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1  | INTRODUC TION

One theory of chronic myofascial pain (MFP) holds that people with 
chronic pain react to psychological stressors with excessive muscle 
activity specifically in the painful area, and this activity supports 
ongoing pain in those areas.1 In support of this model, people with 

chronic low-back pain have been shown to exhibit high levels of mus-
cle activity to laboratory stressors specifically in their back muscles, 
while those with chronic face pain showed exaggerated responses 
specifically in their facial muscles,12 and other studies also support 
this hypothesis.3–9 In their review of psychophysiological differ-
ences between chronic pain patients and controls in their response 
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Abstract
Background: Amplified muscle activity in reaction to daily life stressors might explain 
chronic pain in temporomandibular disorder (TMD).
Objectives: To assess whether patients with myofascial TMD pain (MFP) react to 
standardised stressors with greater masticatory muscle activity than demographi-
cally matched controls.
Methods: A total of 124 female MFP patients and 46 demographically matched and 
pain-free controls rated distress while performing a series of standardised stress-
reactivity tasks (viz., cold pressor test, mental arithmetic test, speech stressor test 
and reaction time/startle response test) as well as a vanilla baseline control task. 
Blood pressure was measured before and after each task, and electromyographic 
(EMG) activity was continuously recorded over the jaw-closing muscles and several 
non-masticatory muscles during each task. Linear mixed model analyses were used 
to test the hypothesis that case status, stress-reactivity task and muscle recording 
site influenced EMG activity.
Results: Stress induction was successful, as evidenced by distress ratings and blood 
pressure measurements that were significantly elevated during performance of the 
stress tasks. Participants reported that some of the tasks were stressful in a way that 
resembled stressors experienced in their daily lives. Elevated muscle activity could be 
confirmed only for the reaction time/startle response task, where mean EMG activity 
was elevated more in cases than in controls, specifically in the jaw-closing muscles.
Conclusion: These data could not provide clear support for the theory that psycho-
logical stressors produce a differential increase in masticatory muscle activity in MFP 
patients than pain-free controls.
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to stress, however, Flor and Turk10 suggested that a clear answer to 
this question required improved methodology: standardised diagno-
sis and test procedures, larger samples, ecologically valid stressors 
and multiple recording sites. Since that time, Flor et al.11  have re-
ported increased masseter EMG activity to imagined stress in groups 
of MFP patients relative to pain-free controls, Katz et al.5 reported 
more prolonged stress-related elevation of masseter EMG in MFP 
cases than controls in a fast-paced performance task, and Glaros 
et al.12 have supported a mediational model linking perceived stress 
to muscle tension and pain. By and large, however, few studies have 
addressed all of the challenges presented by Flor and Turk as neces-
sary to answer the question of enhanced facial muscle responding as 
an explanation for MFP.

Further, while this question has a venerable scientific history, it 
remains most relevant because several generations of dentists and 
oro-facial pain specialist have, at least since the time of Schwartz13 
and Laskin14 half a century ago, believed that environmental stress-
ors will increase masticatory muscle activity, leading to increased 
pain in vulnerable patients. LeResche and colleagues15 first showed 
this belief was prevalent among dentists, and recent reports confirm 
that this belief continues among dentists16 and even patients.17

It was this study's aim to compare a large group of female pa-
tients with MFP (i.e., cases) to demographically matched controls 
without MFP in their EMG and subjective responses to a series of 
standardised stressors. These stressors are predicted to increase 
EMG activity specifically in chronically painful muscles of the cases, 
and to have less effect on other muscles in the cases, or in individu-
als without facial pain. We strive to answer the challenge posed by 
Flor and Turk10 to evaluate the ecological validity and site-specific 
effects of each stressor, to use a strict case and control definition 
in large sample and to compare affected and unaffected facial and 
non-facial muscle groups.

