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Experimental Psychological Stress on  
Quantitative Sensory Testing Response in  
Patients with Temporomandibular Disorders

Aims: To assess the modulatory effects of experimental psychological stress on 
the somatosensory evaluation of myofascial temporomandibular disorder (TMD) 
patients. Methods: A total of 20 women with myofascial TMD and 20 age-matched 
healthy women were assessed by means of a standardized battery of quantitative 
sensory testing. Cold detection threshold (CDT), warm detection threshold 
(WDT), cold pain threshold (CPT), heat pain threshold (HPT), mechanical pain 
threshold (MPT), wind-up ratio (WUR), and pressure pain threshold (PPT) were 
performed on the facial skin overlying the masseter muscle. The variables were 
measured in three sessions: before (baseline) and immediately after the Paced 
Auditory Serial Addition Task (PASAT) (stress) and then after a washout period of 
20 to 30 minutes (poststress). Mixed analysis of variance (ANOVA) was applied 
to the data, and the significance level was set at P = .050. Results: A significant 
main effect of the experimental session on all thermal tests was found (ANOVA: 
F > 4.10, P < .017), where detection tests presented an increase in thresholds 
in the poststress session compared to baseline (CDT, P = .012; WDT, P = .040) 
and pain thresholds were reduced in the stress (CPT, P < .001; HPT, P = .001) 
and poststress sessions (CPT, P = .005; HPT, P = .006) compared to baseline. In 
addition, a significant main effect of the study group on all mechanical tests (MPT, 
WUR, and PPT) was found (ANOVA: F > 4.65, P < .037), where TMD patients 
were more sensitive than healthy volunteers. Conclusion: Acute mental stress 
conditioning can modulate thermal sensitivity of the skin overlying the masseter 
in myofascial TMD patients and healthy volunteers. Therefore, psychological 
stress should be considered in order to perform an unbiased somatosensory 
assessment of TMD patients. J Oral Facial Pain Headache 2018;32:428–435. 
doi: 10.11607/ofph.2046
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Temporomandibular disorders (TMD) are a group of musculoskel-
etal conditions that affect the temporomandibular joint (TMJ), the 
masticatory muscles, and associated structures.1 TMD is the most 

common chronic orofacial pain condition, with a prevalence in the glob-
al population of approximately 12%.2 The high costs for health care sys-
tems and loss of productivity demonstrate the negative impact of TMD 
at the individual, community, and societal levels.3 The pathophysiology 
and underlying pain mechanisms of TMD are not fully understood yet,4,5 
although previous evidence indicates that somatosensory disturbances 
can play an important role.6–8 

Quantitative sensory testing (QST) encompasses psychophysical 
tests used to investigate somatosensory functions and has become a 
promising method for assessing musculoskeletal disorders, including 
pain-related TMD.9,10 The German Research Network on Neuropathic 
Pain (DFNS) has proposed a comprehensive and standardized battery 
of QST that primarily uses somatosensory profiles to elucidate mecha-
nisms that contribute to the development and maintenance of neuropathic 
pain conditions.11,12 Somatosensory abnormalities have also been found 
within and outside the trigeminal area in 82% and 60% of TMD patients, 
respectively.6,7 The most frequent somatosensory abnormalities are gain 
of function (hyperalgesia) to pressure, pinprick, cold and heat stimuli, 
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and an increased temporal summation. In addition, it 
has been possible to identify subgroups of myofascial 
TMD patients who present with different somatosen-
sory profiles.8 

In light of the accumulating evidence attesting 
to the relevance of standardized QST for phenotyp-
ing TMD patients, it is pertinent to assess possible 
factors that can influence QST results. For instance, 
QST responses rely on the participant’s perception, 
and therefore factors such as attention, cooperation, 
motivation, and emotions can potentially influence 
the somatosensory assessment.13 Most published 
QST research has focused on standardization of the 
procedures,11,12 differentiation between patients and 
controls,6,7 and estimation of metric properties; eg, 
reliability and agreement.14,15 On the other hand, psy-
chological factors (such as stress) that can modulate 
responses evoked by QST in areas supplied by spi-
nal nerves16,17 have not been sufficiently investigated 
in the orofacial pain field.

Therefore, the aim of this study was to assess 
the modulatory effects of experimental psychological 
stress on the somatosensory evaluation of myofas-
cial TMD patients. It was hypothesized a priori that 
(1) psychological stress would modulate responses 
evoked by QST and (2) psychological stress would 
modulate the responses differently between myofas-
cial TMD patients and healthy volunteers.

