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Aims: To assess the influence of myofascial temporomandibular dis-
order (TMD) pain on the pressure pain threshold (PPT) of masti-
catory muscles in women during a migraine attack. Methods: The 
sample comprised 34 women, 18 to 60 years of age, with a diagno-
sis of episodic migraine previously confirmed by a neurologist. All 
subjects were evaluated using the Research Diagnostic Criteria for 
TMD (RDC/TMD) to determine the presence of myofascial pain. 
They were divided into two groups: group 1 (n = 18) included wom-
en with migraine; group 2 (n = 16) included women with migraine 
and myofascial TMD pain. Participants were evaluated by measur-
ing PPT values of the masseter and anterior temporalis muscles and 
Achilles tendon with a pressure algometer at two moments: pain 
free and during a migraine attack. A three-way analysis of vari-
ance with a 5% significance level was used for statistical purposes.  
Results: Significantly lower PPT values were found during the 
migraine attack, especially for women with concomitant myofas-
cial pain, regardless of the side of the reported pain. Conclusion:  
Migraine attack is associated with a significant reduction in PPT 
values of masticatory muscles, which appears to be influenced by 
the presence of myofascial TMD pain. J Orofac Pain 2013;27:343–349. 

doi: 10.11607/jop:1059

Key words: masticatory muscles, migraine, myofascial pain,  
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Headaches and migraines are common disorders of the ner-
vous system. According to the International Headache So-
ciety (IHS), 46% of the adult population globally have an 

active general headache disorder, with 11% suffering from migraine. 
The impact of headache on an individual’s quality of life is sub-
stantial, and according to the World Health Organization’s ranking 
of causes of disability, headaches are one of the 10 most disabling 
problems for men and women.1 Based on these numbers, new stud-
ies and treatment approaches should be developed to better under-
stand and treat those disorders.

Migraine is a common disabling brain disorder, and its patho-
physiology is now better understood as a result of studies of the 
anatomy and physiology of the pain-related structures of the cra-
nium and their central nervous system (CNS) modulation.2 The 
pathophysiology of a migraine involves not only the activation of 
meningeal perivascular nociceptive fibers, but also an increase in the 
responsiveness (sensitization) of central nociceptive neurons, which 
process information from intracranial structures and extracranial 
skin and muscles.3,4 Indeed, the nociceptive neurons in the first cer-
vical (C1) spinal segment and medullary dorsal horn show extensive 
convergence of afferent inputs from cutaneous, musculoskeletal,  
dural, and visceral tissues.4
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The phenomena of peripheral and central sensiti-
zation have been implicated in migraines and some 
chronic musculoskeletal entities, such as temporo-
mandibular disorders (TMD).5 Acute muscle pain 
is the result of activation of group-III (A-fiber) and 
group-IV (C-fiber) polymodal muscle nociceptors. 
The nociceptors can be sensitized by the release of 
neurochemicals from the nerve endings as well as 
from other tissue cells. This eventually may lead to 
central sensitization of dorsal horn neurons, mani-
fested as prolonged neuronal discharges, increased 
responses to a defined noxious stimuli, response to 
non-noxious stimuli, and expansion of the neuronal 
receptive field.6

TMD is defined by the American Academy of 
Orofacial Pain as a collective term that compris-
es a number of clinical problems that involve the 
masticatory muscles, the temporomandibular joint 
(TMJ), and associated structures.7 Population stud-
ies have reported the prevalence of TMD to be from 
8% to 15% for women and 3% to 10% for men.8 

The association between migraine and TMD has 
been demonstrated in many studies,9–11 suggest-
ing that both disorders often share similar signs, 
symptoms, and pain mechanisms. Previous studies 
have shown that TMD is a risk factor for increased 
headache frequency and the development of chronic 
migraine.10,11 Muscle tenderness is one of the most 
distinguishing signs of TMD of muscular origin 
(myofascial pain), and it is usually an expression of 
a complex array of local and CNS changes. Like-
wise, people with migraines frequently report in-
creased soreness in the temple area.12

