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Abstract
Background: Recent research has shown a relationship of craniomandibular disability with neck-pain-related disability
has been shown. However, there is still insufficient information demonstrating the influence of neck pain and disability
in the sensory-motor activity in patients with headache attributed to temporomandibular disorders (TMD). The purpose
of this study was to investigate the influence of neck-pain-related disability on masticatory sensory-motor variables.
Methods: An experimental case–control study investigated 83 patients with headache attributed to TMD and 39
healthy controls. Patients were grouped according to their scores on the neck disability index (NDI) (mild and
moderate neck disability). Initial assessment included the pain catastrophizing scale and the Headache Impact Test-6.
The protocol consisted of baseline measurements of pressure pain thresholds (PPT) and pain-free maximum mouth
opening (MMO). Individuals were asked to perform the provocation chewing test, and measurements were taken
immediately after and 24 hours later. During the test, patients were assessed for subjective feelings of fatigue (VAFS)
and pain intensity.
Results: VAFS was higher at 6 minutes (mean 51.7; 95% CI: 50.15-53.26) and 24 hours after (21.08; 95% CI: 18.6-23.5)
for the group showing moderate neck disability compared with the mild neck disability group (6 minutes, 44.16;
95% CI 42.65-45.67/ 24 hours after, 14.3; 95% CI: 11.9-16.7) and the control group. The analysis shows a decrease in
the pain-free MMO only in the group of moderate disability 24 hours after the test. PPTs of the trigeminal region
decreased immediately in all groups, whereas at 24 hours, a decrease was observed in only the groups of patients.
PPTs of the cervical region decreased in only the group with moderate neck disability 24 hours after the test. The
strongest negative correlation was found between pain-free MMO immediately after the test and NDI in both the
mild (r = −0.49) and moderate (r = −0.54) neck disability groups. VAFS was predicted by catastrophizing, explaining
17% of the variance in the moderate neck disability group and 12% in the mild neck disability group.
Conclusion: Neck-pain-related disability and pain catastrophizing have an influence on the sensory-motor variables
evaluated in patients with headache attributed to TMD.
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Background
Recent research has shown a strong relationship of craniomandibular pain and disability with neck-pain-related
disability [1,2]. However, there is still insufficient information demonstrating the influence of neck pain and
disability in the sensory-motor activity in patients with
headache attributed to temporomandibular disorders
(TMD). Our primary hypothesis is that neck disability
is a factor that influences masticatory sensory-motor
activity in patients with headache attributed to TMD.
Headache attributed to TMD is classified as a secondary headache caused by a disorder that affects the temporomandibular region [3]. The pain may be unilateral
or bilateral and is represented in the masseter and temporal regions of the face [3]. An important criterion for
clinical diagnosis is that headache is caused or is aggravated by provocative manoeuvres (such as palpatory
pressure on the TMJ and masticatory muscles) or mandibular active or passive movements [3,4]. Recently, it
was found that the diagnostic criteria that have greater
sensitivity and specificity for this type of headache are:
1) the provocation of pain by palpation of the temporalis
muscle or jaw movements and 2) changes in pain with
the movements of the jaw in the function or parafunction [4,5]. From a clinical point of view, it is important
to identify changes in motor behaviour that may be
present in patients suffering TMD, especially knowing
that a percentage of these patients develop painful chewing [6,7], difficulty performing jaw movements [8], and
masticatory fatigue [9,10].
The relationship between masticatory muscle pain and
disordered jaw motor behaviour has widely been studied
during the last few decades. For example, see the review
by Svensson and Graven-Nielsen [11]. Pain may influence
the characteristics of the masticatory sensory-motor system [12]. Kurita et al. found a positive correlation between
chewing ability, TMJ pain, and reduced mouth opening
[13]. According to some researchers, fatigue and fatiguerelated symptoms are reported significantly more often by
chronic TMD patients than by healthy volunteers [14]. In
addition, a recent study on patients with chronic orofacial
pain demonstrated that fatigue is mediated by psychosocial factors [15]. For example, Brandini et al. found a
positive association in TMD patients between mandibular
kinematic variables and psychological factors such as
stress and depression [16].
Research or assessments based on a biobehavioural
approach may offer a better alternative for identifying
patients with chronic TMD [17]. The biobehavioural approach to the assessment and treatment of chronic pain
is widely accepted [18]. A key point to note about patients
with headache attributed to TMD is the association
between emotional functioning and increased frequency
of headache [19]. This and previous findings lead us to
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propose that the assessment of psychological factors be
integrated with pain and disability associated with
masticatory sensory-motor variables in this research. A
significant amount of scientific evidence has shown the
influence of pain catastrophizing on several variables
related to TMD [20-25]. This leads to the hypothesis that
pain catastrophizing has an association with or is a predictor of some of the masticatory sensory-motor variables.
The primary objective of this research is to investigate
the influence that pain and disability of the neck may
have on masticatory sensory-motor variables in patients
with headache attributed to TMD. As a secondary objective, we propose identifying whether the psychological or
disability variables have any association with the studied
sensory-motor variables.

Methods
Study design

This was an experimental case–control study. The assessor of sensory-motor measurements was blinded. One
researcher administered the participant appointments and
questionnaires and instructed the participants not to say
anything that could reveal their pain, disability trait, or
state. The reporting of the study follows the “Strengthening the Reporting of Observational Studies in Epidemiology” (STROBE statement) [26]. After receiving detailed
information about the experiment, the volunteers gave
their written informed consent. All of the procedures were
planned under the ethical norms of the Helsinki Declaration and were approved by the local ethics committee.
Participants

A consecutive convenience sample of 83 patients with
chronic headache attributed to TMD and 39 healthy
controls were recruited. The sample was recruited from
outpatients of a public health centre (Madrid, Spain) and
two private clinics specializing in craniofacial pain and
TMD (Madrid, Spain). Patients were selected if they met
all of the following criteria: 1) Headache and facial pain
attributed to TMD with diagnosis according to the
guidelines of the International Classification of Headache
Disorders [3]; 2) TMD diagnosis based on the Research
Diagnostic Criteria for TMD [27,28] to classify patients
with painful TMD (myofascial pain, TMJ arthralgia, and
TMJ osteoarthritis); 3) history of pain symptoms in at least
the 6 months prior to the study; 4) pain in the jaw, temples, face, neck, pre-auricular area, or in the ear during
rest or function; 5) neck pain and disability quantified
according to the neck disability index (NDI) [29]; and 6)
at least 18 years of age.
There were 83 patients categorized into two groups
according to their scores on the NDI [29]: 1) the mild
neck disability group (NDI 5–14) and 2) the moderate
neck disability group (NDI 15–24). The criteria for
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exclusion were: 1) a history of traumatic injuries (e.g.,
contusion, fracture, or whiplash injury); 2) presence of
fibromyalgia or other chronic pain disorder; 3) neuropathic pain (e.g., trigeminal neuralgia); 4) unilateral neck
pain; 5) cervical spine surgery, and 6) clinical diagnosis
of cervical radiculopathy or myelopathy.
Healthy controls were recruited from our academic
university campus and the local community through
flyers, posters, and social media. Healthy participants
were examined and included in the study only if they
had no history of craniofacial pain, headache, or neck
pain, and had been free of any other painful disorders
for the six months prior to the experiment. All subjects
had complete dentition, did not use any medication, had
no dental pathology, and did not chew gum regularly.
Subjects who reported oral parafunctions (i.e., tooth
grinding, tooth clenching) were excluded.
Experimental protocol

After consenting to the study, recruited patients were
given a battery of questionnaires to complete on the first
day of the experiment. These included various self-reports
for sociodemographic, psychological, and pain-related
variables, including the visual analogue scale (VAS) for
pain intensity, the validated Spanish versions of the pain
catastrophizing scale (PCS), the NDI, and the impact associated with headache was assessed using the Headache
Impact Test-6 (HIT-6). The experimental protocol consisted of baseline measurements, a provocation chewing
test, and data collection immediately after the provocation
chewing test and 24 hours later. Participants underwent
standardized measurement of pressure pain thresholds
(PPT) for mechanical pain sensitivity at the trigeminal and
cervical region and of pain-free maximum mouth opening
(MMO). The PPT and MMO measures have been
employed in previous studies [30]. During the performance of the provocation chewing test, data were
collected regarding the subjective feelings of fatigue
and pain intensity every minute, immediately after the
test, and 24 hours later.
Provocation chewing test

The provocation chewing test consisted of 6 minutes of
unilateral chewing of eight grams of hard gum, a protocol that was modified from Karibe et al. [31]. Chewing
gum was employed to elicit pain and muscle fatigue.
The participants performed the test in the sitting position, which was attained by instructing the patient to sit
in a comfortable upright position with the thoracic spine
in contact with the back of the chair, but without contact of the craniocervical region with the seat. The feet
were positioned flat on the floor with knees and hips at
90 degrees and arms resting freely alongside.
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Tests were carried out using the right side for chewing
exclusively. A metronome was set at 80 beats per minute
to indicate chewing rate, as documented in a previous
study [32]. The participants were instructed to chew
gum initially for 60 seconds to soften its initial hardness,
then after 70 seconds of rest, the signal was given to
start the test.
Questionnaires