Materials and Methods

Sample and Ethics
The study was conducted at Bauru School of Dentistry 
from August 2016 to February 2017. A total of 20 healthy 
women and 20 women with myofascial TMD who were 
between 18 and 50 years of age were recruited from 
the local community through advertisements. Only fe-
male participants were included in order to avoid the 
confounding effect of sex on pain perception.18

Healthy volunteers were free of any complaint 
or pain syndrome at the time of study enrollment. 
Patients with TMD were examined by an orofacial pain 
specialist (D.M.A.O.F) and met the criteria for myo-
fascial pain with or without jaw opening limitation (Ia 
and Ib) according to the Research Diagnostic Criteria 
for Temporomandibular Disorders (RDC/TMD)19 with 
pain duration of at least 3 months. Exclusion criteria 
for all participants were: pregnancy; present or pre-
vious pathology or any other skin lesions in the face 
(testing site); diseases causing potential neural dam-
age (eg, diabetes); systemic illness (metabolic, car-
diovascular, or inflammatory disorders); mental illness 
(eg, anxiety disorders, depression, bipolar disorder); 
or use of medications (eg, muscle relaxants, anticon-
vulsants, antidepressants, and anxiolytics). In addition, 

patients who underwent treatment for TMD in the pre-
vious 3 months and TMD participants suffering from 
other causes of orofacial pain (eg, caries, periodontal 
disease, or atypical odontalgia) or other chronic pain 
(eg, fibromyalgia, chronic widespread pain, chronic 
fatigue syndrome, or irritable bowel syndrome) were 
also excluded. A detailed medical history was col-
lected to assess exclusion criteria. Furthermore, all 
participants were asked to avoid any analgesic medi-
cation 48 hours prior to the study procedures.

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 São Paulo. All participants 
gave informed consent after a full explanation of the 
procedures.

Variables
A standardized somatosensory evaluation was per-
formed according to the recommendations of the 
DFNS.11,12 Of the 13 proposed parameters, 7 were 
assessed on the skin overlying the most painful mas-
seter site in TMD patients according to self-report 
and on the facial skin overlying the masseter body 
ipsilateral to the dominant hand of healthy volunteers; 
these were cold detection threshold (CDT), warm de-
tection threshold (WDT), cold pain threshold (CPT), 
heat pain threshold (HPT), mechanical pain thresh-
old (MPT), wind-up ratio (WUR), and pressure pain 
threshold (PPT). 

Thermal tests were performed using a TSA 2001-II 
(Medoc, Israel) thermal sensory testing device. The 
contact area of the thermode was 16 × 16 mm. CDT 
and WDT were measured first, and then CPT and 
HPT were determined. The thermode baseline tem-
perature was 32°C, and it was raised or lowered re-
spectively at a rate of 1°C/second to the upper limit of 
50°C or the lower limit of 0°C. The participants were 
instructed to press a button as soon as they per-
ceived the sensation of cold, warm, cold pain, or heat 
pain. The threshold was considered the mean of three 
consecutive trials.11,12

MPT was measured using a standardized set of 
Semmes-Weinstein monofilaments (Touch-Test TM 
Sensory Evaluators; North Coast Medical) that ex-
ert forces between 0.008 g/mm2 and 300 g/mm2. 
The monofilaments were applied in a vertical and 
perpendicular position to the site of examination, 
and the contact time was approximately 2 seconds. 
Participants were instructed to verbally report the 
first sharpness/pinprick sensation. The method of 
limits technique, which uses a series of ascending 
and descending stimulus intensities to yield five su-
prathreshold and five subthreshold reports, was used 
to determine the threshold. The geometric mean of 
these measurements was considered the MPT.11,12
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WUR was measured with the same set of 
Semmes-Weinstein monofilaments. For this test, the 
perceived intensity of a single pinprick stimulus was 
compared to a series of 10 repetitive pinprick stimuli 
of the same physical intensity (1/second applied with-
in an area of 1 cm2). The monofilament was perceived 
as “slightly painful” and individually determined for 
each participant. The participant was asked to rate 
the pain intensity immediately after the single stim-
ulus and the series of 10 stimuli by using a 0 to 100 
numeric rating scale (NRS). The entire procedure 
was repeated three times. WUR was calculated as 
the mean rating of the three series divided by the 
mean rating of the three single stimuli.11,12

PPT was performed with a digital dynamom-
eter (Kratos) with a probe area of 1 cm2 and flat 
circular-shaped tip. The participants were instructed 
to press a button at the first painful sensation. The 
PPT was determined as the arithmetic mean of three 
consecutive trials of ascending stimulus intensities 
that were applied with an increasing ramp of approxi-
mately 0.5 kgf/cm2 (the device provided a visual feed-
back of the force rate).

