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ABSTRACT 

 

Evaluation of the influence of experimental psychological stress on the quantitative 

sensory testing response in temporomandibular disorders patients 

 

Background: Quantitative sensory testing (QST) is a promising method for assessing the 

mechanisms that contribute to the development and maintenance of painful 

Temporomandibular Disorders (TMD). All QST responses rely on the participant´s 

perception; therefore a number of cognitive and psychological factors are known to directly 

influence results, including psychological stress. Aims: To assess the effects of experimental 

psychological stress on QST response in TMD patients and healthy volunteers. Methods: 20 

women with myofascial TMD and 20 healthy women underwent a standardized QST 

protocol, including cold detection threshold (CDT), warm detection threshold (WDT), cold 

pain threshold (CPT), heat pain threshold (HPT), mechanical pain threshold (MPT), pressure 

pain threshold (PPT) and wind up ratio (WUR) at the masseter muscle. QST was conducted 

before and after to the Paced Auditory Serial Addition Task (PASAT), inducing acute 

psychological stress. ANOVA with repeated measures was performed to assess the effect of 

group and time on the reported stress and absolute values of QST. The significance level was 

set at 5% (p=0.050). Furthermore, Z-score profiles were generated. Results: The PASAT 

induced a significant stress reaction (p<0.001). After exposure to experimental stress, both 

healthy volunteers and TMD patients showed increase in thermal detection threshold (CDT: 

F=4.25, p=0.017 and WDT: F=4.10, p=0.020) and decrease in thermal pain threshold (CPT: 

F=11.2, p<0.001 and HPT: F=8.13, p<0.001) when compared to baseline. However, stress did 

not induce significant changes in MPT, PPT or WUR in both groups (p>0.050). Conclusion: 

The experimental psychological stress induces thermal hypoesthesia and thermal hyperalgesia 

on masticatory muscle, regardless of the presence of TMD painful. Overall, these findings 

emphasize the importance of considering the psychological stress when judging QST 

findings. 

  

Key words: Pain Threshold. Stress, Psychological. Temporomandibular Joint Dysfunction 

Syndrome  
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RESUMO 

 

Avaliação da influência de estresse psicológico experimental na resposta de testes 

sensoriais quantitativos em pacientes com disfunção temporomandibular 

 

Contextualização: Teste sensorial quantitativo (QST) é um método promissor para avaliar os 

mecanismos que contribuem para o desenvolvimento e manutenção das Disfunções 

Temporomandibulares (DTM) dolorosas. As respostas de QST dependem da percepção do 

participante; portanto, uma série de fatores cognitivos e psicológicos, como o estresse, podem 

influenciar os resultados. Objetivo: Avaliar a influência do estresse psicológico experimental 

na resposta de QST em pacientes com DTM e voluntários saudáveis. Métodos: 20 mulheres 

com DTM (Dor Miofascial) e 20 mulheres saudáveis foram submetidas a um protocolo 

padronizado de QST, incluindo limiar de detecção ao frio (CDT), limiar de detecção ao calor 

(WDT), limiar de dor ao frio (CPT), limiar de dor ao calor (HPT), limiar de dor mecânica 

(MPT), limiar de dor a pressão (PPT) e somação temporal de dor (WUR) na região de 

masseter. QST foi realizado antes e após teste de estresse psicológico laboratorial denominado 

Paced Auditory Serial Addition Task (PASAT). ANOVA foi realizada para avaliar o efeito de 

grupo e tempo sobre o estresse relatado e valores de QST a um nível de significância de 5% 

(p = 0,050). Ademais, perfis Z-score foram gerados. Resultados: PASAT induziu aumento 

significativo no relato de estresse (p <0,001). Após exposição ao estresse experimental, 

ambos os grupos apresentaram aumento nos limiares de detecção térmicos (CDT: F = 4,25, p 

= 0,017 e WDT: F = 4,10, p = 0,020) e redução dos limiares de dor térmicos (CPT: F= 11,2, p 

<0,001 e HPT: F = 8,13, p <0,001) quando comparados com valores iniciais. Entretanto, o 

estresse não induziu mudanças significativas em MPT, PPT ou WUR (p> 0,050). Conclusão: 

O estresse psicológico experimental induz hipoestesia térmica e hiperalgesia térmica na 

musculatura mastigatória independente da presença de DTM dolorosa. Esses achados 

enfatizam a importância de considerar o estresse psicológico do particpante ao interpretar os 

resultados de QST. 

 

Palavras chave: Limiar de Dor. Estresse Psicológico. Síndrome da Disfunção da Articulação 

Temporomandibular. 
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1 INTRODUCTION 

 

 

Temporomandibular Disorders (TMD) embraces a group of musculoskeletal 

conditions that involve the temporomandibular joint, the masticatory muscles, and all 

associated structures
1
. It is a significant public health problem affecting approximately 12% of 

the global population and represents the most common chronic orofacial pain condition. In 

addition, it is the second musculoskeletal condition (after chronic low back pain) leading to 

pain and disability
2
. TMD affects the individual suffering from pain but also their families 

and society resulting in high cost of health care and lost productivity
3
.  

Clinical outcomes for TMD, as other chronic pain conditions, remain disappointingly 

poor, because the majority of pain treatments produce clinically meaningful improvements 

only in a minority of the patients that receive them
4
. Many authors have suggested that one 

factor contributing to this state of affairs is the prevailing approach to pain classification
5-8

. 

Presently, pain diagnosis is based primarily on signs and symptoms, sometimes combined 

with evidence of disease, structural damage or injury. However, the clinical diagnosis 

typically provides limited information regarding the pathophysiological mechanisms 

underlying the pain experience that may guide choice of treatment. Because treatments exert 

their clinical benefits by impacting the mechanisms underlying pain, an important goal for 

enhancing pain care is to incorporate assessment of pain mechanisms into the patient 

evaluation
8,9

. One potentially promising method for assessing the mechanisms that contribute 

to the development and/or maintenance of chronic pain is the quantitative sensory testing 

(QST)
9,10,11

.  

QST is a psychophysical method used to assess somatosensory function, including 

pain perception, in individual. It is based on measurements of individual´s responses to 

calibrated, graded innocuous or noxious stimuli. QST uses different assessments, including 

thermal (thermotest), static mechanical (von Frey or Semmes Weinstein monofilaments, 

pressure algometer, calibrated pins), dynamic mechanical (standardized brush), and vibratory 

(vibrometer, graded tuning fork) stimuli. Furthermore, it has been used for testing cutaneous 

sensations as well as perception from deep tissue (ligaments, fasciae, muscles) and 

viscera
12,13

. The basic premise of QST is that physical stimuli applied to the body under 

normal physiologic circumstances are transduced by activating specific sets of receptors, 

which generate physiologic signals in specific anatomic components of the sensory nervous 
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system
14

. Such components include peripheral nerve fibers of specific size, which have 

unique physiologic properties, including fast and slow conduction velocities, as well as 

central pathways from the dorsal horn of the spinal cord to thalamus and to the cortical 

structures relevant to sensory perception and assignment of emotional attributes when dealing 

with noxious stimuli (Table 1, Annex A). All these contribute to perception and ultimately to 

the report by the participant about the physical properties of the stimulus
11,15

.  QST quantifies 

and monitors the presence and severity of negative sensory phenomena (loss of function – i.e, 

hypoesthesia and hypoalgesia) and positive sensory phenomena (gain of function – i.e, 

allodynia and hyperalgesia).This contribute to characterize various somatosensory profiles 

and their neurobiological underlie mechanisms
11

.   