2  | MATERIAL AND METHODS

2.1 | Participants

The study sample has been described by Raphael et al.18–20 and 
Dubrovsky et al.21 Details about the recruitment procedure, inclu-
sion and exclusion criteria, and case definitions can also be found 
there. In brief, 124 women (mean age ± SD =40.3 ± 14.8 years) with 
MFP were recruited from among 169 potential case participants 
at the oro-facial pain clinic of the New York University College of 
Dentistry (NYUCD). The main reason for not enrolling cases was the 
pain secondary to physical trauma, and secondarily, smoking and not 
regularly sleeping 4+ h. MFP diagnosis was based on the Research 
Diagnostic Criteria for TMD (RDC/TMD), groups Ia and Ib (i.e., MFP 
with or without limited mouth opening respectively).22 Diagnostic 
reliability was confirmed by ‘calibration days’ that occurred several 
times during the study (κ = .65). Cases were enrolled without explic-
itly taking into consideration their own awareness of the presence or 
absence of awake (or sleep) bruxism.

Based solely on the absence of MFP (i.e., neither TMD groups 
1a nor 1b), 46 of 63 potential control participants (mean age ± SD 
=36.1 ± 13.5 years) were recruited from other clinics of NYUCD and 
the remainder from among acquaintances of the case participants. 
The main reason for not enrolling controls was the presence of a 
facial tender point; the remainder failed to continue participation.

For both groups and for study purposes unrelated to the results 
reported here, the following exclusion criteria were used: being 
pregnant; being a habitual smoker; insomnia, sleep apnoea, systemic 
diseases such as diabetes or peripheral neuropathy; having a neuro-
pathic facial pain condition; having sustained a major and identifiable 
trauma to the face; prior jaw surgery; and having undergone den-
tal treatment within two days prior to the RDC/TMD examination. 
Controls were excluded if they had reported having one or more 
weeks of facial pain in the last two years or more than one painful 
site on masticatory muscle palpation. Data were collected between 
May 2008 and June 2011.

Prior to the study, all participants completed a consent process 
and signed an informed consent document. The Institutional Review 
Board at the New York University (NYU) School of Medicine ap-
proved the research protocol and procedures (protocol 07-303).

2.2 | Procedure

All testing was completed at the Bluestone Center for Clinical 
Research at the New York University College of Dentistry, a clinical 
research centre with full dental examination facilities. On average, 
the total duration of the experimental session was 120 min, includ-
ing the experimental set-up and the testing itself – the latter lasting 
a median of 108 min. After set-up, the test series always started with 
a ‘vanilla baseline’ monitoring period23–25 of 5 min, during which time 
the participant completed a cognitively engaging but non-demanding 
task, viz., counting (silently) and keying in those counts of the num-
ber of coloured squares that appeared on the computer screen. This 
task provided estimates of the effects of non-stressful attention, to 
be used as a basis for interpreting data from the other tasks, which 
required attention and typing but were also designed to be stressful.

Following the vanilla baseline, participants completed four 
stress-reactivity tasks that have been in common use for decades: 
a cold pressor test; a mental arithmetic test; a speech stressor test; 
and a reaction time/startle response test. Different presentation or-
ders of these tests were determined at random (by the computer 
algorithm controlling the experiment) for each individual and distrib-
uted evenly over the participants. During the cold pressor test, the 
participant was asked to immerse her preferred foot in a tub of water 
cooled to 10°C (to avoid early withdrawals) for 2 min. Stress-related 
cardiovascular changes produced by the task were maximised by 
providing instructions prior to the test that emphasised the difficulty 
of the task.26 The mental arithmetic test versions of which are used 
commonly in the health psychology literature (e.g., 27,28) comprised 
5 min of serial subtractions. A computer screen displayed a 2–4 digit 
number (seed number) along with a smaller number (subtrahend) 
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that was to be subtracted from the larger one. The participant was 
then requested to type her answer in a box, and she was told that the 
answer should be both correct and given as quickly as possible. The 
test was designed to maintain high difficulty levels across all par-
ticipants, so that additional digits were added to the seed and sub-
trahend for participants who quickly and correctly completed easier 
subtractions. The speech stressor test, also commonly used,27–29 
began with instructions telling the participant that she would have 
4 min to prepare a 3-min speech on her views on illegal immigration 
into the United States, and that the delivery of her speech would be 
videotaped and scored by a panel of judges who would compare her 
speech to that of others. Only data from the 4-min preparation phase 
were analysed. Finally, during the reaction time/startle response 
test, the participant was first shown a 4-letter word on the computer 
screen, followed by another screen with a single letter. She was then 
instructed to indicate whether that letter did or did not appear in the 
prior word. The participant was told that reaction times faster than 
previous participants would prevent the occurrence of a white noise 
blast (95 dB of sound pressure level; 500 ms duration; instantaneous 
rise time), although 8 blasts were presented to all subjects at pre-
defined time intervals, regardless of performance. This schedule of 
white noise blasts has been shown to be an effective stressor,27 with 
only a minimal habituation occurring over the 8 stimuli.30 Data from 
the entire task, as well as various times surrounding each white noise 
blast, were analysed. Finally, there was a 5-min recovery period be-
tween each task. BP and EMG recordings made during those periods 
are defined in Results as ‘recovery’ activity.

