Initiative on Methods, Measurement, and Clinical Trial
Pain Evaluation IMMPACT), the decrease in pain intensity by
50% is considered to be of substantial importance, and a 30%
reduction is considered a moderately satisfactory clinical im-
provement.

Similarly, three controlled and parallel trials investigated the use
of tDCS in subjects with TMD, but the stimulation was only in
the M1 cortex. Oliveira et al.** did not find a significant differ-
ence between the groups, but they observed a great improvement
in the pain intensity after the treatment, mainly in the group of
active stimulation added to physiotherapy. Sakrajai et al.** and
Donnell et al.?® observed a significant difference in the pain pic-
ture in the group that received active tDCS, noting that the latter
used a high definition tDCS device on M1, which allows a more
focal emission of the current.

The most frequent protocol is the anodal stimulation on M1
for 20 minutes on five consecutive days, in which the pain relief
lasts from two to six weeks?®?%3%3¢37, The analgesic effect of the
neurostimulation measured by VAS after four weeks of inter-
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vention showed a large decrease in analgesia due to the placebo
stimulation, unlike the active tDCS in M1 and DLPE in which
the effect size tended to remain, with an improvement of 37 and
41%, respectively.

As for the regions chosen in non-invasive neuromodulation for the
treatment of pain, it is known that the M1, somatosensory (S1) and
dorsolateral prefrontal cortices integrate what is called the “pain ma-
trix”, which can be directly reached by the tDCS, and thereby influ-
ence the dysfunctional pathway of how the pain is being processed,
indirectly reaching the subcortical components® >4,

Studies have shown that the M1 stimulation, especially on the
left side, produces significant clinical improvements in patients
with chronic pain, which has made this cortical region the main
target of several neuromodulatory techniques, including tDCS,
dedicated to the improvement of chronic pain in clinical tri-

a1526»28,30,32,33

. The intricate neurophysiological mechanisms that
explain the clinical efficacy of the M1 stimulation for pain relief
are not fully understood. However, it is believed that its anal-
gesic mechanisms involve the activation of top-down controls
related to the excitation of the horizontal intracortical fibers and
facilitating the descending control of pain inhibition. Neuroim-
aging studies revealed the presence of chemical pain mediation
through opioidergic, glutamatergic, GABAergic and serotoner-
gic neurotransmissions*"?*33,

Pain due to muscular TMD is believed to be strongly related to
emotional distress*'*°. And the DLPF cortex is the fulcrum of
several brain networks involved in the cognitive, affective and
sensory processing, which stimulation probably mediates the
analgesic effects through the modulation of affective-emotional
networks related to pain'®3%%.

The left DLPF cortical region plays a role in the active control
of pain perception through the bilateral modulation of the corti-
cosubcortical and cortico-cortical pathways”. In addition, some
studies have compared the effect of tDCS on M1 and DLPF
cortices in individuals with chronic pain, in whom the stimula-
tion in the DLPF region generated pain relief as good as the M1
group, and sometimes greater***>,

Considering previous studies and the relationship between the
left DLPF area with the emotional aspects of pain, the present
study hypothesized that the anodic neuromodulation on the left
side would promote a more intense analgesic effect in the stim-
ulation protocol in the DLPF region of the cortex compared to
the stimulation in the M1 cortex, since that area is shown to
be responsible for the processing of the emotional component
of pain, often underlining the refractoriness of treatment"*.
Although the participants reported improvement in pain when
they received the anodic current in the DLPF cortex, shortly af-
ter the treatment, the analgesic effect was higher with the tDCS
in M1. However, the size of the analgesic effect on both stimula-
tion sites was similar after four weeks.

A study involving patients with fibromyalgia compared the pro-
tocol of 10 sessions, once a day, with the intensity of 2mA and
duration of 20 minutes. tDCS was applied to the left side of
the M1 or DLPF cortex, and it was observed that both regions
induced significant improvements in pain and QoL. However,
the M1 group was more effective in maintaining the observed
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decrease in pain scores for up to 60 days®. This same group of
scholars has previously used a five-session protocol in which
only the stimulation in the M1 cortex generated a significant
improvement in the pain picture?”. Following this reasoning, it is
possible that an increase in the number of tDCS sessions, from
five to ten, will provide a more pronounced analgesic effect after
the stimulation in the DLPF region.