There are a great variety of proposed quantitative testing procedures, each of which 

allows quantifying one particular aspect of sensory function and using different methods. In 

order in standardize such testing, the German Research Network on Neuropathic Pain (DFNS) 

has developed and validated a comprehensive QST battery which allows profiling of 

somatosensory function
12,16

. The design of the DFNS QST battery assembles a comprehensive 

list of robust and validated short form tests representing measures of all relevant sub 

modalities of the somatosensory system. The entire battery consists of seven tests measuring 

13 parameters
12,16

 :  

 cold (CDT) and warm (WDT) detection thresholds 

 number of paradoxical heat sensations during the thermal sensory limen procedure 

(PHS) 

 cold (CPT) and heat (HPT) pain thresholds 

 mechanical detection threshold (MDT) 

 mechanical pain threshold for pinprick stimuli (MPT)  

 mechanical pain sensitivity (MPS) 

 stimulus/response-functions for pinprick sensitivity 

 dynamic mechanical allodynia (ALL) 

 temporal pain summation (wind-up ratio,WUR) 

 vibration detection threshold (VDT) 

 pressure pain threshold (PPT) 

 

QST has been used for decades in the research setting, particularly for diagnosing, 

assessing, and monitoring neuropathies
10-12 

and more recently has become a promising 

method for assessing musculoskeletal chronic pain, including TMD
17

. Recent studies utilizing 
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the DFNS standardized QST protocol has demonstrated high prevalence of somatosensory 

abnormalities in TMD patients when compared with reference population. 82,5% – 85% of 

TMD patients presented somatosensory abnormalities at the most painful site, that is 

masticatory muscles and temporomandibular joint
18,19

. In addition, somatosensory 

abnormalities outside the trigeminal area (ie, hand) were found in 60% of the patients
19

. The 

most frequent somatosensory abnormalities were gain of function (hyperalgesia) to pressure, 

pinprick, cold and heat stimuli, besides increased wind-up phenomenon. Less frequently, 

somatosensory loss of function to detect sub modalities, such as mechanical, vibration, cold 

and heat detection stimuli was found
18,19

. Yang et al, using the LossGain coding system, 

found L0G2 (no somatosensory loss with gain of mechanical somatosensory function) was the 

most frequent coding in the TMD group
19

. Another study identified two subgroups of 

myofascial TMD patients based on their tender point scores that correlated with different QST 

profiles. An insensitive TMD patients subgroup resembling healthy control in tender point 

number and presenting more local changes (trigeminal area) in QST parameters. In contrast, 

sensitive TMD patients showed higher tender points scores and generalized increased pain 

sensitivity for the same stimuli as fibromyalgia patients, namely cold and pinprick 

hyperalgesia, hyperalgesia to blunt pressure and the occurrence of dynamical mechanical 

allodynia; suggesting an overlap in pathophysiology with fibromyalgia
20

. 

Increased pain sensitivity in the primary area of pain (local pain) is considered a sign 

of predominantly peripheral pain sensitization, whereas pain sensitivity in areas anatomically 

remote from the primary area of pain is thought to reflect a more central phenomenon
21-23

. In 

addition, the temporal summation of pain, measured by the “wind-up ratio (WUR), that is 

responses to repeated noxious stimuli, is considered a reflection of “wind up” and represents a 

psychophysical measure of central sensitization
23-25

. Deficiency in pain inhibitory 

mechanisms could also explain the generalized reduced pain thresholds in the TMD 

patients
26,27

.  

Taken together, the observation that different patients suffering from the same clinical 

disorder, i.e. TMD, may have different phenotypes of somatosensory abnormalities, 

suggesting different pathophysiological mechanisms underlying the pain experience, may 

support the concept of pain mechanisms-based personalized management.
 

In light of the accumulating evidence attesting the relevance of standardized QST 

procedures for phenotyping TMD pain patients, it is pertinent to assess factors that can 

influence the test itself. As all psychophysical tests, QST depends on the participant’s report 

and cooperation, it is an expression of the participant’s perception and is not an ‘‘objective’’ 
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measurement. Therefore, a number of factors such as attention, cooperation, motivation and 

emotions are known to influence results
15

 . Most published QST research has concentrated on 

standardized protocols
12,16

 and test reliability
28-30

 to minimize sources of results variability 

from methodological and environmental influences. In contrast, psychological factors such as 

stress, which have a critical influence on a participant’s responses
31,32 

and consequently on the 

results, have not been sufficiently studied.  

Stress was originally defined by Selye as the effect of any noxious stimulus that 

seriously threatens homeostasis
33

. Later, the concept was refined by distinguishing between 

‘stressor’ and ‘stress response’. A stressor is considered a stimulus that threatens homeostasis 

and the stress response is the reaction of the organism aimed to regain homeostasis
34

. Since 

the first definition, the concept of stress has undergone constant evolution. Stress should be 

considered as a cognitive perception of uncontrollability and/or unpredictability, expressed in 

a physiological and behavioral response. Moreover, the reverse is not always true: the 

physiological response by itself does not necessarily always indicate a state of stress. 

Therefore, stress is primarily a perceived phenomenon and a subjective evaluation is pertinent 

to ascertain a stress response. Furthermore, the absence or presence of any of these responses 

does not include or preclude the identification of a stressful state
35

. 

Following the perception of an acute stressful event, there is a cascade of changes in 

the nervous, cardiovascular, endocrine, and immune systems. The Sympathetic Nervous 

System (SNS) and hypothalamic-pituitary adrenocortical (HPA) axes produce stress 

hormones. The SNS stimulates the adrenal medulla to produce catecholamines (epinephrine, 

norepinephrine). In parallel, the hypothalamus produces corticotropin releasing factor, which 

in turn stimulates the pituitary to produce adrenocorticotropin. Adrenocorticotropin then 

stimulates the adrenal cortex to secrete cortisol. Together, catecholamines and cortisol 

increase available sources of energy by promoting lipolysis and the conversion of glycogen 

into glucose. Energy is then distributed to the organs that need it most (skeletal muscles and 

brain) by increasing blood pressure levels and contracting certain blood vessels while dilating 

others. Finally, in addition to the increased availability and redistribution of energy, the acute 

stress response includes activation of the immune system. Macrophages and natural killer 

cells, the first line of defense, depart from lymphatic tissue and spleen and enter the 

bloodstream, temporarily raising the number of immune cells in circulation. From there, the 

immune cells migrate into tissues that are most likely to suffer damage during physical 

confrontation (i.e., the skin). Once at “battle stations,” these cells are in position to contain 

microbes that may enter the body through wounds and thereby facilitate healing
36

. These 
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changes constitute the acute stress response and are generally adaptive, at least in the short 

term. The stress response can become maladaptive if it is repeatedly or continuously 

activated, such as in chronic stress situations
36

.  

It well known that psychological stress can influence the onset and course of the TMD 

painful. Several psychological factors associated with experimental pain sensitivity, as stress, 

predicted new onset TMD pain
37,38

.  Related findings are that psychological stress is 

associated with greater severity and persistence of TMD-related clinical symptoms
39,40

. To 

our knowledge, there are no studies that evaluate the psychological stress impact on 

somatosensory profile of TMD patients using a standardized QST protocol. 