The Spanish version of the PCS assesses the degree of
pain catastrophizing [33,34]. The PCS has 13 items and a
3-factor structure: rumination, magnification, and helplessness. The theoretical range is between 0 and 52, with
lower scores indicating less catastrophizing. The PCS has
demonstrated acceptable psychometric properties [34].
The Spanish version of the NDI measures perceived
neck disability [29,35] is a questionnaire that consists of
10 items, with 6 possible answers that represent 6 levels
of functional capacity ranging from 0 (no disability) to 5
(complete disability) points. The sum of all of the points
obtained from each of the items gives the level of disability, with higher scores indicating greater perceived
disability. The NDI has demonstrated acceptable psychometric properties [35].
The Spanish version of the HIT-6 [36,37] consists of a
six-item questionnaire that measures the severity and
impact of headache on the patient’s life. The results of
HIT-6 are stratified into four grade-based classes: little or
no impact (HIT-6 score: 36–49), moderate impact (HIT-6
score: 50–55), substantial impact (HIT-6 score: 56–59), and
severe impact (HIT-6 score: 60–78) [36]. The HIT-6 has
demonstrated acceptable psychometric properties [38].
Pain intensity

Pain intensity was measured with the VAS. The VAS
consists of a 100-mm line on which the left side represents “no pain” and the right side represents “the worst
pain imaginable”. The patients placed a mark to represent their pain intensity [39]. VAS was used to quantify
two different situations:
a) Habitual and spontaneously perceived pain intensity.
b) Pain intensity perceived at different times during the
course of the chewing provocation test and at 24 h
after completion.
Subjective perception of fatigue

The visual analogue fatigue scale (VAFS) was used to
quantify fatigue at different times during the course of
the chewing provocation test and at 24 h after completion. The VAFS consists of a 100-mm vertical line on
which the bottom represents “no fatigue” (0 mm), and
the top represents “maximum fatigue” (100 mm) [40].
The researcher registered the mark in mm.
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Pressure pain thresholds

Statistical analysis

A digital algometer (FDX 25, Wagner Instruments,
Greenwich, CT, USA) comprising a rubber head (1 cm2)
attached to a pressure gauge was used to measure
PPTs. Force was measured in kilograms (kg), and
thresholds were expressed in kg/cm2. The protocol
used was a sequence of 3 measurements with an interval of 30 seconds between each of the measurements.
The average of the 3 measurements was calculated to
obtain a single value for each of the measured points in
each of the assessments. PPTs were assessed at one point
in the masseter muscle (2.5 cm anterior to the tragus
and 1.5 cm inferior to the zygomatic arch), one point in
the temporalis muscle (anterior fibres of the muscle; 3
cm superior to the zygomatic arch in the middle point
between the end of the eye and the anterior part of the
helix of the ear), in the suboccipital muscles (2 cm
inferior and lateral to the external occipital protuberance),
and in the upper trapezius muscle (2.5 cm above the
superior medial angle of the scapula). The device was
applied perpendicular to the skin. The patients were asked
to raise their hands at the moment the pressure started to
change to a pain sensation, at which point the assessor
stopped applying pressure. Compression pressure was
gradually increased at a rate of approximately 1 kg/s.
This algometric method has high intra-rater reliability
(ICC = 0.94-0.97) for measuring PPT [41].

The Statistical Package for Social Sciences (SPSS 21,
SPSS Inc., Chicago, IL USA) software was used for statistical analysis. The independent t-test and one-way ANOVA
were used for analysis of the self-report psychological and
pain-related variables (NDI, PCS and HIT-6), as well as
pain duration and the subjects’ sociodemographic data (age,
weight, height). The baseline data were compared for the
three groups. Results are presented as the mean, standard
deviation (±SD), range, and 95% confidence interval (CI).
For primary outcome variables (fatigue and pain intensity), we performed a 3-way repeated-measures ANOVA,
including within-between interaction factors. The factors
analysed were group (moderate neck disability group,
mild neck disability group, and healthy group), sex (female
and male), and time (measurement per minute during the
test and after 24 hours). The hypothesis of interest was
the group vs. time interaction.
The 2-way repeated-measures models of ANOVA were
used to test the effect of the task on the outcome secondary variables (i.e., PPTs and pain-free MMO). The factors
analysed were group and time (baseline, immediately after,
and after 24 hours). The interactions of group vs. time
were also analysed. In the repeated-measures ANOVAs,
when the assumption of sphericity was violated (as
assessed using the Mauchly sphericity test), the number of
degrees of freedom against which the F-ratio was tested
was corrected by the value of the Greenhouse–Geisser
adjustment. Post hoc analysis with Bonferroni corrections
was performed in the case of significant ANOVA findings
for multiple comparisons between variables. Effect-sizes
(Cohen’s d) were calculated for outcome secondary variables. According to Cohen’s method, the magnitude of the
effect was classified as small (0.20 to 0.49), medium (0.50
to 0.79), or large (≥0.8) [44].
The relationship between pain-related measures after
completion of the chewing provocation test and selfreports for pain-related and psychological measures were
examined using Pearson correlation coefficients. Multiple
linear regression analysis was performed to estimate the
strength of the associations between the results of VAS
[model 1], VAFS [model 2], and pain-free MMO [model
3] (criterion variables) after 24 hours following completion
of the provocation chewing test. NDI, PCS, HIT-6, and
VAS were used as predictor variables. Variance inflation
factors (VIFs) were calculated to determine whether there
were any multi-collinearity issues in any of the three
models.
The strength of association was examined using regression coefficients (β), P values, and adjusted R2. Standardized beta coefficients were reported for each predictor
variable included in the final reduced models to allow for
direct comparison between the predictor variables in the
regression model and the criterion variable being studied.

Pain-free MMO

MMO was measured with the patients in a supine position.
The patients were asked to open their mouths as widely as
they could without pain. The distance between the superior
incisor and the opposite inferior incisor was measured in
mm with a craniomandibular scale (CMD scale. Pat. No.
ES 1075174 U, INDCRAN: 2011. INDCRAN, Madrid,
Spain). The inter-rater reliability of this procedure has been
found to be high (ICC = 0.95 – 0.96) [42].
Sample size

The sample size was estimated with the program
G*Power 3.1.7 for Windows (G*Power© from University of
Dusseldorf, Germany) [43]. The sample size calculation was
considered as a power calculation to detect between-group
differences in the primary outcome measures (fatigue and
pain intensity). We considered 3 groups and 7 measurements for primary outcomes to obtain 80% statistical power
(1-β error probability) with an α error level probability of
0.05 using analysis of variance (ANOVA) of repeated measures, within-between interaction, and a medium effect
size of 0.3. This generated a sample size of 31 participants
per group. Allowing a dropout rate of 20% and aiming to
increase the statistical power of the results, we planned to
recruit a minimum of 112 participants to provide sufficient power to detect significant group differences.
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For regression analysis, the rule of 10 cases per variable
was applied in order to obtain reasonably stable estimates
of the regression coefficients [45]. The significance level
for all tests was set to P < 0.05.

Results
Baseline characteristics of sociodemographic, psychological,
and pain-related variables of the sample are summarized
in Table 1. Finally, the total study sample consisted of 122
participants (77 females and 45 males). Table 1 shows no
statistically significant differences among the three groups
in relation to sociodemographic variables. There were no
differences in the duration of pain and perceived pain
intensity on a regular or spontaneous basis in specific
groups of patients, but differences were observed in NDI,
PCS, and Hit-6 (p < 0.05). The different diagnoses for
TMD of the included patients were as follows: 28 patients
(33.7%) were diagnosed with myofascial pain, 8 patients
(9.6%) with arthralgia, 13 patients (15.6%) with osteoarthritis, and 34 patients (40.9%) with a combined diagnosis
(myofascial pain with arthralgia or osteoarthritis).
In the group of healthy participants, there were no
withdrawals during the provocation chewing test. In the
group of patients with moderate neck disability, nine
participants (21.9%) withdrew between minutes 5 and 6 of
the test, as did six participants in the group of patients
with mild neck disability (14.2%). All of the participants
were evaluated 24 hours after the test.

groups of patients, but in the control group, there was no
difference in this value. No differences (group vs. sex
interaction) were observed for the other variables.
Pain and fatigue

The ANOVA revealed a significant group vs. time interaction (F = 35.77; P < 0.001), and significant differences
for the group factor (F = 416.65; P < 0.001) regarding the
VAS results during the provocation chewing test. VAS
behaviour during the tests can be seen in Figure 1A. Post
hoc analysis revealed higher values on the VAS during
the provocation chewing test for the moderate neck disability group compared to the mild neck disability group
and the control group. The results obtained 24 hours
after the test showed no differences between the groups
of patients, but there were differences with the control
group (Figure 2A).
For fatigue perceived during tests, the ANOVA
showed a significant effect for group vs. time interaction
(F = 13.05; P < 0.001) and for the group factor (F = 371.12;
P < 0.001). VAFS behaviour during the tests can be seen in
Figure 1B. VAFS values were higher at 6 minutes and 24
hours after the test in the group of moderate neck disability compared with the other two groups. The post hoc
analysis shows the differences between the three groups
(Figure 2B). Table 2 shows the percentages of patients that
achieved a significant change in pain intensity and fatigue
perceived after 6 minutes of intense chewing.

