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ARTICLE

ABSTRACT 
Background: The relationship of bidirectional comorbidity between chronic migraine and pain in the cephalic segment led us to evaluate the 
improvement in reducing the pain in patients diagnosed with chronic migraine headache and awake bruxism, when undergoing treatment with 
a partial posterior interocclusal device designed for the management and control of awake bruxism through biofeedback. Methods: Seventy-
four patients were evaluated during the following periods: pretreatment, seven, thirty, ninety, one hundred and eighty days, and one year. The 
evaluation was carried out by measuring the pain in the pretreatment period and pain reduction after awake bruxism treatment, using clinical 
evaluation and numerical scales for pain. Results: Most of the patients who complained of headache migraine pain, masticatory myofascial 
pain, temporomandibular joint and neck pain experienced a significant reduction in overall pain, including headaches, between t0 and t30 
(p<0.0001). After 30 days of using the device, it was observed that the improvement remained at the same level without any recurrence of pain up 
to t90. At t180 and t360, it was observed that even with the device withdrawal (at t90) the improvement remained at the same level. Conclusion: 
The utilization of a posterior interocclusal device designed for the management and control of awake bruxism through biofeedback seems to 
contribute to the reduction of pain  (including migraine headache) in the majority of patients, and, even with the device withdrawal (at t90), the 
improvement remained at the same level, suggesting the patients succeeded in controlling their awake bruxism and consequently the pains. 

Keywords: Bruxism; Facial Pain; Occlusal Splints; Biofeedback, Psychology; Migraine Disorders.

RESUMO 
Introdução: A relação de comorbidade bidirecional entre enxaqueca crônica e dor no segmento cefálico nos levou a avaliar a melhora na redução 
da dor em pacientes diagnosticados com cefaleia crônica de enxaqueca e bruxismo de vigília, quando submetidos a tratamento com dispositivo 
interoclusal posterior parcial projetado para o manejo e o controle do bruxismo acordado através de biorretroalimentação (biofeedback). Métodos: 
Setenta e quatro pacientes foram avaliados durante os seguintes períodos: pré-tratamento, sete, trinta, noventa e cento e oitenta dias, e um ano. 
A avaliação foi realizada por meio da avaliação da dor no período pré-tratamento e redução da dor após o tratamento do bruxismo de vigília, 
através de avaliação clínica e escalas numéricas de dor. Resultados: A maioria dos pacientes que se queixou de dor de cabeça com enxaqueca, 
dor miofascial mastigatória, articulação temporomandibular e dor no pescoço sofreu uma redução significativa na dor geral, incluindo dores de 
cabeça, entre t0 e t30 (p<0,0001). Após 30 dias de uso do dispositivo, observou-se que a melhora permaneceu no mesmo nível, sem recorrência da 
dor até t90. Em t180 e t360, observou-se que, mesmo com a retirada do dispositivo (em t90), a melhoria permaneceu no mesmo nível. Conclusão: 
A utilização de um dispositivo interoclusal posterior projetado para o controle do bruxismo de vigília através de biofeedback parece contribuir para 
a redução da dor (incluindo enxaqueca) na maioria dos pacientes, e, mesmo com a retirada do dispositivo (t90), a melhora manteve-se no mesmo 
nível, sugerindo que os pacientes conseguiram controlar o seu bruxismo de vigília e a dor associada a esse hábito.

Palavras-chave: Bruxismo; Dor Facial; Placas Oclusais; Biorretroalimentação Psicológica; Transtornos de Enxaqueca.
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INTRODUCTION

The  non-functional habits of the awake and sleep peri-
ods have been described as important risk factors in the 

development and prolongation of functional disorders 
and orofacial pain, in that awake bruxism seems to be the 
most harmful  to the patient. However, the presence of any 
of these behaviors amplifies the effect of the other. In fact, 
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both types of bruxism are not independently associated, but 
interact additively1,2. 

