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Influence of awake bruxism behaviors 
on fatigue of the masticatory muscles in 
healthy young adults

Abstract: The present cross-sectional study aimed to analyze the 
relationship between awake bruxism and fatigue of masticatory 
muscles in healthy young adults. For this purpose, 121 graduate 
students participated in this study. Frequency of awake bruxism was 
collected for 7 consecutive days by ecological momentary assessment 
(EMA) using an online survey (mentimeter). Muscle fatigue was tested 
one day after EMA assessment, which consisted of voluntarily and 
continuously clenching at 30% (kgf/cm2) of maximum bite force (MBF) 
until exhaustion. The percentage of change in MBF after the clenching 
task, as compared to the MBF before the clenching task was measured. 
The average frequency of awake bruxism was 45.5% during 7 days. 
Sustained clenching resulted in a significant reduction in MBF values in 
the total sample (p < 0.05). Nevertheless, no significant correlation was 
found between frequency of awake bruxism behaviors and percent of 
change in MBF and endurance time during the fatigue test. Therefore, 
it can be concluded that young healthy adults present a relatively high 
frequency of awake bruxism behaviors that do not seem to impact the 
degree of masticatory muscle fatigue. 
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Introduction

Awake bruxism is defined as masticatory muscle activity during 
wakefulness characterized by repetitive or sustained tooth contact and/
or bracing or thrusting of the mandible and is not a movement disorder in 
otherwise healthy individuals1. Awake bruxism etiology is multifactorial,2 
with biological, psychosocial,3 and genetic4 factors interacting5 with each 
other and with concomitant conditions, such as environment and lifestyle 
that may contribute to the extent of awake bruxism manifestation.6,7 
Epidemiological studies of awake bruxism have shown prevalence rates 
of 22% to 30% in adults8 and 33% in dental students based on self-report 
data, while other studies show frequencies of 23% to 38% in young 
adults assessed with the ecological momentary assessment (EMA) 
method; which quantify AB frequency in real-time during the day, in the 
natural environment of individuals.3,9 Although an association between 
awake bruxism and increased incidence of painful temporomandibular 
disorders has been pointed out, studies have failed to support a direct 
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relationship between the two.10 However, reports have 
demonstrated that an experimental task involving 
sustained jaw clenching may induce perceived acute 
muscle tenderness11, pain, and muscle fatigue,12 
suggesting a possible relationship between awake 
bruxism and these variables.13

On the other hand, there is limited information about 
the association between awake bruxism and muscle 
fatigue. Peripheral muscle fatigue involves a series of 
biochemical and physiological changes14 characterized 
by a decrease in maximal force or power production 
in response to contractile activity,15 resulting in the 
inability of the muscles to maintain high levels of 
force for a long time.16 Studies of masticatory muscle 
fatigue have shown that sustained tooth clenching 
produces an increase in electromyographic activity in 
the masticatory muscles17 and a reduction in maximum 
bite force (MBF) after the task.17 Since experimental 
studies suggest that muscle hyperactivity from low-
level dental clenching induces muscle fatigue17  and 
pain in healthy individuals,18 one might assume that 
awake bruxism behaviors might be related to fatigue 
of masticatory muscles in these individuals. Indeed, 
muscle fatigue is one of the most commonly reported 
non-painful symptoms after sustained clenching.19 
Thus, comprehensive data on the relationship between 
awake bruxism and fatigue of masticatory muscles in 
healthy individuals should be collected to understand 
the clinical implications. 

Based on the above, the main objective of this 
study was to assess the frequency of awake bruxism 
behaviors over a one-week period in a sample of 
healthy young adults and evaluate the relationship 
between awake bruxism behaviors and masticatory 
muscle fatigue induced by a sustained clenching 
task. We hypothesized that the frequency of awake 
bruxism in healthy young adults would have a 
significant impact on the magnitude of fatigue, as 
determined by the endurance time to exhaustion 
and the reduction in MBF. 