The participants were instructed not to talk during any of the 
tests unless specifically instructed to do so (e.g., during the second 
part of the speech stressor test), to avoid making large body move-
ments and to keep the typing hand near the keyboard during the 
computer tests (viz., the vanilla baseline, the mental arithmetic test 
and the reaction time/startle response test). Participants were de-
briefed about how each task was related to study goals after all data 
had been collected.

2.3 | Data acquisition

The objective of the stress-reactivity tasks was to evoke elevated 
levels of task-related psychological distress. To check the adequacy 
of the stressor manipulation, subjective and objective (i.e., physi-
ological) measures were used. Following each of the tasks, partici-
pants were asked to indicate how stressful the preceding task was 
on a 0–10 numeric rating scale, where 0 means ‘not stressful at all’ 
and 10, ‘as stressful as you could ever imagine’. Participants were 
also asked to indicate whether the experienced stress was familiar 
to them, that is whether their mood state was comparable to that 
which occurs during stressful events outside the laboratory setting. 
To that end, they completed an 11-point ‘similarity of experience’ 
scale,8 with 0 indicating ‘not at all similar’ and 10, ‘very similar, just 
like I feel in my real life when I am stressed’. In addition, prior to the 
first stress-reactivity task, participants completed Form Y-1 of the 

State-Trait Anxiety Inventory (STAI), which is a 20-item STAI sub-
scale for the assessment of state anxiety (i.e., current level of anxi-
ety). The STAI Form Y-2, which assesses trait anxiety (i.e., general 
anxiety-proneness) in 20 items, was already administered as part of 
an earlier assessment of these women.31

To characterise the physiological activation produced by the 
stress-reactivity tasks and to assess physiological concordance with 
the subjective stressfulness ratings, systolic/diastolic blood pres-
sure measurements were obtained every minute during the tests as 
well as during the 5-min recovery epochs. Blood pressure record-
ings were obtained in a seated position using a Vasotrac APM 205A 
system (Medwave, Inc.), which displayed systolic and diastolic blood 
pressure.

To quantify stress-reactivity task-related changes in masticatory 
muscle activity, surface electromyographic (EMG) recordings were 
obtained from the masseter and temporalis muscles on both sides 
of the face. In addition, to enable testing whether certain changes 
would be specific for the jaw musculature or reflected a more gen-
eral increase in muscular activation, surface EMG recordings were 
also obtained from the mentalis, deltoid and sternocleidomastoid 
muscles. EMG recordings were obtained using Ag/AgCl electrodes 
attached to sites that were first abraded and cleaned with an alco-
hol wipe. The experiment was controlled by a LabView program that 
selected the correct stress-reactivity task sequence, controlled its 
presentation, and acquired and stored EMG signal data developed 
on a Bionex 3711-08 amplifier system (MindWare Technologies, 
Ltd.). Sampling occurred at a rate of 1,000 Hz, with a bandpass of 
1–100 Hz and a gain of 5,000. EMG data were processed, displayed 
and exported for statistical analysis using EMG Analysis Software 
(v 3.0; MindWare Technologies, Ltd.,). Prior to export, data were fil-
tered to include signals between 15 and 50 Hz,32 and exclude peri-
ods containing artefacts, defined as signals at least 3× the baseline 
level that were associated with talking, laughing, coughing, yawning, 
smiling, rubbing the nose or face (and miscellaneous others). EMG 
amplitude (root mean square voltage or Vrms) could be computed for 
the entire period of the task, or averaged for segments, as needed.