Gender differences in response to provocation chewing
test

Pain-free MMO

The interaction of group vs. sex showed significant
differences in VAS (F = 10.86; P < 0.001), VAFS (F = 4.06;
P = 0.02), and PPTs of the trapezius muscle (F = 3.96;
P = 0.022). Post hoc analysis showed higher values of VAS
and VAFS in women compared to men for the three
groups (P < 0.05). PPTs in the trapezius muscle values
were lower in women than in men (P < 0.05) for the two

Regarding the pain-free MMO, ANOVA revealed a
significant effect for group vs. time interaction (F = 2.75;
P = 0.02) and for the group factor (F = 65.74; P < 0.001).
The post hoc analysis shows a decrease in the pain-free
MMO immediately after the tests for the three groups,
but for 24 hours after the test, this decrease was observed
in only the group of moderate disability (Table 3).

Table 1 Summary of demographic, pain and psychological variables
Moderate neck disability (N = 41)

Mild neck disability (N = 42)

Healthy (N = 39)

Variables

Mean ± SD

Range

Mean ± SD

Range

Mean ± SD

Range

t/F

P value

Sex (female/male)

26/15

-

25/17

-

26/13

-

-

-

Weight (kg)

69.56 ± 12.47

51-103

67.76 ± 14.03

50-97

64.84 ± 10.2

Heigth (cm)

167.56 ± 12.47

152-183

165.54 ± 12.09

150-185

169.97 ± 8.51

48-90

1.4

0.23

156-189

1.98

0.14

Age (years)

44.31 ± 10.9

22-59

40.95 ± 12.89

19-60

40.61 ± 10.01

30-65

1.3

0.27

Pain duration (months)

19.73 ± 12.66

6-60

22.19 ± 13.36

6-48

-

-

−0.8

0.39

NDI (points)

17.58 ± 2.69

15-24

11.42 ± 2.48

7-14

-

-

10.8

0.01

PCS (points)

17.09 ± 3.75

7-23

15.8 ± 4.02

7-22

5.46 ± 1.75

2-9

143

0.01

HIT-6 (points)

55.31 ± 4.9

49-65

53.16 ± 4.74

43-59

-

-

2

0.04

VAS (mm)

40.75 ± 9.17

21-58

37.04 ± 9.16

19-54

-

-

1.8

0.06

Abbreviations: NDI neck disability index, PCS pain catastrophizing scale, HIT-6 headache impact test-6, VAS Visual Analog Scale, SD standard deviation.
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Figure 1 Data represent mean value and error bars with 95% confidence intervals of the mean of the pain intensity score (A), and the
visual analogue fatigue scale scores (B). Recorded during the 6 min and 24 hours after provocation chewing test. Level of significance (multiple
comparisons for each group): Moderate disability, *P < 0.05; **P < 0.01; Mild disability, °P < 0.05; °°P < 0.01; and Healthy, ^P < 0.05; ^^P < 0.01.

Pressure pain thresholds

The PPTs for all points of the trigeminal and cervical
region showed statistically significant differences by
ANOVA in the group vs. time interaction and group
factor (P < 0.001). According to the post hoc analysis of
the PPT masseter muscle, the results showed a decrease
in all groups for measurements both immediately and 24
hours after the test (P < 0.05); however, this decrease was
greater in the group showing moderate neck disability
(d > 0.8). Changes in temporalis muscle PPT were observed in both measures for the group of moderate neck
disability (P < 0.001; d > 0.8). In the group of mild neck
disability, changes were observed only immediately after
the test (P = 0.002; d = 0.19). No changes were observed
in the group of healthy subjects (P > 0.05).
For PPT in the cervical region (trapezius muscle and
suboccipital muscles), the post hoc analysis shows a
decrease of values measured immediately and 24 hours
after the test (P < 0.001) for the group of moderate neck
disability. This decrease in PPT can be considered large
for the suboccipital region (d > 0.9) and small to medium
for the trapezius muscle (d = 0.27 and 0.61). In the group
with mild neck disability, changes were observed in only
the trapezius muscle PPT measurement immediately

after the test (P = 0.028; d = 0.09), and no statistically
significant differences were observed in any of the PPT
measurements in the cervical region in the group of
healthy subjects (P > 0.05).
Correlations analysis

Table 4 shows the results of correlation analysis examining
the bivariate relationships among self-reports for painrelated and psychological measures and MMO, VAS, and
VAFS measured immediately and 24 hours after the tests
for the groups with moderate and mild neck disability.
The strongest correlations were found in the analysis
for the group with moderate neck disability, where the
pain-free MMO immediately after the test was negatively associated with NDI (r = −0.54; P < 0.001). For the
mild neck disability group, the greater correlation was
between the MMO results after 24 hours and NDI,
which had a negative association (r = −0.49; P < 0.001).
Multiple linear regression analysis

A linear regression analysis was performed to evaluate
contributors to VAFS, VAS, and pain-free MMO after 24
hours regarding all of the self-report results for painrelated and psychological measures in the patient groups

La Touche et al. The Journal of Headache and Pain (2015) 16:20

Page 7 of 14

VAS (mm)

** (d=3.5)
** (d=1.22)

50
45
40
35
30
25
20
15
10
5
0

** (d=2.93)

** (d=1.54)
Moderate Disability

(d=0.27)

Mild Disability

** (d=1.59)

6

A

Healthy

24
Time: 6 min and 24 hours

** (d=3.16)
** (d=1.15)

60

** (d=3.47)

VAFS (mm)

50

** (d=2.47)

40

** (d=0.69)

30

Moderate Disability
Mild Disability

** (d=1.17)

Healthy

20
10
0
6

B

24
Time: 6 min and 24 hours

Figure 2 Comparison between groups of the pain intensity (A) and perceived fatigue (B) immediately (6 min) and 24 hours after
the provocation chewing test. Data represent mean value, error bars with 95% confidence intervals of the mean and effect size (d). Level of
significance: *P < 0.05; **P < 0.01.

with moderate and mild neck disability. The results are
presented in Table 5. In the first model, the criterion
variable VAFS was predicted by pain catastrophizing (for
both groups), explaining 17% and 12% of the variance,
respectively. The following variables were not significant
predictors: VAS (moderate neck disability, β = −0.001;
P = 0.10, mild neck disability, β = −0.053; P = 0.72), HIT-6
(moderate neck disability, β = 0.004; P = −0.97, mild neck
disability, β = −0.071; P = 0.63), and NDI (moderate
neck disability, β = −0.082; P = 0.59, mild neck disability,
β = −0.070; P = 0.67).
In the second model, the VAS after 24 hours was
predicted by HIT-6 (moderate neck disability group)
and pain catastrophizing (mild neck disability group),
explaining 22% and 14% of the variance, respectively.
The VAS (moderate neck disability, β = −0.27; P = 0.06,
mild neck disability, β = −0.13; P = 0.41), NDI (moderate
neck disability, β = 0.19; P = 0.17, mild neck disability,

β = 0.24; P = 0.13), and PCS (moderate neck disability,
β = 0.16; P = 0.25), and HIT-6 (mild neck disability,
β = −0.054; P = 0.71) were not significant predictors.
In a third model, the pain-free MMO was predicted by
NDI for both groups; these models accounted for between
14% and 21% of the variance. The PCS (moderate neck
disability, β = 0.20; P = 0.19, mild neck disability, β = 0.13;
P = 0.39), the VAS (moderate neck disability, β = −0.34;
P = 0.85, mild neck disability, β = −0.26; P = 0.13), and
HIT-6 (moderate neck disability, β = −0.24; P = −0.066,
mild neck disability, β = 0.20; P = 0.64) were not significant
predictors.

Discussion
The results of this study demonstrate that a protocol of
masticatory provocation can induce pain, fatigue, and
other masticatory sensory-motor changes in patients with
headache attributed to TMD disorders. Our findings are

Table 2 Changes in pain intensity and perception of fatigue immediate after experimental chewing test
Pain intensity

Perception of fatigue

% of participants (N)

% of participants (N)

Moderate neck disability

Mild neck disability

Healthy

Moderate neck disability

Mild neck disability

Increase

100% (41)

92.8% (39)

60.5% (23)

100% (41)

97.6% (41)

Healthy
84.2% (32)

No change

0% (0)

7.14% (3)

39.5% (15)

0% (0)

2.3% (1)

15.8% (6)
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Table 3 Descriptive data and multiple comparisons of the assessed variables
Mean ± SD

Mean difference
(95% CI) effect size (d)