The impact of myofascial pain on migraine pain 
and extracranial tenderness during a migraine at-
tack can be assessed by using a pressure algometer to 
measure the patient’s pressure pain threshold (PPT) 
of the masticatory muscles. The algometer has been 
considered an important tool for elucidating pe-
ripheral and central nociceptive mechanisms, which 
are most likely involved in the pathophysiology of 
both conditions,13 as noted above. To the best of 
the authors’ knowledge, no previous studies inves-
tigating the influence of TMD (myofascial pain) on 
the PPT of masticatory muscles during a migraine 
attack have been published. Therefore, the aim of 
this study was to assess the influence of myofascial 
TMD pain on the PPT of masticatory muscles in 
women during a migraine attack. The null hypoth-
esis tested was that myofascial TMD pain does not 
influence the PPT levels of masticatory muscles in 
migraine patients during a migraine attack.

Materials and Methods

Subjects

Women aged between 18 and 60 years who had been 
diagnosed with episodic migraines were included in 
this study. An experienced neurologist interviewed 
all patients, and to be included in the study, wom-
en had to be classified as having episodic migraines 
according to the IHS criteria. Subjects with only 
menstrual-related migraine, chronic migraine, other 
primary headaches, secondary headaches, or sys-
temic conditions (eg, fibromyalgia) were excluded 
from this study.

Initially, 250 women were evaluated and 101 met 
the inclusion criteria. A single experienced special-
ist examined all subjects according to RDC/TMD 
specifications. The women were divided into two 
groups: group 1 (n = 56) included those with mi-
graine, and group 2 (n = 45) included those with 
migraine and myofascial TMD pain. The PPT mea-
surement during a migraine attack was completed in 
18 and 16 women from groups 1 and 2, respectively 
(Fig 1). The local Human Research Committee ap-
proved the research project. All subjects signed an 
informed consent form before entering the study.

PPT Assessment

The PPT recording procedure was the same for the 
entire sample. A digital algometer (KRATOS, Cotia, 
Brazil) with a 1-cm2 flat circular-shaped tip at one 
end was used to apply pressure over a masticato-
ry muscle and measure the PPT at that muscle site. 
The pressure application rate was previously cali-
brated and set at approximately 0.5 kgf/cm2/s. The 
masseter belly and anterior belly of the temporalis 
muscle were tested bilaterally in a relaxed position. 
To record the masseter PPT, patients were asked to 
clench their teeth together and then relax, which 
allowed for the proper identification of the site to 
be examined. To determine the anterior temporalis 
PPT, pressure was applied 30 mm posterior to the 
lateral end of the orbit and 15 mm above the upper 
end of the zygomatic arch. 

The procedure was fully explained to each patient 
before the examination. It was emphasized that the 
purpose of the study was to measure the PPT, not 
pain tolerance.14 The PPT was reached when the 
subject felt the pressure begin to turn into pain. 
Throughout the test, the individual’s head was firm-
ly supported by the operator’s hand, and each site 
was tested twice in a previously defined randomized 
sequence. The device used in the present study had a 
button that the patient was asked to press at the very 

© 2013 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. 



Pinto Fiamengui et al

Journal of Orofacial Pain  345

beginning of a pain sensation. Therefore, the subject 
had full control in determining the moment when 
the applied pressure became painful, with no inter-
ference of the examiner. An additional measurement 
was performed over the Achilles tendon, which was 
selected as the non-trigeminal control site.15

Test Procedures

The PPT was measured at two time points, always 
by the same calibrated examiner, and each measure-
ment lasted 5 to 10 minutes. The first measurement 
(baseline) was taken when the patient was in a phase 
without headache complaints or in a pain-free peri-
od. To avoid possible residual migraine-related al-
lodynia or other sensitization phenomena, which 
could interfere with the results, this initial evalua-
tion was performed at least 1 week after the last 
migraine attack. Patients were also asked to avoid 
taking any analgesics or muscle relaxants 24 hours 
prior to the examination. 

