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Abstract. [Purpose] Temporomandibular disorder is one of the many different adverse health conditions that can 
be triggered by stress. Therefore, a biopsychosocial model has been proposed to characterize the multifactorial na-
ture of temporomandibular disorder. The aim of the present study was investigate the correlation of salivary cortisol 
levels with the activities of the masseter and anterior temporal muscles of patients with different degrees of tem-
poromandibular disorder. [Subjects and Methods] Forty-nine women between 18 and 40 years of age with a diagno-
sis of myogenous temporomandibular disorder based on the Research Diagnostic Criteria for temporomandibular 
disorders were evaluated using the Fonseca Index to determine the degree of the disorder. Salivary cortisol levels 
were determined and surface electromyography was used to evaluate electrical activity in the masticatory muscles. 
[Results] Positive correlations were found among the degree of temporomandibular disorder, electromyographic ac-
tivity and salivary cortisol: as women with more severe temporomandibular disorder had greater electrical activity 
in the muscles analyzed, especially the anterior temporal muscle, and higher levels of cortisol. [Conclusion] Muscle 
activity was greater among individuals with severe temporomandibular disorder and positive correlations were 
found among electromyographic activity, salivary cortisol and the degree of temporomandibular disorder severity.
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INTRODUCTION

The way the human organism responds to stress can be 
positive, such as fast decisions and reactions when facing 
potential danger (fight or flight)1, 2). However, intense, 
long-lasting stress can have adverse health effects3). Cortisol 
is released during a stressful event. This hormone is an es-
sential corticosteroid which is involved in the restoration 
of homeostasis,4) but it can be harmful when the organism 
is exposed to frequent stress. Humans responsed to stress 
results by an increasing expression of adrenocorticotropic 
hormone (ACTH) and cortisol5).

Temporomandibular disorder (TMD) can be triggered by 
stress and is characterized by a variety of symptoms involv-
ing the masticatory muscles, temporomandibular joint and 
adjacent structures6, 7). The Research Diagnostic Criteria for 
Temporomandibular Disorders (RDC/TMD) is considered 

the most complete assessment tool for the classification 
of TMD (muscle disorder, joint disc alteration, arthralgia, 
arthritis and osteoarthrosis)8). Myogenous TMD is the most 
frequent type and is commonly caused by an increase in 
muscle activity triggered by emotional stress9, 10).

A number of tools are available for the evaluation of 
TMD, such as electromyography (EMG)11), since as indi-
viduals with this disorder exhibit hyperactivity of the masti-
catory muscles12). Moreover, several authors have proposed 
a biopsychosocial model for the characterization of the 
multifactorial nature of TMD based on the close relationship 
between physical alterations and emotional wellbeing13, 14).

Andrade et al.15) evaluated salivary cortisol in young 
adults with TMD, diagnosed using the RDC/TMD, and 
found the young adults had significantly higher levels in 
comparison to a control group. They concluded that corti-
sol evaluation can be used to complement the diagnosis of 
TMD, since there was demonstrating an association between 
cortisol and psychological factors. However, Jasim et al.16) 
measured salivary cortisol in individuals with a diagnosis 
of orofacial pain and found they showed no difference from 
relation to asymptomatic individuals. These findings suggest 
that the relationship between pain and adrenocortical activ-
ity is complex and merits further investigation using specific 
diagnostic tools.
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To test on the hypothesis of positive correlations among 
TMD severity, EMG activity of the masticatory muscles and 
cortisol level, the aim of the present study was investigated 
the correlation of salivary cortisol levels with the activities 
of the masseter and anterior temporal muscles of patients 
with different degrees of TMD.

SUBJECTS AND METHODS

A cross-sectional study was conducted after receiving 
approval from the Human Research Ethics Committee 
of the Piracicaba School of Dentistry, State University of 
Campinas (Brazil) under process number 120/2008. Recruit-
ment was performed through flyers distributed around the 
university campus soliciting the participation of women with 
TMD. The individuals who expressed interest answered a 
questionnaire with close-ended responses and were a briefly 
evaluated for conformity with the administered for the de-
termination of women who met the eligibility criteria. The 
inclusion criteria were: the female gender, age between 18 
and 40 years, a diagnosis of myogenous TMD based on the 
RDC/TMD, Angle Class I occlusion, and body mass index 
between 18 and 25 kg/m2. The exclusion criteria were cur-
rently undergoing physiotherapeutic, dental or medicinal 
(analgesic, anti-inflammatory agent, muscle relaxant or 
vasoactive drug) treatment, oral lesions, preexisting disease, 
missing teeth, a history of facial trauma, mouth breathing 
and current smoking habit. Fifty-one of the 200 women 
screened met the eligibility criteria and were selected for the 
study. However, two volunteers were excluded due to blood 
contamination in the saliva samples used for the determina-
tion of cortisol level. Thus, the final sample was made up of 
49 females.