Methodology

Participants
The sample was comprised by 150 healthy young 

adults among graduate students at the Bauru School 

of Dentistry, University of São Paulo, São Paulo, 
Brazil. Sample size calculation was done using 
G*Power 3.1.9.2 software (Düsseldorf, Germany). 
It was expected that a effect size of 0.25 for the 
association between awake bruxism behaviors 
and changes in MBF and endurance time to fatigue 
would be worth detecting considering a power of 
80%, a significance level of 5% and an anticipated 
drop-out rate of 20%. Therefore, the sample size 
estimation was 150 participants. Participants were 
recruited by emails, social media postings and in 
the classroom between April 2019 and January 2020. 
To participate of the study the following selection 
criteria were considered: complete natural dentition 
except for third molars, no signs or symptoms of 
temporomandibular disorders according to the 
temporomandibular disorders pain screener,20 
and good general health. They were also required 
to have access to a smartphone. Exclusion criteria 
included ongoing orthodontic treatment and present 
psychiatric, neurological, or systemic diseases. All 
participants were informed about the research 
purposes and signed a free informed consent form 
before the study. This study was approved by the 
Research Ethics Committee of the Bauru School of 
Dentistry under CAAE number 99729118.6.0000.5417.  

Outcome variables
The main variables measured were: a) frequency 

of awake bruxism activities for a 7-day period and b) 
masticatory muscle fatigue considering endurance 
time (seconds) until fatigue and percentage of change 
in maximal bite force after sustained submaximal 
clenching. 

Assessment of awake bruxism  
An interactive web-based survey program called 

Mentimemer® was used as EMA21 strategy to obtain 
the frequency of awake bruxism. This method allows 
for real-time collection of reports from volunteers 
at multiple time points throughout at the moment 
of the experience being assessed in their natural 
environment.22 Participants received a notification 
with a link via WhatsApp from the survey program 
asking them to indicate their dental status according 
to the following question: “Which of the following 
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option best describes the contact of your teeth?”. 
Participant had to choose one of the following options: 
a) My teeth are not touching; b) My teeth are not 
touching, but I feel my muscles are tense; c) My teeth 
are lightly touching; d) I am clenching my teeth; or 
e) I am grinding my teeth.

One day before the start of the study, participants 
received a training session for information about 
the study and the assessment tool. Participants 
were instructed to ignore notifications while eating 
or talking and to pay attention to awake bruxism 
behaviors to obtain reliable answers. Participants 
were also asked to answer the questions within 
5 minutes of receiving the alert (valid answer), 
after which time no responses were recorded by 
the digital platform. A total of 10 alerts were sent 
daily at random intervals from 8:00 to 12:00 and 
from 14:00 to 20:00 , avoiding lunch time. Data were 
recorded over a one-week period and a minimum of 
60% of valid answers were required.23 No additional 
recording day was specified to avoid adaptation 
or fatigue to the EMA. Each participant received 
an individual code that was used to identify 
responses retrospectively. After the observation 
period, the platform provided a pre-formatted Excel 
file containing all participant responses. Only the 
researchers had access to these data.

The frequency of awake bruxism was expressed 
as a percentage in relation to the total number of 
answered alerts. 

Sustained submaximal clenching fatigue test
To perform the sustained submaximal clenching 

fatigue test, participants sat comfortably on a chair 
in an upright position directly facing the screen of 
the bite force transducer equipment. The experiment 
was divided into three parts: a) pre-fatigue maximal 
bite force (MBF) test, b) fatigue test, and c) post-
fatigue MBF test.17 

For the assessment of the MBF, a bite force 
transducer was placed on the first molar of the 
dominant side of each participant with a customized 
silicone impression template (Zetalabor, Zhermack®, 
Italy), shaped to minimize discomfort at the moment 
of biting and allow the transducer to be placed in 
the same location in posterior assessments. Bite 

force was measured in kgf/cm2 and displayed 
on a screen so that participants and the clinician 
would know the bite force values. The transducer 
was calibrated, disinfected with alcohol, and 
covered with cellophane film before being used 
on each participant. Before the measurements, the 
participants were trained and familiarized with 
the method:17

a.	 The pre-fatigue test consisted of clenching at 
MBF for 4 seconds. This test was repeated three 
times with an interval of 5 minutes between 
each test. The pre-fatigue MBF (pre-MBF) 
was defined as the highest value of the three 
measures. Then, a 10-minute rest were given to 
all participants before the next step. 

