
INTRODUCTION

One of the main etiological factors of the functional disorder
syndrome affecting the stomatognathic system is the
psychological factor, related to excessive emotional sensitivity
of patients and the difficulties in coping with stressful situations.
The detrimental effects of stress may be multidirectional and can
also affect the general health condition, generating the
development of psychosomatic or somato-psychic diseases. The
degree of the harmful effect exerted by stressors depends on the
strength of the incentive, individual predispositions of a patient
and his/her adaptation abilities (1-8).

Cortisol is a hormone produced by fascicular zone of the
adrenal cortex, belonging to the glycocorticosteroidal group of
hormones. Its secretion is controlled by the adrenocorticotropic
hormone (ACTH), produced in the pituitary gland, and indirectly
by corticotropin-releasing hormone (CRH) of the hypothalamus.
The secretion of cortisol is subject to a diurnal rhythm and the
highest concentration can be observed in the morning hours,
around 9 o’clock. It performs numerous functions in the body,
such as the control of glucose homeostasis (along with insulin
and glucagon), the control of the lipolysis of fatty cells and the
control of immune system suppression through its effect on the
concentration and migration of leukocytes. This also influences
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One of the main etiological factors of the stomatognathic system dysfunction is stress and psychoemotional disorders.
During stressful situations, there is an increase in the level of cortisol, the so-called stress hormone. Literature data
indicate the existence of a correlation between blood cortisol levels and its amount in the saliva. This spurred an
inspiration to undertake open, non-randomised studies, the objective of which was to conduct a comparative assessment
of the saliva cortisol levels in patients with functional disorders of the masticatory system and in healthy volunteers, as
well as to compare the results of cortisol levels with the results of survey-based tests with the use of Endler and Parker’s
CISS survey. Cortisol level was assessed due to its association with stress present in the body as one of the primary
etiological factors of the stomatognathic system dysfunction, and hence the association of elevated cortisol levels
assessed in the morning with the occurrence of dysfunctions of the stomatognathic system. The subject of the study is a
group of 30 patients, of both sexes, aged between 20 and 46, who reported to the Dental Prosthetic Out-Patient Clinic
of the Institute of Dentistry, Jagiellonian University in Cracow, for prosthetic treatment due to the painful form of
functional masticatory organ disorders. The control group consisted of 30 subjects, aged between 19 and 41, in whom
dysfunctions of the stomatognathic system were excluded. Collection of saliva for testing was performed at a fixed hour
(9 am) into plastic test tubes with a stopper. Immediately after collection, the saliva was frozen at the temperature of
–18°C. The assessment of the cortisol levels was conducted by the high performance liquid chromatography (HPLC)
with UV detection at the Department of Analytical Chemistry, Faculty of Pharmacy, Department of Laboratory Medicine
of the Gdansk Medical University. Moreover, a 20-minute psychological test was conducted with the use of the CISS
(coping inventory for stressful situations) survey in order to assess the patients in terms of their abilities to cope with
stressful situations. The results obtained were submitted to a statistical analysis based on the conventional calculation
procedures. The test group revealed significantly higher cortisol levels compared with the results obtained by the control
group. The findings of the CISS survey confirmed the predominance of the emotion-focused strategy of coping with
stressful situations in the test group. The results support the view that the psychoemotional factor is, to a considerable
extent, conducive to the development of functional disorders. The elevated cortisol levels in patients with psychological
disorders concur with the findings by other authors. The results obtained confirm that psychoemotional disorders may
be one of the etiological factors of the stomatognathic system dysfunctions. The CISS survey, which was not used in
similar studies before, makes it possible to obtain information on the subject’s method of coping with stress, thus
allowing for the initiation of a relevant psychological therapy aiding the prosthetic treatment.
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the central nervous system thanks to the synthesis of
neurotransmitters and receptors. It is also considered as a “stress
hormone”, because in stressful situations its levels in the blood
and the saliva considerably grow (9, 10).

Generally, cortisol levels are marked in the blood, but it is
also possible to mark the level of this hormone in other
biological specimens, such as urine and saliva. Based on the
findings, it was discovered that there is a close correlation
between blood cortisol levels and non-stimulated saliva ones.
The saliva cortisol amount is not dependent on the saliva
secretion rate. The correlation between saliva cortisol and the
unbound cortisol in the blood is approximately 80%. This high
level of compatibility results from the fact that cortisol enters the
cells and the oral cavity mainly through passive diffusion. The
total saliva cortisol level is lower in the blood due to high
concentrations of the cortisol metabolising hormone - 11β-
hydroxysteroid dehydrogenase (11). It must be stressed that
saliva, as a specimen collected in a non-invasive manner and
without the presence of specifically trained personnel, is a
valuable material in hormone diagnostics. Additional benefit is
the reduction in the risk of infections related with taking the
peripheral blood, less stress during saliva collection when
compared to the blood as well as easy transportation of the
saliva. Another important factor is the high stability of the level
of numerous hormones in this diagnostic material (12-14).