Group

Baseline

Immediately after

After 24 hours

a) Base vs. immediately

Moderate Neck Disability

42.43 ± 2.75

40.65 ± 2.01

41.85 ± 2.19

a) 1.89 (1.39 to 2.39)**; d = 0.74

Mild Neck Disability

43.61 ± 2.87

42 ± 2.18

43.26 ± 2.68

a) 1.56 (1.09 to 2.07)**; d = 0.63

Healthy

50 ± 4.46

49.05 ± 3.95

49.87 ± 4.57

a) 0.76 (0.24 to 1.29)*; d = 0.22

Moderate Neck Disability

1.9 ± 0.21

1.02 ± 0.17

0.88 ± 0.2

a) 0.89 (0.79 to 0.99)** d = 4.66

Mild Neck Disability

2.01 ± 0.34

1.44 ± 0.28

1.57 ± 0.34

a) 0.57 (0.48 to 0.67)** d = 1.82

Healthy

2.85 ± 0.58

2.39 ± 0.52

2.7 ± 0.51

a) 0.45 (0.35 to 0.56)** d = 0.84

Moderate Neck Disability

1.99 ± 0.19

1.55 ± 0.25

1.62 ± 0.23

a) 0.44 (0.39 to 0.49)** d = 2.06

Mild Neck Disability

2.12 ± 0.35

2.05 ± 0.37

2.04 ± 0.45

a) 0.07 (0.02 to 0.12)** d = 0.19

Healthy

3.31 ± 0.83

3.26 ± 0.82

3.27 ± 0.84

a) 0.04 (−0.001to 0.1) d = 0.06

Moderate Neck Disability

2.39 ± 0.44

1.65 ± 0.36

1.47 ± 0.32

a) 0.78 (0.7 to 0.85)** d = 1.86

Mild Neck Disability

2.14 ± 0.57

2.06 ± 0.55

2.22 ± 0.57

a) 0.07 (−0.00 to 0.15) d = 0.14

Healthy

3.15 ± 0.56

3.09 ± 0.55

3.18 ± 0.59

a) 0.06 (−0.01 to 0.14) d = 0.1

Moderate Neck Disability

2.62 ± 0.49

2.33 ± 0.47

2.49 ± 0.45

a) 0.28 (0.24 to 0.33)** d = 0.61

Mild Neck Disability

2.68 ± 0.62

2.62 ± 0.63

2.63 ± 0.58

a) 0.04 (0.00 to 0.09)* d = 0.09

Healthy

3.54 ± 1

3.51 ± 0.97

3.53 ± 0.94

a)0.01 (−0.03 to 0.06) d = 0.03

b) Base vs. 24 h
MMO (mm)
b) 0.6 (0.02 to 1.17)*; d = 0.26
b) 0.36 (−0.01 to 0.75); d = 0.12
b) 0.09 (−0.32 to 0.51); d = 0.02
PPT. Masseter
b) 1.03 (0.94 to 1.13)** d = 5.03
b) 0.44 (0.35 to 0.53)** d = 1.29
b) 0.13 (0.03 to 0.23)* d = 0.27
PPT. Temporalis
b) 0.37 (0.25 to 0.49)** d = 1.77
b) 0.09 (−0.02 to 0.2) d = 0.20
b) 0.06 (−0.05 to 0.19) d = 0.04
PPT. Suboccipital
b) 0.95 (0.83 to 1.07)** d = 2.42
b) -0.11 (−0.23 to 0.00)* d = 0.14
b) -0.01 (−0.13 to 0.11) d = 0.05
PPT. Trapezius
b) 0.14 (0.08 to 0.2)** d = 0.27
b) 0.04 (−0.01 to 0.1) d = 0.08
b) -0.01 (−0.05 to 0.07) d = 0.01
**p < 0.01; *p < 0.05.
Abbreviations: MMO maximal mouth opening, PPT pressure pain threshold, SD standard deviation.

consistent with previous studies that also observed sensory changes induced experimentally by the masticatory
provocation test [31,46-48]. The duration of the masticatory provocation test used in our study was similar to
other investigations [31,47,49]. However, some studies
have used longer or shorter durations for the masticatory
test, reporting significant changes in both situations for
both patients and healthy subjects [32,46,48,50-52]. It is
important to mention that group changes were found in
the healthy subjects, but these were smaller than in the
other groups, which could be explained by the observation

that exercise can induce pain and hyperalgesia [53]. The
ability of the masticatory test to provoke pain and fatigue
has been proven in several studies, and it is well accepted
in both healthy subject and patients with TMD, myofascial
pain, or whiplash [31,32,47,51].
We have found a great percentage of subjects in the
patient groups with increased intensity of perceived pain
and fatigue. However, in the control group with healthy
subjects, the increment occurred in a lower percentage
of patients, and a significant percentage of patients
had no changes. This last point agrees with previous
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Table 4 Pearson’s correlation coefficient between the different variables analyzed in the study
Groups
Moderate neck disability

NDI

Mild neck disability
Moderate neck disability

PCS

Mild neck disability
Moderate neck disability

HIT-6

Mild neck disability
Moderate neck disability
Mild neck disability

VAS

VAS 6 min

VAS 24 h

VAFS 6 min

VAFS 24 h

MMO immediately after

MMO 24 h

0.49**

0.28

0.40**

0.07

−0.54**

−0.40**

0.02

0.37*

0.02

0.21

−0.48**

−0.49**

0.10

0.24

0.17

0.44**

0.03

0.04

0.08

0.40**

0.01

0.38*

−0.17

−0.09

0.41**

0.48**

0.27

0.07

−0.12

−0.31*

−0.11

−0.03

0.30

−0.04

−0.13

−0.12

−0.08

0.39*

0.49**

0.16

−0.23

−0.25

−0.08

0.17

−0.17

0.11

−0.39*

−0.47**

**p < 0.01; *p < 0.05.
Abbreviations: NDI neck disability index, PCS pain catastrophizing scale, HIT-6 headache impact test-6, VAS visual analog scale, VAFS visual analog fatigue scale,
MMO maximal mouth opening.

literature that also found a reduction of pain after the
test [46,48].
In this regard, our findings show strong positive correlations between fatigue and perceived pain associated with
the masticatory provocation test in the three assessed
groups. These results may generally explain the observed
sensory-motor changes, although they are not sufficient to
justify either the between-groups differences or the influence of neck-pain-related disability. Reflections and discussion of these issues are presented in the following section
in an effort to achieve a better understanding of the matter.
One of the hypotheses is that neck-pain-related disability has an influence over the masticatory sensory-motor
variables and modifies them. The results support this
hypothesis, because we observed greater changes in the
moderate disability group immediately and 24 hours after
the test. In addition, it was hypothesized that the psychosocial factors would have a relationship with the results of
the masticatory provocation test and specifically with the
pain and fatigue variables. This relationship was proven
after observing an association with pain catastrophizing.
Gender differences

Our data show that gender influences the results of the
three groups regarding pain perception and fatigue during

the test. Women presented greater perception of pain
intensity and masticatory fatigue. These results are consistent with previous studies of experimentally induced
pain in patients [47] and healthy subjects [31,52]; however,
other investigations have not observed the interaction of
gender factors with experimentally induced pain or masticatory fatigue [49,54]. This research has not been designed
to identify the physiological or psychological mechanisms,
which may explain the differences in the results of men
and women. However, it is important to state that there
are many studies which present evidence-based results
regarding the response that women have to other painful
clinical situations, adding to the evidence of experimentally induced pain studies indicating that women have
a greater pain sensitivity than men regarding several
somatosensory tests [55].
Influence of neck-pain-related disability over the
masticatory sensory-motor activity

We have identified that patients with mild to moderate
neck-pain-related disability present greater perception
levels of pain and fatigue compared with healthy subjects.
It is important to mention that the group with moderate
disability presented the greatest changes in the sensorial
variables measured during the test, immediately after, and

Table 5 Multiple linear regression analysis
Criterion variable

Predictor variables

Regression coefficient (B)

Standardized coefficient (β)

Significance (p)