b.	 The fatigue test was based on a sustained 
submaximal clenching, i.e., 30% of the bite force 
calculated from the pre-MBF and participants 
were asked to practice in order to reach this 
force target. So, participants performed the 
fatigue test at 30% pre-MBF,17 controlled by the 
visual feedback of the bite force value. This 
phase ended when participants could no longer 
maintain the target bite force, as indicated by a 
decrease of > 10% from the target bite force for 
more than 3 consecutive seconds observed by 
a clinician. Endurance time (time period) was 
recorded from the beginning to the end of the 
fatigue test.17 

c.	 The post-fatigue MBF test was carried out 
immediately after the end of the fatigue test. 
Participants were asked to perform the post-
fatigue MBF (post-MBF), which consisted 
of clenching at MBF once for 4 seconds. All 
participants were verbally encouraged during 
each stage of the task.17 
According to fatigue test, two variables were 

considered and calculated for statistical analysis:
a.	 Endurance time: time (seconds) from the 

beginning to the end of the sustained 
submaximal clenching fatigue test;17

b.	 Maximal bite force change: The percentage 
of change in MBF before and after sustained 
submaximal clenching fatigue test. This 
percentage was based on the following equation: 
[={(pre-MBF) – (post-MBF)} /(pre-MBF) x 100].17
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Study design
The general schematic representation of the 

study design is presented in Figure. This includes 
three stages: a) First day: subject introduction about 
Ecological Momentary Assessment (EMA) use, b) 
7-day period of  exposing participants to the EMA to 
evaluate awake bruxism activities, c) Day after EMA 
evaluation: determination of masticatory muscle 
fatigue based on endurance time and percentage of 
change in maximal bite force as previously described.

Statistical analysis
Means and standard deviations (SD) were 

calculated for age and MBF, and median and 
interquartile range for endurance time and changes 
in the MBF. Frequencies of awake bruxism behaviors 
were calculated as percentages. The Kolmogorov-
Smirnov test was used to assess data normality. The 
independent samples T-test was used for comparison 
of awake bruxism frequency between sexes (complete 
and light touching of teeth). The Mann-Whitney test 
was used to compare differences between sexes for 
frequency of awake bruxism behaviors, changes in 
MBF, and endurance time. Data of MBF before and 
after the muscle fatigue test were compared using the 
paired T-test for each sex and the total sample. The 
Spearman correlation coefficient was calculated to 

determine the strength of the association between the 
frequency of awake bruxism behaviors (overall and 
each behavior) and changes in MBF and endurance 
time to fatigue. All tests were performed at a 5% 
significance level (p < 0.05), and the SPSS version 
2.6 software was used for all analyses. 

Results

One hundred and fifty graduate students were 
initially recruited to participated of the study, but 121 
(80 females and 41 males; mean age 27.5 ± 3.16 years) 
completed the 7-day EMA protocol with at least 60% 
of valid answers. 

On average, the frequency of the total AB behaviours 
over the seven days was 45.5%. Individually, the 
different activities related to awake bruxism were 
calculated as follow: “teeth not touching” relaxed 
jaw muscle, 54.5% (± 26.15), “teeth slightly touching” 
29.4% (± 18.30%), “clenching” 9.8% (± 14.10), “teeth not 
touching, but muscles feel tense” 5.7% (± 11.01), and 
“grinding” 0.60% (± 2.86) of the total recordings. No 
significant differences were found between sexes in 
the frequency of awake bruxism behaviors (p>0.05).  

The descriptive data related to measurement of 
masticatory muscle fatigue, i.e., maximal bite force 
change and endurance time, were showed in Table 1. 

Pre-MBF: pre-fatigue maximum bite force; Post-MBF: post- fatigue maximum bite force.

Figure. Schematic representation of the study design.

Day 1 7 Days Day after EMA evaluation

EMA
Introduction

EMA
Intervention

Sustained Clenching Fatigue Test

Pre-MBF Fatigue test
(30% Pre-MBF)

Post-MBF
10-min rest

Table 1. Data of endurance time and maximum bite force before and after sustained clenching fatigue test.