Based on that, the aim of this study was to investigate the influence of experimental 

psychological stress on QST response in TMD patients and healthy volunteers using a 

standardized QST protocol. We hypothesized a priori that psychological stress would affect 

the QST response and that TMD patients would be differently affected when compared to 

healthy volunteers. 
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2 ARTICLE 

 

 

 The article presented in this Thesis was written according to Journal of Oral & Facial 

Pain and Headache instructions and guidelines (Annex B). 
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INFLUENCE OF EXPERIMENTAL PSYCHOLOGICAL STRESS ON 

QUANTITATIVE SENSORY TESTING RESPONSE IN TEMPOROMANDIBULAR 

DISORDERS  PATIENTS 

 

ABSTRACT 

 

Aims: To assess the effects of experimental psychological stress on quantitative sensory 

testing (QST) response in Temporomandibular Disorder (TMD) patients and healthy 

volunteers. Methods: 20 women with myofascial TMD and 20 healthy women underwent a 

standardized QST protocol, including cold detection threshold (CDT), warm detection 

threshold (WDT), cold pain threshold (CPT), heat pain threshold (HPT), mechanical pain 

threshold (MPT), pressure pain threshold (PPT) and wind up ratio (WUR) at the masseter 

muscle. The QST was conducted before and after to the Paced Auditory Serial Addition Task 

(PASAT), inducing acute psychological stress. Stress levels were evaluated using perceived 

rating of stress. ANOVA with repeated measures was performed to assess the effect of group 

and time on the reported stress and absolute values of QST and the significance level was set 

at 5% (p=0.050). Furthermore, Z-score profiles were generated. Results: The PASAT 

induced a significant stress reaction (p<0.001). After exposure to an experimental stress, both 

healthy volunteers and TMD patients showed increase in thermal detection threshold (CDT: 

F=4.25, p=0.017 and WDT: F=4.10, p=0.020) and decrease in thermal pain threshold (CPT: 

F=11.2, p<0.001 and HPT: F=8.13, p<0.001) when compared to baseline. However, stress did 

not induce significant changes in MPT, PPT or WUR in both groups (p>0.050). Conclusion: 

The experimental psychological stress induces thermal hypoesthesia and thermal hyperalgesia 

on masticatory muscle, regardless of the presence of TMD painful. Overall, these findings 

emphasize the importance of considering the psychological stress when judging QST 

findings. 

Keywords: quantitative sensory testing, pain sensitivity, psychological stress, 

temporomandibular disorders, myofascial pain  
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INTRODUCTION 

 

Temporomandibular Disorders (TMD) are a group of musculoskeletal conditions that involve 

the temporomandibular joint, the masticatory muscles, and all associated structures
1
. It is a 

significant health care problem affecting approximately 12% of the global population and 

represents the most common chronic orofacial pain condition
2
. TMD affects the individual 

suffering from pain but also their families and society resulting in high cost of health care and 

lost productivity
3
. The impact and prevalence of TMD are evidence of limitations in 

diagnostic and managing of this condition. To date, the pathophysiology and underlying pain 

mechanisms of TMD remain poorly understood
4,5

, although evidences shows that 

somatosensory disturbances can be play an important role.  

Quantitative sensory tests (QST) are psychophysical tests used to investigate the 

somatosensory function and have become a promising method for assessing musculoskeletal 

disorders, including TMD painful
6,7

. A comprehensive standardized QST protocol has been 

presented by the German Research Network on Neuropathic Pain (DFNS) where 

somatosensory profiles and LossGain codind system are used to understanding of 

mechanisms that contribute to the development and maintenance of painful states
8,9

. Utilizing 

the standardized QST protocol, somatosensory abnormalities were found within and outside 

trigeminal area in 82% and 60% of TMD patients, respectively
10,11

. The most frequent 

somatosensory abnormalities were gain of function (hyperalgesia) to pressure, pinprick, cold 

and heat stimuli, besides increased wind-up.  Somatosensory loss of function to detection sub 

modalities, such as mechanical, vibration, cold and heat detection stimuli also were found
10,11

. 

Another study identified two subgroups of myofascial TMD pain based in their tender point 

scores that correlated with different QST profiles. An insensitive TMD subgroup resembling 

healthy control in tender point number and presenting more local changes (trigeminal area) in 
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QST parameters, while the sensitive TMD subgroup showed higher tender points scores and 

generalized increased pain sensitivity over the cheek, trapezius and hand, suggesting an 

overlap in pathophysiology with fibromyalgia
12

. 

In light of the accumulating evidence attesting the relevance of standardized QST procedures 

for phenotyping TMD patients, it is pertinent to assess factors that can influence the test itself. 

All QST responses rely on the participant’s perception, therefore a number of factors such as 

attention, cooperation, motivation and emotions are known to influence results
13

. Most 

published QST research has concentrated on standardized protocols
8,9 

 and test reliability
14-16

 

to minimize sources of results variability from methodological and environmental influences. 

In contrast, psychological factors as stress, which have a critical influence on a participant’s 

responses
17,18

 and consequently on the results of testing, have not been sufficiently studied. 

Based on that, the aim of this study was to investigate the effects of experimental 

psychological stress on QST response in TMD patients and healthy volunteers using a 

standardized QST protocol
8,9

. We hypothesized a priori that psychological stress would affect 

the QST response and that TMD patients would be differently affected when compared to 

healthy volunteers. 

 

MATERIAL AND METHODS 

 

Ethics statement 

The study was conducted in accordance with the Declaration of Helsinki and approved by the 

Human Research Ethics Committee of the Bauru School of Dentistry, University of Sao 

Paulo. All participants gave informed consent in writing. 
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Participants 

The study was conducted at the Bauru School of Dentistry from August 2016 to February 

2017. A total of 20 healthy female and 20 female with TMD, between 18 – 50 years of age, 

were recruited for the study from the local community through advertisements. We included 

only female subjects in order to avoid the confounding effect of sex, as sex may affect the 

mode with which subjects respond to pain and to stress
19

. 

Healthy subjects were free of any complaint or pain syndrome at the time of study 

participation. Patients with TMD met the criteria for myofascial pain with or without jaw 

opening limitation (Ia and Ib) according to the Research Diagnostic Criteria for 

Temporomandibular Disorders (RDC/TMD)
20

, with pain duration of at least 3 months. 

Exclusion criteria for all subjects were: pregnancy, present or previous pathology or any other 

skin lesions in the face (testing site), diseases causing potential neural damage (e.g, diabetes), 

systemic illness (metabolic, cardiovascular, or inflammatory disorders), mental illness (e.g, 

anxiety disorders, depression, bipolar disorder), use of medications as such muscle relaxants, 

anticonvulsants, antidepressants and anxiolytics. In addition, patients with TMD management 

performed in the last 3 months and TMD participants suffering from other causes of orofacial 

pain (caries, periodontal disease or atypical odontalgia) or other chronic pain (fibromyalgia, 

chronic widespread pain, chronic fatigue syndrome and irritable bowel syndrome) were also 

excluded. Furthermore, all participants were asked to not take any analgesic medication 48 

hours prior to study participation. 

 

Psychological assessment 

Prior to the start of the study, measures of the degree to which a situation is appraised as 

stressful, state and trait anxiety, the dimension of negative thoughts and feelings related to 

pain were assessed in each participant with the Brazilian versions of the  Perceived Stress 

Scale
21

, State-Trait Anxiety Inventory
22

 and Pain Catastrophizing Scale
23

, respectively.  
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Stress assessment 

Psychological stress was evaluated, in both groups, using a Visual Analogue Scale (VAS). 

The VAS consisted of a 10-cm line with 2 anchor points at its extremes, set as 0 = ‘‘no 

stress’’ and 10 = ‘‘worst imaginable stress”. The participants were requested to make a 

vertical mark on the line at the point that they felt represented their perception of their current 

state of stress. 