Despite some similarities, awake and sleep bruxism 
have different etiologies and  pathophysiological aspects3, 
and should be seen as distinct entities4. A recent proposal for 
the definition of awake bruxism described it as a repetitive 
jaw-muscle activity characterized by the clenching or grind-
ing of the teeth and/or the bracing or thrusting of the mandi-
ble during wakefulness, associated with prolonged duration 
of weak muscle contraction5,6. 

Lavigne7 suggested that the prevalence of awake bruxism in 
the general population was about 20%. Winocur8 reported that 
70.9% of patients with sleep bruxism also suffered from awake 
bruxism. Sato9 and Glaros10 suggested that the percentage of 
time that a person spends “touching” the teeth during the awake 
period is considerably longer than the time spent “clenching” 
the teeth. In addition, prolonged teeth contact, especially at low 
levels of contraction, has been associated with pain in the mas-
ticatory muscles and the skull11,12, and a higher frequency of tem-
poromandibular disorders (TMD)13,14. Sato showed that 50% of 
patients with masticatory myalgia had a habit of keeping their 
teeth in contact during wakefulness9. 

Despite the knowledge about the proportional associa-
tion between parafunctional habits, emotional stress and the 
increase of the dysfunction of muscle activity, many ques-
tions about etiology of these muscular-skeletal disorders 
remain to be answered15,16. 

In relation to therapy, some publications, such as Glaros17, 
have suggested that the reduction of dental contacts, through 
techniques of habit reversion, could be a promising mecha-
nism for the relief of facial muscle hyperactivity and its asso-
ciated hyperalgesia.

Considering the relationship between pain, bruxism and 
emotional stress, it was also observed that there was a corre-
lation (64%) between muscle pain in the morning and mus-
cle pain at the end of the previous day, which, in turn, had a 
correlation (56%) with the clenching of the teeth during the 
day, that was associated with stress (30%)18. Thus, emotional 
factors, such as concentration, anxiety, fear, perfectionism, 
aggressivity, anger and frustration, are today considered 
as important risk factors for awake oral habits  such as the 
low level of dental clenching.  These  non-functional  occlu-
sal contacts can lead to an increase in muscular activity 
(mainly masseter and temporal), causing hypertonia and 
consequently myalgia19. In some studies, such as Glaros20, 
awake bruxism was identified as a risk factor for headaches. 
The  author stated that awake dental contacts, from low to 
moderate levels, could cause pain in the masticatories mus-
cles. Sato9 reported that 50 to 60% of patients with mastica-
tory myalgia had a habit of keeping their teeth in contact dur-
ing wake time. Glaros13 suggested that the individuals in a 
control group (without pain) touched their teeth during 30 to 
45% of the day, whereas those with painful TMD or headaches 
reported significantly higher values of 55 to 72%. Kazuhiko 

et  al.21 and Glaros et  al.20 had already endorsed this idea: 
patients who presented awake parafunction suffered more 
from headaches, usually in the temporal region, compared 
to individuals without parafunction. In the same line of rea-
soning, Chen et al.14 suggested that patients with myogenic 
pain would have up to four times more non-functional con-
tacts than the control group (no pain). Dawson22, in another 
experimental study, showed that the long duration and the 
low intensity of muscle contractions could be considered risk 
factors in the development and maintenance of the mastica-
tory muscle myalgia and TMD. Similarly, the study by Farella 
et  al.23 suggested that light clenching in young and healthy 
women induced a prolonged feeling of soreness in the eleva-
tor mandibular muscles (masseter and temporal). 

The study by Gonçalves et al.24 pointed out that mastica-
tory myalgias may be one of the triggers for tension headache 
and migraine, and, when TMD is treated, there is an improve-
ment in the intensity and the frequency of migraine headache.

Thus, the objective of this study was to evaluate the 
improvement in reducing pain in patients diagnosed with 
migraine headache and masticatory myofascial pain when 
undergoing treatment with a partial posterior interocclusal 
device designed for the management and control of awake 
bruxism through “biofeedback”.