In addition, the following psychometric question-
naires were applied: validated Brazilian Portuguese 
translations of the Perceived Stress Scale (PSS),20 
State-Trait Anxiety Inventory (STAI),21 and Pain 
Catastrophizing Scale (PCS).22 Finally, the report-
ed stress was evaluated by means of a visual analog 
scale (VAS), which consisted of a 10-cm line with 2 
anchors at its extremities (0 = no stress; 10 = worst 
imaginable stress). The participants were requested 
to place a vertical mark on the line at the point that 
they best felt represented their perception of their 
current state of stress.

Psychological Stress Task
The Paced Auditory Serial Addition Task (PASAT) 
was applied to induce psychological stress. This test 
has been shown to be an effective mental stress-
or23,24 and consists of a mental arithmetic task where 
a series of single digit numbers is presented to the 

participant, who must add each new digit to the one 
immediately prior to it.25 For instance, if the digits 3, 
6, and 2 were presented, the participant would re-
spond with the correct sums, which are 9 and then 
8. The participant must respond prior to the presen-
tation of the next digit for a response to be scored as 
correct. Single digits were presented at four different 
interstimulus intervals25; ie, every 2.4, 2.0, 1.6, and 
1.2 seconds, and the total application time of one 
PASAT trial was approximately 8 to 10 minutes. 

Prior to the task, the participant was informed that 
the average performance was about 70% to 80% of 
correct answers and that she would receive a perfor-
mance feedback at the end of the task. The examiner 
(D.M.A.O.F) pretended that she was taking notes on 
the subject’s performance during the trial. After the 
end of the first trial, the participant received a nega-
tive performance feedback (below the average), and 
a second trial was requested in order to achieve the 
average of correct answers. In fact, feedback was 
not based on performance and all participants were 
scored below average. Following a similar second tri-
al of PASAT, the subject received negative feedback 
again and the test was finished. This procedure aimed 
to enhance the stress response and, thus, the com-
plete stress task lasted approximately 20 minutes.

Study Design
The psychometric questionnaires were applied only 
before the stress task, while reported stress and the 
subsequent somatosensory evaluation were mea-
sured at three sessions: before (baseline) and im-
mediately after the PASAT session (stress) and then 
after a washout period of 20 to 30 minutes (post-
stress) (Fig 1). After the stress session, the reasons 
for the deception and the purpose of the task were 
explained to the participants. Afterwards, the partici-
pant was asked to relax and rest for approximately 20 
to 30 minutes (ie, washout period before the post-
stress session). 

All sessions were conducted between 1:00 pm  
and 4:00 pm in a quiet room (temperature of 

Psychological 
assessment: 

STAI, PSS, PCS
Reported stress 

QST
Reported stress 

QST
Reported stress 

QST

10-min rest 20-min  
stress task

20–30-min rest

Baseline Stress Poststress

Fig 1 Flow diagram of the experimental procedures and data collection. Reported stress and the subsequent somatosensory evaluation 
were measured at three sessions: before (baseline) and immediately after the Paced Auditory Serial Addition Task (PASAT) (stress) and 
then after a washout period of 20 to 30 minutes (poststress). QST = quantitative sensory testing; STAI = State-Trait Anxiety Inventory; 
PSS = Perceived Stress Scale; PCS = Pain Catastrophizing Scale. 

© 2018 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 

NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Ferreira et al

Journal of Oral & Facial Pain and Headache 431

25°C ± 1°C). The participants were asked to abstain 
from smoking, drinking, and eating 30 minutes before 
the procedures. Blinding assessments were not pos-
sible, considering that only one examiner (D.M.A.O.F), 
trained by one certified expert in QST by the DFNS 
(Y.C), assessed the eligibility criteria, collected the 
data, and applied the stress task.