 

Quantitative Sensory Testing   

 Cold detection threshold (CDT), warm detection threshold (WDT), cold pain threshold 

(CPT), heat pain threshold (HPT), mechanical pain threshold for pinprick stimulus (MPT), 

pain temporal summation (wind-up ratio, WUR) and pressure pain threshold (PPT) in 

accordance with the DFNS standardized protocol
8,9  

at the masseter muscle were performed. 

The dominant side of masseter muscle body in the control group and the most painful site of 

TMD patients were used as reference for the test. 

 

Thermal detection thresholds and thermal pain thresholds  

Thermal sensation tests were performed using TSA 2001-II (Medoc, Israel) thermal sensory 

testing device. The contact area of the thermode was 16 × 16 mm. First, CDT and WDT were 

measured and then CPT and HPT were determined.  The thermode baseline temperature was 

32 °C and heated-up or cooled-down at a rate of 1 °C/s to the upper limits of 50 °C or lower 

limits of 0 °C. The participants were instructed to press a button on the computer mouse as 

soon as they perceived the respective thermal sensation of cold, warm, cold pain, or heat pain 

following the instructions. The procedure then ended, and the temperature returned to baseline 

at a rate of 1 °C/s. The mean threshold temperature was determined from three consecutive 
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measurements. During the experiment, the subjects were instructed not to watch the computer 

screen
8,9

. 

 

Mechanical pain threshold (MPT) 

MPT was measured using a standardized set of Semmes–Weinstein monofilaments (Touch-

Test TM Sensory Evaluators; North Coast Medical Inc., Gilroy, CA, USA)
 
that exert forces 

between 0.008 g mm 
-2

 and 300 g mm 
-2

.  Tests were made with the stimulator in a vertical 

and perpendicular position to the site of examination, and applied at a rate of 2 s on, 2 s off in 

ascending order. Participants were instructed to report the first perception of 

sharpness/pinprick. Acceptable values for the test–retest reliability for this mechanical 

somatosensory assessment have been demonstrated
24

. The ‘method of limits’ was used to 

determine the threshold when a series of ascending and descending stimuli intensities were 

applied yielding five suprathreshold and five subthreshold reports. The final threshold was the 

geometric mean of these measurements
8,9

.  

 
 
Wind-up ratio (WUR) 

The WUR was measured with the same set of Semmes–Weinstein monofilaments as for MPT. 

The instrument that delivered a force which the participant perceived as ‘slightly painful’ was 

chosen for this test; that is, if the participant’s numerical response was higher than 0 – 

indicating pain, but not intolerable pain – the stimulator was selected for testing at that site. 

The perceived intensity of a single ‘pinprick’ stimulus was compared with that felt after a 

series of 10 repetitive ‘pinprick’ stimuli of the same physical intensity (1/s applied within an 

area of 1 cm
2
). The participant was asked to rate the pain intensity representing the single 

stimulus and the estimated mean over the whole series of 10 stimuli using a ‘0–100’ 
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numerical rating scale (NRS). The entire procedure was repeated three times. The WUR was 

the mean rating of the three series divided by the mean rating of the three single stimuli
8,9

. 

 

Pressure Pain Threshold (PPT) 

PPT was performed with a digital dynamometer (Kratos, Cotia, Brazil) containing a rod with 

a 1 cm
2
 flat and circular-shaped tip at the end of it, which was used to apply pressure over the 

masseter in a relaxation posture with an application rate nearly 0.5 kgf cm 
-2

 s 
-1

. The 

participants were instructed to press a button at the first painful sensation. The PPT was 

determined as the arithmetic mean of three measurements
8,9

. 

 

Induction of experimental acute psychological stress 

The Paced Auditory Serial Addition Task (PASAT) is known as an effective mental 

arithmetic task to evoke acute stress
25-27

. Administration of the PASAT involves presenting a 

series of single digit numbers where the two most recent digits must be summed. For 

example, if the digits ‘3’, ‘6’ and ‘2’ were presented, the participant would respond with the 

correct sums, which are ‘9’ and then ‘8’. The participant must respond prior to the 

presentation of the next digit for a response to be scored as correct. Four rates of presentation 

are used (2.4 s, 2.0 s, 1.6 s and 1.2 s) and the task last about 8 min
28

 . 

Before the task, the participant was informed that the PASAT average performance is about 

70–80% correct answers, and that her individual performance should be close or equal to the 

average performance of all subjects. Finally, the participant was informed that the investigator 

would be following the performance but could not help or talk during the experiment. The 

researcher is supposed to give the impression of scoring and taking notes on the subject’s 

performance in order to increase the anxiety. After the end of the session, the investigator 

informed the participant about a poor performance and asked her to try again and to do her 
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best. After completion of the second session, the subject received again a negative feedback 

about her performance. 

 

Procedure 

The experimental procedure is described in Figure 1. Each subject was invited to a single 

testing session that lasted approximately 3 hours. Testing took place in a quiet room and a 

pleasant temperature was maintained all the time. The individual was seated in a comfortable 

armchair. After signing an informed consent and answer the psychological assessment, all 

participant received instructions prior to the QST assessment.  

The data were obtained in 3 times. Baseline (pre stress): the subject was asked to rest quietly 

for 10 minutes and the first stress VAS was obtained. After that, the subject underwent a QST 

battery. Stress: the subjects received the preparatory explanations for the PASAT task, after 

which the software was run for 8 minutes. At the end of the task, the participants received a 

negative feedback about their performance and were asked to perform the task again for an 

additional 8 minutes, after which they again received negative feedback about their 

performance. Immediately upon completion of the two PASAT tasks, the second VAS was 

obtained in order to evaluate whether the manipulation induced the perceived stress. 

Afterwards, the same QST battery was performed in the same order. Post stress: upon 

completion of the QST measurements, the subjects received an explanation of the true 

purpose of the PASAT and were assured that their performance was not negative. They were 

asked to relax and rest. Approximately 20-30 minutes after the reassurance, the third stress 

VAS was obtained and the third QST battery was performed. 

 

Statistical analysis  

Quantitative variables were reported as means ± standard deviation (SD) and they were 

assessed for normal distribution using the Kolmogorov-Smirnov test and a log10 
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transformation was performed when the test results were significant, considering an alpha 

level of 5% (p<0.050). Thus, the following variables were log10 transformed: VAS and 

psychological assessment scores, absolute values, i.e., raw data, of the CDT, WDT, CPT, 

HPT, MPT, WUR and PPT.  

Repeated measures analysis of variance (ANOVA) was performed to assess the effect of 

group and time on the reported stress and absolute values of QST. When appropriate, post hoc 

analyses were performed using Tukey’s Honestly Statistical Difference (HSD). The 

significance level was set at 5% (p=0.050).  

 In addition, QST parameters were transformed into z-values according to the following 

expression: Z-score = (Value single - Mean baseline healthy) / SD baseline healthy. A z-score of 0 ± 

1.96 represents the interval which includes 95% of the baseline data. Positive z-scores 

denoted a gain of function for the tested stimuli (hyperesthesia, hyperalgesia), whereas 

negative z-scores denoted a loss of function (hypoesthesia, hypoalgesia). A z-score of 0 

corresponds to the mean value of the participants at baseline. Repeated measures analysis of 

variance (ANOVA) was performed to assess the effect of group and time on the z-scores. 