The psychosocial factor appears to be associated with TMD®'¢,
with patients with high levels of anxiety and/or depression being
more prone to this dysfunction. And the longer the pain lasts,
the higher the risks of behavioral, psychosocial, and cognitive
problems, which worsens the prognosis'.

As a secondary endpoint, the levels of anxiety state-trait after the
stimulation sessions were evaluated according to the STAI-E and
T. Some studies support the association between pain and anxi-
ety, especially when the pain is muscular'**®. In this study, there
was a significant decrease in the anxiety state-trait levels after the
therapy. However, there was no difference between the different
types of intervention nor a positive correlation between pain and
anxiety, possibly due to the small size of the sample. Donnell et
al.?® did not find any significant difference in the anxiety state
after treatment. However, Oliveira et al.** found improvements
in the depressive symptoms.

The participants reported a moderate and significant change in
their health status, but there was no difference between the types
of intervention (p=0.67). This data corroborates previous stud-
ies that showed a relationship of negative influence between the
pain and the performance of the daily activities, physical and
psychosocial functioning, as well as the patients’ QoL*>.

The placebo effect corresponds to benefits attributable to brain-
mind responses to the context in which a treatment is admin-
istered. This effect, coupled with the fact that patients report a
high level of confidence in the treatment received, justifies the
high improvement of the participants who received the tDCS
placebo. Similar improvement in the control group occurred in
the studies by Donnell et al.?® 134, and Sakrajai et
al.?®. In the latter, about one-third, half the patients experienced

some kind of pain relief. This phenomenon is well observed in
59,60

, Oliveira et a

studies involving neuromodulation in the treatment of pain
Some studies have also observed a reduction of anxiety in volun-
teers allocated to placebo group®, an effect also observed in the
present study.

On the other hand, in the placebo stimulation, the pain picture
worsened markedly after four weeks when compared to active
tDCS. This may be justified by the optimized effect at the mo-
lecular and clinical levels of the actual tDCS over placebo®?, be-
sides the fact that the clinical effects of the tDCS are cumulative
and develop slowly, possibly due to neuroplastic changes?"%,
Based on the findings of brain imaging analysis, placebo-based
analgesia is considered to be a real phenomenon, i.c., biolog-
ically measurable. They are mediated by a variety of processes
including learning, expectations, and social cognition, and can
influence several health-related clinical and physiological out-
comes. The evidence of neuroscience believes that multiple brain
systems and neurochemical mediators are involved, including
opioids and dopamine®'-%3,
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Limitations of the study and future outlooks

A limitation of the present study is due to the small size of the
sample since it is a preliminary study. Perhaps the sample was in-
sufficient to detect statistically significant effects in the variables
of the studied protocols. Also, there was no follow-up of brain
activity before and after treatment so that no results can be given
about possible neurophysiological mechanisms related to tDCS.
The persistence of the tDCS analgesic effect, especially in the
active stimulations after four weeks, shows that the wash-out pe-
riod adopted between the study steps possibly was not enough to
avoid the residual effects of the stimulation performed in the pre-
vious step, although the washout period has been defined based
on previous studies?! 645,

Another important point regarding the difficulty of the par-
ticipant’s compliance with the study is that his/her presence is
required during 15 sessions. Also, between every five sessions,
there was a four-week interval, causing the study to last ap-
proximately four months for each participant. Moreover, the
lack of comparison between the efficacy of tDCS and other
conventional techniques, such as the occlusal splint, is anoth-
er limitation, suggesting the need for further studies about
these aspects.

The results of this study should not be extrapolated to the clini-
cal application of tDCS in the treatment of chronic TMD pain.
It is suggested the development of new studies with significant
sample size, aiming to quantify the effect size and differenc-
es between the types of intervention, to facilitate the decision
making regarding the best choice of treatment. Given that this
is a study with preliminary data, the results need to be inter-
preted with caution.

CONCLUSION

The present study suggests that the use of tDCS improved the
health condition of patients with chronic muscular TMD, pro-
moting relief of pain, decreased the level of anxiety, and a posi-
tive contribution to QoL. The M1 cortex was the stimulated area
that showed the best result, taking into account the effect of the
treatment shortly after the five sessions of neurostimulation. It
is worth mentioning that the tDCS has proved to be a safe and
well-tolerated instrument.
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