Statistical Analyses 
Reported stress and somatosensory assessment 
outcomes were reported as mean ± standard devi-
ation (SD) and were assessed for normal distribu-
tion with the Kolmogorov-Smirnov test, and a log10 
transformation was performed when the test results 
were significant at an alpha level of 5% (P < .05). 
Thus, the following variables were log10 transformed: 
reported stress (VAS) and the raw data of the CDT, 
WDT, MPT, WUR, and PPT. In addition, the psycho-
metric questionnaire scores were also reported as 
mean ± SD. A t test for independent samples was ap-
plied to compare the age and STAI and PSS scores 
between TMD patients and healthy volunteers, and 
the Mann-Whitney U test was applied to compare 
PCS scores.

Mixed analysis of variance (ANOVA) was per-
formed to assess the effect of one between-group 
factor (group: two levels) and one within-group fac-
tor (session: three levels) on the reported stress and 
QST values. When appropriate, post hoc analyses 
were performed using Tukey’s honest significant dif-
ference (HSD). The significance level was set at 5% 
(P = .050). 

In addition, to assess whether psychological 
stress could induce somatosensory alterations out-
side the 95% confidence interval (CI) of the norma-
tive range, QST parameters were transformed into 
z values according to the following expression: 

z score = (valuesingle – meanbaseline healthy)/
SDbaseline healthy

A z score of 0 ± 1.96 represents the interval that 
includes 95% of the baseline data. Positive z scores 

denote a gain of function for the tested stimulus (hy-
peresthesia, hyperalgesia), whereas negative z scores 
denote a loss of function (hypoesthesia, hypoalge-
sia). A z score of 0 corresponds to the mean value 
of the healthy volunteers at baseline. Likewise, mixed 
ANOVA was performed to assess the effect of group 
and session on the z scores. When appropriate, post 
hoc analyses were performed using Tukey’s HSD. The 
significance level was set at P = .05. All tests were 
carried out using STATISTICA, v 10 (StatSoft).

Results

Demographic and Psychological Assessments
There was no significant age difference between the 
healthy volunteers and TMD patients (P = .183). In 
addition, both groups reported similar amounts of 
anxiety (P = .896 for trait dimension and P = .132 
for state dimension) and perceived stress (P = .744). 
However, pain catastrophizing was higher in the TMD 
patients (P = .001) (Table 1). 

Reported Stress
Table 2 presents the reported stress levels for healthy 
volunteers and TMD patients throughout the PASAT 
sessions. A significant main effect of the experimen-
tal session on reported stress was found (ANOVA: 
F = 33.97, P < .001, partial η2 = .47), where an in-
creased stress level was reported immediately after 
PASAT compared to baseline and poststress levels 
(Tukey: P < .001). However, there was no significant 
main effect of group (ANOVA: F = 3.41, P = .072) 
or interaction between group and session (ANOVA: 
F = 0.99, P = .374), which indicates that group 
stress levels throughout the sessions were not sig-
nificantly different between the TMD patients and 
healthy volunteers. 

QST Assessment 
The QST descriptive data are shown in Table 2, and 
the mixed ANOVA results are reported in Table 3. A 
significant main effect of the experimental session 
on all thermal tests (CDT, WDT, HPT, and CPT) was 
found (ANOVA: F > 4.10, P < .017, partial η2 > .09), 
where detection tests presented an increase in 
thresholds at poststress session compared to base-
line (CDT, Tukey: P = .012; WDT, Tukey: P = .040), 
while pain thresholds were reduced in stress (CPT, 
Tukey: P < .001; HPT, Tukey: P = .001) and post-
stress (CPT, Tukey: P = .005; HPT, Tukey: P = .006) 
sessions compared to baseline values (Table 3).

A significant main effect of the study group on all 
mechanical pain tests (MPT, WUR, and PPT) was 
found (ANOVA: F > 4.65, P < .037, partial η2 > .010), 
where TMD patients were more sensitive than healthy 

Table 1  Demographic Data and  
Psychological Assessment

Healthy volunteers  
Mean (SD)

TMD patients  
Mean (SD)

