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Chapter 1, General Introduction

Musculoskeletal pain in the orofacial region is described under the umbrella term
“temporomandibular disorders” (TMD) (McNeil, 1993). Apart from pain arising from the
temporomandibular joints (TMJs) and/or the masticatory muscles, TMD also includes
internal derangements and degenerative diseases of the TMJs (McNeil, 1993). TMD pain is
the most common orofacial pain condition of non-dental origin (de Leeuw, 2008). In the
general population, the prevalence of TMD pain is around 10% (LeResche, 1997). Its
prevalence is highest in populations aged between 20 and 40 years of age (Drangsholt and
LeResche, 1999). Like for other musculoskeletal disorders, TMD pain is more common in
women than in men, with a female : male ratio of 2:1 in the general population (Bush et al.,
1993). In the population of patients referred to specialized orofacial pain clinics, though,
the female : male ratio is considerably higher (up to 9:1) (Bush et al., 1993).
Nowadays, the etiology of TMD-pain is considered multifactorial (Greene, 2001).
In this respect, the biopsychosocial model (Engel, 1977;Adler, 2009) is commonly accepted
as a framework to describe relevant etiological factors for musculoskeletal pain, including
TMD pain. Tissue overloading, like macro- or micro-trauma, are included under the “bio-“
component of the model, and are suggested to play an important role in initiating and/or
perpetuating musculoskeletal pain (de Leeuw, 2008; Greene, 2001). For the masticatory
system, parafunctional activities like tooth grinding and clenching are considered to lead to
overloading of the muscle and joint structures. In a systematic review, self-reported
parafunctional activities were found to be associated with TMD pain (Manfredini and
Lobbezoo, 2010). In a recent report, this association was confirmed (Michelotti et al.,
2010). Interestingly, however, when grinding activities were more objectively rated with
polysomnographic recordings, the association between parafunctions and TMD pain was no
longer found (Raphael et al., 2012). So, the relation between parafunctions and pain is still
unclear.
Experimentally induced parafunctions have been studied in order to test whether
such activities can indeed initiate pain resembling TMD pain; for a review, see (Svensson et
al., 2008). To that end, different kinds of provocation exercises have been developed. In
one study, sustained isometric voluntary protrusive jaw-muscle contractions at different
clenching levels were not sufficient to provoke pain (Clark et al., 1991). These activities
were thought to mimic the clenching component of bruxism. This led to the conclusion that
contrary to clinical beliefs, significant jaw pain and tenderness are difficult to induce in
healthy participants (Clark et al., 1991). Others tried to mimic long-term awake clenching
activity, with results varying from no provocation of pain (Svensson and Arendt-Nielsen,
1996) to provocation of the full spectrum of myofascial TMD-pain complaints (Glaros et
al., 1998a; Glaros et al., 1998b; Glaros et al., 2000; Glaros and Burton, 2004). The
provoked signs and symptoms of TMD pain, however, were short-lasting and present in a
small proportion of the participants only. Other, more dynamic protocols, mimicking tooth
grinding movements, provoked significantly elevated pain levels (Arima et al., 1999).
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Again, the provoked pain was short lasting and diminished during the days following the
provocation part (Arima et al., 1999). To investigate the effect of parafunctional activities
on the masticatory system , the study described in Chapter 2 assesses the effects of
experimentally induced jaw-muscle pain by means of intense chewing exercises on the
orofacial sensory-motor system. Pain levels (visual analogue scale-VAS scores) and
pressure-pain thresholds were measured as sensory components of the masticatory function,
while the amplitude of the jaw-stretch reflex was used as motor component of the
masticatory function. The results showed that pain levels increased and pressure-pain
thresholds diminished after the chewing exercises. However, the motor component of the
masticatory function, as quantified by the jaw-stretch reflex amplitude, did not show any
change. In a critical reflection on this negative finding, the possibility was considered that
the methodology used for the recording of the jaw-stretch reflex was insufficient. More
specifically, it was considered whether the amplitude of the jaw-jerk reflex was influenced
by spatial differences in day-to-day placement of the electrodes. Therefore, in Chapter 3,
we studied the spatial dependency of the jaw-stretch reflex recording of the masseter
muscle.
As for earlier experimental studies, the symptoms of fatigue and pain provoked by
the intense chewing exercise were short lasting, and did not resemble the type of complaints
TMD-pain patients present with. Therefore, in Chapter 4, a new protocol was developed to
induce longer lasting muscle fatigue and pain. This protocol was based on a combination of
concentric and eccentric load of the masticatory muscles. Concentric exercises are
responsible for short lasting pain of ischemic origin, because they resemble more the usual
muscle load during everyday activities. Eccentric muscle contractions, on the other hand,
are responsible for delayed and longer lasting pain complaints due to their unaccustomed
nature. This type of pain is usually called delayed onset muscle soreness (DOMS) (Proske
and Morgan, 2001). In Chapter 5, it is investigated whether signs and symptoms of TMD
(like subjective feelings of fatigue and pain, limited range of motion, decreased pressure
pain thresholds, and muscle tenderness to palpation) can be provoked in healthy individuals
with the use of this protocol. It is also examined whether the provoked signs and symptoms
mimic those presented by TMD patients.
In clinical practise, for the recognition of pain from the masticatory structures,
several diagnostic tests can be used (Lobbezoo-Scholte et al., 1994; Visscher et al., 2000).
The most widely used classification system for TMD is the Research Diagnostic Criteria for
temporomandibular disorders (RDC/TMD) (Dworkin and LeResche, 1992). It includes two
axes: Axis I assesses the physical complaints, while Axis II investigates the psychosocial
background of the patient. The clinical examination for an Axis I diagnosis largely depends
on standardized palpation of the masticatory muscles. The validity of the RDC/TMD for the
recognition of TMD pain is, however, insufficient (Truelove et al., 2010; Visscher et al.,
2009). To improve the recognition of TMD-pain, alternative diagnostic tests like
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dynamic/static tests have been proposed (Naeije and Hansson, 1986; Visscher et al., 2009).
These tests are based on the principle that when a patient’s pain complaints arise from the
musculoskeletal structures, these complaints should be provoked by functional (dynamic
and static) loading of the system (Naeije and Hansson, 1986; Visscher et al., 2009). In
addition, the concept of “familiar pain” could improve the validity of clinical tests for
TMD-pain (Schiffman et al., 2010; Visscher et al., 2009). When familiar pain is used as the
outcome measure of a clinical test, only a response of pain that resembles the patient’s
current complaints is considered positive. Finally, the validity of clinical test could be
confounded by the presence of comorbid factors, like widespread pain or depression. Even
though the negative influence of comorbidity on the prognosis of TMD-pain treatment is
well-known (Hoffmann et al., 2011), its influence on the validity of clinical tests for
musculoskeletal pain has not been studied before. Therefore, in Chapter 6, the influence of
comorbidity on diagnostic tests for TMD is studied, together with the role of the addition of
the familiar pain concept in in the diagnostic accuracy of both palpation and dynamic/static
tests.
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ABSTRACT
Nociceptive substances, injected into the masseter muscle, induce pain and facilitate the
jaw-stretch reflex. It is hypothesized that intense chewing would provoke similar effects.
Fourteen men performed 20 bouts of 5-minutes chewing. After each bout, 20 minutes and
24 hrs after the exercise, muscle fatigue and pain scores and the normalized reflex
amplitude from the left masseter muscle were recorded. Before, 20 min, and 24 hrs after the
exercise, signs of temporomandibular disorders and pressure pain thresholds of the
masticatory muscles were also recorded. Fatigue and pain scores had increased during the
exercise (P<0.001), but the reflex amplitude did not (P=0.123). Twenty minutes after the
exercises, 12 participants showed signs of myofascial pain or arthralgia. Pressure-pain
thresholds were decreased after 20 min (P=0.009) and 24 hrs (P=0.049). Intense chewing
can induce fatigue, pain, and decreased pressure-pain thresholds in the masticatory muscles,
without concomitant changes in the jaw-stretch reflex.
Key words: jaw-stretch reflex, chewing exercises, fatigue, pain
ACKNOWLEDGMENTS
This research was supported by the European Community “Marie Curie Training Sites”
program (HPMT-CT-2000-00092).