Variable
Endurance time (s) Pre-MBF (Kgf/cm2) Post-MBF (Kgf/cm2) Change in the MBF (%)

Median (interquartile range) Mean  SD Mean SD Median (interquartile range)

Men (n = 41) 117 (74.5) 46.76 ± 13.76 36.97 ± 12.19* 20.8 (23.5)

Women (n = 80) 105.5 (71) 37.46 ± 10.72 29.65 ± 9.92* 20 (28)

All (n = 121) 109 (72.5) 40.61 ± 12.58 32.13 ± 11.24 * 20 (27.3)

Pre-MBF: Pre-fatigue Maximum bite force; Post-MBF: post- fatigue Maximum bite force; Change in MBF (%) = (pre-MBF) - (post-MBF) divided by 
(pre-MBF) x 100. Mann-Whitney-test - No significant differences (p > 0.05) between sexes for changes in MBF after fatigue test and endurance 
time. *Paired t-test: Significant difference (p < 0.05) between Pre-MBF and Post-MBF in men and women and in total sample.
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A significant reduction in maximal bite force (MBF) 
after the sustained submaximal clenching fatigue 
test was found for males, females and in the total 
sample (p < 0.05). Men presented higher pre-MBF 
and post-MBF values compared to women, but no 
significant differences were found between sexes for 
percent MBF change and for endurance time from the 
beginning to the end of the sustained submaximal 
clenching fatigue test (Table 1). 

Correlation coefficients between the frequency 
of awake bruxism behaviors and masticatory 
muscle fatigue variables are shown in Table 2. The 
total frequency or each isolated behavior of awake 
bruxism did not significantly correlate either with 
the percentage of maximum bite force change 
(before and after fatigue test) or with the endurance  
time (p > 0.05).

Discussion

To the best of our knowledge, this is the first study 
to assess the correlation between the frequency of 
awake bruxism and masticatory muscle fatigue 
(endurance time and percentage of MBF change) 
in healthy young individuals. The main findings 
showed that the average frequency of awake bruxism 
during the seven-day follow-up period was 45.5%, 
with no differences between sexes. Also, MBF 
decreased significantly after sustained clenching 
task. Notwithstanding, no significant correlation 
was found between awake bruxism behaviors and 
muscle fatigue. 

According to current literature, EMA allows real-
time data collection at the time of awake bruxism 
behaviors.3,21 In the present study, a 7-day protocol 
was used to avoid participant fatigue and a decrease 
in frequency of awake bruxism over time due to 
natural fluctuation and the self-awareness effect 
caused by EMA9. Previous studies reported that 
high anxiety24, stress25 and tasks requiring mental 
and practical skills26 increase masseter muscle 
activity. In general, students have higher stress 
levels compared to the general population, possibly 
due to the commitment and challenges of their 
activities (mental and physical).27 Other studies have 
also found a positive and significant correlation 
between awake bruxism behaviors and psychological 
factors such as anxiety, depression, and stress in 
students from a college preparatory.3 Since our study 
population was students, it was expected that they 
had a higher mean frequency of awake bruxism 
behaviors compared to the general population28, 
however comparisons could be difficult since both 
studies used different methods to assess awake 
bruxism behaviors. Compared to other studies with 
students, in which the prevalence of awake bruxism 
behaviors ranged from 26% to 38.4%,3,9,21 our results 
also showed a higher frequency of awake bruxism 
behaviors, which could be due to the fact that 
students experience more stress and anxiety after 
graduation and consequently exhibit more awake 
bruxism behaviors. Considering the frequency of 
each oral behavior, the most common in this study 
was “teeth slightly touching” (29%), followed by 

Table 2. Correlation of AB behaviors (each behavior individually and overall b+c+d+e) and the percentage of change in MBF 
and endurance time. 

AB Behavoiurs
Change in MBF (%) Endurance time (s)

Correlation coefficient (r)  p-value Correlation coefficient (r)  p-value

b -0.01 0.91 -0.14 0.10

c -0.14 0.13 0.13 0.15

d 0.10 0.26 -0.08 0.39

e -0.0007 0.99 -0.07 0.42

b+c+d+e -0.15 0.09 -0.008 0.92

AB behaviours: b: I am not touching my teeth, but I feel my muscles are contracted; c: I am slightly touching my teeth; d: I am clenching my 
teeth; e: I am grinding my teeth. Change in MBF (%) = (pre-MBF) -  (post-MBF) divided by (pre-MBF) x 100. *Spearman correlation coefficient 
(p < 0.05).
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“clenching” (9.8%) and “teeth not touching, but 
muscles feel tense” (5.7%), while “teeth grinding” 
had the lowest prevalence (0.6%). These results 
are consistent with other studies and indicate that 
awake bruxism is not associated with potentially 
harmful behaviors.3,9,21