MATERIAL AND METHOD

The methodology used in this study was a clinical trial, inter-
ventional, prospective, not randomized and with self-control.

Between May 2016 and May 2019, 223 patients with oro-
facial pain (masseter, temporal and cervical myalgia, tem-
poromandibular joint (TMJ) pain and clicking and otological 
disturbance were treated in a private dental office. Of  these, 
74 had also chronic migraine headache and they were selected 
for this study. All patients agreed to participate in the study 
and spontaneously signed an informed consent authorization.       

The patients were selected sequentially at their first con-
sultation at the dental office and were evaluated by a dentist 
(A.H.) using a standard patient chart where the characteris-
tics of the cephalic pain, including headache and orofacial 
pain, were recorded. In addition, all patients answered a spe-
cific “Oral Behaviors Checklist”, described by Ohrbrach and 
Durham, that contains a list of 19 awake oral activities25. 
They also performed a clinical examination and electromyo-
graphic recordings to confirm the diagnosis of awake bruxism. 

Only some information given by the research participants 
were analyzed: intensity, frequency and location of orofacial 
pain and headache.

The inclusion criteria were: adults aged 18 years or more 
and patients with awake bruxism and migraine (in accordance 
with the Classification International of Headache Disorders26). 

Exclusion criteria include patients with neurological dis-
orders, untreated dental and mouth diseases, oncologic 
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conditions, pregnancy and patients with secondary bruxism 
and other headache which do not fulfill the criteria for migraine.

All patients were informed about the probable awake brux-
ism influence on migraine headache, TMD and orofacial pain. 

The treatment was based on the use of an intraoral device 
called DIVA® (patent deposited) during 90 days. The patient 
was advised to use it the whole day except during meal-
times and when sleeping. The device’s design (size, thickness, 
length) allowed its use during wakefulness without any social 
implications, in contrast to the case of full denture coverage, 
that interferes with some basic functions like speaking and 
smiling. This intraoral device is composed by an acrylic mini 
splint with a length designed to cover the occlusal and sides 
of up to four posterior teeth or prosthetic crowns and was 
placed only in one side (right or left), whether in the upper or 
lower dental arch. The splint is accommodated and retained 
in the region of the enamel of the teeth to keep it properly 
positioned, even during the speech, movement of the tongue 
and swallows.

Due to its small size and to avoid the danger of swallow 
it, the professional must ensure that the DIVA® is well placed 
and retained in his support teeth and that the patient, beside 
understanding all guidelines, has the cognitive and intel-
lectual capacity to use the device and observe all clinicals 
and technical recommendations, such as placing, remov-
ing,  speak and perceive any instability, and understand 
that clenching and biting on it constantly may cause intru-
sion or injure the teeth and periodontal tissues. Thus, the 
patient should return for appointments at 7‒30‒90 days in 
order to avoid complications and to monitor the results of 
the treatment.

The patients were informed that the device was designed 
for the understanding and control of awake bruxism through 
the “biofeedback” concept. It intends to monitor, in real time, 
the interocclusal space (previously measured with elec-
tromyographic recordings at the first appointment — t(0)) 
promoting awareness against unconscious clenching of the 
teeth and prompt relaxation of the jaw muscles. The patients 
are advised to relax the masticatories muscles as they feel the 
lightest touch on the device This stimulus is not intended to 
be noxious, but to be of enough magnitude to, at least ini-
tially, intrude into conscious thought and alert the patient 
when the physiological “freeway space” had been invaded. 
This biofeedback circle helps the patient to regulate their jaw 
movements and associated emotions.