2.4 | Data analysis

The following outcome measures were statistically analysed: self-
reported distress ratings (experienced; familiar), trait and state anxi-
ety, blood pressure (systolic; diastolic) and EMG amplitude (Vrms) 
for the total duration of each task. As a first step, the total task EMG 
amplitudes were rank-transformed to correct the skewness in the 
distribution of that measure. While a log transformation is often 
used to correct skew in EMG amplitudes, rank transformation was 
preferred because it normalised residuals and produced less residual 
variability in these data. Second, linear mixed model analyses were 
used to test the effects of Group (cases; controls), Task (recovery, va-
nilla baseline; cold pressor; mental arithmetic; speech stressor; reac-
tion time/startle response) and site (masseter, temporalis, mentalis, 
deltoid and sternocleidomastoid muscle) on the outcome measures. 
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When there were significant omnibus test results, means were then 
compared using the Sidak test. The sample size allows for the detec-
tion of a. 45 SD difference between diagnostic groups, assuming a 
2:1 ratio of cases to controls and type 1 and 2 error rates of 5% and 
20% respectively. The 2:1 ratio was needed for study purposes un-
related to this report.

All statistical analyses were performed with IBM SPSS version 24 
(IBM Corp). Probability levels of p < .05 were considered statistically 
significant.

3  | RESULTS

Case and control groups did not differ on any measured demo-
graphic characteristic: most indicated that their race was white 
(62.6%), black (14.4%) or ‘other’ (14.4%). Hispanic ethnicity was 
indicated by 22.5%. Mean age was 39.2  yr (SD  =  14.6, range 19–
78), with a mean of 15 year of education (SD = 2.2, range 11–20). 
TMD patients reported moderate intensities of characteristic pain 
(Mean  =  5.2, SD  =  1.7) and relatively low levels of pain disability 
(Mean = 1.8, SD = 2.2). Pain onset occurred more than 10 years be-
fore study entry (Mean = 126.1 months, SD = 127.1; Median = 84). 
Child-bearing potential was reported by 118 participants, with simi-
lar proportions of cases and controls (72.0% vs. 83.7%, respectively, 
p =  .16). Among these 118, cases and controls were well-matched 
with respect to phase of the menstrual cycle (p > .50).

3.1 | Subjective distress ratings

Mean levels of self-reported distress experienced during the various 
experimental tasks are shown in Figure 1. As expected, little distress 
was reported during the vanilla baseline period, with a mean of less 
than 2 (of 10 points). By contrast, each of the tasks intended to elicit 
distress received average ratings at 2–3× the vanilla baseline level, 
and analysis indicated a Task effect (ηp

2  =  0.39; F(4,511)  =  82.49; 
p < .001). Post hoc tests showed that significantly more distress was 
experienced during the mental arithmetic task than any other task. 
Lower and similar levels of distress were reported in the cold pressor 
and speech stressor tasks, and these levels were significantly greater 
than those reported during the reaction time/startle response task 
or vanilla baseline. Finally, significantly more distress was reported 
during the reaction time/startle response task than during the vanilla 
baseline. Distress ratings were similar in cases and controls on each 
of the tasks (ηp

2 = 0.001; (F(1,161) = 0.42; p = .52), and there was no 
evidence of a Group X Task interaction (ηp

2 = 0.006; F(4,511) = 0.93; 
p = .44). Thus, each of these challenges achieved their intended ef-
fect, albeit to varying degrees, of increasing self-reported levels of 
distress, and these effects were comparable in cases and controls.