20

Chapter 2, Effects of intense chewing exercises on the masticatory sensory-motor system

INTRODUCTION
Chewing is an oral function that is of vital importance for the biological and social life of
human beings. As a prerequisite for this function, a healthy masticatory system,
characterized by the absence of pain at rest and during functional movements of the
mandible, is required. Pain, in contrast, may influence the characteristics of the masticatory
sensory-motor system (Svensson and Graven-Nielsen, 2001, Lobbezoo et al., 2006).
Study to the jaw-stretch reflex can provide insight into the characteristics of the
masticatory motor system (i.e., sensitivity of the motor neurons and muscle spindles).
Studies have demonstrated that nociceptive substances such as hypertonic saline, glutamate,
and capsaicin, injected into the masticatory muscles, can modulate the amplitude of this
reflex (Wang et al., 2000, 2002, 2004; Svensson et al., 2001a, 2003; Cairns et al., 2003;
van Selms et al., 2005). However, the characteristics of muscle pain, reported by persons
with myofascial temporomandibular disorders (TMD), are probably more similar to those
of exercise-induced muscle pain than to those of acute, short lasting pain evoked by
exogenous pain provocation techniques (Stohler, 1999; Svensson and Graven-Nielsen,
2001). Therefore, the aim of this study was to investigate the effects of exercise-induced
muscle fatigue and pain upon sensory-motor aspects of the masticatory system. Sensory
aspects were assessed by analysis of the visual analog scale (VAS) scores for muscle pain
and fatigue, by determination of the muscles’ pressure-pain threshold, and by assessment of
the muscle pain according to the research diagnostic criteria for TMD (RDC/TMD). Motor
aspects were assessed by analysis of the amplitude of the jaw-stretch reflex.
MATERIALS & METHODS
Participants
Fourteen men (age, mean ± SD = 24.4 ± 2.8 years), free of dental pathologies, or TMDs
(Dworkin and LeResche, 1992), participated in the study. Individuals, who chewed gum
regularly (i.e., more than 30 min a day), or who reported sleep or wake bruxism were
excluded. Before the start of the experiment, participants signed a written informed consent.
The study was conducted in accordance with the Helsinki Declaration and was approved by
the local Ethics Committee (20040074).
Study design
Participants underwent 20 consecutive bouts of 5-minute chewing exercise. During each
chewing bout, subjects chewed on 7 pieces (7 x 1.4 gr = 9.8 gr) of hard chewing gum
(ELMA®, Mastiha, Chios, Greece), at a speed of 1.5 times their individual chewing pace
(van Selms et al., 2005). After each chewing bout, the VAS scores of fatigue and pain
intensity, and the normalized peak-to-peak amplitude of the jaw-stretch reflex were
recorded. The same data were also collected 20 min and 24 hrs after the end of the last
chewing bout. Before the start of the experiment, and 20 min and 24 hrs afterwards,
participants also underwent a clinical examination according to the RDC/TMD, and
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pressure pain thresholds of the left (LM) and right (RM) masseters and the left (LAT) and
right (RAT) anterior temporalis muscles were determined.
Fatigue and pain intensity
Fatigue and pain intensity in the jaw muscles were recorded on two, 100-mm VASs, with
left anchor words “No fatigue at all” and “No pain at all”, and right anchor words “Fatigue
as worse as it could be” and “Pain as worse as it could be”, respectively.
Jaw-stretch reflex recordings
Jaw-stretch reflexes were evoked by jaw displacements of 1 mm with a ramp time of 10 ms,
using a muscle stretcher as described previously (Miles et al., 1993). The initial jaw gape,
determined by the distance between the upper and lower jaw bars, was 4 mm.
Electromyographic activity of the left masseter muscle was recorded with bipolar
surface electrodes (4 x 7 mm recording area, 720-01-k, Neuroline, Medicotest, Ølstykke,
Denmark). Electrodes were placed 10 mm apart, parallel to the main direction of the
muscles fibres over the palpated belly of the muscle, after skin preparation with alcohol. A
ground electrode, soaked with saline, was attached to the right wrist. To ensure that the
electrodes were placed accurately at the same sites at the 24-hour-recovery appointment, we
made a lateral drawing of the head on transparent plastic foil. The electromyographic signal
was amplified (200 to 5000 times), filtered (bandwidth 20 Hz to 1 kHz), sampled (4 kHz),
and stored for offline analysis.
During the recordings of the reflexes, the subjects were seated upright in front of
the muscle stretcher, while biting with their incisors on 2 jaw bars. They contracted their
muscles at a clenching level of about 15% of the pre-fatigued maximum electromyographic
activity of the left masseter muscle. The pre-fatigued maximum activity was determined
before the start of the exercises, by three, 5-second maximal clenches performed with the
central incisors on the bars of the jaw-stretcher. The mean electromyographic value of the
three clenches was taken as the pre-fatigued maximum electromyographic activity (van
Selms et al., 2005).
After each chewing bout, 20 jaw-stretch reflexes were evoked. For each stimulus,
300 ms of peri-stimulus electromyographic activity was recorded, with 100 ms pre-stimulus
and 200 ms post-stimulus. The 100 ms electromyographic signal preceding each stimulus
was full-wave rectified, and its averaged value was calculated. The mean of these 20
average electromyographic values was considered the mean pre-stimulus
electromyographic activity. The electromyographic signals following each stimulus were
averaged over the 20 sweeps and the jaw-stretch reflex appeared as a biphasic potential in
this average sweep. The amplitude of the reflex was the peak-to-peak value of this biphasic
potential. Subsequently, the reflex amplitude was normalized with respect to the mean prestimulus electromyographic activity.
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Pressure-Pain Threshold values
Pressure-pain threshold is defined as the amount of pressure (kPa) which the participants
first perceived as painful (Svensson et al., 1995). We used an electronic pressure algometer
with an algometer probe diameter of 1 cm (Somedic AB, Farsta, Sweden) to assess the
muscle’s pressure-pain threshold. At each occasion, four pressure pain threshold recordings
per muscle were made at a constant application rate of 30 kPa/s. The mean values of the
last 3 recordings were used in the subsequent analysis (Isselee et al., 1998). For
determination of the site for the pressure application, participants were asked to clench and
relax several times, and the area of greatest bulge of the muscle was marked on the same
plastic transparent foil used for the electrodes.
Statistical analysis
During the chewing exercise, changes in the VAS scores of muscle fatigue and pain, and in
the normalized jaw-stretch reflex amplitude, were analyzed by the cumulative sum
(CUSUM) technique (Ellaway, 1978). CUSUM is calculated according to the equation:

CUSUMi 

j  20

 (VARi, j  ki)
j 1

where the subscript ‘i’ denotes subject ‘i’, ki indicates the pre-exercise value of the variable
‘VAR’, and ‘VARi,j’ corresponds to the variable value of subject ‘i’ at time ‘j’. One-sample
t-tests assessed whether the CUSUM values immediately after the chewing exercise
differed from zero.
The VAS scores and reflex data collected before, and 20 min and 24 hrs after the
exercise were analyzed with ANOVA for repeated measures, with time as a within-subjects
factor with 3 levels (Before, After 20 min, After 24 hrs). Pressure-pain threshold values
were also analyzed by ANOVA for repeated measures, with as additional within-participant
factor “muscle”, consisting of 4 levels (LM, RM, LAT, and RAT). When sphericity was
violated, conservative Greenhouse-Geisser corrected values of the degree of freedom were
used (Mauchly, 1940; Greenhouse and Geisser, 1959). Pairwise comparisons were
performed using Dunn-Sidak post hoc correction for multiple comparisons.
The level of statistically significant difference was set at α = 0.05. All analyses
were performed with SPSS software, version 12.0.1.
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Table 1. Individual Cumulative Sum (CUSUM) values at the end of the chewing exercise for the VAS scores of
fatigue and pain, and for the normalized reflex amplitude. (the p-values indicate whether the CUSUM values were
significantly different from zero) (N=14)

Participant
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Mean value
± SD

Cumulative Sum (CUSUM) values
VAS Scores VAS Scores Normalized reflex
of Fatigue
of Pain
amplitude
804
466
-5.6
1342
240
-10.1
553
420
135.3
334
0
-126.8
1188
189
76.2
60
5
195.6
596
4
101.6
1234
772
-17.2
1088
0
-79.2
674
573
-6.9
245
36
153.9
658
375
30
1029
392
26.4
1382
588
47.9
799 ± 422.3
290 ± 259.5
39.3 ± 89.4
(P < 0.001)
(P < 0.001)
(P = 0.123)

Table 2. Mean value and standard deviation of the visual analogue scales (VAS) scores of fatigue and pain, and of
the normalized reflex amplitude, recorded before the start of the chewing exercises (Before), 20 min after the end
of chewing (After 20 min) and 24 hrs after the end of chewing (After 24 hrs). (N=13)

VAS scores of
fatigue
VAS scores of
pain
Normalized
reflex
amplitude

Before
1.4 ± 2.3

After 20 Min
26.8 ± 22.5

After 24 Hrs
4.8 ± 9.5

1 ± 2.3

4.9 ± 8.9

0.3 ± 1.1

19.9 ± 11.3

21.8 ± 13

19.3 ± 10

24

ANOVA
F = 11.0;
P = 0.004
F = 3.2;
P = 0.1
F = 0.6;
P = 0.5
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RESULTS
Twelve participants completed the entire exercise of 20 chewing bouts. One participant was
already exhausted after the 16th chewing bout, and one participant after the 18th chewing
bout. One person did not participate in the 24-hours-recovery measurements, and his data
were excluded from the analysis of the recovery data.
Provocation
The mean chewing pace for the participants was 106 cycles/min. During the chewing
exercise, the mean VAS scores for fatigue and pain gradually increased. Their CUSUM
values at the end of the exercise were significantly different from zero (P<0.001) (Fig. 1,
Table 1). The normalized reflex amplitudes showed no tendency to change during the
chewing exercise (Table 1, P=0.123).
Recovery
ANOVA for repeated measures showed a significant effect of the factor time on the VAS
scores of fatigue, but not on the VAS scores of pain or on the normalized reflex amplitude
(Table 2). Post hoc analysis showed that 20 min after the last chewing bout, the VAS scores
of fatigue were significantly different from those before the start of the experiment (P =
0.004), while after 24 hrs, no difference was found (P = 0.5).
The pressure-pain threshold values showed no difference between the muscles
studied (F = 1.077, P = 0.354), but there was a significant influence of the factor time (F =
7.934, P = 0.002). Post hoc analysis showed significant differences between the baseline
pressure pain threshold values and the values 20 min (P = 0.009) and 24 hrs (P = 0.049)
after the exercise (Fig. 2).
The RDC/TMD examination, performed after the chewing exercise, revealed the
clinical characteristics of a myofascial pain without limited mouth opening in 11
participants; one of them still had these characteristics 24 hrs later. The characteristics of
myofascial pain with limited mouth-opening and of arthralgia in both the
temporomandibular joints were observed in another participant, also 24 hrs after the
exercise. The two participants who reported pain after 24 hrs were also contacted one day
later, and reported no longer experiencing pain or fatigue.
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Figure 1. Mean value and standard deviation of the fatigue visual analogue scales (VAS) scores (a), the pain VAS
scores (b) and the normalized jaw-stretch reflex amplitude (c), recorded before and during the protocol of 20 bouts
of chewing (n=14).
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Figure 2. Pressure pain threshold values of the left masseter (LM), right masseter (RM), left anterior temporalis
(LAT) and right anterior temporalis (RAT), recorded before, 20 min after, and 24 hrs after the chewing experiment
(*: P < 0.05, **: P < 0.01) (N=13).