Following this initial visit, the subjects were in-
structed to contact the examiner at the very begin-
ning of a moderate to severe migraine attack (pain 
intensity of at least 6 on a 0- to 10-cm visual analog 
scale [VAS], where 0 meant “no pain” and 10 “the 
worst pain”) prior to taking any anti-migraine or 
analgesic medications. The examiner met subjects 
where they were (eg, home or work) to perform the 
second PPT recording. During the migraine attack, 
the subjects were also questioned regarding the site 
of the pain (unilateral [right or left] or bilateral).  

Statistical Analysis

The results were expressed as the means and stan-
dard deviation. For each site tested, a three-way 
analysis of variance (ANOVA) was used to detect 
differences in PPT between groups, sides, and phases 
(pain free and during the migraine attack). For the 
Achilles tendon, a two-way ANOVA was used to de-
tect differences between groups and phases. A 5% 
level of significance was considered.

Assessed for eligibility (n = 250)

Randomized (n = 101)

Group 1 (Migraine) (n = 56)
PPT recording (n = 56)

Group 2 Migraine and myofascial pain (n =45)
PPT recording (n = 45)

Lost to follow-up (nocturnal migraine 
attack; the subjects did not contact 
the examiner for PPT recording during
migraine attack) (n = 38)

Lost to follow-up (nocturnal migraine 
attack; the subjects did not contact 
the examiner for PPT recording during
migraine attack) (n = 29)

Analyzed (n = 18)
Excluded from analysis (n = 0)

Analyzed (n = 16)
Excluded from analysis (n = 0)

Unilateral headache 
(n = 14)

Bilateral headache 
(n = 4)

Unilateral headache 
(n = 9)

Bilateral headache 
(n = 7)
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Not meeting inclusion criteria (n = 145)
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Other reasons (n = 0)

Fig 1    Flow diagram of the subjects’ progress throughout the phases of the study. PPT, pressure pain threshold. 
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Results

No significant differences in age were found be-
tween groups (mean age of 37.2 years for group 1 
and 38.7 years for group 2). Significantly decreased 
PPT values were found for both groups in the mi-
graine-attack measurement for both masticatory 
muscles tested (P < . 05). The presence of concom-
itant myofascial pain also influenced PPT levels 

of the anterior temporalis (P < .05) and masseter  
(P = .054). No significant differences between sides 
were detected (Table 1). Regarding the Achilles ten-
don, decreased PPT values were observed during the 
migraine attack (P < .001), but no differences be-
tween groups or interaction between variables were 
detected (P > .05), as shown in Table 1. Figure 2 
shows all PPT values in both phases (pain free and 
during the migraine attack).
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Fig 2    Pressure pain threshold (PPT) values (kgf/cm²) and standard deviations for both groups (group 1, migraine; group 
2, migraine and myofascial pain) and phases (pain free and during the migraine attack). #Significant difference in PPT 
between phases for all sites tested (P < .000). *%Significant difference between groups for anterior temporalis on both 
phases (P < .046).

Table 1    Significance (P) of Group, Side, and Phase and Their Interactions on the Pressure Pain Threshold Values of the  
Masseter Muscle, Anterior Temporalis Muscle, and Achilles Tendon

Masseter Anterior temporalis Achilles tendon 

Group (1/2) .054 .046* .135

Side (painful/nonpainful) .285 .137 –

Phase (pain-free/migraine) .000* .000* .000*

Group/Side .480 .302 –

Group/Phase .125 .114 .656

Side/Phase .318 .793 –

Group/Side/Phase .325 .418 –

*Statistically significant. 
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Side of Reported Pain and PPT Assessments

In group 1, 14 women (78%) reported unilateral 
headache (7 on each side), while 4 (22%) had bi-
lateral symptoms. In group 2, 9 women (56%) had 
unilateral headache (4 on the right side, and 5 on 
the left side), and 7 (44%) reported bilateral pain. 
No significant decrease in the PPT values of mas-
ticatory muscles on the painful side was observed 
for those with unilateral pain during the migraine 
attack (Table 2). 

