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Abstract
Introduction. Temporomandibular disorders (TMD) are defined by the American 

Association for Dental Research as a group of musculoskeletal and neuromuscular 
conditions that involve the temporomandibular joints (TMJ), the masticatory muscles, 
and all the associated tissues.

Painful TMJ disorders, excluding cancer-related pain, is the third, after tension 
headaches and spinal pain, most frequent cause of chronic pain. Analyzing the 
mechanisms that may explain the connection of psychological factors with pain 
chronification, it is also necessary to consider their role in producing behavioral 
responses to pain that may lead to its maintenance.

Aim. The aim of the study was to present theories and conceptual models addressing 
motor responses in painful TMJ disorders.

Material and methods. The literature published in the 10 years prior to the study 
from PubMed database has been reviewed using keywords: temporomandibular 
disorders; pain; masticatory muscles; muscle activity, risk factors, psychological factors.

Results. An analysis of the existing conceptualizations of motor responses to pain 
shows that their evolution is similar to that of the theories of pain experience – from 
the biomedical model to the biopsychosocial one. Mechanistic theories, based merely 
on changes in neurons excitability, could not fully account for the variability in the 
observed motor response to pain. Those theories were thus replaced by more complex 
models that included the role of psychosocial factors contributing to the individual 
character of pain experience.

Conclusions. A thorough knowledge of the connection between psychological 
factors and a change in muscle activity in response to pain may significantly help to 
understand the course of musculoskeletal disorders associated with chronic pain. This 
is due above all to the individual, dependent on psychological factors, character of 
reaction to pain and to a postulated possibility of activity change that may support pain 
or lead to the development of new disorders.

Keywords: temporomandibular disorders (TMD), pain, masticatory muscles, 
muscle activity, risk factors, psychological factors.
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Introduction

Temporomandibular disorders (TMD) are defined by the American Association 
for Dental Research as a group of musculoskeletal and neuromuscular conditions that 
involve the temporomandibular joints (TMJ), the masticatory muscles, and all the 
associated tissues [1]. It should be noted that the definition, so formulated, refers 
mainly to the common location of complaints, and thus the otherwise unrelated 
diseases are often included under the heading of TMD. Among them there are, first  
of all, congenital TMJ conditions (e.g. agenesis, aplasia of the head of mandible), 
acquired TMJ conditions (e.g. joint disc disorders, TMJ inflammations related  
to systemic diseases, neoplasms), masticatory muscles disorders (e.g. myofascial pain, 
myositis, myospasm), and movement disorders (e.g. oromandibular dystonia) [2].

Apart from the common location, TMD are also connected by similar clinical 
symptoms, such as acoustic symptoms in TMJ, orofacial pain, and jaw mobility 
disorders [3]. Therefore, despite a considerable heterogeneity, it is practically justified 
to consider this group of complaints jointly.

TMD are diagnosed by clinical examination, supplemented, if necessary, by suitable 
imaging examinations [1,4,5]. In scientific research, as well as in clinical practice, 
the Research Diagnostic Criteria for Temporomanidbular Disorders (RDC/TMD),  
considered as the ‘golden standard’, are most frequently used [6]. RDC/TMD 
allow to diagnose three most frequent groups of temporomandibular complaints: 
myofascial disorders, joint disc displacement, and arthralgias, joint inflammations 
and degenerations.

The classification of functional disorders according to RDC/TMD includes 
the following groups of disorders: Group I – Muscle Disorders: (Ia) myofascial 
pain; (Ib) myofascial pain with limited opening. Group II – Disc Displacements:  
(IIa) disc displacement with reduction; (IIb) disc displacement without reduction with 
limited opening; (IIc) disc displacement without reduction without limited opening. 
Group III – Arthralgia, Arthritis, Arthrosis: (IIIa) arthralgia; (IIIb) osteoarthritis;  
(IIIc) osteoarthrosis.

In 2014, the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD), 
which are to replace RDC/TMD, were published [2,5]. DC/TMD modified and 
extended, among others, diagnostics of muscle pain, taking into account its various 
clinical manifestations and adding disorders not included in RDC/TMD. The latter 
criteria were based mainly on the opinions of TMD experts, while DC/TMD were  
developed using research results, according to the principles of evidence-based 
medicine. Also, in contradistinction to RDC/TMD, DC/TMD were designed  
for use both in research and in clinical practice [5]. The extended TMD classification, 
according to DC/TMD, is presented in Table 1.