DISCUSSION
In this study, the effects of exercise-induced muscle fatigue and pain upon sensory-motor
aspects of the masticatory system were analyzed. A heavy chewing protocol resulted in
short-lasting muscle fatigue and pain and in a lower muscle pressure pain threshold, but not
in a change in the amplitude of the jaw-stretch reflex.
Women show a tendency to report significantly elevated levels of muscle pain
after a 6-minute chewing exercise, while men do not (Karibe et al., 2003). Therefore, to
exclude possible gender differences in the reports of muscle pain and fatigue, we selected
participants of only one gender (males) in this study. Participants with self-reports of
bruxism and with reports of gum chewing for more than 30 min on a daily basis, were also
excluded, since these activities may influence the resistance to fatigability of the chewing
muscles (Cheung et al., 2003).
That a heavy chewing exercise can provoke fatigue and pain in the masticatory
muscles has been reported before (Bakke et al., 1996; Farella et al., 1999, 2001). However,
this study has shown that such a chewing exercise can also lead to signs and symptoms
which are characteristic of myofascial pain and of arthralgia, as defined by the RDC/TMD.
In two participants, these signs and symptoms were still present 24 hrs after the exercise.
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This may underline the suggestion that signs and symptoms of TMD, as recognized by the
RDC/TMD, may be associated with masticatory muscle hyperactivity (Okeson, 1996;
Svensson and Graven-Nielsen, 2001).
It is likely that the pain experienced during and immediately after the exercise was
caused by ischemia of the masticatory muscles and the subsequent accumulation of
metabolic products in these muscles (Stohler, 1999; Svensson et al., 2001b, Nicol et al.,
2003). This would also explain why the feelings of fatigue and pain had disappeared so
soon after the exercise; blood flow through the masticatory muscles is restored quickly after
the cessation of exercise (Inoue-Minakuchi et al., 2001). Despite the fact, that the pain and
fatigue VAS scores after 24 hrs were not statistically different from their baseline values,
the muscles’ pressure-pain threshold values were still lower at that time. This indicates that
participants whose muscles were pain-free after the exercise, may nevertheless show an
increased sensitivity to palpation of these muscles. This stresses the need for further
research into the role of palpation tests in the recognition of musculoskeletal disorders such
as TMD (Dworkin and LeResche, 1992).
In this study, large differences in the response of the jaw-stretch reflex amplitude
to the chewing exercise were found between participants, despite serious efforts to
standardize the study protocol and despite the normalization of the reflex amplitude. Under
the present experimental conditions and at a group level, the normalized reflex amplitude
remained unchanged during the chewing exercise. These findings corroborate the results of
a previous study in which fatigue induced by 6 min of chewing did not modulate the
normalized reflex amplitude (van Selms et al., 2005), but are in contrast to studies where
pain, induced by injection of various substances into the masseter muscle, facilitated the
jaw-stretch reflex. However, the injection of hypertonic saline induces pain of around 50
mm on a 100 mm VAS (Svensson et al., 1995, van Selms et al., 2005), while our chewing
exercise resulted in lower VAS levels of around 25 mm. Even though there is discussion in
the literature regarding the linear (Hofmans and Theuns, 2008) or non-linear (Pesudovs et
al., 2005) behaviour of the VAS, these results do indicate that the injection of hypertonic
saline induces more pain in the muscles than does chewing exercise. These differences in
the intensity of pain provoked by the two methods may account for the differences in the
modulation of the jaw-stretch reflex. It also raises the question whether the jaw-stretch
reflex changes, provoked by substance-induced muscle pain, will ever occur during
‘everyday life’ exercise-induced muscle pain.
Differences in the way exercise-induced muscle fatigue and/or pain influence the
stretch reflex have also been observed in other muscles of the human body. Some studies
showed an inhibition of the stretch reflex following exhaustive exercise (Nicol et al., 1996,
2003, Regueme et al., 2005), others showed no influence (Hjortskov et al., 2005), while
moderate muscle fatigue has been reported to cause a slight facilitation of the stretch reflex
(Komi, 2000). Unfortunately, differences in the muscle pain and fatigue inducing protocols
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and in the skeletal muscles under study make it impossible to draw definite conclusions at
this stage.
Within the limitations of this study, it can be concluded that intense and prolonged
chewing exercise can induce fatigue, pain, and a decreased pressure pain threshold in the
human masticatory muscles, without concomitant changes in the jaw-stretch reflex
amplitude.
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ABSTRACT
The jaw-stretch reflex is the short-latency response in the jaw-closing muscles after a
sudden stretch. The hypothesis whether normalization of the jaw-stretch reflex amplitude
with respect to prestimulus electromyographic (EMG) activity will make the amplitude
more independent of the location of the electrodes over the masseter muscle was tested. A 5
 6 electrode grid was used to record the jaw-stretch reflex from 25 sites over the right
masseter muscle of 15 healthy men. The results showed that there was a significant site
dependency of the prestimulus EMG activity and the reflex amplitude. High crosscorrelation coefficients were found between the spatial distribution of mean prestimulus
EMG activities and reflex amplitude. When the reflex amplitude was normalized with
respect to the prestimulus EMG activity, no site dependency was found. In conclusion,
normalization of the jaw-stretch reflex amplitude by the pre-stimulus EMG activity strongly
reduces its spatial dependency.
Key words: Jaw-stretch reflex, multichannel EMG, normalization, human masseter muscle
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INTRODUCTION
The jaw-stretch reflex is the short-latency excitatory response in the jaw-closing muscles
after the application of a sudden stretch. It is considered the trigeminal equivalent of the
monosynaptic spinal stretch reflex in limb muscles (Lund et al., 1983). The reflex is
important in the maintenance of the posture of the mandible against the gravitational load
during running (Miles, 2007), for compensating sudden changes in load during chewing,
and for development of powerful bite forces in aggressive or defensive situations (Scutter
and Türker, 2001). The simplest way to provoke the jaw-stretch reflex is by tapping the
chin with a reflex hammer (Murray and Klineberg, 1984). However, this method does not
allow the control of important parameters such as the amount of displacement of the
mandible or the applied force. More complex systems that control the displacement of the
mandible allow the reflex provocation under standardized conditions (Lobbezoo et al.,
1993a; Miles et al., 1993; Svensson et al., 2000).
The jaw-stretch reflex can be recorded from the jaw-closing muscles with the use
of bipolar surface electrodes (Wang and Svensson, 2001). It appears as a biphasic
excitatory potential in the raw electromyographic (EMG) signal (Wang et al., 2000). The
voluntary EMG activity has been reported to vary between different recording sites over the
masseter muscle (Schumann et al., 1994; Castroflorio et al., 2005) but little is known about
the spatial dependency of the amplitude of the jaw-stretch reflex. If the reflex amplitude
follows the same spatial distribution as the voluntary EMG activity, it may be expected that
normalizing the amplitude with respect to the voluntary activity preceding the reflex
stimulus, could reduce the dependency on the recording site.
The aim of the study was to test the hypothesis that normalization of the jawstretch reflex amplitude with respect to the voluntary EMG activity preceding the reflex
stimulus makes the amplitude more independent of the electrode location over the masseter
muscle.
MATERIALS AND METHODS
Participants
Fifteen men (mean age ± SD = 24.6 ± 2.1 years) who were free of temporomandibular
disorders (Dworkin and LeResche, 1992) participated in the study. All had full, healthy
dentition (≥28 teeth), without periodontal or endodontic problems, or extensive restorative
works. Before the start of the experiment, the participants were given detailed information
about the experimental procedure, and when they agreed to proceed, they signed a written
informed consent for their voluntary participation. The experiment was conducted in
accordance to the Helsinki Declaration, and the protocol was approved by the local Ethics
Committee of the University of Aalborg (VN20040074).
Elicitation of the Jaw-Stretch Reflex
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The jaw-stretch reflexes were evoked with a custom-built muscle stretcher based on the
original design of Miles (Miles et al., 1993). Briefly, it consisted of two stainless-steel jaw
bite-bars which were 1.5 cm wide and 2 cm long each. The upper jaw bite-bar was mounted
on a frame firmly attached to the floor. A powerful electromagnetic vibrator (Ling Dynamic
Systems, model 406, UK) imposed servo-controlled displacements of the lower jaw bitebar. A 200 N load cell (Kistler 5039 A312, Switzerland), placed in series with the moveable
probe of the vibrator, measured forces on the lower jaw bar. The displacement of the
vibrator probe was measured with a linear potentiometer (Sakae Type 20FLP 30A-5K,
Japan) mounted parallel to the vibrator probe. Acceleration in the vertical plane was
measured with an accelerometer (Delta Tron Accelerometer Type 4399, Brüel and Kjær,
Denmark) mounted on the lower jaw bar. The jaw-stretch reflex was evoked by a
displacement of the lower bar of 1 mm with a ramp time of 10 ms. The initial jaw gape,
determined by the distance between the outer surfaces of the upper and lower jaw bars, was
4 mm (Poliakov and Miles, 1994).
Surface EMG recordings
A bipolar surface EMG signal was recorded from the left masseter muscle (electrodes 72001-k, 4 x 7 mm recording area, Neuroline, Medicotest, Ølstykke, Denmark). The electrodes
were placed 10 mm apart over the muscle belly (Fig. 1) after skin preparation with alcohol.
The bipolar EMG signal was amplified (200 - 5000 times; Counterpoint MK2, Skovlunde,
Denmark), filtered (bandwidth 20 Hz – 1 kHz), and sampled at 4 kHz.
Multi-channel bipolar surface EMG recordings were obtained from the right
masseter muscle using a 5  6 electrode grid (LISiN-OT Bioelettronica, Torino, Italy). The
electrode diameter was 1 mm, and there was a distance of 8 mm between electrodes in both
the posterior-anterior and caudal-cranial directions. For each column of electrodes, multichannel bipolar recordings were obtained from adjacent electrodes in the caudal-cranial
direction (Fig. 1). This analysis provided a total of 25 bipolar recordings. To locate the grid,
the inferior borders of the mandible and the zygomatic arch, together with the posterior
border of the mandibular ramus were marked on the skin using a skin-marking pen. The
anterior border of the masseter was identified by palpation during subsequent clenching and
relaxing tasks. After the skin was prepared using abrasive paste, the electrode grid was
mounted with the first anterior column of electrodes corresponding to the anterior border of
the masseter and the last row corresponding to the inferior border of the mandible (Fig. 1).
The multi-channel bipolar EMG signals were amplified (64-channel surface EMG
amplifier, SEA 64, OT Bioelectronica, Torino, Italy; -3dB bandwidth 10 - 500 Hz) with a
gain of 2000 - 5000 and sampled at 2048 Hz with 12-bit resolution. A ground electrode was
placed around the right wrist to serve as common reference for the EMG signals recorded
from the left and right masseters.
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Figure 1. Schematic representation of the placement of the 5  6 electrode grid. For each column of electrodes,
multi-channel bipolar recordings were obtained from adjacent electrodes in the caudal-cranial direction, providing
25 multi-channel bipolar recordings.