Some tasks produced more familiar distress than others (ηp
2= 

0.26; F(4,509)= 43.87; p  <  .001). The least familiar was the dis-
tress provoked by the cold pressor task (mean ± SE = 2.13 ± 0.34), 
which was significantly less familiar than that evoked by the 

reaction time/startle response task (mean  ±  SE=3.74  ±  0.33), 
which in turn was less than that evoked by the mental arithme-
tic task (mean  ±  SE=  4.47  ±  0.33). Most familiar was the distress 
evoked by the speech stressor task, which was significantly more 
familiar than any other task (mean ± SE=5.69 ± 0.32). The familiar-
ity of task-related distress was similar between cases and controls 
[ηp

2 < 0.001; (F(1,166) = 0.15; p =  .70) and across all tasks [Group 
x Task ηp

2 = 0.005; F(4,509) = 0.63, p =  .64]. Thus, distress ratings 
were most familiar during the speech stressor task, and least familiar 
during the cold pressor task, and these effects were similar in cases 
and controls.

3.2 | Trait and state anxiety

Myofascial pain patients reported more trait anxiety than control 
participants upon entrance to the study (MFP M(SD) = 42.4(10.2) vs. 
Control M(SD) = 36.1(8.9); ηp

2 = 0.08; F(1,169) = 13.83, p <  .001), 
but no difference in state anxiety was reported by cases and con-
trols immediately preceding the stress-reactivity testing (MFP 
M(SD)  =  33.8(9.4) vs. Control M(SD)  =  31.4(9.5); ηp

2  =  0.013; 
F(1,169) = 2.23, p = .13). Thus, while patients reported more anxiety 
than controls in general, they reported similar current levels on the 
day of testing.

3.3 | Blood pressure

As illustrated in Figure  2A,B, mean systolic blood pressure 
(SBP) and mean diastolic blood pressure (DBP) increased dur-
ing the performance of the stress-reactivity tasks. Analysis sup-
ported these observations, showing a Task  ×  Period effect for 

F I G U R E  1   Mean ± standard error (SE) of experienced 
stress ratings (self-reported on a 0–10 numeric rating scale) by 
experimental task (vanilla baseline, VB; cold pressor, CP; mental 
arithmetic, MA; reaction time/startle response, RS; speech stressor, 
SS) and by study group (controls; cases)
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SBP [ηp
2 = 0.33; F(4,522) = 65.5; p < 0.001] and DBP [ηp

2 = 0.35; 
F(4,532) = 70.7; p <  .001]) that was similar for cases and controls 
(Group × Task × Period for SBP [ηp

2 = 0.002; F(4,522] = 0.2; p = .95] 

and DBP [ηp
2  =  0.008; F(4,532]  =  0.9; p  =  0.46]). Except for the 

vanilla baseline task, SBP and DBP were significantly higher dur-
ing each of the other tasks relative to their associated post-task 

F I G U R E  2   Mean ± SE of systolic blood 
pressure (SBP) (A) and diastolic blood 
pressure (DBP) (B). Measures (mmHg) are 
shown by study group (controls; cases), 
by experimental task (vanilla baseline, VB; 
cold pressor, CP; mental arithmetic, MA; 
reaction time/startle response, RS; speech 
stressor, SS) and by period (during task; 
after task)

(A)

(B)
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recovery periods. Averaged over task, case and control subjects 
showed 5.6 and 5.8  mmHg increases in SBP, respectively, relative 
to the post-task recovery period (p =  .92), and 3.0 and 3.7 mmHg 
increases in DBP (p = .08) relative to the post-task recovery period, 
suggesting that cases were not more physiologically reactive to the 
tasks, as measured by changes in SBP and DBP. Thus, the BP data 
also suggest that the stressor manipulations were successful. Each 
stressor task produced the expected increase in BP and no change in 
the control (vanilla baseline) task. Further, these manipulations pro-
duced similar effects on BP in cases and controls.