Patients were evaluated in a dental office reporting the 
Percentage Improvement in Pain Scale (PIPS) (patients are 
asked if their pain is better, the same or worse. If they are bet-
ter, they are asked what percentage improvement in pain they 
feel compared with their first visit, on a 0–100 scale)27 and VAS 
pain scale (0 to 10) in 5 different locations: masseter, temporal, 
neck, TMD and otological disturbances; and headaches during 
the following periods: pretreatment (t0), seven days (t7), thirty 
days (t30) and ninety days (t90). Until the 90th day, they were 

evaluated in a dental office (A.H.). The one hundred and eighty 
days (t180) and tree hundred and sixty days (t360) evalua-
tion was performed by phone call. The patients are invited to 
answer two questions: “what percentage improvement in pain 
do you feel compared with your first visit, on a 0‒100 scale?” 
and “what is your pain today, on a 0‒100 scale”?

Statistical description according 
to the analysis and tests used

All quantitative variables were tested on their distribu-
tion (normality tests) with Kolmogorov-Smirnov test, and 
the central theorem of limits was assumed for this sample 
size. Categorical data were described with frequencies and 
percentages, and quantitative variables were described with 
means, standard deviations and confidence intervals. The fol-
lowing statistical tests were performed: chi-square with 
Bonferroni correction, Student’s t-test, one-way ANOVA and 
Friedman test. Multivariate linear regression was performed 
to predict the influence of gender and age in pain improve-
ment. Correlations were tested with Pearson’s coefficient.

The level of significance (α) was 5%, and the statistical 
calculations and graphs were obtained with SPSS 17.0 pro-
gram (IBM).

RESULTS

The distribution of sex in this sample was 56 (75.7%) 
female and 18  (24.3%) male. The mean age of the sample 
was 38.82±12.45 years old, with a confidence interval of 
35.94≤μ≤41.71 years old. There were no statistical differences 
in age according to sex (Student’s t-test, p=0.235; chi-square 
test for stratified ages, p=0.793) (Table 1).

Before treatment (t0), from a total of 74 patients, 72 (97%) 
reported pain for more than 6 months and ≥15 days of headache 
per month, of which 8 or more days were migraine headaches. 
The VAS average was 7.34 (0–10 scale), 70 (95%) reported pain in 
the masseter muscle; 72 (97%) in the temporal muscle; 59 (80%) 
of neck pain; 41 (54%) complained of TMJ arthralgia; 36 (48%) 
of otological disturbance (tinnitus, feeling ear capped). In the 

Age
Sex

p-value**
Female n (%) Male n (%)

11–20 2 (3.6) 1 (5.6)

0.793*

21–30 9 (16.1) 4 (22.2)

31–40 24 (42.9) 9 (50.0)

41–50 8 (14.3) 2 (11.1)

51–60 8 (14.3) 2 (11.1)

61–70 5 (8.9) 0 (0.0)

Table 1. Age distribution according to sex.

The mean age of the sample was 38.82±12.45 years old, with a confidence 
interval of 35.94≤μ≤41.71 years old. There were no statistical differences in 
age according to sex (Student’s t test, p=0.235) 
*Chi-square test with Bonferroni correction; **Student’s t-test.
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case of bruxism, 48 (65%) reported awake bruxism and 54 (74%) 
related using nightguard splint for sleep bruxism. 

In this study, several pain complaints showed a signifi-
cant level of reduction between t0 (device installation day) and 
t30 (after 30  days) (p<0.05): temporal and masseter myalgia 
(p<0.0001), neck pain (p<0.001), TMJ pain (p<0.0001) and otologic 
disturbance (p<0.003). It was observed that after 30 days of using 
the device the improvement remained at the same level, without 
a recurrence of pain up to t90. At t180 and t360, it was observed 
that, even with the device withdrawal (at t90), the improvement 
remained at the same level, suggesting that the patients suc-
ceeded in controlling their awake bruxism (Figure 1).

The regression analysis points to an improvement at 7 
days as the main reference for future improvement (at 30 or 
90 days). The regression model with a 30-day improvement 
as the dependent variable had a higher R2 than the 90-day 
improvement model, which shows that the 30-day evalu-
ation was sufficient to predict pain improvement. In addi-
tion to the initial improvement at 7 days, the second variable 
related to a later improvement was the improvement in cer-
vical pain (Tables 2 and 3).