Figure 2. Example of the reflex response as recorded at the 25 recording sites over the right masseter of one
subject. Each signal is the average of 20 sweeps.
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Procedures
During the recording of the reflexes the subjects were seated upright in front of the muscle
stretcher while they were biting with the incisors on the two jaw bars. The jaw bars were
covered with a thin piece of rubber to protect the teeth and with a disposable small plastic
coverage as a hygiene measure. The thickness of these two plastic layers was negligible and
did not increase the initial vertical bite.
Each participant performed three, 5-s maximal clenches with the incisor teeth on
the jaw bars of the muscle-stretcher. The mean value of the root mean square of the three
maximum EMG recordings of the left masseter muscle was regarded as the maximum
voluntary contraction (MVC) and was used for visual feedback for the remainder of the
experiment. The participants were then instructed to contract their muscles at a level
corresponding to 15% of the MVC. The muscle stretcher was automatically triggered each
time the EMG activity of the left masseter was stable between 13.5% and 16.5% of the
MVC value for 400 ms. For each stimulus and for each of the multichannel bipolar
recordings, 300 ms of peristimulus EMG activity was recorded, with 100 ms prestimulus
and 200 ms poststimulus. In total, 20 reflexes were evoked per participant.
Signal analysis
For each of the multichannel bipolar recordings, the EMG signal in the 100 ms preceding
the stimulus was first full-wave rectified and then averaged. The mean of the 20 reflex
sweeps was considered the prestimulus EMG activity of that bipolar recording.
For analysis of the reflex amplitude of each multi-channel bipolar recording, the
EMG signals of the 200 ms following a stimulus were averaged over the 20 individual
sweeps. The jaw-stretch reflex appeared as a biphasic potential in this averaged sweep
(Scutter and Türker, 2001). The amplitude of this reflex was the peak-to-peak value of this
biphasic potential. The reflex amplitude was also normalized (%) with respect to the mean
pre-stimulus EMG activity of that multi-channel bipolar recording.
Statistical analysis
The mean pre-stimulus EMG activity, the mean reflex amplitude, and the mean normalized
reflex amplitude were analyzed separately with two-way analysis of variance (ANOVA)
with as factors the posterior-anterior and caudal-cranial direction. When sphericity was
violated (i.e., a non-equal level of dependence between the axes was present), conservative
Greenhouse-Geisser corrected values of the degree of freedom were used (Mauchly, 1940;
Greenhouse, 1959). For each participant, a cross-correlation analysis was also performed
between the 25 mean pre-stimulus EMG activities and the corresponding reflex amplitudes.
Significance was accepted for P < 0.05 and results are presented as mean and standard
deviation (mean ± SD).
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RESULTS
The jaw-stretch reflex amplitude depended on the recording site (Fig. 2, Fig. 3A, and Table
IA). The two-way ANOVA showed that this site dependency was statistically significant,
both for the posterior-anterior (P = 0.006, F = 5.6) and caudal-cranial direction (P = 0.001,
F = 11.2). An interaction was also found between the two directions (P < 0.001, F = 5.2).
Also, the mean pre-stimulus EMG activity depended on the recording site, both in the
posterior-anterior (P < 0.001, F = 15.7) and in the caudal-cranial directions (P < 0.001, F =
9.1) (Fig. 3B, Table IB). Again, an interaction was found between the two directions (P =
0.005, F = 5.1).
High cross-correlation coefficients were found between the 25 mean prestimulus
EMG activities and reflex amplitudes (mean correlation coefficient over the 15 volunteers,
0.88 ± 0.17), indicating that the reflex and voluntary EMG activities had a similar spatial
distribution over the muscle.
When the reflex amplitude was normalized with respect to the prestimulus EMG
activity, no dependency was found for the posterior-anterior direction (P = 0.26, F = 1.4) or
the caudal-cranial direction (P = 0.68, F = 0.4) (Fig. 3C and Table IC, II). Some site
dependency was still present as indicated by the interaction between the two factors of the
ANOVA which just reached statistical significance (P = 0.05, F = 2.3).

A.

B.

C.
Figure 3. Schematic representation of the mean values (± SD, n = 15 subjects) of the reflex amplitude (μV) (A),
the full-wave rectified and averaged (over 100 ms) pre-stimulus EMG activity (μV) (B), and the normalized reflex
amplitude (C) (data presented in Table I).

39

Chapter 3, Normalization reduces the spatial dependency of the jaw-stretch reflex activity
in the human masseter muscle.
Table 1. Mean values (± SD, n = 15 subjects) of the reflex amplitude (μV) (A), the full-wave rectified and
averaged (over 100 ms) pre-stimulus EMG activity (μV) (B), and the normalized reflex amplitude (C).

Column 1
311 ± 265
418 ± 375
459 ± 418
452 ± 387
255 ± 187

A.
Row 5
Row 4
Row 3
Row 2
Row 1

Column 2
296 ± 304
477 ± 439
602 ± 466
591 ± 502
500 ± 419

Column 3
491 ± 569
344 ± 263
1193 ± 1284
504 ± 306
468 ± 336

Column 4
254 ± 193
802 ± 893
669 ± 663
313 ± 205
299 ± 249

Column 5
433 ± 292
598 ± 419
1039 ± 778
566 ± 369
401 ± 257

5
4
3
2
1

Column 1
18 ± 16
24 ± 24
29 ± 29
31 ± 36
19 ± 13

Column 2
16 ± 14
29 ± 29
35 ± 27
35 ± 31
31 ± 27

Column 3
21 ± 21
18 ± 12
59 ± 56
32 ± 21
28 ± 20

Column 4
15 ± 11
37 ± 36
32 ± 27
19 ± 13
18 ± 14

Column 5
27 ± 19
36 ± 26
57 ± 43
36 ± 24
26 ± 19

C.
Row 5
Row 4
Row 3
Row 2
Row 1

Column 1
47 ± 12
45 ± 14
42 ± 13
46 ± 12
43 ± 14

Column 2
43 ± 13
45 ± 10
44 ± 14
48 ± 9
49 ± 8

Column 3
45 ± 16
39 ± 10
45 ± 14
40 ± 12
42 ± 15

Column 4
45 ± 9
50 ± 11
45 ± 11
38 ± 9
39 ± 14

Column 5
49 ± 7
48 ± 11
46 ± 11
43 ± 12
41 ± 12

B.
Row
Row
Row
Row
Row

Table 2. Results from the two-way ANOVA on the data presented in Table I. (* statistically significant results).