3.4 | Electromyography amplitude

Figure 3A summarises mean EMG amplitude (uVrms) as a function 
of case status, task and masticatory muscle site. Case/control dif-
ferences are apparent in all four masticatory muscle regions only 
during performance of the reaction time/startle response task. An 
analysis that compared EMG responses during and after the reac-
tion time/startle response task showed a Group x Task interaction 
[ηp

2 = 0.05; F(1,169) = 7.9, p =  .005], indicating higher levels when 
on-task in cases than in controls (Figure 3B). This finding was similar 
for all four jaw-closing muscles (Group × Task × Site, ηp

2 < 0.001; 
F(3,2493) = 0.2, p = 0.87). Interestingly, although the reaction time/
startle response task was rated as less distressing and provoked only 
small increases in BP and a moderate increase in facial EMG, this task 
was associated with a greater increase in masticatory muscle EMG 
among cases than controls, whereas other, more stressful tasks, 
were not.

Theory would predict that the increased EMG activity seen in 
cases would be specific to the masticatory muscles. Figure 4 shows, 
and analysis confirmed [Group × Task × Site interaction; ηp

2 = 0.007; 
F(6,4443) = 4.96, p < .001)], increased EMG activity during the re-
action time/startle response task in the jaw-closing muscles of cases 
but not in those of controls. In addition, Figure 4 shows increased 
activity for the mentalis muscle region in both groups (p <  .05), no 
change in either group for the sternocleidomastoid muscle (p > .05), 
and increased EMG activity in the deltoid muscle only of control sub-
jects (p < .05). These observations show that the case-control differ-
ence in EMG activation was specific to the masticatory muscles and 
suggests that distress induced by this task may have a mechanistic 
(i.e., pain maintenance) relationship to MFP pain.

There are two features of the reaction time/startle response 
task that might moderate EMG responses. First, if the unpredict-
able white noise blasts provoke a muscle reflex, EMG should be 
maximised in the interval immediately following the blast. Second, 
if the continuous performance aspect of the task is stressful, EMG 
should increase with task duration. To evaluate the first hypoth-
esis, we compared EMG activity in the 5-sec periods preceding 
and following each white noise blast. Results failed to show a dif-
ference in activity before and after the noise blasts (ηp

2  <  .001; 
F(1,654) = 0.7, p = .39), or in any higher order interaction. A similar 

absence of differences between cases and controls was obtained 
when the duration of the post-noise period was shortened to 
0.5 sec (0.4 < p <  .7, depending on muscle). To evaluate the sec-
ond hypothesis, that the continuous performance aspect of the 
task was especially stressful, we compared EMG activity during 
each successive minute of this task. Analysis showed a small effect 
of time [ηp

2 = 0.001; F(1,5620) = 7.7, p =  .006] but no difference 
in mean EMG activity between cases and controls [ηp

2  <  .001; 
F(4,4763) = 0.2, p = .92]. Thus, the case difference in masticatory 
muscle EMG to this task cannot be clearly attributed to stressful-
ness associated with either startle or increased masticatory activ-
ity over continued performance.

F I G U R E  3   Mean ± SE of overall mean EMG amplitude (uVrms, 
root mean square microvoltage) values by experimental task 
(vanilla baseline, VB; cold pressor, CP; mental arithmetic, MA; 
reaction time/startle response, RS; speech stressor, SS), by site 
(left masseter, LM; left temporalis, LT; right masseter, RM; right 
temporalis, RT), and by study group (cases; controls) (A). Mean ± SE 
of overall mean EMG amplitude during and after RS by study group 
(cases; controls) (B)

(A)