When appropriate, post hoc analyses were performed using Tukey’s Honestly Statistical 

Difference (HSD). The significance level was set at 5% (p=0.05).  

 

RESULTS 

 

Demographic and Psychological assessment 

There was no significant difference in the age between healthy volunteers and TMD patients 

(p = 0.183). Both groups reported similar amount of anxiety (p = 0.312 for trait dimension 

and p = 0.097 for state dimension), perceived stress (p = 0.744) and pain catastrophization (p 

= 0.356) (Table 1).  
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Stress assessment 

The reported stress showed main effects of time (ANOVA: F=33.9, p<0.001). Both groups 

showed an increased stress level following PASAT (Tukey: p<0.001), which decreased in 

post stress condition (Table 2). 

 

Quantitative Sensory Testing 

The QST descriptive data are shown in Table 2. CDT and WDT absolute values showed main 

effects of time (CDT, ANOVA: F=4.25, p=0.017 and WDT, ANOVA: F=4.10, p=0.020). 

After exposure to the stressor, both groups showed significant increase in thermal detection 

threshold when compared to baseline (CDT, Tukey: p=0.012 and WDT, Tukey: p=0.040). 

Furthermore, CPT and HPT showed main effects of time (CPT, ANOVA: F=11.2, p<0.001 

and HPT, ANOVA: F=8.13, p<0.001). Both groups presented decrease in thermal pain 

threshold at stress (CPT, Tukey: p<0.001 and HPT, Tukey: p=0.001) and post stress 

conditioning (CPT, Tukey: p=0.005 and HPT, Tukey: p=0.006) when compared to baseline. 

However, stress did not induce significant changes in MPT, PPT or WUR in both groups 

(p>0.050). 

TMD patients showed increased pain sensitivity to mechanical stimuli when compared to 

healthy volunteers (MPT, ANOVA: F=4.65, p=0.037), (PPT, ANOVA: F=6.4, p=0.015 and 

WUR, ANOVA: F=33.1, p<0.001). WUR also showed a significant interaction between 

group and time (ANOVA: F=17.6, p<0.001) where the TMD group showed higher ratios 

(Tukey: p<0.018) and the healthy volunteers presented lowest ratios (Tukey: p<0.001) at 

baseline. 

Similar results were also found when analyzing the z-scores. CDT and WDT showed loss of 

function for both groups (CDT, ANOVA: F=4.25, p=0.017 and WDT, ANOVA: F=4.10, 

p=0.020) after stress conditioning when compared to baseline (CDT, Tukey: p=0.012 and 
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WDT, Tukey: p=0.040). Significant gain of function was identified for CPT (ANOVA: 

F=11.2, p<0.001) and HPT (ANOVA: F=8.12, p<0.001) for both groups at stress (CPT, 

Tukey: p<0.001 and HPT, Tukey: p=0.001) and at post stress conditioning (CPT, Tukey: 

p=0.005 and HPT, Tukey: p=0.006). The TMD group presented higher z-scores for MPT 

(ANOVA: F=3.15; Tukey: p=0.037), PPT (ANOVA: F=6.4, p=0.015) and WUR (ANOVA: 

F=33.1, p<0.001), with a significant difference between group and time (ANOVA: F=17.6, 

p<0.001) where the TMD group presented the highest WUR z-scores at baseline (Tukey: 

p<0.018), whereas the healthy volunteers the lowest WUR z-scores at baseline (Tukey: 

p<0.001). Finally, individual abnormal z-scores were not detected in TMD patients (Figure 2). 

 

DISCUSSION 

 

The main objective of the study was to investigate the effects of experimental psychological 

stress on QST response in TMD patients and healthy volunteers. Psychological stress was 

expected to affect QST response and in a different mode between TMD patients and healthy 

volunteers.  

The results of this study revealed that stress affects the thermal thresholds on masticatory 

muscle, regardless of the presence of TMD. After exposure to an acute mental stressor, both 

groups developed thermal hypoesthesia (CDT, WDT) and thermal hyperalgesia (CPT, HPT). 

No changes were detected in mechanical pain sensitivity (MPT, PPT, WUR) after the stress 

task. These findings of alterations in thermal thresholds and no changes in mechanical pain 

sensitivity suggest a stress-induced peripheral sensitization rather than central changes on pain 

pathways
29-31

. In addition, TMD patients were not differently affected by stress in comparison 

with healthy volunteers, which may be related to the fact that both groups reported similar 

levels of psychological distress. Psychological factors including stress, depression, anxiety 
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and pain catastrophizing have also been related to QST responses, with those reporting 

increased psychological vulnerability generally showing more sensitivity to noxious stimuli 

and altered detection thresholds
32,33

. 

Participants reported a significant increase in perceived stress following the PASAT. This is 

in agreement with previous reports showing that this mental arithmetic task to evoke acute 

stress
25-27

. Although a physiological response marker to stress was not used in this study, 

previous studies demonstrated the activation of the sympathetic nervous system
26,27

 and 

hypothalamic-pituitary adrenocortical axis
34,35

 by PASAT. In addition, the current stress 

concept maintains the view that stress should be primarily considered as a cognitive 

perception of uncontrollability and/or unpredictability that is expressed in a physiological and 

behavioral response. Moreover, the reverse is not always true; the physiological response by 

itself does not necessarily indicate a state of stress
36

.  

QST allows the assessment of specific sensory modalities, which correspond to distinct 

receptors, peripheral nerve fibers, and their corresponding central nervous system pathways
6,8

. 

As a measure of Aδ-fiber function, CDT, CPT, HPT and MPT were assessed. C-fiber function 

was tested by assessing the WDT.  PPT was the test for deep pain sensitivity, mediated by 

muscle C and Aδ-fibers, while WUR represents a psychophysical measure of central 

sensitization. 

The current study found stress-induced thermal hypoesthesia, which as far as we know, has 

not previously been described in human. Animal studies have reported that thermal 

hypoesthesia observed following the experimental psychological stress could be attributed to 

increase of body temperature. Stimulation of the sympathetic axis increases the body 

temperature by activating β3-adrenoceptor in brown adipose tissue and α-adrenoceptor- 

mediated peripheral vasoconstriction to inhibit heat loss
37,38

. Several studies have 

demonstrated that acute psychological stress induces hyperthermia via proinflammatory 
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cytokine- and PGE2- independent mechanisms
39-41

. In summary, a general warming of the 

skin is observed due to the increasing of the body temperature, at the same time that the 

peripheral vasoconstriction induces a marked cooling of extremities (hands, fingers, and feet).  

Another important finding of this study was stress-induced thermal hyperalgesia in both 

groups. Studies on humans have shown that experimentally psychological stress can elicits 

hypoalgesia
42,43 

and hyperalgesia
44-46

 reactions. The direction of this effect, however, depends 

on many factors: the nature and persistence of the stressor, sex of the stressed individuals, 

physiological state of the stress system, the psychological effects that the stressor exerts on 

the individual’s emotions and interactions among these factors
47,48

. Rhudy and colleagues
49-51 

have demonstrated that, depending on the amount of arousal (high or low) and the type of 

emotional response (fear or anxiety), these stressors can lead to hypo or hyperalgesia. 

Hypoalgesic effects have typically been induced by the stressor that is intense and with high 

arousal, such as fear. In contrast, when the stressor is less intense and with low to moderate 

arousal, an anxious state and hyperalgesia are observed. The hypoalgesic effect is thought to 

facilitate escape from immediate danger while hyperalgesic effects are often discussed in 

psychological terms, such as stress increasing vigilance to aversive stimuli, as pain
49

. 