Reflex
amplitude
Pre-stimulus
EMG activity
Normalized
reflex
amplitude

Caudal-cranial
direction
F
p-value
11.2
0.001*

Posterior-Anterior
direction
F
p-value
5.6
0.006*

F
5.2

p-value
< 0.001*

9.1

< 0.001*

15.7

< 0.001*

5.1

0.005*

0.4

0.68

1.4

0.26

2.3

0.05
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DISCUSSION
The results of this study showed that, when the jaw-stretch reflex amplitude of the masseter
muscle is normalized with respect to the pre-stimulus EMG amplitude, it becomes
independent of the location of the electrodes over the muscle.
Human jaw-stretch reflexes are extensively studied because they give insight into
the neurophysiologic trigeminal mechanisms responsible for the motor control of jawclosing muscles (Poliakov and Miles, 1994). The monosynaptic jaw-stretch reflex is part of
the response to a sudden perturbation that activates the muscle stretch-sensitive receptors.
Two methods have been proposed for quantifying the excitatory part of the reflex. The first
method uses the peak-to-peak amplitude of the biphasic potential appearing in the EMG
signal (Biasiotta et al., 2007; Kimura et al., 1994; Lobbezoo et al., 2003; Murray and
Klineberg, 1984; Peddireddy et al., 2005; 2006; Svensson et al., 2000; Svensson et al.,
2001; Svensson et al., 2003; Türker, 2002; van Selms et al., 2005; Wang et al., 2000; Wang
and Svensson, 2001), whereas the second one uses only the first depolarizing peak (Widmer
et al., 1989;Lobbezoo et al., 1993a; b; Lobbezoo et al., 1993c; 1996). In the present study,
the first method was used for analysis of the data. Separate analysis using the second
method led to the same results (data not shown).
The development of highly controlled jaw-muscle stretchers (Miles et al., 1993;
Svensson et al., 2000) has enabled the provocation of the jaw-stretch reflex under
standardized conditions. With the use of such equipment, it has been shown that the reflex
amplitude is proportionally dependent on the level of the pre-stimulus EMG amplitude
(Wang and Svensson, 2001), making it necessary to control the excitability of the
motoneuronal pool during reflex provocation (Türker, 2007). In the present experiment, in
order to take this into account, the level of background EMG amplitude was controlled
through visual feedback from the left masseter muscle.
The EMG activity in the masseter muscle has been reported to vary between
different recording sites (Schumann et al., 1994; Castroflorio et al., 2005). The results of
the present study show that a similar degree of variability exists in the amplitude of the jawstretch reflex. This may substantially increase the variability of results among studies which
use different criteria for electrode placement. The high cross-correlation coefficients
between the pre-stimulus EMG amplitude and the reflex amplitude imply that muscle areas
with high voluntary EMG amplitude also show high amplitudes of the stretch-reflex.
Anatomical and physiological factors, such as the dispersed innervation zones of the
masseter muscle (Castroflorio et al., 2005) and the relatively small motor unit territories in
relation to limb muscles (van Eijden and Turkawski, 2001), may account for these similar
spatial distributions. Normalization of the reflex by the pre-stimulus EMG activity reduced
its spatial dependency and made the recording of the reflex independent of the location of
the electrodes. Thus, it would be expected that the reproducibility of the recording of the
normalized reflex amplitude would be increased.
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In conclusion, in young, healthy participants, normalization of the jaw-stretch
reflex amplitude by the pre-stimulus EMG amplitude strongly reduces the spatial variability
typical of non-normalized reflex responses.
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ABSTRACT
Eccentric contractions of jaw-closing muscles are difficult to perform. This may explain
why fatigue-inducing experiments performed so far suggest the jaw-closing muscles to be
fatigue-resistant. Aim of this study was to construct an apparatus that can impose intense
eccentric contractions to the jaw-closing muscles, and to test the hypothesis that eccentric
contractions can provoke symptoms of delayed-onset muscle soreness (DOMS) in these
muscles.
The provocation apparatus consists of two tungsten arms connected by a hinge
axis on one end. Participants bite with their anterior teeth on biting plates located on the
other end. Each time the experimenter gradually releases the compression force of the
apparatus’ rubber tubings, the mouth is forced open and the jaw-closing muscles perform
an eccentric contraction. Six male participants performed eccentric contractions of their
jaw-closing muscles in six sets of exercises, each lasting 5 minutes, and with one minute of
rest in between. Each set consisted of 60 open-close movements. Before and after the
exercises, and after 24 hours, 48 hours, and one week, feelings of fatigue and pain, the
maximum mouth opening without pain, muscles’ tenderness to palpation and the maximum
voluntary bite force were recorded.
After 24 hours and 48 hours, the levels of fatigue and pain were elevated, the
maximum mouth opening without pain was smaller, and five of the participants reported
tenderness to palpation. The maximum voluntary bite force was also smaller after 24 hours.
These findings indicate that this novel apparatus is successful in inducing DOMS in the
jaw-closing muscles.
Key words: eccentric exercises, delayed-onset muscle soreness (DOMS), human jawclosing muscles, jaw-muscle fatigue, jaw-muscle pain, visual analogue scale (VAS),
maximum mouth opening, maximum voluntary bite force
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INTRODUCTION
Human jaw muscles are of vital importance for the biological and social well-being of
humans. They act as a group of jaw closers or jaw openers and are important for functions
like chewing, talking, drinking, and smiling, which are essential for the human race
(Creanor and Noble, 1994).
Jaw-closing muscles are considered to differ in several aspects from muscles in
other parts of the human body. Human jaw-closing muscles contain large, homogeneous
groups of fibers. The diameter of the type I fibers are greater than those of type II fibers,
but both are comparatively small. This contrasts strongly with the limb and trunk muscles,
where there are mosaic-like, mixed fiber distributions, and where fiber diameter is
correlated to histochemical type (Hannam and McMillan, 1994; van Eijden and Turkawski,
2001). Moreover, adult masseter muscles also contain neonatal myosin heavy-chain
isozymes and alpha-cardiac myosin, which have not been described in normal limb muscles
(Hannam and McMillan, 1994).
Intense dynamic (Farella et al., 2001) and isometric (Svensson et al., 2001)
contractions have been successful in inducing short-lasting fatigue and pain in the jawclosing muscles, which rapidly disappear after cessation of the exercise. A variety of
protocols, like mimicking tooth-grinding activity (Arima et al., 1999) and resisted opening
and closing mouth movements (Svensson and Arendt-Nielsen, 1995), have been used to
provoke delayed-onset muscle soreness (DOMS) in the jaw-closing muscles. However,
these protocols were only successful in provoking mild symptoms of DOMS in these
muscles. From limb muscles, it is known that DOMS is especially provoked by intense
eccentric contractions of the muscles involved (Cleak and Eston, 1992; Kroon and Naeije,
1991). During eccentric exercise, the contracting muscle is forcibly lengthened (Proske and
Morgan, 2001). Due to the anatomy of the masticatory system, eccentric contractions of the
jaw-closing muscles are difficult to perform. This may explain why the results of fatigue
and pain inducing experiments performed so far suggest the jaw-closing muscles to be
fatigue resistant (Arima et al., 1999; Svensson et al., 2001).
Therefore, the aim of the present study was to construct an apparatus capable of
imposing intense eccentric contractions to the jaw-closing muscles, and to test the
hypothesis that repetitive eccentric contractions can provoke symptoms of DOMS in the
jaw-closing muscles.
MATERIALS AND METHODS
Provocation apparatus
The provocation apparatus (Figure 1) consists of two tungsten arms connected by a hinge
axis on one end and with two biting plates on the other end. In each arm six grooves and
five holes were drilled. Opposing grooves offer the possibility to place pieces of rubber
tubing between the two arms. A lever, connected to a bolt which also connects the two arms
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A.

B.

C.

Figure 1. Eccentric Contraction Apparatus: A. Open and B. Closed. C. Participants placed their teeth on the upper
and lower biting plates of the apparatus in the ‘closed’ position, and were instructed to continuously bite at a
predetermined biting level. When the experimenter released the compressed tension of the rubber tubings, the
contraction apparatus opened and the jaw-closing muscles were eccentrically contracting.