(B)
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4  | DISCUSSION

Theory predicts, and oro-facial pain specialists and MFP patients 
generally believe,15–17 that stressors lead to increased muscle ac-
tivity, which leads to muscle-specific pain in vulnerable individu-
als.1,9,10,33 In this study, we induced distress through several common 
stressor tasks and evaluated changes in EMG amplitude. The study 
was designed to meet the methodological challenge proposed by 
Flor and Turk10; it employed a large sample, multiple common vali-
dated stressors, a valid case definition, and assessed activity in both 
jaw-closing and control muscle groups. MFP was diagnosed using 
the RDC/TMD criteria.22 Good levels of reliability were shown be-
tween our clinical coordinator and a ‘gold standard’ instructor in 
RDC diagnosis (κ =  .65). Results showed that participants not only 
reported two to three times more distress after performing each 
of these tasks than during recovery, they also reported that some 
of those tasks produced distress that was similar to that they ex-
perienced in their daily lives. Concordant with the verbal ratings of 
distress, blood pressure (both systolic and diastolic) increased when 
performing each stressor task. Cases and controls were similarly af-
fected by these stressors, both in terms of subjective ratings and 
blood pressure.

The main hypothesis was confirmed for one of the four tasks, 
where mean EMG amplitude was elevated more in cases than con-
trols, and this elevation was specifically seen in the jaw-closing mus-
cles. In general, however, this suite of stress manipulations failed 
to provoke greater stress-related increases in EMG activity within 
the masticatory muscles of the case group relative to the controls. 
These results contrast with several studies that have shown greater 

increases in jaw-muscle activity in response to standardised stress-
ors in MFP patients than controls or higher levels of resting EMG in 
the facial muscles of TMD cases than controls.1,3–7,11,34 Other stud-
ies have shown increases in tooth contact, a behaviour associated 
with increased facial EMG activity.35 Here, instead, EMG responses 
were similar in the two groups during the vanilla baseline and during 
all of the stressor tasks except stress reactivity.

Larger increases in EMG activity over the jaw-closing muscles 
were seen in MFP patients than pain-free controls specifically in re-
sponse to the reaction time/startle response task. Further, these in-
creases were observed for the jaw-closing muscles but not for other 
nearby (e.g., mentalis) or more distant (e.g., deltoid and sternocleido-
mastoid) muscles. For this finding, several possible explanations can 
be advanced. First, given the number of statistical tests conducted 
and our inability to isolate the increase as occurring specifically 
during the white noise blasts or over the course of task time, these 
findings may represent a Type I error, even though the p-value for 
the effect (p <  .001) renders this unlikely, as does the consistency 
of the finding over all four masticatory muscles. Alternatively, the 
reaction time/startle response task generated only moderate levels 
of distress, less than the other tasks. This raises the possibility of 
a ceiling effect such that no, or only small increases in jaw-muscle 
activity could occur in response to the more stressful tasks, whereas 
differential increases were possible in response to the less stress-
ful task. That is, cases and controls both show strong responses to 
highly stressful tasks, but cases were more distressed than controls 
by this moderately stressful task. Another explanation we consid-
ered was whether the white noise blasts themselves or the contin-
uous performance aspect of the reaction time/startle response task 

F I G U R E  4   Mean ± SE of ranks of EMG 
uVrms values per study group (cases; 
controls), by muscle site (Mentalis, Ment; 
Deltoid, Delt; Sternocleidomastoid, SCM; 
left masseter, LM; left temporalis, LT; right 
masseter, RM; right temporalis, RT) and 
task period (recovery, open bars; reaction 
time/startle response, RS, filled bars)
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were responsible. To answer that question, muscle activity before a 
noise blast was compared with that during/after a blast, and we also 
compared activity in the early and late segments of the overall re-
sponse record. Neither comparison yielded differences, again failing 
to explain how this task was associated with a case-specific increase 
in stress reactivity. More research on this question is suggested.