P  
value

Age (y) 29.45 (6.67) 30.10 (9.11) .183
STAI: Trait 38.60 (9.57) 39.00 (9.68) .896
STAI: State 32.00 (7.29) 35.60 (7.50) .132
PSS 23.50 (8.23) 21.65 (7.18) .744
PCS 12.30 (9.97) 22.85 (14.18) .001 
SD = standard deviation; STAI = State-Trait Anxiety Inventory;  
PSS = Perceived Stress Scale; PCS = Pain Catastrophizing Scale.  
Significant differences are in bold (P < .050).
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volunteers. Although the main effect of session was 
presented for MPT, post hoc analyses did not show 
any significant difference between specific ses-
sions (Tukey: P > .050). However, WUR showed a 
significant interaction between group and session 
(ANOVA: F = 17.68, P < .001, partial η2 = .31) (Table 
3), where TMD patients had decreased pain ratings 
in the stress session compared to baseline (Tukey: 
P = .018) and the healthy volunteers had increased 
pain ratings in the stress (Tukey: P = .001) and post-

stress (Tukey: P < .001) sessions compared to base-
line values. In addition, TMD patients reported higher 
WUR compared to healthy volunteers in the baseline 
session (Tukey: P = .001) (Table 3). 

Analogous findings were evident when z scores 
were generated (Fig 2). Both groups were less sen-
sitive to thermal detection (ie, CDT and WDT [sig-
nificant main effect of the experimental session]) in 
the poststress session compared to baseline (CDT, 
Tukey: P = .012; WDT, Tukey: P = .040) and were 

Table 2  Reported Stress and Raw Quantitative Sensory Testing (QST) Data for  
Healthy Volunteers and Temporomandibular Disorder (TMD) Patients Throughout the  
Paced Auditory Serial Addition Task (PASAT) Sessions

Baseline Mean (SD) Stress Mean (SD) Poststress Mean (SD)
Healthy volunteers
 Reported stress 
  VAS (0–10 cm) 1.61 (1.97)Aa 5.16 (1.89)Ab 1.68 (1.53)Aa

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

  WDT (°C) 38.87 (3.58)Aa 39.58 (3.72)Aa 39.40 (4.18)Aa

  CPT (°C) 10.58 (8.49)Aa 14.78 (8.84)Ab 13.15 (9.87)Aab

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

  MPT (g/mm2) 47.67 (63.29)Aa 26.87 (29.48)Aa 27.56 (32.67)Aa

  WUR (0–10 NRS) 1.08 (1.11)Aa 1.73 (0.71)Ab 1.85 (0.80)Ab

  PPT (kgf/cm2) 1.13 (0.35)Aa 1.10 (0.27)Aa 1.08 (0.25)Aa

TMD patients
 Reported stress
  VAS (0–10 cm) 1.24 (1.60)Aa 2.77 (1.83)Ab 0.97 (1.20)Aa

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

  WDT (°C) 37.07 (3.22)Aa 37.59 (2.94)Aa 37.79 (2.69)Aa

  CPT (°C) 9.80 (7.69)Aa 14.84 (9.28)Ab 13.70 (8.34)Aab

  HPT (°C) 46.08 (2.63)Aa 44.40 (2.87)Ab 44.65 (2.69)Aab

  MPT (g/mm2) 25.52 (53.81)Aa 22.98 (57.82)Aa 16.96 (40.41)Aa

  WUR (0–10 NRS) 3.12 (1.40)Ba 1.74 (0.44)Ab 2.13 (1.22)Aab

  PPT (kgf/cm2) 0.90 (0.29)Aa 0.91 (0.26)Aa 0.89 (0.32)Aa 

VAS = visual analog scale; NRS = numeric rating scale; CDT= cold detection threshold; WDT= warm detection threshold; CPT = cold pain threshold;  
HPT = heat pain threshold; MPT = mechanical pain threshold; WUR = wind-up ratio, PPT = pressure pain threshold.
Different small letters in the same row indicate significant within-group differences after pairwise post hoc comparisons considering the interaction effects 
between group and session (P < .050). Different capital letters in the same column indicate significant between-group differences after pairwise post hoc 
comparisons considering the interaction effects between group and session (P < .050). Table 3 shows the main effects of session and group. 