However, the findings of the present study do not support this explanation, because if the 

anxiety had triggered the thermal hyperalgesia, it should have affected the all other stimuli as 

MPT, PPT and WUR.  

The present results are consistent with the stress effect in peripheral sensitization of cutaneous 

nociceptors fibers leading to thermal hyperalgesia. A possible explanation for this might be 

the release of pro-inflammatory cytokines mediated by Sympathetic Nervous system (SNS) 

activation during exposure to stressors
52

.  Activation of the SNS is associated with release of 

catecholamines from the adrenal medulla that activate the production of IL-1β;  IL-6; TNF-α; 

and IL-10 by immune cells. These pro-inflammatory cytokines are able to exert a sensitization 
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effect on cutaneous nociceptors fibers, such as Aδ-fiber and C-fiber which mediate the 

thermal stimuli
53

. Although our study does not provide autonomic variables responses or 

measurement of catecholamines, a preclinical study demonstrated that the stress-induced 

thermal hyperalgesia requires SNS activity
54

. 

Another expected finding was that, regardless of the effect of stress, TMD patients showed an 

enhanced sensitivity to pinprick (MPT), pain pressure (PPT) stimuli and enhanced temporal 

summation of pain (WUR) compared to healthy control subjects at the baseline testing. The 

observation that TMD patients are more sensitive to noxious stimuli, even remote from where 

the ongoing pain is experienced, have been demonstrated by recent studies using standardized 

QST protocol
8,9

 and support the hypothesis of an alteration of the central pain processing 

mechanisms resulting in central sensitization
55-57

.  In addition, a deficiency in pain inhibitory 

mechanisms could also explain the reduced pain thresholds in the TMD patients with 

myofascial pain
58,59 

, although not discussed here. 

No evidence of stress-induced changes in mechanical pain sensitivity was detected in healthy 

and TMD subjects. As previously stated, TMD patients included in this investigation 

presented an alteration of the processing of mechanical stimulus, since they did display an 

increased sensitivity to mechanical stimulation at the baseline testing. Because stress affects 

pain processing throughout the central and peripheral mechanisms
52,60

, it was expected that 

stress could aggravate abnormal pain processing in TMD. The results suggest that the central 

sensitization in TMD is not affect by experimental acute stress. Another explanation is that 

mechanical pain sensitivity could not be detected probably due to low detecting power of the 

QST in subjects who are already sensitized and already feel pain under conditions of low 

intensity mechanical stimulation. 

Although individual abnormal z-scores were not detected in TMD patients, somatosensory 

abnormalities in terms of gain of function for mechanical stimuli were observed in 
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conventional group comparisons. In order to allow clinical judgments, the DFNS recommends 

on single case basis comparisons
61

. If the individual z‐values are outside of the 95% 

confidence interval of the reference group (± 1.96) the values are considered as abnormal. 

Given that some patients show increased, while others show decreased responses, group mean 

comparisons could give false-negative normal values
61

. In the other hand, when conventional 

group comparisons are made, if the mean of a TMD group is within the Z-scores interval, this 

does not imply that it does not differ from a healthy group. Values are significantly different 

from those of healthy subjects, if their 95% confidence interval does not cross the zero line
62

, 

such as MPT, PPT and WUR found in this study. 

The present study has some limitations. First, the subjects were tested to QST in the same area 

on masseter muscle, so it cannot be completely ruled out the increases of pain sensitivity 

might be related to unlikely but possible local inflammation due to the repetitive stimulation. 

Second, only women were investigated. It remains unclear whether men respond similarly or 

not in terms of pain sensitivity during stress situations. Therefore, our results cannot be 

extrapolated to male population. At last, physiological response of stress was not measured in 

this study. Although the current view that stress is primarily a perceived phenomenon and a 

subjective evaluation is essential to ascertain a stress response, autonomic variables and 

measurement of cortisol levels could give additional information about how the stress system 

affects the pain sensitivity.  

  

CONCLUSIONS 

 

This study demonstrates that experimental psychological stress induces thermal hypoesthesia 

and thermal hyperalgesia on masticatory muscle, regardless of the presence of TMD painful. 

The changes on thermal QST are probability result of the SNS activation following exposure 
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to stressors. Overall, these findings emphasize the importance of considering the 

psychological stress when judging QST findings. Although we have used a visual analogic 

scale to assessment the perceived stress, a construct with some state-like characteristics could 

be more appropriate. Additional studies should be carried out to replicate these findings and to 

investigate the effect of emotional states on QST measurements.  
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FIGURE LEGENDS 

 

Figure 1 – Procedure. Stress VAS = Subject´s rating of stress, QST = Quantitative Sensory 

Testing, PASAT = Paced Auditory Serial Addition Task 

 

Figure 2 – The  Z-score profiles of 20 TMD patients and 20 healthy volunteers for all tested 

QST parameters at masseter area before and after stress test. A= thermal detection profiles. 

B= thermal pain profiles. C= mechanical pain profiles. D= temporal summation profiles 
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Table 1. Demographical data and psychological assessment. 

 Healthy Volunteers 

mean (SD) 

TMD 

mean (SD) 

P-value 

Age (yrs) 29.45 (6.67) 30.10 (9.11) 0.183 

STAI trait dimension  

(0-80) 

43.80 (3.81) 40.65 (6.36) 0.312 

STAI state dimension  

(0-80) 

43.70 (4.70) 40.90 (6.94) 0.097 

PSS 

(0-56) 

23.50 (8.23) 21.65 (7.18) 0.744 

PCS 

(0-52) 

12.30 (9.97) 22.85 (14.18) 0.356 

STAI = State-Trait Anxiety Inventory, PSS = Perceived Stress Scale, PCS = Pain 

Catastrophizing Scale. 
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Table 2. Reported Stress level and Quantitative Sensory Testing (QST) obtained in the 3 

times of the study. 

 Baseline 

mean (SD) 

Stress 

mean (SD) 

Post stress 

mean (SD) 

Healthy Volunteers 

Reported Stress  

stress VAS 1.61 (1.97) 5.16 (1.89) 1.68 (1.53) 

QST 

CDT (°C) 27.60 (2.84) 27.39 (3.32) 26.45 (3.70) 

WDT (°C) 38,87 (3.58) 39.58 (3.72) 39.40 (4.18) 

CPT (°C) 10.58 (8.49) 14.78 (8.84) 13.15 (9.87) 

HPT (°C) 45.98 (2.08) 44.74 (3.51) 44.92 (3.30) 

MPT (g/mm
-2

) 47.67 (63.29) 26.87 (29.48) 27.56 (32.67) 

WUR (NRS) 1.08 (1.11) 1.73 (0.71) 1.85 (0.80) 

PPT (kgf/cm
2
) 1.13 (0.35) 1.10 (0.27) 1.08 (0.25) 

TMD Patients 

Reported Stress 

stress VAS 1.24 (1.60) 2.77 (1.83) 0.97 (1.20) 

QST 

CDT (°C) 28.72 (3.35) 27.83 (3.30) 27.73 (2.80) 

WDT (°C) 37,07 (3.22) 37.59 (2.94) 37.79 (2.69) 

CPT (°C) 9.80 (7.69) 14.84 (9.28) 13.70 (8.34) 

HPT (°C) 46.08 (2.63) 44.40 (2.87) 44.65 (2.69) 

MPT (g/mm
-2

) 25.52 (53.81) 22.98 (57.82) 16.96 (40.41) 

WUR (NRS) 3.12 (1.40) 1.74 (0.44) 2.13 (1.22) 

PPT (kgf/cm 
-2

) 0.90 (0.29) 0.91 (0.26) 0.89 (0.32) 

 

 

 

 

  

VAS= visual analog scale, CDT= cold detection threshold, WDT= warm detection threshold, 

CPT= cold pain threshold, HDT= heat pain threshold, MPT= mechanical pain threshold, 

WUR= wind-up ratio, PPT= pressure pain threshold 
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3 DISCUSSION 

 

 

 The present study was designed to investigate the effects of experimental 

psychological stress on QST response in TMD patients and healthy individuals using a 

standardized QST protocol. Based in the most frequent somatosensory abnormalities in TMD 

patients, we focused on 4 thermal and 3 mechanical psychophysical tests. The experimental 

hypothesis to be tested was that psychological stress would affect the QST response and that 

such would be TMD patients would be differently affected when compared to healthy 

volunteers.  