The RDC/TMD allows the classification of individuals 
with TMD into three groups: I) muscle disorder; II) joint 
displacement; and III) other joint conditions8). The measure 
has two axes. Axis I is used for the clinical examination, 
which is performed by a single examiner and allows the 
evaluation of muscle and joint pain, mouth opening pattern, 
mandibular range of motion, joint sounds and pain sensitiv-
ity during mandibular movements or palpation of the tem-
poromandibular joint and masticatory muscles. Axis I takes 
approximately 20 minutes to administer.

The Fonseca Patient History Index was used to diagnose 
the severity of TMD and is an adequately valid, reliable 
method for identifying individuals with TMD that has been 
widely used in recent studies17–19). This Portuguese-language 
measure has 10 items, each with three response options: 
“yes” (scored as 10 points), “sometimes” (5 points) and 
“no” (0 points). The sum of the points for all items gives the 
overall score which is classified as follow: absence of TMD 
(0 to 15 points), mild TMD (20 to 45 points), moderate TMD 
(50 to 65 points) and severe TMD (70 to 100 points)17).

Saliva was collected between 8 and 9 a.m. for the 
determination of cortisol, since the time of the day exerts 
and influences on the concentration of the hormone. The 
volunteers were instructed not to brush or floss their teeth 
two hours before the exam to avoid gingival bleeding, which 
would contaminate the sample, not to eat or drink anything 
one hour before the exam, to remain at rest 30 minutes be-

fore the exam, and to rinse their mouths with water and mild 
gargling ten minutes before the exam. During the collection 
of saliva, the volunteers remained seated and were instructed 
to remove the cap from the salivett tube and place the cot-
ton pad under the tongue for two to three minutes20). The 
cotton was then placed back into the tube and the cap was 
put on again. The samples were frozen, placed in a proper 
receptacle in a polystyrene cooler with recyclable ice and 
sent to the laboratory for analysis21, 22). The quantification 
of salivary cortisol is a reliable index of free cortisol in the 
plasma23, 24). Saliva samples are obtained using a simple, 
non-invasive, stress-free method that is easily performed by 
untrained individuals25).

Surface EMG was used for the evaluation of the electrical 
activities of the masticatory muscles. For this, a portable, 
battery-powered, eight-channel signal conditioning module 
(EMG System do Brasil) was used with a bandpass filter 
(frequency: 20 to 500 Hz), an amplifier with a gain of 1,000 
x, and common-mode rejection ratio > 120 dB, a 12-byte 
analog-digital converter, and active surface electrodes with 
a pre-amplified gain of 20 × . Following cleaning of the sites 
with cotton soaked in 70% alcohol26), self-adhesive, dispos-
able surface electrodes were attached over the masseter and 
anterior temporal muscles bilaterally, with placement guided 
by the point of greatest volume during contraction and the 
direction of the muscle fibers identification of these points. 
For such, the volunteers were instructed to clench the teeth 
and palpation of the muscles was performed.

The signal was captured during non-habitual chewing 
(isotonic contraction) for 10 seconds, maximum voluntary 
clenching (isometric contraction) for five seconds, and with 
the mandible in the physiologic rest position for 10 seconds. 
“M®” parafilm which reduces the variability of electromyo-
graphic readings was placed between the premolars and 
molars27). Each contraction condition was performed three 
times with a three-minute rest period between readings. The 
volunteers remained seated in a wooden chair with the back 
supported by the back of the chair, Frankfurt parallel to the 
floor, eyes open, their arms supported on the thighs, and their 
feet parallel and in contact with the floor.

A sliding window was used to scan the EMG signals and 
the mean of the three readings was used for the calculation 
of the root mean square (RMS) values, which were used 
in the data analysis. The data were normalized to the peak 
of the EMG signal, which had the lowest standard devia-
tion. For the evaluation of the right and left masseter (RM 
and LM) and anterior temporal muscles (RT and LT), the 
following activity index was used: [(RM+LM−RT−LT)/
(RM+LM+RT+LT)×100]28). The results of this equation 
allow identifying the muscles that are predominant during 
than proposed activity. Negative values indicate greater 
activity of the temporal muscles, positive values indicate 
greater activity of the masseter muscles and a value of 0 
indicates balance among the muscles.