VIF

Adjusted R2

0.84

0.44

0.004

1.00

0.17

Moderate neck disability
VAFS24

PCS

VAS24

HIT-6

0.93

0.48

0.001

1.00

0.22

MMO24

NDI

−0.35

−0.40

0.01

1.12

0.14

VAFS24

PCS

0.98

0.38

0.013

1.00

0.12

VAS24

PCS

0.67

0.40

0.009

1.00

0.14

MMO24

NDI

−0.53

−0.49

0.001

1.00

0.21

Mild neck disability

Abbreviations: NDI neck disability index, PCS pain catastrophizing scale, HIT-6 headache impact test-6, VAS visual analog scale, VAFS visual analog fatigue scale,
MMO maximal mouth opening, 24 24 hours after of tests.
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24 hours later, with the exception of the pain intensity
perception after 24 hours, in which no statistically significant differences were found between groups. Although
there are many studies that have used a provocative test to
induce masticatory pain and fatigue, we have only found
one study similar to ours, in which Haggman-Henrikson
et al. [47] observed that patients with whiplash-associated
disorders presented greater masticatory pain and fatigue
induced by the test compared to TMD patients and
healthy subjects.
Injuries to the cervical region may alter the masticatory
motor control and normal mandibular open-close function [56-58]. The findings of this study may be related to
this issue, because the results show that the masticatory
provocation test reduces the pain-free MMO at the end of
the test in all three groups assessed. These results are
similar to previous studies [31,59]. However, the reduction
was greater in both patient groups, and it was maintained
at 24 hours in only the moderate disability group. Also,
the regression analysis showed that neck-pain-related
disability is a predictor of the pain-free MMO (after 24
hours) in both groups of patients.
Several authors suggest that nociceptive and motor
alterations of the cervical and craniofacial regions could
be explained by an anatomical and physiological convergence phenomenon of trigeminal and cervical nociceptive afferents converging in the spinal trigeminal nucleus
and the upper cervical segments [60,61], which has been
called the trigeminocervical complex (TCC). Evidence
from basic studies on animals have demonstrated this
phenomenon of convergence [60-66], and there is also
evidence of this mechanism in humans [67,68]. The
TCC can be sensitized by nociceptive primary afferents
from the masseter muscle and TMJ [69-72], and it has
also been described that the primary nociceptive afferents
from the skin and neck muscles are able to excite neurons
at the TCC [65,66,73]. In the sensitization process, efferent
outputs that involve connections between motor neurons
and neural nociceptive afferents occur, which in turn generate motor responses [74,75]. At present, the scientific
evidence suggests the existence of cervical and trigeminal
motor patterns that act in a coordinated manner in the
performance of masticatory activities (chewing) [76-79].
Recent studies also support that the neck muscles are activated during jaw-clenching tasks assessed electromyographically [80-82]. It seems that the activity of the neck
muscles is increased with greater demand for masticatory
work [83].
As a contributing factor in patients with headache
attributed to TMD, the presence of neck pain must be
considered, since it can lead to lower values of trigeminal
PPTs compared to healthy subjects [84]. We obtained
decreased PPTs in the trigeminal and cervical regions,
noting that the PPT changes were higher in the patient
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groups, and that most changes in the cervical PPTs at
24 hours occurred in the group of moderate neck-painrelated disability. Although we believe that there may
be a direct relationship of the masticatory sensory-motor
changes with cervical pain and disability, we must also
consider the possibility that the changes seen in patients
could have been mainly influenced by pre-established neuroplastic changes in the central nervous system. Patients
with chronic pain may be more susceptible to develop a
central sensitization process [85]. Wolf et al. suggest that
painful conditions where there is a comorbidity, such as in
the sample of patients in this study, can be a determining
factor in the pathophysiology of central sensitization [86].
In relation to this, Gaff-Radford proposed that in central
sensitization, changes appear in afferent pathways that
enable the communication of cervical and orofacial nociceptive neurons in the trigeminal nucleus [87]. In
addition, there are many studies on TMD patients that
have found peripheral and central mechanisms compatible with a process of central sensitization [88-94].
Influence of pain catastrophizing over masticatory
sensory-motor activity

We have used self-reports of psychological and painrelated variables to identify possible associations with
sensory-motor variables. Through linear regression analysis, we have observed that pain catastrophizing and the
impact of headache on the quality of life (HIT-6) were
associated with the pain perception and fatigue variables
24 hours after performing the masticatory provocation
test. Specifically, analysing the pain catastrophizing as a
psychological factor resulted in a predictor for fatigue at
24 hours after the test in the moderate neck-pain-related
disability group. In the mild disability group, it was a
predictor for perceived neck-pain-related disability and
fatigue after 24 hours.
Pain catastrophizing is defined as a cognitive factor that
implies a mental negative perception or exaggeration of
the perceived threat of either a real or anticipated pain
experience [95,96]. It has been described that in patients
with TMD, catastrophizing contributes to the chronification of pain and disability [22]. It has also been associated
with a greater use of health system services, greater
clinical findings at assessment associated with a negative
mood [24,25], and alterations of the functional mandibular
status [1]. Regarding the perceived fatigue and pain catastrophizing, we did not find any clinical or experimental
trials that have examined their association in patients with
craniofacial pain and TMD, but we found one study
researching the relationship of pain catastrophizing with
masticatory kinematic variables (i.e., amplitude, velocity,
frequency cycle), which were measured with a procedure
using very short exposure times (15 seconds of chewing)
[16]. In this study, no associations of the kinematic
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variables measured with respect to catastrophism were
observed; however, we must take into account that the
purpose of the previous study was not to induce pain or
fatigue to observe the response, as we did in this research.
It is important to note that a recent systematic review
concluded that there is an association between catastrophizing and fatigue, and that the former influences the
latter proportionately. These results were observed in various clinical populations [97]. This has also been demonstrated in other musculoskeletal disorders where pain
catastrophizing is associated with motor disturbances,
such as decreased function, performance of activities of
daily living, and limitation of exercise capacity [98-100].
The relationship between psychological factors, motor
activity, and pain seems to be present in various cases of
musculoskeletal pain, but the explanation for this is
complex and limited so far. Peck et al. [101] and Murray
and Peck [102] proposed a possible explanation for this
and created a new Integrated Pain Adaptation Model
(IPAM). This model basically explains that the influence
of pain on motor activity depends on the interaction of
multidimensional characteristics (biological and psychosocial) of pain with the sensory-motor system of an
individual, which results in a new motor recruitment
strategy to minimize pain. However, this motor response
may be associated with the appearance of other pain or
worsening of the existing pain [101,102]. This model is
based on the multidimensional features (sensory discriminative, affective-emotional, cognitive) of the pain experience and how they affect the sensory-motor system
through the peripheral and central connections that this
system has with the autonomous nervous system, limbic
system, and other higher centres [101,103].
Clinical and scientific implications

The results showed that neck pain and disability can
influence sensory and motor variables of the masticatory
system. These findings lead us to reflect on the importance of including a clinically specific assessment of the
cervical region in the diagnostic protocols for TMD and
headache attributed to TMD. It is noteworthy that the
most commonly used diagnostic and classification methods
for patients with TMD do not include a specific assessment
of neck pain and disability [4,28,104]. A diagnostic criterion
observed recently in patients with headache attributed to
TMD is that mandibular movement, function, or parafunction modify headache in the temporal region [5]. We
have observed an association between neck-pain-related
disability and pain-free MMO, and we have also found
that patients with greater neck disability have increased
fatigue and pain induced by the masticatory test. These
findings lead us to assume that the cervical region may
have an important role for this type of headache, but this
has to be confirmed in future research, as these data can
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be extrapolated only to patients with this type of headache
who also have neck disability.
From the perspective of treatment, we propose an
approach to reduce cervical pain and disability as part of
the overall therapeutic strategy, which could be beneficial
to reduce the negative sensory symptoms and improve
masticatory motor control. We believe that this approach
should be investigated in future studies, but it must be
taken into account that we have recent evidence that
therapeutic exercise and manual therapy to the cervical
region produce positive effects on pain modulation in
trigeminal areas and improving pain-free MMO [30,105].
This study and other longitudinal or transversal studies has shown the influence of psychosocial factors on
patients with TMD [20,106,107]. Specifically, our results
show an association between catastrophizing and perceived
fatigue induced by the masticatory activity. This finding
shows the interaction between sensory-type variables
with psychological variables, which should be considered
a crucial issue when assessing or designing therapeutic
interventions. In patients with chronic pain, it is essential
to recognize psychosocial factors that may be perceived as
obstacles to recovery [108]. Achieving a reduction of pain
catastrophizing is the best predictor of successful rehabilitation in pain conditions [109].
The integration of a biopsychosocial perspective in clinical reasoning and decision making could be a key point
in the management of pain and motor rehabilitation of
patients with headache attributed to TMD. It has been
shown that cognitive behavioural therapy reduces pain
intensity and depressive symptoms, improves chewing
function [110], and reduces pain catastrophizing in patients
with chronic TMD [111]. Furthermore, it has been found
that it causes neuroplastic adaptive changes associated
with decreased pain catastrophism in cases of chronic
pain [112]. Prescribing therapeutic exercise may be a good
alternative to take into consideration. It has been observed
that exercise causes a reduction of catastrophizing and
depressive symptoms, and these results were similar to
cognitive behavioural therapy in patients with chronic
lower back pain [113].
Limitations

Although the sample size was calculated to have adequate
power and further losses were less than 20%, the results
were not compared with a group with headache attributed
to TMD but without the presence of neck pain and disability. Extrapolating the results to a clinical population
would require similar future studies to be implemented
using patient sample protocols with and without neck
pain and disability. Another limitation to consider is that
pain catastrophizing was only psychological variable
assessed. It would be interesting to investigate the association of other variables such as anxiety, depression,
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kinesiophobia, and self-efficacy with masticatory sensorymotor variables.
More variables are needed to better quantify the sensorymotor system activity, such as electromyography, jawstretch reflex, and temporal summation. The only motor
variable measured was pain-free MMO, but other kinematic variables should be taken into consideration in future
research, as they may provide more information about the
motor system. Moreover, we believe that measuring motor
variables of the cervical region could also be useful to
analyse possible correlations with masticatory variables.
Another limitation is related to the of TMD-related
disability measurements, which could influence the performance of the provocation test. At the time that the
study was performed, there was no TMD disability index
in Spanish, but one has been developed [1].