In line with our hypotheses, the results of this study revealed that stress affects the 

thermal thresholds on masticatory muscle. After exposure to an acute mental stressor, both 

groups developed thermal hypoesthesia (CDT, WDT) and thermal hyperalgesia (CPT, HPT). 

There were no changes of mechanical pain sensitivity (MPT, PPT, WUR) after the stress task. 

This finding of stress affects the thermal thresholds and no changes in mechanical pain 

sensitivity suggest a stress-induced peripheral sensitization rather than central changes on pain 

pathways
41-44

. 

Furthermore, TMD patients were not differently affected by stress in comparison with 

healthy volunteers, which may be related to the fact that both groups reported similar levels of 

psychological distress. Psychological factors including stress, depression, anxiety and pain 

catastrophizing has also been related to QST responses, with those reporting increased 

psychological vulnerability generally showing more sensitivity to noxious stimuli and altered 

detection thresholds
45,46

. 

 

 

Experimental stress test 

 

 

Our participants reported a significant increase in perceived stress following the 

PASAT. This is in agreement with previous reports showing that this mental arithmetic task 

to evoke acute stress
47-49

. Although a physiological response marker to stress was not adopted 

in this study, previous researches demonstrate the activation of the sympathetic nervous 

system
48-50

 and hypothalamic-pituitary adrenocortical axis
51-53

 by PASAT. In addition, the 
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current stress concept maintains the view that stress should be primarily considered as a 

cognitive perception of uncontrollability and/or unpredictability that is expressed in a 

physiological and behavioral response. Moreover, the reverse is not always true; the 

physiological response by itself does not necessarily always indicate a state of stress
35

.  

 

 

Group differences in pain sensitivity  

 

 

QST allows the assessment of specific sensory modalities, which correspond to 

distinct receptors, peripheral nerve fibers, and their corresponding central nervous system 

pathways
11,12

. It assesses sensory aspects of cutaneous as well as deep pain (muscles, fascia 

and ligaments)
 13

. As a measure of Aδ-fiber function, CDT, CPT, HPT and MPT were 

assessed. C-fiber function was tested by assessing the WDT.  PPT was the test for deep pain 

sensitivity, mediated by muscle C and Aδ fibers and WUR represents a psychophysical 

measure of central sensitization. 

An important finding was that TMD patients showed an enhanced sensitivity to 

pinprick (MPT), pressure (PPT) stimuli and higher ratio of temporal summation of pain 

(WUR) compared to healthy control subjects at the baseline testing. Recent studies using 

standardized QST protocol have found that, compared with pain-free controls, TMD patients 

show evidence of pain hypersensitivity with decreased pain threshold at the primary area of 

pain as well as at sites remote from the primary site of pain
18-20

. Increased pain sensitivity in 

the primary area of pain (local pain) is considered a sign of predominantly peripheral pain 

sensitization, whereas pain sensitivity in areas anatomically remote from the primary area of 

pain is thought to reflect a more central phenomenon
21-23

. Furthermore, the temporal 

summation, that is responses to repeated noxious stimuli, is considered a reflection of “wind 

up” and represents a psychophysical measure of central sensitization
23-25

. In addition, a 

deficiency in pain inhibitory mechanisms could also explain the reduced pain thresholds in the 

TMD patients with myofascial pain
26,27

.  

Although individual abnormal z-scores were not detected in TMD patients, 

somatosensory abnormalities in terms of gain of function for mechanical stimuli were 

observed in conventional group comparisons. The QST absolutes values are Z-scores 

transformed to produce a QST profile, where all parameters Z-scores above ‘‘0’’ indicate a 

gain of function when the patient is more sensitive to the tested stimuli compared with 
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controls (hyperesthesia, hyperalgesia), while Z-scores below ‘‘0’’ indicate a loss of function 

referring to a lower sensitivity of the patient (hypoesthesia, hypoalgesia)
12

. Therefore, the z-

score profiles give a quick overview of any somatosensory loss or gain in QST stimuli 

modalities. A Z-score of zero indicated an individual value corresponding to the group mean 

of the healthy control subjects. The Z-scores of ± 1.96 represents the range that would be 

expected to include 95% of the healthy control data and, to single-case comparisons, any Z-

scores outside this interval are considered as abnormal
12

. In order to allow clinical judgments, 

the DFNS recommends on single-case comparisons with the control group data instead to 

conventional group comparisons
54

. Given that some TMD patients show increased, while 

others show decreased responses, group mean comparisons could give false-negative normal 

values. In the other hand, when conventional group comparisons are made, if the mean of a 

TMD group is within the Z-scores of ± 1.96 interval, this does not imply that it does not differ 

from a healthy group. Values are significantly different from those of healthy subjects, if their 

95% confidence interval does not cross the zero line
55

, such as MPT, PPT and WUR found in 

this study.  

 

 

 Effect of stress on QST response 

 

 

The current study found stress-induced thermal hypoesthesia (increase in thermal 

detection thresholds, CDT and WDT), however, as far as we know, this result has not 

previously been described in human, but could be attributed to increase of body temperature. 

Animal studies have demonstrated that many types of acute psychological stress increase 

body temperature, such as being placed into an unfamiliar space or an open field, changing 

home cages, restraint/immobilization and exposure to dominant animals
56

. The hyperthermia 

may be attributed to distinct mechanisms. Stimulation of the sympathetic axis increases the 

body temperature by activating β3-adrenoceptor in brown adipose tissue and α-adrenoceptor- 

mediated peripheral vasoconstriction to inhibit heat loss
57-59

. Furthermore, several studies 

have demonstrated that acute psychological stress induces hyperthermia via proinflammatory 

cytokine- and PGE2- independent mechanisms
60-62

. In summary, a general warming of the 

skin is observed due to the increasing of the body temperature, at the same time that the 

peripheral vasoconstriction induces a marked cooling of extremities (hands, fingers, and feet).
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Another important finding of this study was stress-induced thermal hyperalgesia 

(decrease in thermal pain thresholds, CPT and HPT) in both groups. Studies on humans have 

shown that experimentally psychological stress can elicits hypoalgesia
63,64

 and hyperalgesia
65-

67
 reactions. Whether an individual subjected to stress will exhibit analgesia or hyperalgesia is 

relatively subjective and seem to be influenced by on the nature and persistence of the 

stressor, sex of the stressed individuals, physiological state of the stress system, the 

psychological effects that the stressor exerts on the individual’s emotions and interactions 

among these factors
34,68

. Such factors have led to mixed findings with regard to the effects of 

stress on pain sensitivity. In humans, physical stimuli such as exercises, cold water 

immersion, painful stimulation
69-71

 as well as psychological stressors such as mental 

arithmetic
72,73

 or public speaking tasks
66,74

 or fear
75

 have been employed. Rhudy and 

colleagues have demonstrated that, depending on the amount of arousal (high or low) and the 

type of emotional response (fear or anxiety), these stressors can lead to hypo- or 

hyperalgesia
75-77

. Hypoalgesic effects have typically been induced by the stressor that is 

intense and with high arousal, such as fear. In contrast, when the stressor is less intense and 

with low to moderate arousal, an anxiety state and hyperalgesia are observed. The hypoalgesic 

effect is thought to facilitate escape from immediate danger and the hyperalgesic effects are 

often discussed such stress increasing attention and vigilance to events, including pain. 

