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Sleep bruxism (SB) corresponds to physiologically based manducatory 
muscle reactions, with no identifiable neuropathic cause, in relation to 
anxiety disorders, respiratory disorders or behavioral "tocs". The aim of this 
study was to assess the relationship between SB and perceived stress by 
measuring salivary cortisol levels. The study included 61 consenting adult 
participants: 31 for the study group (bruxers) and 30 for the control group 
(no bruxers). The diagnosis of BS was made using a standard bruxism 
assessment questionnaire defined by the American Academy of Sleep 
Medicine (AASM). The preliminary diagnosis was confirmed by clinical 
assessment according to AASM criteria. The BRUXi index, a tool proposed 
by Orthlieb, was used to determine the intensity of bruxism. Perceived 
stress was measured using the Perceived Stress Scale questionnaire. 
Unstimulated whole saliva was collected and morning salivary cortisol levels 
were determined by ELISA. Non-parametric statistical methods were used 
to analyze the data. The bruxers (study group) had significantly high levels 

of mean salivary cortisol (12.3±4.2 ngmL or 34.5±14.6 nmolL) than the 

non-bruxers (control group) (5.3±1.2 ngmL or 14.5±4.6 nmolL) (p<0.001). 
The elevated salivary cortisol level was positively associated with perceived 
stress and SB (p<0.0001) in the study group. These results suggest that 
bruxing activity is associated with higher levels of perceived psychological 
stress and salivary cortisol. Despite the absence of polysomnographic 
recording for the diagnosis of SB, a positive correlation between SB and 
salivary cortisol levels was observed in bruxers. 
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Introduction 

Sleep bruxism (SB) is defined by the American 
Academy of Sleep Medicine as a “repetitive jaw 
muscle activity characterized by the clenching or 

grinding of teeth and/or bracing or thrusting of the 
mandible” [1]. Sleep bruxism corresponds to 
physiologically based manducatory muscle 
reactions, with no identifiable neuropathic cause, 
in relation to stress and anxiety disorders, 
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respiratory disorders or behavioral "tocs" [1].  
Bruxism is a non-functional activity or a 
parafunctional habit. It has been classified 
according to many criteria, but the one most used 
in clinical practice differentiates between awake 
bruxism and sleep bruxism [1]. SB can lead to 
tooth wear or abrasion, hypermobility of the teeth, 
hypersensitivity of the teeth, hypertrophy of the 
masticatory muscles, pain in the masticatory 
muscles and temporomandibular disorders [2,3]. 
The etiology of bruxism is not well defined. Various 
etiological factors have been investigated, 
including occlusal interference and malocclusion 
[4,5], transient episodes of sleep arousal [6,7,8], 
psychotropic medication [9], personality 
characters [10,11], psychosocial factors [12,13,14] 
and psychological stress [15,16,17]. The term 
stress covers all the biological changes in an 
organism subjected to a stimulus capable of 
disrupting its homeostasis [18]. The stress 
reaction involves behavioral, biological and 
biochemical changes. It mainly activates the 
sympathetic nervous system, immediately and 
fleetingly, and the corticotropic axis, slightly 
delayed but more permanent [18]. Behavioral, 
biological and biochemical markers are used to 
assess stress, the latter being the most reliable 
[18]. Cortisol is a steroid hormone that is released 
in response to physical or psychological stress. 
The hypothalamus–pituitary–adrenal (HPA) axis is 
a regulatory system of the organism that connects 
the central nervous system (CNS) with the 
hormonal system; one of the end products, 
cortisol, helps the organism adapt to increased 
demands after challenge and maintain 
homeostasis [19]. While in blood both bound and 
free cortisol can be measured, only free cortisol is 
measured in saliva [20]. The awakening cortisol 
response is a discrete and dynamic part of the 
circadian cortisol secretory cycle. Its main role and 
importance for health has yet to be fully 
elucidated, however early evidence suggests that 
it may be physiologically significant [21]. Periods 
of stress, which are increasingly common in 
modern life, are often cited as factors responsible 
for bruxism. Bruxism could therefore be defined as 
a "modern" disease. Questioning the patient may 
reveal that the clenching and grinding accompany 
stressful events in everyday life, such as 
conflictual, professional or social, emotional or 
sexual problems. Studies on the relationship 
between stress and SB are contradictory. Some 
find that psychosocial factors and perceived stress 
are risk factors for SB [15,16,17]. Contrary to 
these results, two other studies have shown that 
there is no relationship between the degree of SB 
and self-reported stress [22,23].  

The aim of this study was to assess the 
relationship between SB and perceived stress by 

measuring salivary cortisol levels (a biomarker of 
stress). 