by its placement through two opposing holes, enables to vary the distance between the two
biting plates. When the device is closed by rotating the lever by 180 degrees, an elastic
force is built up in the rubber tubing. When the lever is gradually rotated backwards to its
original position, this elastic force will urge the arms of the apparatus to open and to
overcome the biting force exerted by the participant on the two biting plates. The jawclosing muscles of the participant will therefore perform an eccentric contraction.
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Dependent upon the biting force exerted by the participant, one or two pieces of rubber
tubing are placed in opposing grooves closer or farther away from the hinge axis of the
device. The thickness of each metal biting plate is 3 mm and, at maximum seperation, the
two arms are 12 mm apart, thus yielding an interincisal distance of 18 mm.
Experimental protocol
The provocation apparatus was tested in an experimental protocol aimed at provoking
DOMS in the human jaw-closing muscles. Sets of data were collected at baseline,
immediately after the provocation, and 24 hours, 48 hours, and one week later on.
Each data set consisted of measurements of fatigue and pain in the jaw-closing
muscles, of the maximum mouth opening without pain, of the tenderness to palpation of the
jaw-closing muscles, and of the maximum voluntary bite force (MVBF).
Subjective feelings of fatigue and pain in the jaw-closing muscles were rated at
two separate 100 mm visual analogue scales (VAS), with left anchor words “No
fatigue/pain at all” and right anchor words “Fatigue/Pain as worse as it could be”.
Participants were asked to draw a perpendicular line at the point representing their
subjective feelings of fatigue and pain, respectively.
Maximum mouth opening was recorded by asking participants to open their
mouths as wide as possible, without experiencing any pain. The distance between the
incisal edges of the right upper central incisor and the right lower central incisor were
added to the vertical overjet to come to the maximum mouth opening without pain (MMO
without pain).
The major jaw-closing muscles, the masseter and temporalis, were manually
palpated (Dworkin and LeResche, 1992). The temporalis was palpated on three points (its
posterior, middle, and anterior part) and the masseter was palpated on its origin, body, and
insertion.
MVBF was recorded by asking the participants to bite as hard as possible on a
custom-made bite force transducer. Four efforts, lasting 10s each, were performed and the
MVBF was the maximum value of these four efforts. During each effort, participants were
verbally encouraged to increase their biting force gradually to its maximum, then to keep it
at that level for approximately 3 seconds and then to relax. In order to protect the teeth from
possible damage, individual impressions of both upper and lower teeth were made with a
dental putty material (PROVIL® novo; Heraeus Kulzer, Hanau, Germany). In order to
avoid muscle fatigue, the clenching efforts were separated by 2 minutes of rest.
Provocation part
During the provocation part, eccentric contractions of the jaw-closing muscles were
performed in six sets of exercises, each lasting 5 minutes, and with one minute of rest in
between. Each set of exercises consisted of about 60 open-close movements, each
movement lasting about 5 seconds.
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The provocation apparatus was mounted on a table with the fixed lower arm
parallel to the floor of the experimental room. Participants were sitting upright in a chair
with an adjustable height, so that they could comfortably bite with their central incisors on
the biting plates of the apparatus. In order to protect the teeth from pain or possible
fractures, participants were wearing soft acrylic mouth guards (Bioplast, Ref 3188.1,
4,0x125mm, clear, Scheu Dental Technology, Am Burgberg 20, 58642 Iserlohn, Germany),
made on individual plaster casts of both dental arches. Two pieces of rubber tubing were
used between the two metal arms throughout the provocation. The release of the lever was
done at a steady pace controlled by the experimenter, under the guidance of a silent
metronome.
During the open-close movements, participants were constantly biting at a level of
30% of the baseline maximum electromyographic (EMG) activity of their right masseter
muscle. The root mean square values of the EMG activity were displayed to the participant
through visual feedback with the use of a voltmeter. Custom-made, bipolar surface
electrodes made of silver amalgam (diameter: 4 mm) were placed over the belly of the right
masseter muscle after thorough cleaning of the skin with alcohol. The electrodes were
placed parallel to the muscle fibres and with their centres approximately 15 mm apart. The
EMG signals were filtered (bandwidth 5-1000 Hz), amplified (1000 times), and sampled
(2000 Hz). An isolated metal common electrode held in the palm of the hand served as a
reference electrode.
Participants
Six healthy male participants (mean age ± SD = 35,67 ± 13,49 years) with no history of
temporomandibular disorders (TMD) or chronic orofacial pain complaints participated in
the study. Before the start of the experiment, they gave a written informed consent. The
study was conducted according to the Helsinki declaration and the protocol was approved
by the University of Adelaide Human Research Ethics Committee.
Statistical analysis
The mean VAS scores, the mean MMO without pain, and the mean MVBF values were
analysed with repeated measures analysis of variance (ANOVA) with time as a withinparticipants factor with five levels (before, after, after 24 hours, after 48 hours, after one
week). Pair-wise comparisons were performed with simple contrast analysis and the first
(before) level as reference.
RESULTS
Immediately after the provocation part, participants reported significantly elevated levels
of fatigue and pain (p<0.01 for both) that remained elevated at the follow-up
appointments after 24 and 48 hours (p<0.05). After one week, fatigue and pain VAS
values did not differ anymore from baseline (Figure 2).
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The MMO without pain was significantly decreased at the appointments 24
hours (p<0.01) and 48 hours (p<0.05) after the provocation part when compared with
baseline (Figure 3), indicating a restricted range of movement of the mandible.
Regarding the response to manual palpation of the jaw-closing muscles, three
participants developed painful reactions on at least one palpated point immediately after
the provocation part, while five participants showed painful reactions at the follow-up
measurements 24 hours and 48 hours later on. At baseline and one week after the
exercises, no painful palpation points were found (Figure 4).
Compared to baseline, the MVBF was significantly decreased at the follow-up
appointment 24 hours after the provocation part (p<0.05) (Figure 5).

*

*

*
*

*

*

Figure 2. Mean values ± SD regarding the subjective feelings of fatigue and pain, rated at two separate 100-mm
VAS, at baseline, immediately after the provocation, and 24 hours, 48 hours, and one week later on (*: p<0.05; **:
p<0.01).

**

*

Figure 3. Mean values ± SD of the maximum mouth opening without pain, recorded at baseline, immediately after
the provocation, and 24 hours, 48 hours, and one week later on (*: p<0.05; **: p<0.01).
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Figure 4. Number of participants with at least one painful reaction to manual palpation of the masseter and
temporalis muscles, recorded at baseline, immediately after the provocation, and 24 hours, 48 hours, and one week
later on.