There was a correlation between intensity and pain 
improvement (Pearson) in the evaluations at 7 (-486), 
30 (-743) and 90 (-666) days (p<0,001).

Another key observation of the study was that the rela-
tionship between the improvement of the mean pain inten-
sity, including cervical, orofacial pain and chronic migraine 
pain is related to the improvement of the bruxism indicators 
used in the research.  

DISCUSSION

The methodology used in this study was a clinical trial, 
interventional, prospective, not randomized and with self-
control. We analyzed the results of the treatment of awake 

bruxism associated with chronic migraine headache with the 
use of an awake interocclusal device (DIVA®) retained by up 
to four posterior teeth for 90 days. The orofacial pain intensity 
and migraine headache were reduced by half (VAS scale) in the 
first 7 days and continued improving until the 90 day control. 
Even with the device withdrawal (at t90), the improvement 
remained at the same level at 360 days. 

OPPERA and other studies pointed to the fact that orofa-
cial chronic pain has multifactorial origins and suggested the 
existence of different clusters of patients susceptible to develop 
TMD pain according to the psychosocial factors involved28,29.

Awake bruxism has gradually been considered to be rel-
evant in the pathogenesis of chronic myofascial masticatory 
muscle pain10,13,17,20 whether associated with sleep bruxism or 
not. According to these authors, patients with awake bruxism 
were observed to be more anxious and, during stress situa-
tions, kept their teeth in contact, which could be a risk factor 
for chronic orofacial pain30. The present study, although it has 
not assessed specifically this item, pointed to the need to give 
attention to awake bruxism and its possible relation to pain 
complaints. It is possible the improvement in pain reduc-
tion that was observed during the study period, following the 
installation of this occlusal device, was associated with the 
reduction of episodes of awake non-functional clenching.

Among the limiting factors of this study, we can men-
tion the fact of not having a control group, even though there 
has been a longitudinal patient’s follow-up (90 and 270 days 
after the withdrawal of the device). Furthermore, based on 
the questionnaires, completed during the evaluation phase, 

Figure 1. Average intensity of pain, including chronic migraine 
headache.

Coefficients Confidence interval p-value

Improvement at 30 days (multivariate linear regression)

Intercept (α) 5.87987 4.9452315≤α≤6.8145069 <0.001

Improvement 
at 7 days (β1) 0.38045 0.2562736≤β1≤0.5046224 <0.001

Cervical 
pain (β2) -0.95566 -1.5997565≤β2≤-

0.3115607 0.004

Table 2. Best model: Improvement of pain at 30 days, 
dependent on improvement at 7 days and cervical pain. 
(R2 = 0.2638, Residual Standard Error (RSE) = 1.769)

Impr30days = 5.87987 + 0.38045.Impr7days – 0.95566.Cervical + 1.760

Coefficients Confidence interval p-value

Improvement at 90 days (multivariate linear regression)

Intercept (α) 5.80415 4.6211471≤α≤6.98716186 <0.001

Improvement 
at 7 days (β1) 0.43172 0.2745467≤β1≤0.58889137 <0.001

Cervical 
pain (β2) -0.87209 -1.6873539≤β2≤-

0.05683427 0.004

Table 3. Second model: Improvement of pain at 90 days, 
dependent on improvement at 7 days and cervical pain. 
(R2 = 0.2115, Residual Standard Error (RSE) = 2.239)

Impr90days = 5.80415 + 0.43172.Impr7days – 0.87209.Cervical + 2.239
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it was not possible to clearly identify whether the patient 
presented or not awake or sleep bruxism and what caused 
patient to control this behavior, the DIVA® device or the 
instructions we gave to them (how to think about awake 
bruxism and how to use the device). Researches with control 
group, double-blinded and randomized will be required for a 
better evaluation of the action of DIVA® device.