An endogenic cause of excessive cortisol levels may be the
Cushing’s syndrome (pituitary adenomas and extrapituitary
tumours) and tumours of the adrenal gland. The causes of
exogenous hypercortisolemia most often include the ingestion of
corticosteroids. The functional base of increased cortisol level is
often associated with obesity, depression, anxiety disorders and
alcoholism. In cases where hormonal disorders, over
consumption of drugs and the above-mentioned diseases are
excluded, it is stress that is responsible for excessive cortisol
levels. It was also verified that a drug therapy applied in
depressive patients leads to the reduction in cortisol secretion.
Therefore non-randomised open studies were undertakenin order
to perform comparative analysis of saliva cortisol levels in
patients treated for the painful form of functional masticatory
system dysfunctions and in healthy individuals with no
dysfunctions in the stomatognathic system (9, 10).

MATERIALS AND METHODS

Patients

The study was approved by the Bioethical Committee of the
Jagiellonian University, approval no. KBET/278/B/2011.

The study materialencompassed 60 individuals, of both
sexes, divided into two groups. One was composed of patients
aged 20 to 46, who had been treated due to the painful form of
functional masticatory system dysfunctions at the Dental
Prosthetic Out-Patient Clinic of the Dental Institute JUMC in
Cracow, in the years from 2011–2013. The control group was
made up of 30 individuals, of both sexes, aged 19 to 41, in whom
- on the basis of specialist examinations - the presence of
stomatognathic system dysfunctions were excluded. All of the
subjects were free from endocrynological diseases associated
with functional hypercortisolemia and had not been subjected to
corticosteroid therapy for the previous 4 years, which would
have affected the assessed cortisol levels.

The following tests were conducted: physical examination,
medical history and specialist functional testing along with
additional diagnostics (panoramic radiogram assessment,
assessment of the temporomandibular joints), aimed at
diagnosing or excluding masticatory system dysfunctions,

performed in accordance with the questionnaire applicable at the
Masticatory System Functional Disorders Laboratory of the
Dental Prosthetics Chair of the Dental Institute (IS) in Cracow in
order to identify the test group and the control group.

The non-stimulated saliva collection was conducted in all
the subjects at the same hour, i.e. 9 am, in the amount of 2 ml,
into plastic Eppendorf test tubes. Immediately upon collection,
the saliva was frozen in the temperature of –18°C. Patients were
informed not to consume any means or drink any beverages
apart from water one hour before the examination. The test tubes
were marked with a red tape for patients treated due to functional
disorders and were numbered from 0 to 30. A green tape was
used to mark the healthy individuals, numbering the test tubes
from 31 to 60 (Fig. 1).

Cortisol levels were marked with the use of high performance
liquid chromatography (HPLC) with UV detection at the Faculty
of Analytical Chemistry of the Pharmaceutical Department of the
University of Gdansk (the Laboratory Medicine Section). The
test tubes containing frozen saliva were transported within 12
hours in freezer conditions, and an increase of tested material
temperature during transportation had no influence on a change
in the levels of the marked hormone. The physiological level of
cortisol has been assumed as 5 ng/ml of saliva. Carbamazepine
(quantity: 100 µl, concentration: 1 µl/ml) and then
dichloromethane were added to the saliva. The sample was
subjected to mixing and spinning for 20 minutes. The layer of
dichloromethane was moved to glass test tubes and evaporated in
a waterbath. Chromatographic analysis was conducted with the
use of Nucleosil 100-5 column with a reversed phase C18, the
length of the detector waves was 240 nm, using the apparatus
presented in Fig. 2 (11).

The psychological test, which lasted 20 minutes, was
conducted with the participation of a psychologist on the basis of
the survey paper-pencil method. In order to assess the patient
psychological profile and their behaviour in stressful situations,
the CISS (Coping Inventory for Stressful Situations) survey was
used, which provided the answer to the question of how the
patient behaves in and copes with difficult, stressful situations,
assuming one of the three possible coping styles. The
questionnaire consists of 48 statements concerning various
behaviour types that may be chosen by people in stressful
situations. The findings are placed within three scales:
ask-focused style (SSZ); emotion-focused style (SSE);
avoidance-focused style (SSU).

The task-focused style scale determines the style of coping
with stress which is about undertaking tasks. The individuals
who reach high results in this scale are - in stressful situations -
inclined to undertake efforts aimed at solving a problem
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Fig. 1. Eppendorf tube marked with a red tape for patients
belonging to the Group I and green to control Group II.



through cognitive transformations or attempted to change the
situation. Main stress in placed on the task or planning of
problem solution.