Symptoms of the temporomandibular disorders
Most frequently, TMD symptoms occur between 20 and 40 years of age, less often 

in people of other age groups [7]. It should be noted, however, that the peak morbidity 
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Table 1. The extended TMD classification according to DC/TMD
I. TEMPOROMANDIBULAR JOINT DISORDERS

1. Joint pain
A. Arthralgia
B. Arthritis

2. Joint disorders
A. Disc disorders

1. Disc displacement with reduction
2. Disc displacement with reduction with intermittent locking
3. Disc displacement without reduction with limited opening
4. Disc displacement without reduction without limited opening

B. Other hypomobility disorders
1. Adhesions / adherence
2. Ankylosis

a. Fibrous
b. Osseous

C. Hypermobility disorders
1. Dislocations

a. Subluxation
b. Luxation 

3. Joint diseases
A. Degenerative joint disease

1. Osteoarthrosis
2. Osteoarthritis

B. Systemic arthritides
C. Condylysis/idiopathic condylar resorption
D. Osteochondritis dissecans
E. Ostronecrosis
F. Neoplasm
G. Synovial chondromatosis

4. Fractures
5. Congenital/developmental disorders

A. Aplasia
B. Hypoplasia
C. Hyperplasia

II. MASTICATORY MUSCLE DISORDERS
1. Muscle pain

A. Myalgia
1. Local myalgia
2. Myofascial pain
3. Myofascial pain with referral

B. Tendonitis
C. Myositis
D. Spasm

2. Contracture
3. Hypertrophy
4. Neoplasm
5. Movement disorders

A. Orofacial dyskinesia
B. Oromandibular dystonia

6. Masticatory muscle pain attributed to systemic/central pain disorders
A. Fibromyalgia/ widespread pain

III. HEADACHE
1. Headache attributed to TMD

IV. ASSOCIATED STRUCTURES
1. Coronoid hyperplasia
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differs for different complaints. For instance, joint disc dislocation is most frequently 
diagnosed in ca. 30-year old patients, while arthralgia, joint inflammation and joint 
degeneration – in patients at the age of ca. 50 years [8,9]. Acoustic symptoms in TMJ,  
as a sign of disc displacement with reduction, are the most frequent manifestation  
of TMD in general population and occur in 11% of subjects [7]. As TMJ disc 
displacements with reduction are usually not particularly troublesome, they remain 
unnoticed by patients and do not require treatment. It is estimated that between 4% 
and 7% of general population needs therapy due to TMD [10]. The most common 
reason for seeking treatment for TMD is pain [8]. Painful TMD, excluding cancer-
related pain, is the third, after tension headaches and back pain, most frequent cause 
of chronic pain [11], it is also the second, after dental pain, most common source  
of all facial pain complaints [3].

The main type of pain in TMD is myofacial pain. Masseter muscle pain is observed 
in ca. 10% of general population. It is noteworthy that TMJ pain is much less frequent, 
and its prevalence is estimated at ca. 3%. At the same time, myofacial pain in patients 
seeking treatment for TMD is diagnosed in 45% of cases and TMJ pain in 34% [7].

Painful TMD considerably decreases the quality of life and involves high economic 
and social costs [5]. It is estimated that for every 100 million working adults in the 
United States of America, there are 18 million of sick leave days per year due to TMD. 
It is also worth noting, that although chronic painful TMD occurs in a relatively small 
group of patients, the means allocated for treatment of this complaint constitute 85% 
of the total TMD treatment costs [12].