The device used in this study was capable of monitor-
ing, in real time, the masticatory muscles contractile condi-
tion by “reading the interocclusal space” and it “alerted” and 
helped the patient to become aware of this parafunctional 
habit and thus return, as well, to the rest position. This ther-
apeutic approach was based on the concept of biofeedback 
and constituted, according to recent studies, the most effi-
cient way to reverse these harmful habits31. 

Due to the device’s design (unilateral location, size, thick-
ness, length), it could be thought that some dental occlusion 
problems would appear. However, there is no data in the lit-
erature about the possible consequences on dental occlusion 
in situations such as the one used in this study. Therefore, 
the use of DIVA® is recommended only during wakefulness 
and removed during meals and sleep periods. The patients 
are also advised to relax the masticatories muscles as they 
feel the lightest touch on the device and understand that 
clenching and biting on it constantly may cause intrusion 
or injure the teeth and periodontal tissues. Thus, in order to 
avoid complications and to monitor the results of the treat-
ment, the patient should return for appointments at 7–30–
90 days. Consequently, we did not expect and did not find in 
any patients changes in the occlusion at the end of 90 days of 
using DIVA® and also after the withdrawal of the device. 

In this sample, 72 patients (97%) reported pain for more 
than 6 months and had already consulted other profession-
als of health (such as neurologists, otorhinolaryngologists, 
dentists and physiotherapists) and tried, with no satisfactory 
results, other treatments for pain (such as medicines, physi-
cal therapy, among others). In addition, 74% reported night-
guard splint use for sleep bruxism. Another important fact 
is that more than 35% of the patients, whose specific ques-
tionnaire (Oral Behaviors Checklis), clinical examination 
and electromyographic recordings confirmed the presence 
of awake bruxism, were absolutely unconscious of this habit 
and the other part was slightly aware of their parafunctional 
behavior. These findings are consistent with the conclusions 

of the studies of Ohrbach and Durham25 and Goldstein and 
Auclair Clark32. In fact, they suggested and this study con-
firmed that awake bruxism is largely unconscious.  

The improvement of the pain evaluated in the first seven 
days of DIVA® utilization indicates that the successful treat-
ment of painful symptoms remains at least until day 90. 
Therefore, the regression analysis points to improvement at 
7  days is the main reference for future improvement (at 30 
or 90 days). This  fundamental finding, for the diagnosis and 
for the success of the treatment, can be understood through 
central sensitization mechanisms33. Awake bruxism, even 
when the patient does not perceive this behavior and does 
not cause conscious nociceptive stimuli, can cause subclini-
cal afferences, which affect the pain-modulating brain regions. 
These  areas, then, are sensitized making the pain conscious 
and causing local and/or regional hyperalgesia or even activat-
ing brain neural circuits, triggering headaches. The interrup-
tion of the peripheral nociceptive afferents through the reflex 
relaxation of the masticatory muscles induced by the DIVA®, 
would silence the nociceptive encephalic sensitization within 
a few days and consequently the local, regional and cranial 
pains assessed in this study. (This study does not evaluate the 
time required to eliminate the awake bruxism and his recur-
rence by using DIVA®).

In addition, the improvement of painful symptoms was 
temporally related to the reduction of awake bruxism, that is, 
the improvement of chronic migraine headache was parallel 
to the improvement of the other pains studied. This suggests 
that the treatment of awake bruxism may be helpful or even 
decisive in the treatment of chronic migraine headache when 
the two clinical conditions are present at the same patient. 
It  will be important to confirm this observation through 
studies directed towards this objective. 

CONCLUSION

The utilization of a posterior interocclusal device designed 
for the management and control of awake bruxism through 
biofeedback contributed to the reduction of pain (including 
migraine headache) in the majority of patients and, even with 
the device withdrawal (at t90), the improvement remained 
at the same level, suggesting that the patients succeeded in 
controlling their awake bruxism and consequently the pains. 
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