*

Figure 5. Mean values ± SD of the maximum voluntary bite force (MVBF), recorded at baseline, immediately
after the provocation, and 24 hours, 48 hours, and one week later on (*: p<0.05).
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DISCUSSION
In this study, an apparatus was presented which is capable of imposing intense eccentric
contractions upon the jaw-closing muscles, and the hypothesis was tested that repetitive
eccentric contractions imposed by this apparatus, can provoke symptoms of DOMS in the
jaw-closing muscles.
Eccentric contractions can generate DOMS in limb muscles (Cheung et al., 2003;
Proske and Morgan, 2001). It is characteristic for DOMS that it is experienced in the first
12-48 hours following intense eccentric exercise. DOMS presents with a variety of
symptoms that include increased perceived muscle pain or soreness, reports of pain upon
muscle palpation, a reduced maximum voluntary muscle force, and a limited range of
motion (Prasartwuth et al., 2005). Although there is no consensus regarding the underlying
mechanisms of DOMS (Clarkson and Sayers, 1999), inflammatory processes (Jones et al.,
1986; Round et al., 1987), muscle fibre degeneration (Friden et al., 1983; Newham et al.,
1983), and necrosis (Friden and Lieber, 1998; Nosaka and Clarkson, 1996) are typically
suggested.
In the present study, signs and symptoms, typical for DOMS, could also be
provoked in the jaw-closing muscles. This suggests that the conclusion drawn from pain
and fatigue inducing experiments performed so far, viz., that the jaw-closing muscles are
rather fatigue resistant (Arima et al., 1999; Svensson et al., 2001), may be due to difficulties
imposing eccentric contractions to these muscles. The apparatus presented in this study has
overcome this problem since it induces only eccentric contractions of the jaw-closing
muscles and not combination of concentric and eccentric ones like a previous protocol
(Svensson and Arendt-Nielsen, 1995). Its use in a DOMS provocation protocol has
indicated that even though jaw-closing muscles differ from other skeletal muscles, they
respond similarly to intense eccentric exercise.
The characteristics of DOMS are similar to the signs and symptoms of patients
suffering from a myofascial temporomandibular disorder (TMD) pain. The aetiology of
myofascial TMD pain is still unclear (Suvinen et al., 2005). Although bruxing habits, such
as frequent clenching and grinding, are thought to play an important role in this respect, not
every myofascial TMD patient is a frequent bruxer, indicating that other factors are
involved as well (Lobbezoo and Lavigne, 1997). That myofascial TMD-like symptoms can
be provoked in an experimental setting offers the possibility to gain more insight into the
onset and aetiology of myofascial TMD pain.
In conclusion, the apparatus described in the present paper can successfully
provoke DOMS in the jaw-closing muscles of healthy volunteers. This opens the possibility
to further study the onset and aetiology of myofascial TMD pain.
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ABSTRACT
In a study to the possible role of overuse of jaw muscles in the pathogenesis of jaw-muscle
pain, a protocol involving concentric and eccentric muscle contractions was used to
provoke a state of delayed onset of muscle soreness (DOMS) in the jaw muscles of healthy
individuals. It was tested whether the accompanying signs and symptoms would yield the
temporary diagnosis of myofascial pain according to the research diagnostic criteria for
temporomandibular disorders (RDC-TMD) in these individuals. Forty persons (mean age ±
SD = 27.7 ± 7.5 years) performed six, 5-min bouts of eccentric and concentric jaw-muscle
contractions. Before and immediately after the exercise, and 24 hours, 48 hours, and one
week later, self-reported muscle fatigue and pain, pain-free maximum mouth opening,
pressure-pain thresholds, and the number of painful jaw-muscle palpation sites were
recorded. Significant signs and symptoms of DOMS in the jaw muscles were found, which
all had resolved after a week. In 31 (77.5%) of the participants, these signs and symptoms
also gave rise to a temporary diagnosis of myofascial pain according to the RDC-TMD.
Within the limits of the study it was shown that an experimental protocol involving
concentric and eccentric muscle contractions can provoke a DOMS in the jaw muscles and
the temporary diagnosis of myofascial pain according to the RDC-TMD. This strengthens
the suggestion that the myofascial pain in TMD patients may be a manifestation of DOMS
in the jaw muscles.
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INTRODUCTION
Chronic musculoskeletal pain, such as low back and neck pain, is a common symptom in
the general population (Wijnhoven et al., 2006), affecting the quality of life of its sufferers.
In the orofacial region, the umbrella term “temporomandibular disorders” (TMD) (McNeil,
1993) is often used to denote musculoskeletal disorders in the jaw muscles and/or the
temporomandibular joints. TMD pain has a prevalence of about 10% in the general
population and affects females the most (LeResche, 1997). Jaw-muscle pain is the most
common type of TMD pain in TMD patients (Manfredini et al., 2011). It often has a
chronic character and includes the characteristics of pain at rest, and pain which
exacerbates during jaw functions such as chewing, biting, and yawning. Moreover, the
painful jaw muscles show a tenderness to palpation. The orofacial pain with these signs and
symptoms is given the diagnosis of myofascial pain according to the internationally
accepted research diagnostic criteria for TMD (RDC-TMD) (Dworkin and LeResche,
1992).
The pathogenesis of jaw-muscle pain in TMD patients is not yet well understood.
Epidemiological studies indicate that adverse bruxing habits such as frequent clenching and
grinding may play an important role in initiating and perpetuating jaw-muscle pain
(Svensson et al., 2008). However, most of the experimental muscle-exercise protocols
performed so far have only been successful in provoking a transient jaw-muscle pain that
was especially present during the exercise and that resolved quickly after its cessation
(Svensson et al., 2008). This may question the role of overuse of the jaw muscles in the
pathogenesis of jaw-muscle pain in TMD patients, or it may indicate that the protocols used
were not successful in mimicking the overuse of the jaw muscles as present in TMD
patients. However, experimental protocols especially involving eccentric jaw muscle
contractions were successful in provoking a jaw-muscle pain that did not resolve quickly
after the exercise but that lingered on until a few days after the exercise (Svensson and
Arendt-Nielsen, 1995; Svensson et al., 1997; Türker et al., 2010; Torisu et al., 2008; Torisu
et al., 2010). Muscle pain being present for a few days after the exercise is a well-known
phenomenon in limb muscles and is usually called a delayed onset muscle soreness
(DOMS) (Cheung et al., 2003). During the oral habit of teeth grinding, the lower jaw
performs a high number of consecutive small lateral or protrusive movements, with teeth
contact. The jaw muscles, which are tonically active during these grinding movements, then
undergo concentric and eccentric contractions (Kato et al., 2003a) and this raises the
question whether the jaw-muscle pain experienced by TMD patients is a manifestation of
DOMS in the jaw muscles.
Therefore, to further study the possible role of overuse of jaw muscles in the
pathogenesis of jaw-muscle pain, a protocol involving concentric and eccentric contractions
of the jaw muscles was used to provoke a state of DOMS in the muscles of healthy
individuals. It was hypothesized that the accompanying signs and symptoms would yield
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the temporary diagnosis of myofascial pain according to the RDC-TMD in these
individuals. If so, this would strengthen the suggestion that the jaw-muscle pain in TMD
patients is a manifestation of DOMS in the jaw muscles.
METHODS
Participants
After receiving detailed information about the experiment, 40 volunteers (20 males, 20
females; mean age±SD=27.7±7.5 years) gave their written informed consent. All
participants were healthy, did not use any medication, and had no dental pain pathology (de
Leeuw, 2008). Individuals who reported oral parafunctions (i.e., tooth grinding, tooth
clenching) were excluded. The experiments were conducted according to the Helsinki
declaration, and the protocol was approved by the Clinical Research Ethics Committee of
the Medical Faculty at Ege University.
Protocol Overview
The protocol consisted of baseline measurements, a provocation part, and data collection
immediately, 24 hours, 48 hours, and 1 week after the provocation part. Data were collected
regarding the subjective feelings of fatigue and pain intensity, the pain-free maximum
mouth opening (MMO), the pressure-pain thresholds (PPTs) of the major jaw-closing
muscles, and the number of painful muscle palpation sites.
Provocation part
During the provocation part, participants performed six sets of eccentric and concentric
contractions, each set lasting 5 minutes, and with 1 minute of rest in between. During a set,
the participants were continuously biting with their anterior teeth on one end of a custommade jaw-muscle stretcher (Türker et al., 2010). The stretcher (Figure 1) consisted of two
tungsten arms connected by a hinge axis on one end and two small biting plates on the other
end. Opposing grooves enabled the placement of a rubber tubing between the two arms.
When the compression force of the rubber tubing was gradually released by the
experimenter, the participant’s mouth was gently forced open, allowing jaw-closing
muscles to contract eccentrically during approximately 3 sec. Subsequently, the
experimenter manually closed the apparatus (the concentric contraction) (duration: 1 sec)
and the compression force was built up again in the rubber tubing. The “occlusal” phase,
i.e. the transition from closing to opening, took about 1 sec and thus, each open-close cycle
lasted approximately 5 sec in total. This way, the participants performed about 60 eccentric
and concentric contractions during each set. Participants continuously received visual
feedback of the root mean square values of the electromyographic (EMG) activity of their
right masseter muscle by means of a voltmeter. The EMG activity was recorded by custommade, bipolar electrodes made of silver amalgam (diameter: 4 mm) that were placed over
the belly of the right masseter after thorough cleaning of the skin with alcohol. The
electrodes were placed parallel to the muscle fibres and with their centres approximately 15
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mm apart. The EMG signals were filtered (bandwidth 5-1000Hz), amplified (1000 times),
and sampled (2000 Hz). An isolated metal common electrode held in the palm of the hand
served as reference electrode. Participants were instructed to keep the EMG activity as
constant as possible during the exercise. For the first 20 participants (10 males, 10 females;
mean age±SD=26.9±5.2 years) the EMG level was set at 10% of the maximum voluntary
EMG activity recorded at baseline; for the other 20 participants (10 males, 10 females;
mean age±SD=28.5±9.3 years), it was set at 30%.

Figure 1. Muscle stretcher (Reprinted from Arc
Oral Biol 2010;55:621-626, Kemal S. Türker,
Michail Koutris, N. Ceren Sümer, E. Sibel Atis, Ian
R. Linke, Frank Lobbezoo, Machiel Naeije,
Provocation of delayed-onset muscle soreness in
the human jaw-closing muscles, with permission
from Elsevier).