Discussion

This study rejected the null hypothesis that myo-
fascial TMD pain did not affect the PPT levels of 
masticatory muscles in migraine patients during a 
migraine attack. However, no significant difference in 
PPT values between the painful side and nonpainful 
side was detected during the migraine attack. Pericra-
nial muscle tenderness has been found in individuals 
with migraine during both attack and attack-free pe-
riods,16–18 and nociceptive inputs of myofascial origin 
have been postulated to play an important role in 
migraine pathogenesis.19 Because migraines and my-
ofascial TMD pain appear to encompass peripheral 
and central components,13 the present study estimat-
ed these phenomena by using the masticatory PPT.20 
Most likely, the large amount of chemical mediators 
released during a migraine attack, which cause neu-
ronal activation, could have a strong impact on how 
a patient is able to feel stimuli applied to the trigem-
inal area, such as the PPT. An interesting finding was 
that, despite the presence of myofascial TMD pain, 
individuals with migraines showed a significant de-
crease in the PPT values of masticatory muscles and 
the Achilles tendon during a migraine attack com-
pared to baseline data. The significant reduction of 
PPT at both trigeminal and extra-trigeminal sites 
suggests a generalized dysfunction of the nociceptive 
system during migraine attacks.

The primary pathophysiologic events that ac-
count for migraines have been reported to be intra
cranial extra-cerebral (mostly dural) vasodilation 
and perivascular neurogenic inflammation result-
ing from the release of vasoactive peptides, such 
as calcitonin gene-related peptide, due to neuronal 
activation of the peripheral trigeminal system.21 
These changes most likely cause a peripheral sen-
sitization of the first-order trigeminal neurons, 
which could explain the reduction in PPT values 
of the masticatory muscles regardless of whether 
individuals with migraines presented with myo-
fascial pain. According to Burstein et al,22 central 
sensitization of trigeminal neurons in the CNS that 
receive afferent inputs from facial skin, muscle, and 
intracranial structures could provide the neuronal 
substrate to explain the extracranial tenderness 
and cutaneous allodynia that often accompany a 
migraine. In the vascular-supraspinal-myogenic  
model proposed by Olesen (1991),23 headache 
intensity is determined by the sum of nocicep-
tive inputs from cephalic arteries and pericranial  
myofascial tissues converging upon the same neu-
rons and supraspinal effects.

In the present study, the concomitant presence of 
myofascial pain did play a crucial role in the reduc-
tion of PPT values in individuals with migraines at 
baseline and during a migraine attack. Sensitization 
of muscle nociceptors is associated with decreased 
mechanical activation threshold and increased re-
sponsiveness to noxious stimuli,24,25 which could re-
sult in more pain-related signals entering the CNS 
and perhaps producing central sensitization in indi-
viduals with migraine. Therefore, the simultaneous 
treatment of myofascial pain could benefit individ-
uals with migraines. Some studies have suggest-
ed that TMD treatment with oral appliances and 
self-management therapies could be beneficial for 
many severe headache patients, including individu-
als with migraines.26,27 This statement, however, was 
not tested in the present investigation and should be 
interpreted cautiously. 

Table 2    Mean (SD) Pressure Pain Threshold Values (kgf/cm²) of Masticatory Muscles in Relation to Side of Reported Pain 
(Women with Unilateral Pain Only) 

Painful side Nonpainful side

Anterior temporalis Masseter Anterior temporalis Masseter

Group 1 (n = 14) 1.04 (0.63) 0.82 (0.45) 1.1 (0.57) 0.9 (0.46)