The scale of the emotion-focused style (SSE) concerns the
style typical of people who, in stressful situations, are prone to
concentrate on themselves, on their own emotional experiences
such as anger, the feeling of guilt or tension. These people are
inclined to indulge in wishful thinking and fantasising. Such
actions are aimed at reducing the emotional stress related to a
stressful situation. However, they may occasionally intensify the
feeling of stress, and cause increased tension or depression.

The avoidance-focused style (SSU) defines a style of stress
coping typical of people who are, in stressful situations, prone to
avoid thinking, contemplating and experiencing the situation.
This style may assume two forms: engaging in replacement
activities (ACZ) or searching for contacts (PKT).

To compare average values in a group of healthy and sick
persons the t-test for independent variables, and the nonparametric
equivalent Mann-Whitney test was used. Empirical compliance of

characteristics distribution of the theoretical normal distribution
was based on the Shapiro-Wilk test.

Relationship between two variables were tested by chi-
square independence. Results were considered statistically
significant if the P value did not exceed the significance level
0.05. Calculations were performed using IBM SPSS v.22 (IBM,
New York, USA).

RESULTS

The average cortisol level values marked in the morning
hours in the test group amounted to 22.68 ng/ml, with extreme
values equal to 5.37 and 75.0 ng/ml. In the control group, these
results were much lower and amounted to 7.35 ng/ml, with
extreme values reaching 0.5 and 17 ng/ml. Standard deviation in
the patient group of functional dysfunctions of the masticatory
system amounted to 17.25, and in the healthy individuals - 4.05.
The above results are incorporated in Table 1, with their graphic
representation in Fig. 3.

151

Fig. 2. The average values of cortisol obtained in
saliva in group I and II.

Fig. 3. The results of the statistical
analysis are presented graphically.



Statistical analysis indicated that the average cortisol levels
marked in the saliva in both groups differ in a statistically
significant manner, because P is lower than 0.05. These results
are presented in Table 1.

The findings of the CISS questionnaire also indicated
differences between the test group and the control group (Fig. 4).

In each of the rating scales, the mean values obtained by the
test group were less favourable compared to the results obtained
by the healthy subjects (i.e. significantly lower average values in
the case of SSZ score, much higher - in the case of SSE, and
lower in the case of SSU). What should also be noted are the
minimum values that are significantly higher in the study group
than in the control group in all the scales of the questionnaire
(Table 2). The evaluated results in the individual styles differ
between the groups in a statistically significant manner because
P is less than 0.05.

DISCUSSION

The masticatory system dysfunctions often lead to numerous
diagnostic and therapeutic problems due to their complex etiology.

One of the symptoms of functional disorders of the
stomatognathic system are disturbances in the functioning of the
masticatory muscles, manifested by increased tension,
hypertrophy, and the lack of symmetry of their action. In
Turturicii and Roatta studies (15) the differences in blood flow
in the masticatory muscles in 6 anesthetized rabbits were
evaluated, using repetitive mechanical stimuli. The results
provide evidence that the mechano-sensitivity of the vascular
network is attenuated by previous mechanical stimulation. It is
suggested that the mechano-sensitive dilatory mechanisms
undergoes some inactivation whose recovery time is in the order
of a few minutes.
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The level of cortisol in saliva [ng/ml] 

Group I N=30 Group II N=30 
Statistical 
significance 

X ± s 22.68 ± 17.25       7.35 ± 4.5 

[min-max]  5.37 – 75       0.5 – 17.00

Median 16.87 7.13

  p = 0.000012

Table 1. Mean values of cortisol level indicated in saliva, expressed in ng/ml obtained in group I and II.

Table 2. Results of CISS questionnaire in I and II group.

Fig. 4. Avarage values of scores
obtained in CISS questionnaire by I
and II group.



Kunert Keil et al. conducted studies on the expression of
genes affecting calcium homeostasis in mice masseter muscle
suffering from muscular dystrophy (16). Their findings revealed
that masticatory muscles showed an unequally altered
expression of genes involved in the Ca2+ homeostasis that can
support the differences in masticatory muscles response to
dystrophin deficiency. It can be assumed, that some part of
masticatory system dysfunctions may have a genetic aetiology.

Own experience indicates that ignoring the presence of
psychoemotional disorders in the treatment plan may be the
source of failure of prosthetic therapies, because the commonly
used occlusal devices and a supportive treatment may prove to
be insufficient or cause relapses of the pain symptoms located in
the musculo-articular system (14, 17-20).

The findings of the studies conducted indicate a significantly
higher saliva cortisol levels in patients with a stomatognathic
system dysfunction as compared with healthy individuals with no
such dysfunctions. This confirms the strict correlation and the
influence of psychoemotional factors on the etiology of this disease
(1, 2, 4-7, 21). Besides the average values obtained in both groups,
attention is attracted by the extreme values, which amount to 5.37
and 75 in the patient group, i.e. the maximum value exceeds the
norm in this regard 15 times, and in the group of healthy
individuals, these values amount to 0.5 and 17 ng/ml of saliva.