A significant decrease in MBF was found after 
the sustained submaximal clenching fatigue test 
(20% decrease), in accordance with other similar 
studies.12-17 The cause of fatigue is complex and not 
completely clear29. However, it has been suggested 
that the cause of muscle fatigue could be energy 
depletion and impaired vascular flow, oxygen debt, 
and accumulation of waste products in the muscle30. 
Moreover, no significant differences were found 
between sexes in the percent of MBF decrease and 
endurance time, which may be due to the fact that 
all volunteers were healthy, and the responses were 
probably similar. On the other hand, it has been 
reported that men have a higher perception of 
fatigue than women after a 30-min fatigue task at 
10% MBF31; however, since no objective assessment 
of the data was performed in the aforementioned 
study, a comparison of these data with our results 
is not feasible.

To assess the possible influence of awake bruxism 
on muscle fatigue, we tested the association between 
the frequency of awake bruxism behaviors and the 
endurance time and percent MBF change after the 
fatigue test. Although no association was found, 
some participants reported awake bruxism in more 
than 90% of the time. It is known that hemodynamic 
characteristics and muscle symptoms depend on the 
magnitude and duration of muscle contractions32. 
Awake bruxism behaviors are characterized by 
muscle contractions of low intensity 33 and short 
duration34, making it difficult to understand how 
this activity may contribute to potential muscle 
damage. In addition, “teeth touching slightly” 
was the most frequent awake bruxism behavior in 
our study, which may explain in part the lack of 
association between variables. Also, regular muscle 
activities are characterized by rest periods between 
contractions, which allow muscle recovery and 
prevent muscle fatigue35. Additionally, masticatory 
muscles are originally resistant to fatigue36 and the 

occurrence of muscle fatigue depends on the type, 
duration, and intensity of the exercise29. Eccentric 
muscle movements, which are infrequent in awake 
bruxism, were more associated with delayed 
onset of muscle soreness and participants showed 
increased fatigue levels 24 and 48 hours after 
experimental eccentric contractions.37 Therefore, it 
could be assumed that in our study awake bruxism 
itself was not capable of fatiguing masticatory 
muscles, mainly because of its reduced intensity 
and duration in healthy individuals. This result 
allows us to classify the awake bruxism found 
in our studied population as a “normo-bruxism” 
according to the proposal of Svensson & Lavigne, 
2020, since no signs or symptoms (related pain) 
or any pathological impact on oral and general 
health was found.38

Finally, we suggest that in young healthy adults, 
masticatory muscles should not be considered 
more or less susceptible to fatigue based on the 
frequency of awake bruxism, because the force-
producing capacity is not associated with the 
frequency of awake bruxism, which means that 
normal muscle activities such as eating, speaking, 
and swallowing should not be compromised. 
Likewise, it is important to understand that different 
factors interact on an individual basis to produce 
muscle fatigue and that the effects depend on the 
type and level of muscle activity and the host 
response2 which could influence in treatment 
approach. The present study considered fatigue 
as a decrease in MBF and endurance time after a 
sustained clenching task, unlike previous studies 
that focused mainly on the evaluation of fatigue as 
a symptom subjectively scored by the participant31 
and found an association between the feeling of 
fatigue and bracing and thrusting of the mandible.39 
Differences in the methodology, the target of MBF, 
the population studied, and the criteria of the fatigue 
test17 made it difficult to compare our results with 
other studies. It is important to note that our results 
cannot be directly extrapolated to individuals with 
temporomandibular disorders, since they are more 
sensitive to pain and fatigue,26 and present awake 
bruxism behaviors more frequently, for longer 
periods of time, and with higher intensities.40
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Some limitations in the present study must be 
considered. Awake bruxism frequency using EMA 
is a subjective, self-reported strategy that depends on 
participant responses; thus, we recommend objective 
assessments such as electromyography together with a 
clinical examination, to have a more reliable diagnosis 
in future studies. Our study included a convenience 
sample of graduated students, and therefore, the results 
should not be extrapolated to other populations. The 
duration and intensity of each awake bruxism behavior 
were not evaluated in the present study, but these 
variables could be relevant for different associations 
of awake bruxism and muscle symptoms. In addition, 
assessment of other non-painful muscle symptoms 
should be considered in future studies. 