Conclusion
The results of this study suggest that neck pain and disability have an influence on the sensory-motor variables
evaluated in patients with headache attributed to TMD.
In particular, patients with moderate neck disability
showed greater changes immediately and 24 hours after
the masticatory provocation test. Our data provide new
evidence about the possible neurophysiologic mechanisms of interaction between the craniocervical region
and the craniomandibular region. Regarding pain catastrophizing, an association with perceived masticatory
fatigue in both patient groups was observed. These findings support the need to recognize the interaction between sensory-motor and psychological aspects of
headache attributed to TMD rather than assessing them
isolation.
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
RL, AP, AG, JF participated in the study design, manuscript preparation and
editing and data acquisition. JP, SA, RL participated in the performed the
statistical analysis, database management and manuscript preparation. All
authors read and approved the final manuscript.
Author details
1
Department of Physiotherapy, Faculty of Health Science, The Center for
Advanced Studies University La Salle, Universidad Autónoma de Madrid,
Aravaca, Madrid, Spain. 2Motion in Brains Research Group, The Center for
Advanced Studies University La Salle, Universidad Autónoma de Madird,
Aravaca, Madrid, Spain. 3Institute of Neuroscience and Craniofacial Pain
(INDCRAN), Madrid, Spain. 4Hospital La Paz Institute for Health Research,
IdiPAZ, Madrid, Spain. 5Faculty of Medicine, Universidad San Pablo CEU,
Madrid, Spain. 6Department of Physical Therapy, Occupational Therapy,
Rehabilitation and Physical Medicine, Universidad Rey Juan Carlos, Alcorcón,
Madrid, Spain.
Received: 3 November 2014 Accepted: 4 February 2015

Page 12 of 14

References
1. La Touche R, Pardo-Montero J, Gil-Martínez A, Paris-Alemany A,
Angulo-Díaz-Parreño S, Suárez-Falcón JC, Lara-Lara M,
Fernández-Carnero J (2014) Craniofacial pain and disability inventory
(CF-PDI): development and psychometric validation of a new
questionnaire. Pain Physician 17:95–108
2. Olivo SA, Fuentes J, Major PW, Warren S, Thie NMR, Magee DJ (2010)
The association between neck disability and jaw disability. J Oral Rehabil
37:670–679, doi:10.1111/j.1365-2842.2010.02098.x
3. Headache Classification Committee of the International Headache Society (HIS).
(2013) The International Classification of Headache Disorders, 3rd edition (beta
version). Cephalalgia 33:629–808. doi:10.1177/0333102413485658
4. Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet JP, List T,
Svensson P, Gonzalez Y, Lobbezoo F, Michelotti A, Brooks SL, Ceusters W,
Drangsholt M, Ettlin D, Gaul C, Goldberg LJ, Haythornthwaite JA, Hollender
L, Jensen R, John MT, De Laat A, de Leeuw R, Maixner W, van der Meulen
M, Murray GM, Nixdorf DR, Palla S, Petersson A, Pionchon P, et al. (2014)
Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) for clinical
and research applications: recommendations of the International RDC/TMD
consortium network and orofacial pain special interest group†. J Oral Facial
Pain Headache 28:6–27
5. Schiffman E, Ohrbach R, List T, Anderson G, Jensen R, John MT, Nixdorf D,
Goulet JP, Kang W, Truelove E, Clavel A, Fricton J, Look J (2012) Diagnostic
criteria for headache attributed to temporomandibular disorders.
Cephalalgia 32:683–692, doi:10.1177/0333102412446312
6. Winocur E, Gavish A, Finkelshtein T, Halachmi M, Gazit E (2001) Oral habits
among adolescent girls and their association with symptoms of
temporomandibular disorders. J Oral Rehabil 28:624–629
7. Gavish A, Halachmi M, Winocur E, Gazit E (2000) Oral habits and their
association with signs and symptoms of temporomandibular disorders in
adolescent girls. J Oral Rehabil 27:22–32
8. Bevilaqua-Grossi D, Chaves TC, de Oliveira AS, Monteiro-Pedro V (2006)
Anamnestic index severity and signs and symptoms of TMD. Cranio
24:112–118
9. Wänman A, Agerberg G (1986) Relationship between signs and symptoms
of mandibular dysfunction in adolescents. Community Dent Oral Epidemiol
14:225–230
10. Mao J, Stein RB, Osborn JW (1993) Fatigue in human jaw muscles: a review.
J Orofac Pain 7:135–142
11. Svensson P, Graven-Nielsen T (2001) Craniofacial muscle pain: review of
mechanisms and clinical manifestations. J Orofac Pain 15:117–145
12. Lobbezoo F, van Selms MKA, Naeije M (2006) Masticatory muscle pain and
disordered jaw motor behaviour: literature review over the past decade.
Arch Oral Biol 51:713–720, doi:10.1016/j.archoralbio.2006.03.012
13. Kurita H, Ohtsuka A, Kurashina K, Kopp S (2001) Chewing ability as a
parameter for evaluating the disability of patients with temporomandibular
disorders. J Oral Rehabil 28:463–465
14. De Leeuw R, Studts JL, Carlson CR (2005) Fatigue and fatigue-related
symptoms in an orofacial pain population. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 99:168–174, doi:10.1016/j.tripleo.2004.03.001
15. Boggero IA, Kniffin TC, de Leeuw R, Carlson CR (2014) Fatigue mediates the
relationship between pain interference and distress in patients with
persistent orofacial pain. J Oral Facial Pain Headache 28:38–45
16. Brandini D, Benson J, Nicholas MK, Murray GM, Peck CC (2011) Chewing in
temporomandibular disorder patients: an exploratory study of an
association with some psychological variables. J Orofac Pain 25:56–67
17. Palla S (2011) Biopsychosocial pain model crippled? J Orofac Pain
25:289–290
18. Gatchel RJ, Peng YB, Peters ML, Fuchs PN, Turk DC (2007) The
biopsychosocial approach to chronic pain: scientific advances and future
directions. Psychol Bull 133:581–624, doi:10.1037/0033-2909.133.4.581
19. List T, John MT, Ohrbach R et al (2012) Influence of temple headache
frequency on physical functioning and emotional functioning in subjects
with temporomandibular disorder pain. J Orofac Pain 26:83–90
20. Fillingim RB, Ohrbach R, Greenspan JD, Knott C, Dubner R, Bair E, Baraian C,
Slade GD, Maixner W (2011) Potential psychosocial risk factors for chronic
TMD: descriptive data and empirically identified domains from the OPPERA
case–control study. J Pain 12:T46–T60, doi:10.1016/j.jpain.2011.08.007
21. Buenaver LF, Quartana PJ, Grace EG, Sarlani E, Simango M, Edwards RR,
Haythornthwaite JA, Smith MT (2012) Evidence for indirect effects of pain
catastrophizing on clinical pain among myofascial temporomandibular

La Touche et al. The Journal of Headache and Pain (2015) 16:20

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.
32.
33.
34.

35.

36.

37.

38.

39.
40.

41.

42.

disorder participants: the mediating role of sleep disturbance. Pain
153:1159–1166, doi:10.1016/j.pain.2012.01.023
Velly AM, Look JO, Carlson C, Lenton PA, Kang W, Holcroft CA, Fricton JR (2011)
The effect of catastrophizing and depression on chronic pain–a prospective
cohort study of temporomandibular muscle and joint pain disorders. Pain
152:2377–2383, doi:10.1016/j.pain.2011.07.004
Quartana PJ, Buenaver LF, Edwards RR, Klick B, Haythornthwaite JA, Smith MT
(2010) Pain catastrophizing and salivary cortisol responses to laboratory pain
testing in temporomandibular disorder and healthy participants. J Pain
11:186–194, doi:10.1016/j.jpain.2009.07.008
Turner JA, Brister H, Huggins K, Mancl L, Aaron LA, Truelove EL (2005)
Catastrophizing is associated with clinical examination findings, activity
interference, and health care use among patients with temporomandibular
disorders. J Orofac Pain 19:291–300
Turner JA, Dworkin SF, Mancl L, Huggins KH, Truelove EL (2001) The roles of
beliefs, catastrophizing, and coping in the functioning of patients with
temporomandibular disorders. Pain 92:41–51
Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP
(2008) The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting observational
studies. J Clin Epidemiol 61:344–349, doi:10.1016/j.jclinepi.2007.11.008
Dworkin SF, LeResche L (1992) Research diagnostic criteria for
temporomandibular disorders: review, criteria, examinations and
specifications, critique. J Craniomandib Disord 6:301–355
Schiffman EL, Ohrbach R, Truelove EL, Tai F, Anderson GC, Pan W,
Gonzalez YM, John MT, Sommers E, List T, Velly AM, Kang W, Look JO (2010)
The research diagnostic criteria for temporomandibular disorders. V:
methods used to establish and validate revised axis I diagnostic algorithms.
J Orofac Pain 24:63–78
Vernon H, Mior S (1991) The Neck Disability Index: a study of reliability and
validity. J Manipulative Physiol Ther 14:409–415
La Touche R, París-Alemany A, Mannheimer JS, Angulo-Díaz-Parreño S, Bishop
MD, Lopéz-Valverde-Centeno A, von Piekartz H, Fernández-Carnero J. (2012)
Does mobilization of the upper cervical spine affect pain sensitivity and
autonomic nervous system function in patients with cervico-craniofacial pain?:
A randomized-controlled trial. Clin J Pain. doi:10.1097/AJP.0b013e318250f3cd
Karibe H, Goddard G, Gear RW (2003) Sex differences in masticatory muscle
pain after chewing. J Dent Res 82:112–116
Farella M, Bakke M, Michelotti A, Martina R (2001) Effects of prolonged gum
chewing on pain and fatigue in human jaw muscles. Eur J Oral Sci 109:81–85
Sullivan MJL, Bisop SC, Pivik J (1995) The pain catastrophizing scale:
development and validation. Psychol Assess 7:524–532
García Campayo J, Rodero B, Alda M, Sobradiel N, Montero J, Moreno S
(2008) Validation of the Spanish version of the Pain Catastrophizing Scale in
fibromyalgia. Med Clin (Barc) 131:487–492
Andrade Ortega JA, Delgado Martínez AD, Almécija Ruiz R (2010) Validation
of the Spanish version of the neck disability index. Spine (Phila Pa 1976)
35:E114–E118
Bjorner JB, Kosinski M, Ware JE (2003) Calibration of an item pool for
assessing the burden of headaches: an application of item response theory
to the headache impact test (HIT). Qual Life Res 12:913–933
Gandek B, Alacoque J, Uzun V, Andrew-Hobbs M, Davis K (2003) Translating
the short-form Headache Impact Test (HIT-6) in 27 countries:
methodological and conceptual issues. Qual Life Res 12:975–979
Martin M, Blaisdell B, Kwong JW, Bjorner JB (2004) The Short-Form Headache
Impact Test (HIT-6) was psychometrically equivalent in nine languages. J
Clin Epidemiol 57:1271–1278, doi:10.1016/j.jclinepi.2004.05.004
Bijur PE, Silver W, Gallagher EJ (2001) Reliability of the visual analog scale for
measurement of acute pain. Acad Emerg Med 8:1153–1157
Tseng BY, Gajewski BJ, Kluding PM (2010) Reliability, responsiveness, and
validity of the visual analog fatigue scale to measure exertion fatigue in
people with chronic stroke: a preliminary study. Stroke Res Treat.
doi:10.4061/2010/412964
Walton DM, Macdermid JC, Nielson W, Teasell RW, Chiasson M, Brown L
(2011) Reliability, standard error, and minimum detectable change of clinical
pressure pain threshold testing in people with and without acute neck
pain. J Orthop Sports Phys Ther 41:644–650, doi:10.2519/jospt.2011.3666
Beltran-Alacreu H, Lopez-de-Uralde-Villanueva I, Paris-Alemany A,
Angulo-Díaz-Parreño S, La Touche R (2014) Intra-rater and Inter-rater
reliability of mandibular range of motion measures considering a neutral
craniocervical position. J Phys Ther Sci 26:1–6