Etiology of painful TMD
Over the years, the theories of TMD etiology have been subject to controversy 

and significant change. Initially, there were attempts to explain the origin  
of TMD using a mechanistic biomedical model, based exclusively on the influence  
of biological factors, mostly structural ones, and especially occlusal disorders.  
At present, much less importance is attributed to those factors in the etiology of TMD 
than in the past [10]. Moreover, researchers believe that it is impossible to identify 
only one cause of TMD, as it results from an interaction of numerous factors that 
lead to a decrease in the adaptive capacity of the organism. The factors that may 
reduce the temporomandibular adaptive capacity include anatomical determinants, 
as well as systemic, pathophysiological and psychological ones [10]. Psychological 
factors, whose role in the etiology of painful TMD was recognized only after  
the biopsychosocial model had been introduced, are particularly worthy of note. 
The biopsychosocial model was proposed as an alternative to the biomedical model 
which did not include the role of psychosocial factors in the origin of diseases [13].  
The biomedical model assumed that pain is a direct result of noxious impulses 
transmitted from the peripheral structures to the central nervous system (nociceptions). 
Although this model became the basis for development of numerous methods  
of chronic pain treatment, it did not sufficiently address the complexity of pain 
experience. The biomedical model also failed to explain such phenomena as:  
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the presence of pain without a clearly identified pathology, pain greater (or smaller) 
than expected on the basis of medical tests results, or varying individual responses 
to pain and treatment. The clinical image of pain becomes easier to understand 
when analyzed using the biopsychosocial model. The concept of pain as a subjective 
experience that includes affective, cognitive, and behavioral components, conditioned 
by biological factors but also dependent on the ontogenetic development of individuals 
and their interaction with the environment in which they live, enables a comprehensive 
assessment of pain and its appropriate treatment. In this connection, an assessment  
of pain should include intensity, disability (functional limitations), emotional 
distress, emotional factors, cognitive factors, coping with pain and quality of life [14].  
The biopsychosocial model was applied to the study of TMD in 1992 together with the 
publication of RDC/TMD and it is currently used in the examination of all orofacial 
pain complaints [15].

Numerous studies conducted in the recent years, aiming at identification  
of risks related to painful TMD [16-21]. Multicenter research, which started in 2006  
(Orofacial Pain Prospective Evaluation and Risk Assessment Study) led to 
a discovery of numerous risk factors associated with the origin and chronification 
of painful TMD [20]. It is estimated that about 4% of general population develops 
painful TMD [19]. The morbidity is affected by many variables: sociodemographic 
and psychological factors, factors related to the general health status (e.g. tobacco 
smoking, sleep disorders), sensitivity to pain, parafunctional mandibular activity, 
painless TMD symptoms, autonomic nervous system activity, and genetic factors 
[20]. Acute TMD-related pain is usually short-term and disappears spontaneously, 
without treatment, within about two months [22]. However, in almost 50% of subjects 
suffering from acute pain, the complaint did not subside in 6 months [20], while  
in ca. 30% of subjects with myofacial pain (diagnosed according to RDC/TMD 
criteria), the complaint remitted in 5 years; the remaining patients continued to suffer 
from constant or recurrent pain [23].

It is also noteworthy that painful TMD occurs three times more often in women 
than in men [9]. It should be observed, however, that it is primarily chronic TMD  
that occurs more often in women than in men. In the case of acute TMD-related 
pain, the differences between genders are much smaller [20]. The phenomenon 
of chronification of TMD-related pain is more often found in people with other 
concurrent chronic pain disorders, such as headaches, endometriosis, fibromyalgia, 
bladder pain syndrome, lower back pain, chronic fatigue syndrome, and vulvodynia 
[24]. It should also be noted that TMD and the listed disorders often occur together 
and are therefore believed to be connected by a common etiology, i.e. they result 
from alterations in central nervous system processes that lead to pain hypersensitivity 
[12,25]. The neuropysiological processes related to increased nociceptive transmission 
in the central nervous system are described as central sensitization [25,26].
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Chronification of TMD-related pain

Acute and chronic pain are distinguished mainly based on the criterion of time. 
Pain is described as chronic when it persists longer than the typical healing period. 
Due to the difficulty to precisely define the typical healing time, the time threshold 
as the criterion to classify pain as chronic is determined arbitrarily; most often it is 3  
or 6 months [27]. In scientific studies on TMD, pain disorders persisting over 6 months 
are considered as chronic [28].

A great majority of scientific studies suggests that chronic pain develops and persists 
as a result of a complex interaction of psychological, cognitive, environmental, and 
neurophysiological factors [29]. Research results also confirm a multifactorial etiology 
of chronic painful TMD. Chronification of TMD-related pain results from an influence 
of numerous factors, which may be most generally divided into environmental, 
psychological, genetic, and related to amplified nociceptive transmission [12].