Material and methods 

Study design 

The study included 61 consenting adult 
participants: 30 for the control group (no bruxers) 
and 31 for the study group (bruxers). Participants 
were recruited between January 2021 and June 
2022. The study was carried out at the 
periodontology clinic of the Institute of Odontology 
and Stomatology of the Cheikh Anta Diop 
University of Dakar for the recruitment of patients 
and the collection of saliva samples. Salivary 
cortisol was measured in the biochemistry 
laboratory of the Dalal Jaam Hospital.  

Inclusion criteria  

The study group were the patients who were 
diagnosed as positive for sleep bruxism aged 
between 18 and 65, in good general health and 
who had given their consent to take part in the 
study. The control group differed from the cases 
only in the absence of sleep bruxism. They came 
from the same target population, were aged 
between 18 and 60, in good general health and 
had given their consent to participate in the study. 
The control group was matched to the study group 
regarding age and sex. 

The following were excluded from the study: 
patients with bruxism who had been treated for 
more than ten years for this condition, mentally 
retarded patients, patients using psychotropic 
drugs, patients with extensive prosthetic 
restorations, patients with severe neuromuscular 
diseases, primary malocclusions, patients taking 
drugs that alter the activity of the neuromuscular 
system, patients with existing conditions affecting 
cortisol levels, such as adrenal gland insufficiency, 
pregnant women on oral contraceptives, 
individuals with xerostomia and patients who had 
refused to take part in the study. 

The study was approved by the Ethics Committee 
of the Faculty of Medicine, Pharmacy and Odonto-
stomatology at Cheikh Anta Diop University in 
Dakar, Senegal. 

Diagnosis of sleep bruxism 

The primary diagnosis of SB was made using a 
standard bruxism assessment questionnaire 
defined by the American Academy of Sleep 
Medicine (AASM) [1]. The questions asked were 
as follows: 

a. Has anyone told you that you grind your teeth 
at night? 

b. Do your teeth, gums or jaw muscles hurt when 
you wake up? 
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c. Has anyone heard you grinding your teeth at 
night? 

d. Is your jaw always tired or painful when you 
wake up in the morning? 

e. Do your teeth or gums always hurt when you 
wake up in the morning? 

f. Do you feel pain in your temples when you 
wake up in the morning? 

The preliminary diagnosis was confirmed by 
clinical assessment according to AASM criteria [1].  

a. The presence of regular or frequent tooth 
grinding sounds occurring during sleep. 

b. The presence of one or more of the following 
clinical signs: 
i. Abnormal tooth wear consistent with above 

reports of tooth grinding during sleep. 
ii. Transient morning jaw muscle pain or 

fatigue; and/or temporal headache; and/or 
jaw locking upon awakening consistent with 
above reports of tooth grinding during sleep. 

The BRUXi index, a tool proposed by Orthlieb and 
Duminil was used to determine the intensity of 
bruxism [24]. The BRUXi index is a score obtained 
from elements collected during the interview and 
clinical examination. The value of the index is 
obtained by adding the BRUXiq score (score 
obtained via the self-questionnaire) to the 
BRUXiex score (score obtained by collecting 
information in the clinical assessment). BRUXi = 
BRUXiq + BRUXiex. The intensity of sleep bruxism 
was defined as follows: low bruxism = BRUXi<20; 
moderate bruxism:  20<BRUXi<30 (Figure 1) and 
severe bruxism: BRUXi≥30 (Figure 2). 

 
Figure 1. Moderate tooth wear resulting from 
moderate bruxism 

 
Figure 2. Severe generalized tooth wear resulting 
from severe bruxism 

Questionnaire of stress 

Perceived Stress Scale Questionnaire 14 (PSS-
14): the level of emotional stress was measured 
using the PSS, developed by Cohen et al, 1983 
[25]. The questionnaire consists of 14 items and 
examines stressful feelings and thoughts 
experienced by the respondent over the previous 
month. The respondent was asked to rate the 
frequency at which he/she experienced such 
feelings or thoughts on a scale of four ranging 
from “never” to “very often” (supplementary file), 
with a resulting total score ranging between 0 and 
56 (a higher score indicated a higher level of 
emotional stress). PSS-14 scores ranging 0–18 
was considered low perceived stress, 19–29 was 
considered moderate perceived stress and 30–56 
was considered high perceived stress.  