Group 2 (n = 9) 0.7 (0.38) 0.65 (0.33) 0.9 (0.42) 0.76 (0.43)
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Importantly, women in group 1 (with migraine 
only) could conceivably have had latent trigger 
points in masticatory muscles that were able to in-
fluence their PPT values during migraine attacks. 
In 2007, García-Leiva et al19 showed that all indi-
viduals with migraines presented at least one trig-
ger point, most of them located on the temples, 
suggesting that peripheral sensitization is an im-
portant component of migraine predisposition. Fur-
thermore, it is assumed that signals to supraspinal 
structures could be misinterpreted as pain in the 
musculature or intracranial structures distant from 
the site of the painful stimulus or a trigger point in 
a given muscle.28 Moreover, central sensitization of 
the second-order neurons in the brainstem, particu-
larly in the medullary dorsal horn, and in the cervi-
cal dorsal horn, which receive convergent afferent 
inputs from intracranial structures and masticato-
ry muscles,4 could account for masticatory muscle 
tenderness29 and, consequently, the lower PPT val-
ues found in the present study. The large amount 
of neurotransmitters released at the second-order 
nociceptive neuron level and the decreased neuro-
nal activation threshold are common features of this 
central sensitization process. 

The PPT reduction in an extra-trigeminal site 
(Achilles tendon) could be interpreted as an indi-
cation of central sensitization of the third-order or 
higher-order trigeminal neurons in the thalamus or 
cerebral cortex.22,29 Notably, as mentioned previ-
ously, all the mechanisms discussed here could be 
amplified by impairment of descending supraspinal 
pain modulatory influences.30 This phenomenon is 
frequently described as contributing to the mainte-
nance of chronic pain states, such as migraine and 
myofascial pain.

The transformation of a headache into whole-
body allodynia and hyperalgesia is believed to occur 
2 hours after the onset of the migraine attack22 and to 
be mediated by the sensitization of third-order tha-
lamic neurons that process mechanical and thermal 
sensory information converging from the meninges, 
head, body, and limbs.31 The neural mechanisms by 
which trigeminovascular thalamic neurons become 
sensitized may involve sequential sensitization of 
first-order or second-order trigeminovascular neu-
rons or, alternatively, indirect activation through 
pain-modulatory neurons in the brainstem.32 This 
phenomenon could explain the lower levels of PPT 
in the Achilles tendon in both groups.  

In contrast to previous studies that reported in-
creased pericranial tenderness to be more common 
on the painful side,33,34 no differences were found in 
the PPT values between painful sides and nonpain-
ful sides in this investigation. These discrepancies 

could be due to methodological differences, such 
as digital palpation33 and/or algometry palpation34; 
sites evaluated, such as cephalic and/or cervical 
muscles33,34; and the presence of trigger points.33 The 
small number of subjects with unilateral migraine 
also may have influenced the results. The type of  
algometer used and the form of PPT recording could 
also have been factors. In the present study, a digital 
algometer that was controlled by the patient was 
used. This method has two advantages: patients feel 
more comfortable controlling the situation, and an 
examiner’s bias in the PPT recording is eliminated. 
Furthermore, there is no consensus regarding which 
muscles must be evaluated. In the present study, the 
masseter and anterior temporalis muscles were se-
lected for PPT recordings because they are frequent-
ly affected in TMD patients. Also, these muscles are 
relatively flat and overlie bone, which facilitates the 
PPT recording.35,36

This study has some limitations. First, only fe-
males were included, and the probable gender influ-
ence on the results could not be tested. The possible 
effect of sex hormones and the phases of the men-
strual cycles were not assessed. A previous study 
found increased nociceptive sensitivity during the 
luteal or follicular phase,37 while others have not.38,39 
In the present study, to avoid menstrual-related  
migraines, no PPT recording was performed during 
the menses. Another limitation is related to the 
study sample, which was reduced due to the dif-
ficulties inherent in evaluating patients during a 
migraine attack. Future studies with more represen-
tative samples are required to confirm the findings 
reported here that a migraine attack is associated 
with a significant reduction of PPT values of masti-
catory muscles, which seems to be influenced by the 
coexistence of masticatory myofascial TMD pain.

Acknowledgments

The authors reported no conflicts of interest related to this study.