It is worth noting that the studies conducted as part of the OPPERA project 
identified the gene polymorphisms related to chronic painful TMD. The polymor-
phisms are relevant for the function of autonomic system, nociceptive transmission 
and the processes underlying affective states [22].

Psychological factors associated with chronification of pain
Psychological factors play probably one of key roles in the etiology of chronic 

pain. Numerous studies found a connection between chronic pain and intensity  
of psychological factors related to negative affect and general anxiety – fear, depression 
and catstrophizing. In addition, patients suffering from chronic pain-related disorders 
more often report non-specific somatic complaints of psychogenic origin, which  
is described as somatization [30]. Anxiety symptoms are observed in over 80%  
of patients who suffer from persistent pain more than 4-6 months [14].

Anxiety is defined as a negative emotional state related to anticipation of danger 
coming from outside of the organism or originating inside it. In contradistinction  
to fear, anxiety is not related to immediate danger, but to imaginings connected to the 
experience of danger [31].

Anxiety is an essential component of depression, understood as mood disorder 
characterized by loss of interests and inability to feel positive emotions. Additionally, 
depression is manifested by energy decrease, which leads to fatigability, limits usual 
activities, weakens attention and concentration, causes low self-esteem, self-worth,  
and pessimism, as well as disturbed sleep and appetite [32].

The term “catastrophizing” was coined to describe a maladaptive cognitive style 
related to an irrational negative forecast of events [33], while pain catastrophizing may 
be characterized as a negative cognitive-emotional response to anticipated or actually 
experienced pain [34].

Catastrophizing often occurs in connection with other psychological factors, 
showing a correlation with the intensity of depression, anxiety, and fear of pain,  
as well as a negative correlation between the sense of self-efficacy, optimism, and 
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other positive factors. Pain catastrophizing appears as a cognitive element of anxiety, 
besides physiological reactivity and behavioral responses of the organism, and refers to  
the process during which pain is interpreted as extremely threatening [35].

In patients with chronic painful TMD, like in other musculoskeletal disorders with 
chronic pain, a greater intensity of such psychological factors as anxiety, depression, 
and catastrophizing, is observed more frequently than in healthy subjects [16].

It is worth noting that, according to some authors, depression plays a more 
important role in painful TMD than anxiety [36], while catastrophizing may increase 
the risk of pain chronification both in TMD patients and in people suffering from 
other musculoskeletal disorders [17,30]. Despite considerable progress made in recent 
years in the field of knowledge on factors leading to chronification of painful TMD, 
the precise role of those factors is not sufficiently known.

The influence of emotional states on the development of painful TMD is probably 
multidirectional. Various mechanisms are taken into account, among others: 
intensification of parafunctional activity, influence on the endocrine system, activation 
of the sympathetic nervous system, and influence of neurophysiological processes 
related to the experience of pain [30,37]. Catastrophizing, anxiety, and other negative 
affects are connected to a decreased effectiveness in descending pain-inhibitory 
(antinociceptive) system [30]. In addition, a connection between catastrophizing 
and the experienced pain intensity was demonstrated. The connection may be 
reciprocal: on the one hand, intensification of pain causes increased catastrophizing, 
on the other hand, intensified catastrophizing leads to an increase in the experienced 
pain intensity. Kjøgs et al. [38] showed that experimental increasing or decreasing 
of pain catastrophizing affects the intensity of experienced pain. It is interesting 
that intensification of depression, contrary to catastrophizing, is associated with an 
increased pain perception threshold [39]. In this connection it should be noted that 
catastrophizing shows a unique, independent from other factors, influence on pain-
related phenomena [30]. 

Analyzing the mechanisms that may explain the connection between psychological 
factors and pain chronification, it is necessary to consider also role of such factors  
in behavioral responses that maintain pain and lead to motor dysfunctions in chronic 
patients. The fear of pain may bring short-term benefits associated with a decrease  
in the anxiety caused by noxious stimuli. However, if pain-related fear persists  
for a long time, it may cause non-adaptive responses: increased anxiety, limited activity, 
and other physical and psychological consequences [29]. An excessive, irrational 
and debilitating fear of physical movement and activity resulting from a feeling  
of vulnerability due to painful injury or reinjury is defined as kinesiophobia [40].