Assessment of salivary cortisol level  

Saliva samples were taken in the morning 
between 7 and 8 A.M. All patients were asked not 
to eat and drink for 30 minutes before the sample 
collection. They were asked to rinse for 30 
seconds with distilled water. Unstimulated whole 
saliva was collected by the spitting method in a 
sterile microcentrifuge tube. The collected saliva 
was stored in a refrigerator at -80°C. The stored 
saliva samples were subjected to an enzyme-
linked immunosorbent assay (ELISA) test to detect 
salivary cortisol levels. On the day of the test, the 
saliva samples were prepared by centrifugation at 
7000 rpm for 10 minutes to eliminate interference 
from glycoproteins. Once conditioned, the samples 
were used for analysis. Salivary cortisol was 
measured using a salivary cortisol enzyme-linked 
immunosorbent assay kit, in accordance with the 
manufacturer's instructions. The enzyme-linked 
immunosorbent reaction indicating cortisol level 
was measured by optical density which was read 
at 450 nm in a multimode plate reader.  After 
collecting the data, results were tabulated, 
statistically analyzed, and compared. The normal 
reference value is 1.1-8.0 ng/mL or 3.1-22.2 
nmol/L. 

Statistical Analyses  

The statistical analyses were performed using the 
SPSS (v20.0, Chicago, IL, USA) software. An 
analysis of variance (ANOVA) or t-test were used 
to determine significant mean differences and 
Pearson’s correlation for relationships among the 
variables. The non-parametric Mann-Whitney test 
was used to compare means in two groups (study 
and control) if the data did not follow normal 
distribution. In the study the correlation between 
the bruxism score and the stress score was 
assessed using Spearman's rho test. A level of p ≤ 
0.05 was considered statistically significant.  

Figure 1: Moderate tooth wear resulting from moderate 
bruxism

Figure 2: Severe generalized tooth wear resulting from 
severe bruxism

Figure 1: Moderate tooth wear resulting from moderate 
bruxism

Figure 2: Severe generalized tooth wear resulting from 
severe bruxism
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Results 

In the control group, 9 men and 21 women were 
enrolled, aged between 22 and 66 with an average 
age of 33.4 ± 8.4 years. In the study group, 11 
men and 20 women were enrolled, aged between 
20 and 69 with an average age of 35±19.5 years.  

On questioning (BRUXiq) followed by clinical 
examination (BRUXiex), 21 patients (67.74%) 
suffered severe bruxism (BRUXi≥30), 9 patients 
(29.03%) moderate bruxism (20<BRUXi<30) and 1 
patient (3.23%) low bruxism (BRUXi<20). 

Comparing the study group with the control group, 
the results showed that the average score on the 
PSS-14 questionnaire was significantly higher for 
the study group than for the control group 
(p<0.001). There was a statistically significant 
difference between the study group and the control 
group with regard to the level of stress on the 
PSS-14 questionnaire: low, moderate and high 
(p<0.05) (Table 1). A detailed comparison of the 
results showed that the study group had 
significantly higher scores (49.39% versus 6.67% 
than the control group) (Table 1).  

Table 1: Comparison of the average score and 
the intensity of low, moderate and high PSS-14 
results in the study and control groups 
Perceived 
stress scale 
(PSS-14) 

Group P-value 

Control Study 

Average 
score 

(MeanSD) 

19.62±7.64 33.12±11.24 <0.001 

Stress level    

Low (n (%)) 17 (56.67%) 4 (12.9%) <0.05 

Moderate 
(n (%)) 

11 (36.67%) 12 (38.71%)  

High (n 
(%)) 

2 (6.66%) 15 (48.39%)  

Total 30 (100%) 31 (100%)  

 

In the study group, a positive correlation was 
found between the perceived stress level (PSS-14 
score) and the intensity of bruxism (the correlation 
coefficient was 0.433, p<0.01) (Table 2). In other 
words, the higher the PSS-14 score, the higher the 
intensity of bruxism (BRUXi index).  

The bruxers (study group) had high levels of 

salivary cortisol (mean level = 12.3±4.2 ngmL or 

34.5±14.6 nmolL; normal reference value = 1.1-

8.0 ngmL or 3.1-22.2 nmolL). For the non-bruxers 
(control group), salivary cortisol levels were 

5.3±1.2 ngmL or 14.5±4.6 nmolL. Comparison of 
salivary cortisol levels between the study group 
and the control group showed that the mean 
salivary cortisol score of the study group was 

significantly higher than that of the control group 
(p<0.001) (Figure 3). 