References

  1.	 Stovner LJ, Hagen K, Jensen R, et al. The global burden 
of headache: A documentation of headache prevalence and 
disability worldwide. Cephalalgia 2007;27:193–210.

  2.	 Goadsby PJ, Charbit AR, Andreou AP, Akerman S, Holland 
PR. Neurobiology of migraine. Neuroscience 2009;161: 
327–341.

  3.	 Burstein R, Yamamura H, Malick A, Strassman AM. Chem-
ical stimulation of the intracranial dura induces enhanced 
responses to facial stimulation in brain stem trigeminal neu-
rons. J Neurophysiol 1998;79:964–982.

© 2013 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. 



Pinto Fiamengui et al

Journal of Orofacial Pain  349

  4.	 Morch CD, Hu JW, Arendt-Nielson L, Sessle BJ. Conver-
gence of cutaneous, musculoskeletal, dural and visceral af-
ferents onto nociceptive neurons in the first cervical dorsal 
horn. Eur J Neurosci 2007;26:142–154.

  5.	 Woolf CJ. Central sensitization: Implications for the diag-
nosis and treatment of pain. Pain 2011;152:S2–S15.

  6.	 Mense S. Referral of muscle pain. APS J 1994,3:1–9.
  7.	A merican Academy of Orofacial Pain. De Leeuw R (ed). 

Orofacial Pain: Guidelines for Assessment, Diagnosis, and 
Management, ed 4. Chicago: Quintessence, 2008:131.

  8.	 LeResche L. Epidemiology of temporomandibular disor-
ders: Implications for the investigation of etiologic factors. 
Crit Rev Oral Biol Med 1997;8:291–305.

  9.	 Dando WE, Branch MA, Maye JP. Headache disability in 
orofacial pain patients. Headache 2006;46:322–326.

10.	 Bevilaqua Grossi D, Lipton RB, Bigal MD. Temporoman-
dibular disorders and migraine chronification. Curr Pain 
Headache Rep 2009;13:314–318.

11.	 Gonçalves DAG, Camparis CM, Speciali JG, et al. Tem-
poromandibular disorders are differentially associated with 
headache diagnoses: A controlled study. Clin J Pain 2011;27: 
611–615.

12.	F ernández-de-las-Peñas C, Madeleine P, Cuadrado ML, 
Ge HY, Arendt-Nielsen L, Pareja JA. Pressure pain sensi-
tivity mapping of the temporalis muscle revealed bilateral 
pressure hyperalgesia in patients with strictly unilateral mi-
graine. Cephalalgia 2009;29:670–676.

13.	 Merrill RL. Central mechanisms of orofacial pain. Dent 
Clin North Am 2007;51:45–59.

14.	 Smith R, Meulen MBV, Levin L, Dang L, Pallerla H. Scalp 
and forearm pressure pain-threshold and pressure-allodyn-
ia in migraine. Headache Care 2006;3:1–8.

15.	 Michelotti A, Farella M, Tedesco A, Cimino R, Martina 
R. Changes in pressure-pain thresholds of the jaw muscles 
during a natural stressful condition group of symptom-free 
subjects. J Orofac Pain 2000;14:279–285.

16.	 Jensen K, Tuxen C, Olesen J. Pericranial muscle tenderness 
and pressure pain threshold in the temporal region during 
common migraine. Pain 1988;35:65–70.

17.	 Jensen K. Extracranial blood flow, pain and tenderness in 
migraine. Clinical and experimental studies. Acta Neurol 
Scand Suppl 1993;147:1–27.

18.	A nttila P, Metsahonkala L, Mikkelsson M, et al. Muscle 
tenderness in pericranial and neck-shoulder region in chil-
dren with headache. A controlled study. Cephalagia 2002; 
22:340–344.

19.	 García-Leiva JM, Hidalgo J, Rico-Villademoros F, Moreno 
V, Calandre EP. Effectiveness of ropivacaine trigger points 
inactivation in the prophylactic management of patients 
with severe migraine. Pain Med 2007;8:65–70.
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