Conclusion

Despite the relatively high frequency of awake 
bruxism behaviors in healthy graduate students, 
they do not seem to have an impact on the level of 
fatigue of masticatory muscles.  

Acknowledgement
We ac k nowle dge  t he  Co orde n aç ão  de 

Aperfeiçoamento de Pessoal de Nível Superior – Brasil 
(CAPES) – Finance Code 001 for the MSc. scholarship 
of Maria Isabel Barragán Nuñez and Dyanne Medina 
Flores and the São Paulo Research Foundation – 
FAPESP for the Post-Doctoral scholarship of Giancarlo 
De la Torre Canales (number 2017/21674-0).

1.	Lobbezoo F, Ahlberg J, Raphael KG, Wetselaar P, Glaros AG, Kato T, et al. International consensus on the assessment of bruxism: report 

of a work in progress. J Oral Rehabil. 2018 Nov;45(11):837-44. https://doi.org/10.1111/joor.12663

2.	Manfredini D, Ahlberg J, Wetselaar P, Svensson P, Lobbezoo F. The bruxism construct: from cut-off points to a continuum spectrum.  

J Oral Rehabil. 2019 Nov;46(11):991-7. https://doi.org/10.1111/joor.12833

3.	Câmara-Souza MB, Carvalho AG, Figueredo OM, Bracci A, Manfredini D, Rodrigues Garcia RC. Awake bruxism frequency and 

psychosocial factors in college preparatory students. Cranio. 2020 Oct;1-7. https://doi.org/10.1080/08869634.2020.1829289

4.	Ahlberg J, Piirtola M, Lobbezoo F, Manfredini D, Korhonen T, Aarab G, et al. Correlates and genetics of self-reported sleep and awake 

bruxism in a nationwide twin cohort. J Oral Rehabil. 2020 Sep;47(9):1110-9. https://doi.org/10.1111/joor.13042

5.	Machado NA, Costa YM, Quevedo HM, Stuginski-Barbosa J, Valle CM, Bonjardim LR, et al. The association of self-reported awake 

bruxism with anxiety, depression, pain threshold at pressure, pain vigilance, and quality of life in patients undergoing orthodontic 

treatment. J Appl Oral Sci. 2020 Mar;28:e20190407. https://doi.org/10.1590/1678-2019-0407

6.	Lobbezoo F, Naeije M. Bruxism is mainly regulated centrally, not peripherally. J Oral Rehabil. 2001 Dec;28(12):1085-91. 

https://doi.org/10.1046/j.1365-2842.2001.00839.x

7.	Manfredini D, Colonna A, Bracci A, Lobbezoo F. Bruxism: a summary of current knowledge on aetiology, assessment and management. 

Oral Surg. 2020;13(4):358-70. https://doi.org/10.1111/ors.12454

8.	Manfredini D, Winocur E, Guarda-Nardini L, Paesani D, Lobbezoo F. Epidemiology of bruxism in adults: a systematic review of the 

literature. J Orofac Pain. 2013;27(2):99-110. https://doi.org/10.11607/jop.921

9.	Bracci A, Djukic G, Favero L, Salmaso L, Guarda-Nardini L, Manfredini D. Frequency of awake bruxism behaviours in the natural 

environment: a 7-day, multiple-point observation of real-time report in healthy young adults. J Oral Rehabil. 2018 Jun;45(6):423-9. 

https://doi.org/10.1111/joor.12627

10.	Jiménez-Silva A, Peña-Durán C, Tobar-Reyes J, Frugone-Zambra R. Sleep and awake bruxism in adults and its relationship 

with temporomandibular disorders: A systematic review from 2003 to 2014. Acta Odontol Scand. 2017 Jan;75(1):36-58. 

https://doi.org/10.1080/00016357.2016.1247465

11.	Melo G, Duarte J, Pauletto P, Porporatti AL, Stuginski-Barbosa J, Winocur E, et al. Bruxism: an umbrella review of systematic reviews.  