Spearman’s correlation coefficients (r) was calculated to 
determine the strength of correlations among the variables, 
and values of “r” were interpreted as follows: 0 = no cor-
relation; 0 to 0.3 = weak correlation; 0.31 to 0.6 = moderate 
correlation; 0.61 to 0.9 = strong correlation; 0.91 to 0.99 = 
very strong correlation; and 1 = complete correlation. The 
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Kruskal-Wallis test was employed to determine whether the 
activity index differed among the different degrees of TMD 
severity. The level of significance was chosen as 5% (p < 
0.05). All data analyses and processing were performed with 
the aid of the BioEstat program, version 5.3 (Belém, PA, 
Brazil).

RESULTS

Table 1 displays the correlation coefficients for degree 
of TMD severity and EMG activity under the different 
contraction analyzed. Moderate to strong correlations were 
found between severe TMD and EMG activity for all of the 
contraction. The strongest correlations were observed in the 
group of women with severe TMD regarded the temporal 
muscles during isotonic and isometric contractions of the 
temporal muscle.

Moderate to strong correlations were found between sali-
vary cortisol and EMG activities of the women with severe 
TMD (Table 2).

Table 3 shows the correlation between cortisol and TMD 
severity. The correlation was positive and strongest (r = 
0.70) for subjects with the hormone and severe TMD.

The activity index results show that the data on the 
activity index, during non-habitual chewing (isotonic 
contraction), the activity of the anterior temporal muscles 
was predominantly independently of the degree of TMD 
severity. During maximum voluntary clenching (isometric 
contraction), activity in the masseter muscles was predomi-

nant in the groups with mild and severe TMD, and slightly 
predominant in the group with moderate TMD. However, no 
statistically significant differences were found among the 
different degrees of TMD (mild, moderate and severe) (p > 
0.05, Kruskal-Wallis test).

DISCUSSION

Pinheiro et al.29) suggested that gender and age differ-
ences exert an influence on the occurrence of TMD. To mini-
mize these influences, only women aged 20 to 40 years were 
recruited for the present study, as TMD is more prevalent in 
this gender and age range30).

Although it was despite methodological differences, the 
study most similar to the present investigation was con-
ducted by Ardizone et al. 11), who evaluated EMG patterns 
in patients with different degrees of TMD severity, but using 
the Helkimo Index rather than the Fonseca Index, and found 
lower muscle activity in the group with severe TMD during 
maximum voluntary contraction. In contrast, muscle activ-
ity was greatest among the women with severe TMD in the 
present investigation. This difference in these results may be 
attributable to the data collection time, since Ardizone et al. 
cited evaluated maximum contraction for 15 seconds, which 
may have caused pain during the reading and consequently 
lower muscle contraction potential. The occurrence of 
hyperactive muscles in the present investigation is in agree-
ment with the study of Bodéré et al., who also reported an 
increase in activity of the masseter and temporal muscles of 

Table 1. Spearman’s correlation coefficients for the electromyographic activities of the in masticatory muscles and the 
degree of TMD severity

Rest Isotonic contraction Isometric contraction 
LM LT RM RT LM LT RM RT LM LT RM RT

Mild 0.36 −0.5 0.46 −0.44 0.07 0.21 0.01 −0.01 0.01 0.13 −0.08 −0.05
Moderate 0.23 0.18 0.15 −0.36 0.03 0.06 0.04 0.01 0.11 −0.37 −0.08 0.04
Severe 0.7 0.54 0.65 0.21 0.43 0.81* 0.05 0.81* 0.32 0.65 0.32 0.76*
*Statistically significant difference p < 0.05

Table 2. Spearman’s correlation coefficients for the electromyographic activities of the masticatory muscles and salivary 
cortisol according to degree of TMD severity

 Rest  Isotonic contraction  Isometric contraction  
LM LT RM RT LM LT RM RT LM LT RM RT

Mild −0.36 −0.37 −0.13 −0.34 −0.18 −0.30 −0.14 −0.26 −0.17 −0.14 −0.18 −0.35
Moderate −0.01 −0.07 0.33 −0.03 0.25 0.33 0.15 0.18 0.09 0.08 0.14 0.24
Severe 0.67 0.57 0.17 0.03 0.35 0.61 0.42 0.61 0.71* 0.67 0.64* 0.46
*Statistically significant difference p < 0.05

Table 3. Median and interquartile interval (25 and 75%) of cortisol according to three de-
grees of TMD severity determined using the Fonseca Index (p < 0.008, Kruskal-
Wallis test; *p < 0.05; Dunn’s post hoc test)