Fear-avoidance model
One of the main concepts related to the connection between fear of pain and the 

onset of chronic musculoskeletal pain is the fear-avoidance model. It was proposed 
to explain the mechanism of transformation of acute lower back pain into chronic 
pain and has become the main theory explaining the development of functional 
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disabilities related to musculoskeletal disorders [41,42]. The fear-avoidance model 
posits that fear of pain recurrence or intensification leads to behaviors helping to avoid 
movement and activity. Such behaviors are usually beneficial in the case of disorders 
associated with acute pain – unloading of the injured body part allows healing. Long-
term avoidance of movement, however, may have negative consequences that result 
from, among others, the effect of limited activity on daily functioning. Being incapable  
of normal functioning brings negative psychological effects, such as decreased mood 
or even depression due to a feeling of handicap and inability to fulfill social roles. 
Those psychological responses are often conducive to an increase in pain-related fear, 
maintaining and aggravating the problem [42]. It is worth noting that catastrophizing 
may precede fear of movement [35]. Therefore, co-occurrence of catastrophizing  
and the related psychological factors, especially anxiety and depression, plays an 
important role in the fear-avoidance model. Those factors contribute above all to an 
increase in the intensity of pain-related fear.

The fear-avoidance model gained a considerable popularity, unlike any other 
psychological models conceptualizing pain. This is probably due to its simplicity, 
conceptual clarity, and clinical significance [41]. An unquestionable advantage  
of the fear-avoidance model is combining psychological factors with biological ones. 
Thanks to the explanation the model provided of how psychological factors affect 
physiological or pathophysiological processes that maintain pain disorders, it is 
possible to eliminate a still (unfortunately) frequent interpretation of psychological 
factors as associated with imaginary pain. In recent years a lot of attention was given 
to the role of fear in the onset, development and maintenance of pain. Numerous 
studies investigated these problems, especially in the context of lower back pain [42]. 
It is worth observing that patients with chronic painful TMD and chronic lower back 
pain show numerous similarities concerning the psychological and behavioral factors. 
Despite those similarities between lower back pain and painful TMD (in particular 
myofascial pain), the role of fear of movement and pain in the onset of TMD has  
not aroused an equal interest.

The connection between pain and muscular activity
Conceptualizations concerning the connection between musculoskeletal pain 

and motor activity are not limited to the fear-avoidance model. It is believed that 
reorganization of motor control in response to pain, manifested in a change  
in muscle activity, may play a significant role in musculoskeletal disorders, including 
the transition from acute to chronic pain [43-46]. The role of muscular activity  
in this area has interested researchers for a long time and the theories of an interaction 
between pain and muscular activity have considerably changed over recent years.

The vicious cycle theory
One of the first conceptualizations designed to explain the effect of pain on 

muscular activity was the vicious cycle theory (also known as the pain-spasm-pain 
theory). The theory attempted to explain the mechanism of the onset and persistence 
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of chronic muscular pain, basing on the assumption that pain initiated by a factor  
of any kind causes a reflexive increase in muscular activity. When the muscular activity 
increase is sufficiently high and lasts for a sufficiently long time, it may lead to muscle 
fatigue and to the development of a new source of pain that maintains the cycle [3].

The vicious cycle theory was readily accepted by the medical community, including 
dental specialists, and adopted as a basis for treatment. In dentistry, irreversible 
occlusal corrections were performed, as malocclusion was believed the main structural 
disorder leading to muscle hyperactivity that initiates myalgia [3]. The theory was 
believed valid as the therapies based on its premises proved highly effective. Such 
evidence, however, cannot be considered in terms of scientific proof unequivocally 
confirming the truth of the cited theory [47].

The vicious cycle theory was eventually undermined by results of numerous studies 
[48]. Despite the lack of confirmation by scientific research, the theory remains popular 
among clinical practitioners, probably owing to its simplicity. Also, some symptoms 
that accompany musculoskeletal disorders may be falsely interpreted, suggesting 
validity of the vicious circle theory. In clinical examination painful muscles often 
present higher tonus which is interpreted as an increase in activity. This interpretation 
is erroneous, as muscle tonus is primarily affected by, apart from contractility,  
the viscoelastic characteristics of muscle tissue [46].