J Oral Rehabil. 2019 Jul;46(7):666-90. https://doi.org/10.1111/joor.12801

12.	Svensson P, Burgaard A, Schlosser S. Fatigue and pain in human jaw muscles during a sustained, low-intensity clenching task. Arch Oral 

Biol. 2001 Aug;46(8):773-7. https://doi.org/10.1016/S0003-9969(01)00028-0

13.	Shimada A, Castrillon EE, Svensson P. Revisited relationships between probable sleep bruxism and clinical muscle symptoms. J Dent. 

2019 Mar;82:85-90. https://doi.org/10.1016/j.jdent.2019.01.013

14.	Mao J, Stein RB, Osborn JW. Fatigue in human jaw muscles: a review. J Orofac Pain. 1993;7(2):135-42.  

References

7Braz. Oral Res. 2023:37:e080



Inf luence of awake bruxism behaviors on fatigue of the masticatory muscles in healthy young adults

15.	Gandevia SC. Spinal and supraspinal factors in human muscle fatigue. Physiol Rev. 2001 Oct;81(4):1725-89. 

https://doi.org/10.1152/physrev.2001.81.4.1725  

16.	Maton B, Rendell J, Gentil M, Gay T. Masticatory muscle fatigue: endurance times and spectral changes in the  

electromyogram during the production of sustained bite forces. Arch Oral Biol. 1992;37(7):521-9. 

https://doi.org/10.1016/0003-9969(92)90134-T

17.	Xu L, Fan S, Cai B, Fang Z, Jiang X. Influence of sustained submaximal clenching fatigue test on electromyographic activity and maximum 

voluntary bite forces in healthy subjects and patients with temporomandibular disorders. J Oral Rehabil. 2017 May;44(5):340-6. 

https://doi.org/10.1111/joor.12497

18.	Farella M, Soneda K, Vilmann A, Thomsen CE, Bakke M. Jaw muscle soreness after tooth-clenching depends on force level. J Dent Res. 

2010 Jul;89(7):717-21. https://doi.org/10.1177/0022034510365448

19.	Baad-Hansen L, Thymi M, Lobbezoo F, Svensson P. To what extent is bruxism associated with musculoskeletal signs and symptoms?  

A systematic review. J Oral Rehabil. 2019 Sep;46(9):845-61. https://doi.org/10.1111/joor.12821

20.	Gonzalez YM, Schiffman E, Gordon SM, Seago B, Truelove EL, Slade G, et al. Development of a brief and effective 

temporomandibular disorder pain screening questionnaire: reliability and validity. J Am Dent Assoc. 2011 Oct;142(10):1183-91. 

https://doi.org/10.14219/jada.archive.2011.0088  

21.	Zani A, Lobbezoo F, Bracci A, Ahlberg J, Manfredini D. Ecological momentary assessment and intervention principles for the study of 

awake bruxism behaviors, Part 1: general principles and preliminary data on healthy young Italian adults. Front Neurol.  

2019 Mar;10:169. https://doi.org/10.3389/fneur.2019.00169  

22.	Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet JP, et al. Diagnostic Criteria for Temporomandibular Disorders  

(DC/TMD) for clinical and research applications: recommendations of the International RDC/TMD consortium network* and orofacial 

pain special interest group†. J Oral Facial Pain Headache. 2014;28(1):6-27. https://doi.org/10.11607/jop.1151

23.	Colonna A, Lombardo L, Siciliani G, Bracci A, Guarda-Nardini L, Djukic G, et al. Smartphone-based application for EMA assessment 

of awake bruxism: compliance evaluation in a sample of healthy young adults. Clin Oral Investig. 2020 Apr;24(4):1395-400. 

https://doi.org/10.1007/s00784-019-03098-2

24.	Rofaeel M, Chow JC, Cioffi I. The intensity of awake bruxism episodes is increased in individuals with high trait anxiety. Clin Oral Investig. 

2021 May;25(5):3197-206. https://doi.org/10.1007/s00784-020-03650-5  

25.	Przystańska A, Jasielska A, Ziarko M, Pobudek-Radzikowska M, Maciejewska-Szaniec Z, Prylińska-Czyżewska A, et al. Psychosocial 

predictors of bruxism. BioMed Res Int. 2019 Oct;2019:2069716. https://doi.org/10.1155/2019/2069716

26.	Cioffi I, Landino D, Donnarumma V, Castroflorio T, Lobbezoo F, Michelotti A. Frequency of daytime tooth clenching episodes in 

individuals affected by masticatory muscle pain and pain-free controls during standardized ability tasks. Clin Oral Investig. 2017 

May;21(4):1139-48. https://doi.org/10.1007/s00784-016-1870-8

27.	Hinton JW, Rotheiler E. Stress, health and performance in university students. Z Gesamte Hyg Ihre Grenzgeb. 1990 Dec;36(12):634-5. 