However, the findings of the current study do not support the discussion above. If the anxiety 

had triggered the thermal hyperalgesia, it should have affected the all other stimuli (MPT, 

PPT, WUR). Therefore, an anxiety-related effect on thermal hyperalgesia can be ruled out.    

The present results are consistent with the stress effect in peripheral sensitization of 

cutaneous nociceptors fibers leading to thermal hyperalgesia. A possible explanation for this 

might be the release of pro-inflammatory cytokines mediated by Sympathetic Nervous system 

(SNS) activation during exposure to stressors
78

.  Activation of the SNS is associated with 

release of catecholamines from the adrenal medulla that activate the production of IL-1β;  IL-

6; TNF-α; and IL-10 by immune cells. These pro-inflammatory cytokines are able to exert a 

sensitization effect on cutaneous nociceptors fibers, such as Aδ-fiber and C-fiber which 

mediate the thermal stimuli
79

. Although our study not provides autonomic variables responses 

or measurement of catecholamines, a preclinical study demonstrated that the stress-induced 

thermal hyperalgesia requires the SNS activity
80

. 

No evidence of stress-induced changes in mechanical pain sensitivity (MPT, PPT, 

WUR) was detected in healthy and TMD subjects. The enhanced pain to mechanical stimuli is 

prominent clue of central sensitization and can result from increase input to nervous system or 
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deficiencies of pain modulation
58

. As previously stated, our TMD patients presented an 

alteration of the processing of mechanical stimulus, since they did display an increased 

sensitivity to mechanical stimulation at the baseline testing. Because stress affects pain 

processing throughout the central and peripheral mechanisms
78,81

, one hypothesis is that stress 

could aggravate abnormal pain processing in TMD. However no effect of experimental stress 

on mechanical pain sensitivity could be observed in the patients. The results suggest that the 

central sensitization in TMD is not affect by experimental stress. Another explanation is that 

the induced stress affects the mechanical pain sensitivity but could not be detected probably 

due to low detecting power of the QST in subjects who are already sensitized and already feel 

pain under conditions of low intensity mechanical stimulation. 

 

 

Limitations   

 

 

The present experimental study has some limitations. First, the participants were tested 

to QST in the same area on masseter muscle, so it cannot be completely ruled out the 

increases of pain sensitivity might be related to unlikely but possible local inflammation due 

to the repetitive stimulation. Second, only women were investigated in the present study. It 

remains unclear whether men respond similarly or not in terms of pain sensitivity during 

stress situations. Therefore, our results cannot be extrapolated to male population. At last, 

physiological response of stress was not measured in this study. Although the current view 

that stress is primarily a perceived phenomenon and a subjective evaluation is essential to 

ascertain a stress response, autonomic variables and measurement of cortisol levels could give 

additional information about how the stress system affects the pain sensitivity.  

 

 

Clinical Implications 

 

 

The pain mechanisms underlying TMD are not fully understood, which complicates 

the diagnosis and treatment
82,83

. QST has been proposed as a promising tool in the field of 

pain. It´s ultimate goal is to measure pain and understand its involved processing 

mechanisms, therefore could be a potential guide for treatment
9,11

. For example, QST TMD 
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patients with more localized (trigeminal area) somatosensory abnormalities, as localized pain 

complaint, suggest peripheral pain mechanism that can be treated successfully by local 

interventions, such as self-management programs, occlusal splints and physiotherapy. In 

contrast, TMD patients with somatosensory abnormalities outside the trigeminal area and 

generally increased mechanical pain sensitivity and/or enhanced temporal summation 

probably present central sensitization, therefore central drugs and an interdisciplinary therapy, 

besides to local interventions, should be considered. QST measures could be also adopted to 

predict responses to pain drugs, which is a reality in neuropathic pain field.  In a hypothetical 

case, baseline heat pain threshold could predicts response to gabapentin treatment, but not 

responses to amitriptyline, in patients with myofascial TMD
  
or TMD patients with impaired 

conditioned pain modulation (CPM), a dynamic QST, could benefit from agents that augment 

descending inhibition of pain by spinal monoamine reuptake inhibition such as tricyclic 

antidepressants.  

QST is a complementary method for the clinical assessment and management of the 

TMD and in combination with assessment of the function of endogenous pain inhibitory 

pathways by CPM, neuroimaging and genetic may dramatically expanded our understanding 

of the pain mechanisms underlying the TMD painful and improve the treatment.  

Although growing developments of human laboratory research suggests that QST is useful in 

assessment sensory abnormalities of TMD patients, the QST has not been used as a routine 

clinical. For QST to be widely accepted and implemented in routine clinical practice there are 

many areas that still need to be better developed
9,11

. First, the refinements of the standards 

proposed for conducting QST and development of additional protocols for specific pain 

conditions, such as musculoskeletal. Second, determination about the influence of cognitive 

and psychologic factors to individual patients that may affect participation in QST, as 

addressed by our study. Third, the time demand for testing in routine practice and the expense 

of the equipment required for some QST. Finally, the lack of information about its clinical 

utility for musculoskeletal pain. With these additional developments, QST could become a 

cost effective and clinically useful to TMD pain assessment, which can further the progress 

toward the goal of mechanism-based personalized pain management. 
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4 FINAL CONSIDERATIONS 

 

 

This study demonstrates that experimental psychological stress induces thermal 

hypoesthesia and thermal hyperalgesia on masticatory muscle, regardless of the presence of 

TMD painful. The changes on thermal QST are probability result of the SNS activation 

following exposure to stressors. Overall, these findings emphasize the importance of 

considering the psychological stress when judging QST findings. Although we have used a 

Visual Analogic Scale to assess the perceived stress, a construct with some state-like 

characteristics could be more appropriate. Additional studies should be carried out to replicate 

these findings and to investigate the effect of emotional states on QST measurements.  
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ANNEX A – Stimulus modalities in QST and theirs distinct peripheral and central 

somatosensory pathways. 

 

Type of 

stimulus 

Physiological sensation 

elicited 

Peripheral sensory 

channel 

Central 

pathway 

Mechanical    

Tactile Touch Aβ Lemniscal 

Vibration Vibration Aβ Lemniscal 

Brushing Touch Aδ, C Lemniscal 

Pinprick Pinprick, sharp pain Aδ, C  Spinothalamic 

Deep pressure Sharp pain Aδ, C Spinothalamic 

Thermal    

Warm Warmth C Spinothalamic 

Cold Cold Aδ, C Spinothalamic 

Heat pain Painful heat Aδ, C Spinothalamic 

Cold pain Painful cold Aδ, C Spinothalamic 

 Adapted from Svensson et al.
84

 and Backonja et al
11
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ANNEX B – Guidelines for The Journal of Oral & Facial Pain and Headache:  
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