Table 2: Association between the intensity of 
bruxism and perceived stress level of low, 
moderate and high PSS-14 results in the study 
group 
BRUXi index Stress level  

Low 
(n (%)) 

Moderate 
(n (%)) 

High 
(n (%)) 

Total 
(n (%)) 

Severe bruxism 
(BRUXi≥30) 

1 
(3.23) 

5 
(16.12) 

15 
(48.39) 

21 
(67.74) 

Moderate 
bruxism 
(20<BRUXi<30) 

2 
(6.45) 

7 
(22.58) 

0 
(0) 

9 
(29.03) 

Low bruxism  
(BRUXi<20) 

1 
(3.23) 

0 
(0) 

0 
(0) 

1 
(3.23) 

Total  4 
(12.90) 

12 
(38.71) 

15 
(48.39) 

31 
(100) 

Comparison                         Correlation coefficient r= 0.433, 
p<0.01 

Statistically significant p value 

 

 

Figure 3. Association between SB and salivary 
cortisol levels of stress. **p<0.001. 

Table 3: Association between salivary cortisol 
levels and perceived stress in the study and 
control groups 
Perceived 
stress scale 
(PSS-14) 

Salivary cortisol level 

ng/mL±SD or nmolL±SD 

Control group Study group 

Average score  
 

5.3±1.2 or 
14.5±4.6 

12.3±4.2 or 
34.5±14.6 

P-value* 0.34 <0.0001 

 

The elevated salivary cortisol level was positively 
associated with perceived stress and SB 
(p<0.0001) in the study group. However, in the 
control group, the salivary cortisol level was not 
statistically significant associated with perceived 
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stress (p=0.34) (Table 3). However, there was no 

statistically significant association between the 
intensity of bruxism (BRUXi index) and the level of 
salivary cortisol (p = 0.401). 

Discussion 

The present study assessed the relationship 
between SB and perceived stress using salivary 
cortisol levels, a biomarker of stress in patients 
with and without SB.  

In our study, the subjects in the control group were 
aged between 22 and 66 years, with an average 
age of 33.4 ± 8.4 years. The subjects in the study 
group were aged between 20 and 69 years, with 
an average age of 35±19.5 years. Studies report 
varying mean ages: Carvalho et al (23.7 years) 
[26], Valiente et al (39.9 years) [27], Montero et al 
(43.7 years) [28]. Adult bruxism decreases with 
age and is more prevalent in people under 50 
years [2]. 

Concerning the intensity of bruxism, 21 patients 
(67.74%) suffered from severe bruxism 
(BRUXi≥30), 9 patients (29.03%) moderate 
bruxism (20<BRUXi<30) and 1 patient (3.23%) 
mild bruxism (BRUXi<20). To quantify the intensity 
of bruxism, we used the BRUXi index of Orthlieb et 
al, which is a score obtained from elements 
collected during the interview (questionnaire) and 
clinical examination [24]. This method is used by 
some authors [29,30]. However, polysomnography 
remains the gold standard for the diagnosis of 
bruxism in the context of research projects [29,30], 
but it is not available to all researchers, and in 
dental practices, the most widely used method 
remains that based on clinical assessment. 
Orthlieb et al recommend combining assessment 
questionnaires with clinical examination for a more 
accurate diagnosis of bruxism [24]. Other very 
reliable means can also be used to quantify the 
intensity of bruxism namely electromyography 
(EMG) and polysomnography [29,30]. However, 
these tests are expensive, take a long time to 
analyze and need to be carried out in a specialized 
location or using portable devices. This limits their 
use in clinical practice. 

Comparing the control group with the study group, 
the results showed that the mean score of the 
PSS-14 questionnaire was significantly higher for 
the study group than for the control group 
(p<0.001). The study group had a significantly 
higher frequency of perceived stress (49.39% 
versus 6.67%) than the control group. 
Furthermore, in the study group, a positive 
correlation was found between the level of 
perceived stress and the intensity of bruxism (r = 
0.433, p<0.01). Our results are similar to those of 
other studies which consider that perceived stress 
is a risk factor for bruxism [15,16,17]. 

Questionnaires administered to patients with 
bruxism generally reveal stressful events in their 
daily lives, such as conflictual, professional, social, 
emotional or sexual problems. However, studies 
on the relationship between perceived stress and 
SB are contradictory. Studies have shown that 
there is no relationship between the degree of SB 
and self-reported stress [22,23,31]. Thus, the use 
of a recognized biological marker of stress such as 
salivary cortisol levels offer greater reliability to our 
results. 