 Mild Moderate Severe
Cortisol (µg/dl) 25.39 (16.28–75.07) 116.7 (47.75–191.3)* 250.1 (35.05–317.7)*
*Statistically significant difference p < 0.05
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individuals with TMD31).
The activity index demonstrated the predominance of ac-

tivation of the temporal muscles over the masseter muscles. 
Takemura et al., reported that bruxism is one of the main 
triggering factors of myogenous TMD, which is character-
ized by constant involuntary contractions that can lead to a 
reduction in the ability of the masseter muscle to generate 
force32). Thus, the temporal muscles assume on additional 
functions to compensate for the loss of masseter muscle 
strength, positioning the head of the mandible in the man-
dibular fossa (its main function) and generating force during 
mandible elevation movements33). According to Nielsen et 
al.34), the inversion of the activity of the temporal and mas-
seter muscles during chewing is a compensatory mechanism 
for minimizing pain in a motor response in individuals with 
TMD, which is believed to be an adaptation by the elevator 
muscles of the mandible following the onset of TMD35).

According to Lipp and Novaes36), stress plays an impor-
tant triggering role in various adverse health conditions, but 
is often not the causal factor, as an individual must have 
a predisposition to the condition in question. The higher 
cortisol levels among women with more severe TMD indi-
cates that stress may have triggered more symptoms and at 
a greater frequency, as demonstrated by the Fonseca Index. 
The amount of circulating cortisol varies throughout the 
day, with higher levels in the morning and lower levels at 
night37). Moreover, changes in the cortisol secretion patterns 
are associated with depression, psychological stress, trauma, 
fear, pain and physical exercise. Castro and Moreira5) de-
scribed the influence of physical and emotional stress on the 
secretion of ACTH, concluding that the response to stress af-
fects feedback mechanisms and the circadian rhythm, which 
resulting in an increase in both ACTH and cortisol.

Jones et al.38) investigated the correlation of salivary 
cortisol with TMD in 36 women and found that the women 
group proved to be heterogeneous, as part of the group 
exhibited hypersecretion of the hormone, while no differ-
ence was found between the remaining volunteers and the 
control group. Thus, their findings were inconclusive. In 
contrast, a moderate correlation was found between cortisol 
level and TMD severity in the present investigation (r = 
0.467). Korszun et al.39) measured the cortisol level in the 
blood of 15 women with TMD, and 15 controls and found 
an increase in the cortisol level of the group with TMD, 
which is in agreement with the present findings. The authors 
cited concluded that irregularity in the production of the 
cortisol hormone may be caused by the perception of facial 
pain, and may in turn stimulate pain throughout the entire 
body. Individuals with TMD exhibit pain characteristics 
that may activate the sympathetic nervous system and the 
hypothalamus-pituitary-supradrenal axis, which regulates 
the reactions to stress.

It should be pointed out that psychological factors may 
trigger physical symptoms, such as muscle tension, which 
may result from a poorly adapted response to psychologi-
cal stress40). According to Borini et al.41), anxiety can exert 
an influence on EMG readings of the masseter and anterior 
temporal muscles in healthy individuals. Moreover, Bakker 
et al.42) state that the temporal muscle is more susceptible to 
emotional stress than the masseter muscle. Tsai et al.43) con-

ducted an experiment in which EMG activity of the mastica-
tory muscles was increased significantly under a condition of 
induced stress. While induced stress was not employed in the 
present investigation, muscle activity increased proportion-
ally with the increase of cortisol. Ruf et al.44) report similar 
findings in a study addressing the effect of non-experimental 
stress on the function of the masseter and temporal muscles 
in young adults without TMD. Experimental studies have 
demonstrated that stress factors can increase EMG activ-
ity45, 46), leading to the hypothesis that the change in muscle 
pattern is a powerful triggering factor of orofacial disorders, 
which may explain the correlation found for the volunteers 
analyzed in the present study. Rissén et al.46) also report that 
emotions tend to provoke different physiological responses, 
as demonstrated by the greater EMG activity in the upper 
portion of the trapezius muscle associated with negative 
stress at a supermarket check-out.

The present findings demonstrate interactivity among 
emotional and physical variables. The increase in cortisol, 
which is a hormone released in situations of stress, was con-
comitant with to greater muscle activity and TMD severity. 
Further studies with a larger number of volunteers should be 
conducted to allow a better definition of this relationship in 
order to support to the treatment of individuals with TMD.
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