Pain adaptation model
Lund et al. [48] proposed a model alternative to the vicious cycle theory, suggesting 

that pain is not associated with muscle hyperactivity, but, on the contrary, to a decrease 
in activity levels. The authors supported their claim with the results of studies on, 
among others, painful TMD, lower back pain, postexercise muscle soreness,  
and fibromyalgia. Rejecting the premises of the vicious cycle theory, they proposed 
a new conceptualization in which pain leads to changes in muscle activity that aim 
at unloading and protection of the injured body part to support healing. This theory 
was named pain adaptation model. The findings of Lund’s team show that motor 
response to pain is based mainly on an increase in antagonist activity and a decrease 
in agonist activity. Its mechanism is that of inhibition and facilitation of motor 
neuron transmission at the level of spinal cord or brainstem. They called the muscles 
lengthened during movement the antagonists, while the muscles that were shortened – 
the agonists. Also, in contradistinction to previous assumptions, the authors assumed 
that muscle activity may be affected not only by pain originating from the structures 
of the motor system, but also from the skin, mucous membranes, and teeth [48].

The researchers also proposed that the activity change should be influenced  
by nociception from structures other than muscles, which was a novelty compared  
to the vicious cycle theory.

The pain adaptation model was quickly accepted by the scientific community 
as a considerable part of findings, especially those concerning the activity at the 
submaximum and maximum level, was consistent with the premises of the model 
[44]. Some results, however, e.g. those related to a change in muscle activity in patients  
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with lower back pain, did not agree with the premises of the pain adaptation model 
[49]. It was also noted that the described model does not explain all the observed 
changes that occur at the individual level [44,49].

Integrated pain adaptation model
Because of discrepancies between the presuppositions of the pain adaptation model 

and research results, Murray and Peck [44] proposed to expand the model developed 
by Lund et al. [48]. The new model designed to explain the interaction between 
orofacial pain and jaw muscle activity was named the integrated pain adaptation model.  
The main assumption of this model is the unique, individual character of motor 
response to pain. The uniqueness of the response is due to, among others, the fact 
that, in order to minimize provoking further pain, a new motor strategy of muscle 
activation is generated to enable performance of a given motor task. Therefore, 
a change in activity depends on a clinical problem, a motor task to be performed  
and an organization of the sensorimotor system of a given patient. In addition,  
as the way pain is experienced is individual, owing to the interaction of biological, 
psychological and social factors, the new strategy also depends on the mentioned 
factors [44]. 

It should be observed that reorganization of the motor control in response  
to pain involves various levels of the nervous system: the brainstem and the cortex.  
The change in motor activity controlled by the brainstem is mainly of reflexive character, 
whereas, thanks to the involvement of higher structures of the nervous system, such 
as the cortex, an influence of psychological factors on the change in muscle activity  
in response to pain is also possible [44,48,50].

Hodges’ and Tucker’s theory
The theory proposed by Hodges and Tucker [45] is also an extension of the model 

developed by Lund et al. [48] and assumes that a change in muscle activity induced 
by pain aims to protect from pain and further injury. The authors also suggest that 
functional reorganization of the motor system may lead to short-term positive results, 
but prove harmful in the long term. Hodges and Tucker [45], like Murray and Peck [44],  
allow for a possibility of change in a pathological activity that does not lead to healing 
but supports existing problems or causes new ones. For instance, a change in muscle 
recruitment may favor the use of muscle groups not adapted to a given motor task. 
This, in turn, may lead to muscle overload, initiating pain [44]. This is, in a way, 
a confirmation of the existence of a vicious cycle in musculoskeletal pain disorders,  
but the mechanism of the cycle is different that it was originally postulated.

It should be noted that  an analysis of the existing conceptualizations of motor 
responses to pain shows that their evolution is similar to that of the theories of pain 
experience – from the biomedical model to the biopsychosocial one. Mechanistic 
theories, based merely on changes in neurons excitability, could not fully account 
for the variability in the observed motor response to pain. Those theories were thus 
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replaced by more complex models that included the role of psychosocial factors 
contributing to the individual character of pain experience.

Conclusion
A thorough knowledge of the connection between psychological factors and 

a change in muscle activity in response to pain may significantly help to understand 
the course of musculoskeletal disorders associated with chronic pain. This is due to, 
above all, the individual, dependent on psychological factors, character of reaction  
to pain and to a postulated possibility of activity change that may support pain or lead 
to the development of new disorders.
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