Table 3  Mixed ANOVA Comparing Quantitative Sensory Testing (QST) Values Between  
Healthy Volunteers and Temporomandibular Disorders (TMD) Patients Throughout the 
Paced Auditory Serial Addition Task (PASAT) Sessions

CDT WDT CPT HPT MPT WUR PPT
Main effects
 Group F = 0.80 

P = .377
F = 2.89 
P = .097

F = 0.00 
P = .983

F = 0.05 
P = .832

F = 4.65 
P = .037

F = 33.15 
P < .001

F = 6.40 
P = .015

 Session F = 4.25  
P = .017

F = 4.10 
P = .020

F = 11.29 
P < .001

F = 8.13  
P < .001

F = 3.15  
P = .048

F = 1.01 
P = .368

F = 0.49 
P = .609

 Effect size 0.10 0.09 0.22 0.17 .10 (group) 
.07 (session)

0.46 0.14

Interactions
 Group/session F = 0.89 

P = .415
F = 0.40 
P = .671

F = 0.22    
P = .799

F = 0.18 
P = .837

F = 0.16     
P = .850

F = 17.68   
P < .001

F = 0.16  
P = .84

 Effect size NS NS NS NS NS .31 NS 
CDT = cold detection threshold; WDT = warm detection threshold; CPT = cold pain threshold; HPT = heat pain threshold; MPT = mechanical pain 
threshold; WUR = wind-up ratio; PPT = pressure pain threshold. Effect size (partial η2) are presented only for significant main effects or interactions. 
Significant values are in bold.
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more sensitive to thermal pain detection (ie, CPT 
and HPT) in the stress (CPT, Tukey: P < .001; HPT, 
Tukey: P = .001) and poststress sessions (CPT, 
Tukey: P = .005; HPT, Tukey: P = .006) compared 
to baseline (Figs 2a and 2b). On the other hand, 
TMD patients presented overall higher z scores for 
mechanical pain detection (significant main effect 
of the study group, regardless of session); ie, MPT 
(Tukey: P = .037) and PPT (Tukey: P = .015) (Fig 2c). 
Furthermore, WUR z scores of TMD patients were 
decreased in the stress session compared to base-
line (Tukey: P = .018), and they were increased in the 
healthy volunteers in the stress (Tukey: P = .001) and 
poststress (Tukey: P < .001) sessions compared to 
baseline (Fig 2d). Finally, the TMD patients reported 
higher WUR scores than the healthy volunteers in the 
baseline session (Tukey: P = .001) (Fig 2d). However, 
individual abnormal z scores were not detected in 

the great majority of TMD patients and healthy vol-
unteers; ie, the values were within the 95% CI of the 
normative range.

Discussion

The main findings of this study, which aimed to in-
vestigate the effects of experimental psychological 
stress on somatosensory evaluation of the facial skin 
overlying the masseter muscle of myofascial TMD pa-
tients and healthy volunteers, were: (1) both groups 
were less sensitive to thermal detection (CDT and 
WDT) and more sensitive to thermal pain detec-
tion (CPT and HPT) after exposure to acute mental 
stress; and (2) TMD patients were more sensitive to 
mechanical pain detection (MPT, WUR, and PPT) 
than healthy volunteers.
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Fig 2 Mean z scores of quantitative sensory testing (QST) for healthy volunteers and temporomandibular disorders (TMD) patients 
throughout the Paced Auditory Serial Addition Task (PASAT) sessions. (a) Thermal detection thresholds: CDT = cold detection thresh-
old; WDT = warm detection threshold. (b) Thermal pain thresholds: CPT = cold pain threshold; HPT = heat pain threshold. (c) Mechan-
ical thresholds: MPT = mechanical pain threshold; PPT = pressure pain threshold (PPT). (d) Wind-up ratio (WUR). Gray zone indicates 
a z score between –1.96 and 1.96, representing the normal range of baseline values. A score > 1.96 indicates a gain in somatosensory 
function, and a score below –1.96 indicates a loss of somatosensory function. Error bars indicate the standard deviation of the mean. 
aSignificant overall within-group differences, regardless of study group, compared to baseline values (P < .050). bSignificant overall be-
tween-group differences, regardless of session (P < .050). cSignificant between-group differences in the baseline session (P < .050). 
dSignificant within-group differences compared to baseline for TMD patients (P < .050). eSignificant within-group differences compared 
to baseline for healthy volunteers (P < .050).
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All participants reported a significant increase in 
reported stress following the PASAT, which is in line 
with previous reports showing that this mental arith-
metic task is able to evoke acute stress.23,24 Although 
a physiologic stress marker was not measured in 
this study, previous investigations have demonstrat-
ed that PASAT can activate the sympathetic nervous 
system23,24 and hypothalamic-pituitary adrenocortical 
axis.26 In addition, healthy volunteers presented high-
er mean values of reported stress than TMD patients 
in stress and poststress sessions, although these 
differences were not significant in the mixed ANOVA 
model. This may be related to the fact that both 
groups reported similar levels of perceived stress at 
baseline, and so significant differences between the 
groups would be more difficult to detect. 