28.	Wetselaar P, Vermaire EJ, Lobbezoo F, Schuller AA. The prevalence of awake bruxism and sleep bruxism in the Dutch adult population.  

J Oral Rehabil. 2019 Jul;46(7):617-23. https://doi.org/10.1111/joor.12787

29.	Enoka RM, Stuart DG. Neurobiology of muscle fatigue. J Appl Physiol (1985). 1992 May;72(5):1631-48. 

https://doi.org/10.1152/jappl.1992.72.5.1631

30.	Ström D. Masseter muscle performance: significance of structure and metabolism: a morphological and experimental study. Swed Dent J 

Suppl. 1990;67:1-94. 

31.	Torisu T, Wang K, Svensson P, De Laat A, Fujii H, Arendt-Nielsen L. Effects of muscle fatigue induced by low-level clenching 

on experimental muscle pain and resting jaw muscle activity: gender differences. Exp Brain Res. 2006 Oct;174(3):566-74. 

https://doi.org/10.1007/s00221-006-0497-4

32.	Suzuki S, Castrillon EE, Arima T, Kitagawa Y, Svensson P. Blood oxygenation of masseter muscle during sustained elevated muscle activity 

in healthy participants. J Oral Rehabil. 2016 Dec;43(12):900-10. https://doi.org/10.1111/joor.12450  

33.	Farella M, Michelotti A, Carbone G, Gallo LM, Palla S, Martina R. Habitual daily masseter activity of subjects with different vertical 

craniofacial morphology. Eur J Oral Sci. 2005 Oct;113(5):380-5. https://doi.org/10.1111/j.1600-0722.2005.00243.x  

34.	Fujisawa M, Kanemura K, Tanabe N, Gohdo Y, Watanabe A, Iizuka T, et al. Determination of daytime clenching events in subjects with 

and without self-reported clenching. J Oral Rehabil. 2013 Oct;40(10):731-6. https://doi.org/10.1111/joor.12087

35.	Ries LG, Graciosa MD, Soares LP, Sperandio FF, Santos GM, Degan VV, et al. Effect of time of contraction and rest on the 

masseter and anterior temporal muscles activity in subjects with temporomandibular disorder. CoDAS. 2016 Apr;28(2):155-62. 

https://doi.org/10.1590/2317-1782/201620150112

36.	Miles TS, Nordstrom MA. Fatigue of jaw muscles and speech mechanisms. Adv Exp Med Biol. 1995;384:415-26. 

https://doi.org/10.1007/978-1-4899-1016-5_33  

37.	Türker KS, Koutris M, Sümer NC, Atiş ES, Linke IR, Lobbezoo F, et al. Provocation of delayed-onset muscle soreness in the human jaw-

closing muscles. Arch Oral Biol. 2010 Sep;55(9):621-6. https://doi.org/10.1016/j.archoralbio.2010.05.015

8 Braz. Oral Res. 2023:37:e080



Barragán Nuñez MI, Flores DAM, De La Torre Canales G, Quevedo HM, Conti PR, COSTA YM, et al.

38.	Svensson P, Lavigne G. Clinical bruxism semantics beyond academic debates: Normo- and patho-bruxism as a new proposal. J Oral 

Rehabil. 2020 May;47(5):547-8. https://doi.org/10.1111/joor.12967

39.	Kothari SF, Visser M, Timmerman K, Baad-Hansen L, Koutris M, Lobbezoo F, et al. Painful and non-painful symptoms evoked 

by experimental bracing and thrusting of the mandible in healthy individuals. J Oral Rehabil. 2021 Sep;48(9):1004-12. 

https://doi.org/10.1111/joor.13222  

40.	Chen CY, Palla S, Erni S, Sieber M, Gallo LM. Nonfunctional tooth contact in healthy controls and patients with myogenous facial pain.  

J Orofac Pain. 2007;21(3):185-93.  

9Braz. Oral Res. 2023:37:e080