Discussion to this point has considered the relative effects of case 
status, task and muscle locus on EMG activity. It is also interesting to 
consider the absolute level of EMG activity, and associated changes in 
jaw position, associated with these effects. As shown in Figure 3A,B, 
the absolute EMG amplitude averaged between 1 and 2 uV, and the 
largest changes in amplitude were on the order of 0.5 uV. While such 
voltages are sufficient to move the jaw toward a closed position, they 
reflect only a fraction of the effort necessary to actually cause the pos-
terior teeth to meet, estimated as a temporalis EMG of at least 6 uV 
and masseter EMG of at least 4 uV.35,36 Simple tooth contact has been 
associated with facial pain.37 Changes of this magnitude were seen for 
the mental arithmetic and cold pressor test in both subject groups, in 
neither group for speech stressor and only in the MFP group for the 
reaction time/startle task. Thus, while these stressors were rated as 
distressing and like those experienced in daily life, and adequate to 
stimulate a robust autonomic response, they were not adequate to 
create the larger, and potentially most relevant movements of these 
muscles, such as those experienced in life.

Using another approach to address the distress/muscle activity 
question, Glaros and his collaborators have provided partial support 
for the hypothesis that muscle tension mediates the relationship be-
tween distress and pain.12 However, in contrast to the laboratory-
evoked challenges used in this study, those studies focused on 
ratings of distress experienced in everyday life which were related 
to perceived levels of muscle tension.38 It remains an interesting 
question as to which model of the stress/distress-muscle tension 
relationship may be more realistic.

Current data fit a mixed model, that is, one with a random inter-
cept. This had the effect of removing consistent differences in indi-
vidual responding from residual variability, increasing the precision 
of the model, based on each participant's average response across 
tasks and muscles. This modelling approach assumes that individual 
differences are consistent across tasks and muscles. One could also 
assess idiographic or person-specific response patterns. For exam-
ple, recent machine learning approaches often utilise a large number 
of measures (or features) and examine whether there are clusters of 
individuals with similar patterns. In this example, one could search 
for clusters of individuals with similar patterns of EMG activity 
across tasks or even to specific tasks. Hypothetically, one might dis-
cover a subgroup of participants who responded with strong tempo-
ralis and masseter activity across a number of tasks, while another 
subgroup of individuals might be discovered that had task-specific 
responses or minimal responses across all tasks. Such data-driven 
approaches have been recently used to assess patterns of change in 
cardiovascular and autonomic nervous system activity during emo-
tional episodes in real life (e.g.,39), or to identify previously unidenti-
fied response patterns in those engaging in motivated performance 

tasks such as those used here.40 This approach is beyond the scope 
of our original goal to study group differences, however, but should 
be considered in future work.

Current results are limited to women. This was done because the 
rates of MFP are strikingly higher for women than for men, espe-
cially amongst those seeking treatment.41,42 Additionally, there is evi-
dence that pain-processing mechanisms may be different in men and 
women.43,44 Hence, using both genders in a single study would have 
yielded difficult-to-interpret findings. Another limitation of the pres-
ent study is the fact that we studied EMG activity in an experimental 
setting. It is not immediately clear if, and to what extent, the present 
findings can be extrapolated to daily life situations. Conclusions are 
also limited to the effects of relatively short duration stressors; the ef-
fects of longer duration, or more intense, stressors on the masticatory 
muscles require further study. Pain sensitivity varies across the men-
strual cycle,45 but was not controlled in this study; it is possible that 
the failure to find case-control differences resulted from a washing out 
of effects that may be present during one particular phase. We treated 
the masseter and temporal muscles of all participants as painful sites 
and compared them to the chin and shoulder. In fact, 12 cases reported 
unilateral pain and so some of their masseter/temporal EMG responses 
were not, in fact, from painful sites. While this sample was not large 
enough for separate analysis, future work might control this factor.

5  | CONCLUSION

This large and well-validated comparison of MFP patients and de-
mographically matched controls hypothesised a case-specific and 
masticatory muscle-specific increase in jaw-closing muscle activity 
to four standard stressors. Only one stressor showed such effects. 
Within the limits of this study, there does not seem to be clear sup-
port for the theory that these stressors produce a differential in-
crease in masticatory muscle activity in MFP patients. It remains to 
be shown that a consistent increase in jaw-closing muscle activity to 
stress-provoking tasks supports this critical step in the hypothesised 
link between distress and chronic face pain.
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