The main result of this study was that salivary 
cortisol levels were significantly higher than the 
normal reference values in the study group cortisol 

(mean level = 12.3±4.2 ngmL or 34.5±14.6 

nmolL; normal reference value = 1.1-8.0 ngmL or 

3.1-22.2 nmolL). In contrast, control subjects had 
normal salivary cortisol levels (mean level = 

5.31.2 ngmL or 14.54.6 nmolL; normal 

reference value = 1.1-8.0 ngmL or 3.1-22.2 

nmolL). The literature converges on a 
multifactorial etiology of SB, but there is a 
hypothesis that stress is the main factor in the 
development of sleep bruxism [15,16,17]. 
Currently, the collection of saliva samples to 
determine the presence of cortisol, a biomarker of 
stress, is widely used, mainly because it is a non-
invasive, safe and simple method [32,33,34]. The 
study by Fluerașu et al analyzed the association 
between SB, salivary cortisol and psychological 
state in healthy adults. Sixty healthy students (with 
or without bruxism) were included in the study. 
Salivary cortisol was measured using the ELISA 
technique. Subjects with SB showed a general 
state characterized by anxiety or stress compared 
with subjects without SB. They also showed a 
depressive or anxious attitude induced by work 
compared with healthy individuals. Salivary cortisol 
levels were higher in SB subjects and in women 
and were correlated with the subjects' general 
anxiety, but not with a work-induced psychological 
state. They concluded that SB is correlated with 
general and work-induced psychological changes. 
Salivary cortisol could be a non-invasive marker 
for assessing the severity of SB [17]. Another 
study by Karakoulaki et al involving 55 volunteers 
(20 men, 25 women) aged between 25 and 55, 
whose diagnosis of bruxism was first clinical and 
then confirmed by EMG (but at home, using a 
single-use portable device) showed that in 
subjects with SB, perceived stress was 
significantly higher than in those without the 
condition. Salivary cortisol levels were significantly 
higher in the SB group, but salivary α-amylase 
levels showed no significant difference between 
the SB and non-SB groups [32]. 

However, few studies were found in a systematic 
review using salivary cortisol levels to assess the 
relationship between SB and perceived stress 
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[35]. Most studies have used questionnaires to 
assess the relationship between SB and perceived 
stress. Our study used a reliable biological marker 
of stress. This systematic review showed that SB 
patients had higher levels of some self-reported 
stress symptoms, assessed using questionnaires, 
with a mean difference of 4.59 (95% CI: 0.26-
8.92). Biomarkers such as epinephrine, 
norepinephrine, cortisol, adrenaline, dopamine, 
noradrenaline and prolidase enzyme levels also 
showed a positive association with SB. Although 
some associations were identified between 
probable SB and self-reported stress symptoms 
and biomarkers of stress in adults, these results 
should be interpreted with caution, as the quality of 
the evidence was found to be very low. These 
results suggest that further and better designed 
studies are needed to clarify the link between SB 
and stress [35]. A recent systematic review 
showed that in a total of six primary studies, 
involving 854 participants, analysis of cortisol 
levels showed a significant difference in favor of 
the control group of 1.10 (95% CI: 0.68-1.53), 
showing that patients with bruxism have higher 
salivary cortisol levels [36]. 

Daily events have an impact on the nocturnal 
activity of the masseter muscles. Any daytime 
stress would lead to nocturnal muscle 
tension/hyperactivity [37]. The existence of a 
genuine causal link between stress and bruxism 
[38] has been demonstrated by analyzing the 
influence of these neurotransmitters on 
manducatory muscle activity. Several central 
nervous system structures, such as the vegetative 
(sympathetic) nervous system [37], the brainstem 
[37,38,39] and the limbic system [40], are involved 
in generating rhythmic jaw movements and 
modulating muscle tone during sleep. The 
anatomical structures involved in the stress 
mechanism are the sympathetic nervous system 
and the limbic system, via the hypothalamic-
pituitary-adrenal (HPA) axis [41]. Stimulation of 
these structures during a stressful episode triggers 
the secretion of stress hormones, which are 
catecholamines (adrenaline, noradrenaline and 
dopamine, produced by the adrenal glands), 
Corticotropin Releasing Hormone (CRH, produced 
by the hypothalamus), cortisol (produced by the 
adrenal glands, under the influence of CRH) and 
serotonin [6,41]. 

Conclusion 

Our results suggest that SB activity is associated 
with higher levels of perceived psychological 
stress and salivary cortisol. Despite the absence of 
polysomnographic recording for the diagnosis of 
SB, a positive correlation between SB and salivary 
cortisol levels was observed in bruxers. These 
results should encourage further studies involving 
larger samples and using, in addition to 

questionnaires and clinical assessment, other 
methods such as electromyography of the 
masticatory muscles, polysomnography and 
functional magnetic resonance imaging (fMRI), 
which should make it possible to study a possible 
cause-and-effect relationship between perceived 
stress, salivary cortisol levels and SB. 
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