Page 13 of 14

43. Faul F, Erdfelder E, Lang A-G, Buchner A (2007) G Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behav
Res Methods 39:175–191
44. Statistical power analysis for the behavioral sciences. Lawrence Erlbaum
Associates Inc. Ed Hillsdale.
45. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein ARA (1996) A
simulation study of the number of events per variable in logistic regression
analysis. J Clin Epidemiol 49:1373–1379
46. Gavish A, Winocur E, Menashe S, Halachmi M, Eli I, Gazit E (2002)
Experimental chewing in myofascial pain patients. J Orofac Pain 16:22–28
47. Haggman-Henrikson B, Osterlund C, Eriksson P-O (2004) Endurance during
Chewing in Whiplash-associated Disorders and TMD. J Dent Res 83:946–950,
doi:10.1177/154405910408301211
48. Dao TTT, Lund JP, Lavigne GJ (1994) Pain responses to experimental
chewing in myofascial pain patients. doi:10.1177/00220345940730060601
49. Van Selms MKA, Wang K, Lobbezoo F, Svensson P, Arendt-Nielsen L, Naeije M
(2005) Effects of masticatory muscle fatigue without and with experimental
pain on jaw-stretch reflexes in healthy men and women. Clin Neurophysiol
116:1415–1423, doi:10.1016/j.clinph.2005.02.017
50. Koutris M, Lobbezoo F, Naeije M, Wang K, Svensson P, Arendt-Nielsen L,
Farina D (2009) Effects of intense chewing exercises on the masticatory
sensory-motor system. J Dent Res 88:658–662, doi:10.1177/0022034509338573
51. Christensen LV, Tran KT, Mohamed SE (1996) Gum chewing and jaw muscle
fatigue and pains. J Oral Rehabil 23:424–437
52. Plesh O, Curtis DA, Hall LJ, Miller A (1998) Gender difference in jaw pain
induced by clenching. J Oral Rehabil 25:258–263
53. Yokoyama T, Lisi TL, Moore SA, Sluka KA (2007) Muscle fatigue increases the
probability of developing hyperalgesia in mice. J Pain 8:692–699,
doi:10.1016/j.jpain.2007.05.008
54. Koutris M, Lobbezoo F, Sümer NC, Atiş ES, Türker KS, Naeije M (2013) Is
myofascial pain in temporomandibular disorder patients a manifestation of
delayed-onset muscle soreness? Clin J Pain 29:712–716, doi:10.1097/
AJP.0b013e318270fa59
55. Fillingim RB, King CD, Ribeiro-Dasilva MC, Rahim-Williams B, Riley JL (2009)
Sex, gender, and pain: a review of recent clinical and experimental findings.
J Pain 10:447–485, doi:10.1016/j.jpain.2008.12.001
56. Eriksson P-O, Zafar H, Häggman-Henrikson B (2004) Deranged jaw-neck
motor control in whiplash-associated disorders. Eur J Oral Sci 112:25–32
57. Eriksson P-O, Häggman-Henrikson B, Zafar H (2007) Jaw-neck dysfunction in
whiplash-associated disorders. Arch Oral Biol 52:404–408, doi:10.1016/j.
archoralbio.2006.12.016
58. Zafar H, Nordh E, Eriksson P-O (2006) Impaired positioning of the gape in
whiplash-associated disorders. Swed Dent J 30:9–15
59. Svensson P, Burgaard A, Schlosser S (2001) Fatigue and pain in human jaw
muscles during a sustained, low-intensity clenching task. Arch Oral Biol
46:773–777
60. Piovesan EJ, Kowacs PA, Oshinsky ML (2003) Convergence of cervical and
trigeminal sensory afferents. Curr Pain Headache Rep 7:377–383
61. Bartsch T, Goadsby PJ (2003) The trigeminocervical complex and migraine:
current concepts and synthesis. Curr Pain Headache Rep 7:371–376
62. Bartsch T, Goadsby PJ (2002) Stimulation of the greater occipital nerve induces
increased central excitability of dural afferent input. Brain 125:1496–1509
63. Hu JW, Yu XM, Vernon H, Sessle BJ (1993) Excitatory effects on neck and jaw
muscle activity of inflammatory irritant applied to cervical paraspinal tissues.
Pain 55:243–250
64. Yu XM, Sessle BJ, Vernon H, Hu JW (1995) Effects of inflammatory irritant
application to the rat temporomandibular joint on jaw and neck muscle
activity. Pain 60:143–149
65. Bartsch T, Goadsby PJ (2003) Increased responses in trigeminocervical
nociceptive neurons to cervical input after stimulation of the dura mater.
Brain 126:1801–1813, doi:10.1093/brain/awg190
66. Sessle BJ, Hu JW, Amano N, Zhong G (1986) Convergence of cutaneous,
tooth pulp, visceral, neck and muscle afferents onto nociceptive and
non-nociceptive neurones in trigeminal subnucleus caudalis (medullary
dorsal horn) and its implications for referred pain. Pain 27:219–235
67. Piovesan EJ, Kowacs PA, Tatsui CE, Lange MC, Ribas LC, Werneck LC (2001)
Referred pain after painful stimulation of the greater occipital nerve in
humans: evidence of convergence of cervical afferences on trigeminal
nuclei. Cephalalgia 21:107–109
68. Busch V, Jakob W, Juergens T, Schulte-Mattler W, Kaube H, May A (2006)
Functional connectivity between trigeminal and occipital nerves revealed

La Touche et al. The Journal of Headache and Pain (2015) 16:20

69.

70.

71.

72.

73.

74.
75.
76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.
87.
88.

89.

90.