The significant increase in thermal detection 
thresholds after exposure to acute psychological 
stress was an interesting finding. Animal studies have 
reported that thermal hypoesthesia following experi-
mental stress could be attributed to a general warm-
ing of the skin due to an increase in body temperature 
at the same time that peripheral vasoconstriction 
induces a marked cooling of the extremities.27,28 
Considering that the study did not monitor skin tem-
perature, it is difficult to argue that such peripheral 
changes were mainly responsible for the thermal de-
tection modulation. Previous evidence of experimen-
tal stress effects on QST measured at the forearm 
did not find significant changes in CDT and WDT.29 
Nonetheless, taking into consideration that the tem-
perature of the face is slightly higher than that of the 
limbs,30 it is plausible to suppose that differences in 
the thermoregulation between body sites could ac-
count for these different findings. Further investiga-
tions are warranted to elucidate this issue. 

On the other hand, thermal pain thresholds were 
lowered after exposure to stress. This confirms earli-
er reports.29,31 Two possibilities could explain this: (1) 
less intense stressors with low to moderate arousal 
are associated with hyperalgesic responses32,33; and 
(2) the release of pro-inflammatory cytokines mediat-
ed by activation of the sympathetic nervous system 
is able to exert a sensitization effect on cutaneous 
nociceptive fibers.34 Likewise, although autonomic 
responses were not monitored in this study, preclini-
cal evidence has shown that stress-induced thermal 
hyperalgesia requires sympathetic nervous system 
activity.35 

The mechanical sensitivity of myofascial TMD pa-
tients was an expected finding, considering the weight 
of evidence that supports this state of neuronal hyper-
excitability of TMD patients.6–8,36 In fact, neurophys-
iologic investigations have shown that mechanical 
hyperalgesia is related to long-term potentiation of no-
ciceptive neurons in the central nervous system, which 

is expressed as central sensitization.5,37 On the other 
hand, the psychological stress did not significant-
ly influence pinprick (MPT) or blunt pressure (PPT) 
sensitivity. This dissociation of thermal and mechan-
ical sensitivity modulation due to experimental stress 
has also been previously reported.29 Mechanical 
pain tests seem more prone to measurement errors 
than thermal pain tests, probably due to technical 
aspects.38 Therefore, greater threshold changes in a 
repeated measures design would be necessary to re-
veal whether significant differences do occur.

The exposure to acute mental stress evoked dif-
ferent effects on temporal summation, reflected in the 
WUR scores of TMD patients and healthy volunteers. 
The former were less sensitive to repetitive mechanical 
stimuli in the stress session, while the latter were more 
sensitive in the stress and poststress sessions. In addi-
tion, the groups were significantly different in their WUR 
scores in the baseline session. Pragmatic explanations 
for this crossover interaction could be related to the low 
reliability of WUR.14 However, experimental psycholog-
ical stress can elicit hypoalgesic16 and hyperalgesic17 
responses, which are dependent on the nature and du-
ration of the stressor, baseline state of the physiologic 
stress system, the psychological effects that the stress-
or exerts on the individual’s emotions, and the interac-
tions among these factors.16,17,32,33 It might have been 
possible that the stressor effects of PASAT, other than 
the reported stress intensity, were different between the 
TMD patients and healthy volunteers.

The present study had some limitations that need 
to be addressed. Variables that could be associat-
ed with the stress responses were not controlled 
throughout the sessions; eg, autonomic monitoring 
and degree of anxiety. Comprehensive psychoso-
cial assessments were also not performed, such as 
evaluations of depression and sleep quality. However, 
symptoms of anxiety are associated with a low and 
moderate stress level, which seemed to be the case 
for this investigation, and depression symptoms with 
a high stress level.39 In addition, the inclusion of only 
female patients hampers the external validity of the 
results. Finally, the small sample size can be consid-
ered insufficient to detect small effect differences for 
repeated measurements on some QST parameters; 
eg, mechanical pain tests. 

Conclusions

Acute mental stress conditioning can modulate ther-
mal sensitivity of the skin overlying the masseter in 
myofascial TMD patients and healthy volunteers. 
Therefore, psychological stress should be consid-
ered in order to perform an unbiased somatosensory 
assessment of TMD patients.
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