Studies on saliva cortisol concentration and the activity of
the stomatognathic muscles during stressful situations were
conducted by Bakke et al. (22). The findings confirmed the
saliva cortisol levels increase in response to the stressor and to
the higher tension of the stomatognathic system muscles.

Functional disorders of the stomatognatic system leads to
pathological changes in the temporo-mandibular joints such as
damage of the articular disc and articular capsule. One of the
treatment methods of temporo-mandibular joint dysfunction are
intra-articular injections of platelet-rich plasma (23). Favorable
results also have been reported in studies in which stem cells
have been used in the treatment of periodontal diseases (24).

Disorders in the functioning of the hypothalamic-pituitary-
adrenal axis manifested by increased cortisol levels are often the
symptom of affective disorders in the form of depression,
lability and emotional irritability, difficulties in concentration,
sleeping problems and increased susceptibility to emotional
stress. This also means increased irritability, anxiety and panic
seizures (10). These symptoms, along with somatic changes and
introvertism, are conducive to the development of the syndrome
of functional masticatory system dysfunctions and may not be
omitted in the prosthetic treatment plan. In practice, we often
find the presence of the above personal traits and the difficulties
that patients report during physical examination (1, 2, 4-7).

Stress has a damaging effect on the stomatognathic system
due to the limbic system and the gamma loops, which are
responsible for the pathological increase in muscle tension of the
masseters (mastication muscles), thus leading to numerous
unfavourable changes (1, 4-6). The studies by Nater et al.
confirmed the significant increase in cortisol and alpha-amylase
levels in the saliva, induced by an experimental psychological
stress (19). Cortisol, as a hormone whose levels are correlated
with the occurrence of stress and psychological tension, may
constitute a precious marker for the co-existence of emotional
disorders among etiological factors of the dysfunctions as well
as a basis for combined treatment, i.e. prosthetic-psychological
therapy for this group of patients (9, 10, 14, 21, 25, 26).
Moreover, hypercortisolemia found upon additional tests on
patients with stomatognathic dysfunction may be an indication
for endocrynological consultation, associated with the disorders
of the metabolism of lipids and carbohydrates (diabetes, elevated
cholesterol levels, restricted field of vision) in the patients under
treatment (9, 18).

Patients of the test group indicated high point values in the
emotion-focused style. It is typical of individuals who focus on
themselves and their own emotional experiences, such as anger,
the feeling of guilt, tension.

It seems that the base for the development of this type of
strategies may only be associated with certain personality- and
temper-based conditions. In their studies, Endler and Parker
indicated a link between an emotion-focused style and
neuroticism (27). Szczepaniak et al. also proved that there is a
positive correlation between the emotional style of coping with
stressful situations and high levels of emotional anxiety (28). This
style seems particularly ineffective against such difficult situations
in which an individual could influence the course of events, and
so, secondarily, also his/her own emotional state, by taking
concrete actions. The fundamental consequence of using this type
of strategy of stress coping is the omission to take actions.

Patients from the test group at the same time reached
significantly higher results for the avoidance-focused style than
the individuals from the control group. This difference mainly
concerned the strategies oriented on the search of social
contacts, which indicates that, in stressful situations, such people
are inclined to avoid thinking, contemplating and experiencing
difficult situations by frequent interaction with other people.
Here, it must be emphasised that this strategy has little in
common with the search for support in solving a problem or
reduction in the emotional tension experienced - in this case, an
individual engages in social activities so as to free his/her mind
from the current problem.

Finally, the patients from the test group and the individuals
from the control group used the task-focused style to a
comparative extent. Therefore, we might conclude that both
subject groups are equally regular in undertaking efforts oriented
on solving difficult situations. It seems to be crucial in this
context to answer the question about the types of stressors that
the subjects need to cope with. An interesting aspect in the
planning of further studies was the incorporation of the
possibility of influence on the subsequent course of a stressful
situation in the context of experimental stressors. The observed
difference could concern the higher frequency of launching the
task-oriented strategy in the test group towards situations, which
the individual - as a rule - has limited influence on.

In summary, we found a significantly higher cortisol levels
assessed in the saliva in patients with functional disorders as
compared with healthy individuals with no dysfunctions in the
stomatognathic system.

Moreover, the psychological test applied, based on the CISS
survey, highlighted essential differences in the stress coping
strategies adopted by the patients with functional disorders and by
the healthy individuals, with the majority of patients with
masticatory system dysfunctions choosing the avoidance-focused
and emotion-focused strategies. This confirms the correlation and the
influence of psychoemotional factors on the etiology of this disease.
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