by occipital nerve blockade and nociceptive blink reflexes. Cephalalgia
26:50–55, doi:10.1111/j.1468-2982.2005.00992.x
Shigenaga Y, Sera M, Nishimori T, Suemune S, Nishimura M, Yoshida A,
Tsuru K (1988) The central projection of masticatory afferent fibers to the
trigeminal sensory nuclear complex and upper cervical spinal cord. J Comp
Neurol 268:489–507, doi:10.1002/cne.902680403
Cairns BE, Sessle BJ, Hu JW (2001) Characteristics of glutamate-evoked
temporomandibular joint afferent activity in the rat. J Neurophysiol
85:2446–2454
Cairns BE, Gambarota G, Svensson P, Arendt-Nielsen L, Berde CB (2002)
Glutamate-induced sensitization of rat masseter muscle fibers. Neuroscience
109:389–399
Nishimori T, Sera M, Suemune S, Yoshida A, Tsuru K, Tsuiki Y, Akisaka T,
Okamoto T, Dateoka Y, Shigenaga Y (1986) The distribution of muscle
primary afferents from the masseter nerve to the trigeminal sensory nuclei.
Brain Res 372:375–381
Le Doaré K, Akerman S, Holland PR, Lasalandra MP, Bergerot A, Classey JD,
Knight YE, Goadsby PJ (2006) Occipital afferent activation of second order
neurons in the trigeminocervical complex in rat. Neurosci Lett 403:73–77,
doi:10.1016/j.neulet.2006.04.049
Sessle BJ (2002) Recent insights into brainstem mechanisms underlying
craniofacial pain. J Dent Educ 66:108–112
Bartsch T (2005) Migraine and the neck: new insights from basic data. Curr
Pain Headache Rep 9:191–196
Eriksson PO, Zafar H, Nordh E (1998) Concomitant mandibular and head-neck
movements during jaw opening-closing in man. J Oral Rehabil 25:859–870
Eriksson PO, Häggman-Henrikson B, Nordh E, Zafar H (2000) Co-ordinated
mandibular and head-neck movements during rhythmic jaw activities in
man. J Dent Res 79:1378–1384
Zafar H, Nordh E, Eriksson PO (2000) Temporal coordination between
mandibular and head-neck movements during jaw opening-closing tasks in
man. Arch Oral Biol 45:675–682
La Touche R, París-Alemany A, Von Piekartz H, Mannheimer JS, FernándezCarnero J, Rocabado M (2011) The influence of cranio-cervical posture on
maximal mouth opening and pressure pain threshold in patients with
myofascial temporomandibular pain disorders. Clin J Pain 27:48–55,
doi:10.1097/AJP.0b013e3181edc157
Giannakopoulos N, Hellmann D, Schmitter M, Krüger B, Hauser T, Schindler
HJ (2013) Neuromuscular interaction of jaw and neck muscles during jaw
clenching. J Orofac Pain 27:61–71
Hellmann D, Giannakopoulos NN, Schmitter M, Lenz J, Schindler HJ (2012)
Anterior and posterior neck muscle activation during a variety of biting
tasks. Eur J Oral Sci 120:326–334, doi:10.1111/j.1600-0722.2012.00969.x
Giannakopoulos N, Schindler HJ, Rammelsberg P, Eberhard L, Schmitter M,
Hellmann D (2013) Co-activation of jaw and neck muscles during submaximum
clenching in the supine position. Arch Oral Biol 58:1751–1760, doi:10.1016/j.
archoralbio.2013.09.002
Häggman-Henrikson B, Nordh E, Eriksson P-O (2013) Increased
sternocleidomastoid, but not trapezius, muscle activity in response to
increased chewing load. Eur J Oral Sci 121:443–449, doi:10.1111/eos.12066
La Touche R, Fernández-de-Las-Peñas C, Fernández-Carnero J, Díaz-Parreño S,
Paris-Alemany A, Arendt-Nielsen L (2010) Bilateral mechanical-pain sensitivity
over the trigeminal region in patients with chronic mechanical neck pain.
J Pain Off J Am Pain Soc 11:256–263
Henry DE, Chiodo AE, Yang W (2011) Central nervous system reorganization
in a variety of chronic pain states: a review. PM R 3:1116–1125, doi:10.1016/j.
pmrj.2011.05.018
Woolf CJ (2011) Central sensitization: implications for the diagnosis and
treatment of pain. Pain 152:S2–S15, doi:10.1016/j.pain.2010.09.030
Graff-Radford SB (2012) Facial pain, cervical pain, and headache. Continuum
(Minneap Minn) 18:869–882, doi:10.1212/01.CON.0000418648.54902.42
Ayesh EE, Jensen TS, Svensson P (2007) Hypersensitivity to mechanical and
intra-articular electrical stimuli in persons with painful temporomandibular
joints. J Dent Res 86:1187–1192
Anderson GC, John MT, Ohrbach R, Nixdorf DR, Schiffman EL, Truelove ES,
List T (2011) Influence of headache frequency on clinical signs and
symptoms of TMD in subjects with temple headache and TMD pain. Pain
152:765–771, doi:10.1016/j.pain.2010.11.007
Park JW, Clark GT, Kim YK, Chung JW (2010) Analysis of thermal pain
sensitivity and psychological profiles in different subgroups of TMD patients.
Int J Oral Maxillofac Surg 39:968–974, doi:10.1016/j.ijom.2010.06.003

Page 14 of 14

91. Feldreich A, Ernberg M, Lund B, Rosén A (2012) Increased β-endorphin
levels and generalized decreased pain thresholds in patients with limited
jaw opening and movement-evoked pain from the temporomandibular
joint. J Oral Maxillofac Surg 70:547–556, doi:10.1016/j.joms.2011.09.013
92. Chaves TC, Nagamine HM, de Sousa LM, de Oliveira AS, Regalo SCH, Grossi
DB (2013) Differences in pain perception in children reporting joint and
orofacial muscle pain. J Clin Pediatr Dent 37:321–327
93. Raphael KG, Janal MN, Anathan S, Cook DB, Staud R (2009) Temporal summation
of heat pain in temporomandibular disorder patients. J Orofac Pain 23:54–64
94. Sarlani E, Grace EG, Reynolds MA, Greenspan JD (2004) Evidence for
up-regulated central nociceptive processing in patients with masticatory
myofascial pain. J Orofac Pain 18:41–55
95. Turner JA, Aaron LA (2001) Pain-related catastrophizing: what is it? Clin J
Pain 17:65–71
96. Sullivan MJ, Thorn B, Haythornthwaite JA, Keefe F, Martin M, Bradley LA,
Lefebvre JC (2001) Theoretical perspectives on the relation between
catastrophizing and pain. Clin J Pain 17:52–64
97. Lukkahatai N, Saligan LN (2013) Association of catastrophizing and fatigue: a
systematic review. J Psychosom Res 74:100–109, doi:10.1016/j.jpsychores.2012.11.006
98. Nijs J, Van de Putte K, Louckx F, Truijen S, De Meirleir K (2008) Exercise
performance and chronic pain in chronic fatigue syndrome: the role of pain
catastrophizing. Pain Med 9:1164–1172
99. Nijs J, Meeus M, Heins M, Knoop H, Moorkens G, Bleijenberg G (2012)
Kinesiophobia, catastrophizing and anticipated symptoms before stair
climbing in chronic fatigue syndrome: an experimental study. Disabil
Rehabil 34:1299–1305, doi:10.3109/09638288.2011.641661
100. Meeus M, Nijs J, Van Mol E, Truijen S, De Meirleir K (2012) Role of
psychological aspects in both chronic pain and in daily functioning in
chronic fatigue syndrome: a prospective longitudinal study. Clin Rheumatol
31:921–929, doi:10.1007/s10067-012-1946-z
101. Peck CC, Murray GM, Gerzina TM (2008) How does pain affect jaw muscle
activity? The Integrated Pain Adaptation Model. Aust Dent J 53:201–207,
doi:10.1111/j.1834-7819.2008.00050.x
102. Murray GM, Peck CC (2007) Orofacial pain and jaw muscle activity: a new
model. J Orofac Pain 21:263–278, discussion 279–88
103. Craig AD (2003) A new view of pain as a homeostatic emotion. Trends
Neurosci 26:303–307
104. Benoliel R, Svensson P, Heir GM, Sirois D, Zakrzewska J, Oke-Nwosu J, Torres SR,
Greenberg MS, Klasser GD, Katz J, Eliav E (2011) Persistent orofacial muscle pain.
Oral Dis 17(Suppl 1):23–41, doi:10.1111/j.1601-0825.2011.01790.x
105. La Touche R, Fernández-de-las-Peñas C, Fernández-Carnero J, Escalante K,
Angulo-Díaz-Parreño S, Paris-Alemany A, Cleland JA (2009) The effects of
manual therapy and exercise directed at the cervical spine on pain and
pressure pain sensitivity in patients with myofascial temporomandibular disorders. J Oral Rehabil 36:644–652, doi:10.1111/j.1365-2842.2009.01980.x
106. Fillingim RB, Ohrbach R, Greenspan JD, Knott C, Diatchenko L, Dubner R,
Bair E, Baraian C, Mack N, Slade GD, Maixner W (2013) Psychological factors
associated with development of TMD: the OPPERA prospective cohort
study. J Pain 14:T75–T90, doi:10.1016/j.jpain.2013.06.009
107. Chen H, Nackley A, Miller V, Diatchenko L, Maixner W (2013) Multisystem
dysregulation in painful temporomandibular disorders. J Pain 14:983–996,
doi:10.1016/j.jpain.2013.03.011
108. Main CJ (2013) The importance of psychosocial influences on chronic pain.
Pain Manag 3:455–466, doi:10.2217/pmt.13.49
109. Sullivan MJ (2013) What is the clinical value of assessing pain-related
psychosocial risk factors? Pain Manag 3:413–416, doi:10.2217/pmt.13.55
110. Turner JA, Mancl L, Aaron LA (2006) Short- and long-term efficacy of brief
cognitive-behavioral therapy for patients with chronic temporomandibular
disorder pain: a randomized, controlled trial. Pain 121:181–194, doi:10.1016/j.
pain.2005.11.017
111. Turner JA, Mancl L, Aaron LA (2005) Brief cognitive-behavioral therapy for
temporomandibular disorder pain: effects on daily electronic outcome and
process measures. Pain 117:377–387, doi:10.1016/j.pain.2005.06.025
112. Seminowicz DA, Shpaner M, Keaser ML, Krauthamer GM, Mantegna J,
Dumas JA, Newhouse PA, Filippi C, Keefe FJ, Naylor MR. (2013)
Cognitive-behavioral therapy increases prefrontal cortex gray matter in
patients with chronic pain. J Pain. doi:10.1016/j.jpain.2013.07.020
113. Smeets RJEM, Vlaeyen JWS, Kester ADM, Knottnerus JA (2006) Reduction of
pain catastrophizing mediates the outcome of both physical and
cognitive-behavioral treatment in chronic low back pain. J Pain 7:261–271,
doi:10.1016/j.jpain.2005.10.011