Collected Data
All data were collected by three experimenters (MK, ESA, and NS), who followed the same
data-collection protocol. The clinical examination was performed by two experienced
clinicians (MK and FL), who are calibrated on a yearly basis. Before the start of the present
study, an extra calibration session was performed.
Fatigue and pain intensity
The subjective feelings of fatigue and pain intensity were measured with two, 100-mm
long visual analogue scales (VAS), with left anchor words “No fatigue/pain at all”, and
right anchor words “Fatigue/pain as bad as it could be”. VAS values below 5 mm were set
to zero (Ekblom and Hansson, 1988).
Pain-free maximum mouth opening (MMO)
The MMO was recorded while the participants opened their mouth as wide as possible
without experiencing any pain. The distance between the incisal edges of the right upper
and lower central incisors was measured (in mm) with a plastic ruler and was adjusted for
the vertical overbite.
Pressure-pain thresholds (PPTs)
PPTs were recorded from the right and left masseter muscles (RM and LM) and the right
and left anterior temporalis muscles (RAT and LAT). A custom-made electronic algometer
with a tip of 1 cm in diameter was used. The rate of pressure application was 30 kPa/sec
(Svensson et al., 2003), which was visually displayed on a computer screen. While the jaw
muscles were relaxed, the experimenter applied the tip of the algometer perpendicular to
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the skin at the points of the muscles’ maximum bulge. These points were marked before the
start of the experiment while the participants clenched several times. For each muscle, four
PPT recordings were obtained right after each other, with at least 1 minute rest in between.
For the data analysis, the mean values of the last three recordings were used (Isselée et al.,
1998).
Jaw-muscle palpation
Twenty orofacial muscle sites were palpated according to the guidelines of the Research
Diagnostic Criteria for Temporomandibular Disorders (RDC-TMD) (Dworkin and
LeResche, 1992). Following the algorithm of the RDC-TMD, a diagnosis of myofascial
pain was set.
Statistical analysis
Because the VAS scores of fatigue and pain intensities were not normally distributed and
had unequal variances at different time points, Friedman’s ANOVA’s were used to test for
possible differences in the VAS scores over time. In case of significance, contrast analyses
with Wilcoxon signed-rank tests were performed with the values at baseline as reference.
Subsequently, for each participant, the medians of the VAS scores over all time points were
calculated. Using Mann-Whitney U tests, these medians were tested for gender and
intensity level differences.
ANOVAs for repeated measures were used for the analysis of the MMO, the
PPTs, and the number of painful muscle-palpation sites. For the MMOs and the number of
painful palpation sites, “time” (with 5 levels: before and immediately after the provocation
part, and 24 hours, 48 hours, and one week later) was the within-subject factor; and
“gender” (with 2 levels: male and female) and “intensity level” (with 2 levels: 10% and
30%) were the between-subjects factors. For the PPTs, an extra within-subject factor was
added, viz., “muscle” (with 4 levels: RM, LM, RAT, and LAT). In case of significance,
simple contrast analyses were performed, with the values at baseline as reference.
The number of myofascial pain diagnoses, averaged over three time points
(immediately, 24 hours, and 48 hours after the provocation part), was calculated for each
participant. A possible difference between men and women in the number of positive
diagnoses was tested with a Chi-square test. Differences between the two intensity levels
were analyzed similarly.
RESULTS
Significant and long-lasting responses to the eccentric and concentric contractions of the
jaw muscles were found in all variables investigated (ANOVA’s, p<0.001). Contrast
analysis demonstrated that the fatigue and pain intensity, and the number of painful musclepalpation sites showed an immediate (immediately after the provocation part) and a delayed
(24 hours and 48 hours after the provocation part) increase with respect to baseline; see
figure 2A and 2B. Significant decreases with respect to baseline were found for the MMOs
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(immediate and delayed) (Fig 2C) and for the PPTs (delayed only) (Fig 2D). All variables
had returned to baseline after one week.
The temporalis muscles showed higher PPT values than the masseter muscles
(p=0.001) and men showed higher PPT values than women (p=0.003). No gender influence
was found for any of the other variables (p>0,05 for all variables tested). No influence of
the intensity level was found, except for the reported fatigue levels. These levels were
higher for the protocol with the 30% intensity level than for the protocol with the 10%
intensity level (p=0.04) and are thus reported in separate boxplots (Fig 2B).
Based on the above provoked clinical signs and symptoms and following the
diagnostic algorithm of RDC-TMD, up to thirty-one (77.5%) participants received a
myofascial pain diagnosis immediately, or 1 or 2 days after the provocation part (Fig 2F).
No significant differences in the number of myofascial pain diagnoses were found between
men and women or between the two feedback levels.
DISCUSSION
In this study, a protocol involving concentric and eccentric contractions of the jaw muscles
could provoke a state of DOMS in the muscles of healthy individuals. The accompanying
signs and symptoms yielded the temporary diagnosis of myofascial pain according to the
Research Diagnostic Criteria for TMD in 77.5% of these individuals.
The present study indicates that intense, unaccustomed eccentric and concentric
muscle contractions can induce immediate and delayed symptoms of fatigue and pain in the
human jaw muscles. The symptoms present immediately after the provocation part were
probably the result of an accumulation of metabolites, such as lactic acid, within the
muscles due to an obstruction of the muscles’ blood flow during the exercise (GravenNielsen et al., 2003; Kim et al., 1999; Mills et al., 1982; Rasmussen et al., 1977). The
delayed responses resembled the characteristics of a so-called DOMS in the human jaw
muscles. In limb muscles, DOMS typically develops 12-48 hours after an intense,
unaccustomed, eccentric exercise (Friden, 2002; Proske, 2005) and includes the
characteristics that were also found in the present study, viz., decreased range of motion,
pain at rest, pain exacerbating during movement, and the muscle being painful to palpation.
It is generally assumed that the symptoms of DOMS arise from micro traumata to the
muscle fibres due to mechanical overloading and rupture especially during the eccentric
contractions. The repair of muscle damage is associated with an inflammatory reaction
within the muscles (Proske, 2005), which is responsible for a peripheral sensitization of the
primary afferent nerve fibers (Regueme et al., 2005). In this study, peripheral sensitization
was present on the days following the provocation part, as revealed by the lower PPTs and
the muscles’ tenderness to palpation. The differences in PPT values found between the
temporalis and the masseter muscles corroborate previous studies (Ohrbach and Gale,
1989), as do the lower PPTs values found for women (Jensen et al., 1992).
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Figure 2. Box plots of the VAS scores of fatigue (for intensity levels at 10% and 30% of the maximum voluntary
EMG activity recorded at baseline, since they showed significantly different results) (a) and pain (b), and mean
values ± standard errors of the mean of the maximum mouth opening without pain (MMO) (c); the pressure-pain
thresholds (PPT) of the masseter (Mas) and the anterior temporalis (Temp) muscles for men (Men) and women
(Women) (-♦- Mas_Men, -■- Mas_Women, -▲- Temp_Men, -x- Temp_Women) (d); the number of painful
muscle palpation sites (e); and the number of participants with a myofascial pain diagnosis (f). All variables were
recorded before and immediately after the provocation part, and after 24 hours, 48 hours, and one week. (*:
p<0.05; **: p<0.01)
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The findings of the present study strengthen the suggestion that the myofascial
pain in TMD patients may be a manifestation of DOMS in the jaw muscles. In TMD
patients associations has been found between self-reported bruxism and TMD pain
(Magnusson et al., 2005) and it is well-known that during this parafunctional activity the
jaw muscles also perform eccentric contractions (Kato et al., 2003b). In the present study,
the myofascial pain was provoked by a single provocation protocol and had subsided after
one week indicating that the provoked symptoms were only transient. However, in
myofascial TMD patients, the pain complaints are often chronic. This is probably related to
the fact that TMD patients usually do not show their bruxing behavior only once in a while,
but more on a regular, sometimes even daily basis. It can then be hypothesized that the
provoked jaw muscle complaints will run the risk of becoming chronic in case the
relaxation periods in between the parafunctional activities are too short for the jaw muscles
to recover and to adapt to their overuse. From sports medicine, it is known that when there
is an imbalance between training and recovery, exercise and exercise capacity, there is a
risk for overtraining the exercised muscles (Lehmann et al., 1993). Thus in TMD patients
who brux on a regular basis, the myofascial pain could be the manifestation of a chronic
DOMS in their jaw muscles.
The absence of any gender effect in the pain and fatigue scores in this study is in
accordance with the results of similar studies in limb muscles (Dannecker, 2008). It may
indicate that the higher prevalence of women among jaw muscle-pain patients (Anastassaki
and Magnusson, 2004) is not related to a different (patho)physiology of their jaw muscles,
which would render these muscles more susceptible to overuse. It may very well be so that
the higher prevalence is more related to a higher susceptibility of women to the
psychosocial factors, known to be involved in the development of especially chronic pain
complaints (Svensson and Sessle, 2004). No standardized experimental protocols exist so
far for the provocation of DOMS in skeletal muscles, also not in the human jaw muscles.
For this reason two EMG feedback levels were used in this study. More insight into the
pathophysiological mechanisms of DOMS is needed to appreciate that the exercise protocol
set at a 30% EMG feedback level gives more or less the same results as the feedback level
set at 10%.
Though the majority of the participants showed jaw-muscle pain following the
provocation protocol, 9 (22.5%) of the participants did not report any pain at all.
Apparently, large differences in the jaw muscles’ susceptibility to overuse exist. This can
also be observed clinically in patients with severe signs of bruxism (e.g., hypertrophic jaw
muscles), who sometimes present themselves without any muscle pain, but only with severe
tooth wear as their main complaint. This substantiates the claim that there is no simple oneto-one relationship between muscle overuse on one hand and muscle pain on the other hand
(Svensson et al., 2008).

65

Chapter 5, Is myofascial pain in the temporomandibular disorder patients a manifestation of
delayed-onset muscle soreness?
Within the limits of the study it was shown that an experimental protocol
involving concentric and eccentric muscle contractions can provoke a delayed onset of
muscle soreness (DOMS) in the jaw muscles of healthy individuals. The accompanying
signs and symptoms yield the temporary diagnosis of myofascial pain according to the
RDC-TMD in these individuals. This strengthens the suggestion that the myofascial pain in
TMD patients may be a manifestation of DOMS in the jaw muscles.
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ABSTRACT
The aim of this study was to investigate whether diagnostic tests for musculoskeletal pain
in the orofacial region (temporomandibular disorder (TMD) pain) are influenced by the
presence of comorbid conditions, and to determine whether this influence decreases when
the presence of “familiar pain” is used as outcome measure. In total, 117 patients (35 males,
82 females; 75 TMD-pain patients, 42 pain-free patients; mean age±SD=42.94±14.17
years) were examined with palpation tests and dynamic/static tests. After each test, they
were asked whether any pain was provoked and whether this pain response was familiar or
not. For four clinical outcome measures (pain on palpation, familiar pain on palpation, pain
on dynamic/static tests, and familiar pain on dynamic/static tests), multiple logistic
regression analyses were performed with the presence of TMD pain as the primary
predictor and regional (neck/shoulder) pain, widespread pain, depression, and somatization
as comorbid factors. Pain on palpation was not associated with the primary predictor but
with regional pain (P=0.02, OR=4.59) and somatization (P=0.011, OR=8.47), whereas
familiar pain on palpation was associated with the primary predictor (P=0.003, OR=5.23)
but also with widespread pain (P=0.001, OR=2.02). Pain on dynamic/static tests was
associated with the primary predictor (P<0.001, OR=11.08) but also with somatization
(P=0.037, OR=4.5), whereas familiar pain on dynamic/static tests was only associated with
the primary predictor (P<0.001, OR=32.37). In conclusion, diagnostic tests are negatively
influenced by the presence of comorbidity. This influence decreases when the presence of
familiar pain is used as outcome measure.
Key words: temporomandibular disorders, comorbidity, familiar pain, palpation,
dynamic/static tests
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INTRODUCTION
Musculoskeletal pain, like low-back pain and neck/shoulder pain, is a common complaint
that is reported by 8-44% of the general population and has a higher prevalence in women
than in men (McBeth and Jones, 2007). It is usually characterized by a dull, aching pain,
which aggravates on function. Musculoskeletal pain in the orofacial region is referred to as
temporomandibular disorder (TMD) pain (de Leeuw, 2008), and has a point prevalence of
approximately 10% (LeResche, 1997). In chronic pain patients, comorbid conditions like
other physical symptoms or psychological factors are quite common (Hestbaek et al., 2003;
Hoffmann et al., 2011; Velly et al., 2010; Visscher et al., 2001b).
Several classification systems for musculoskeletal pain have been proposed (e.g.,
(Dworkin and LeResche, 1992; Merksey and Bogduk, 1994; Spitzer et al., 1987; Spitzer
and Skovron, 1995)). Among these systems, the Research Diagnostic Criteria for
Temporomandibular Disorders (RDC/TMD) (Dworkin and LeResche, 1992) is unique in its
detailed description and standardization of the clinical examination needed for the
classification. In the recognition of the various subtypes of TMD pain, i.e. myofascial pain
and arthralgia, palpation tests play a crucial role. Also the classification system for the
widespread pain condition fibromyalgia is largely based on the outcome of palpation tests
(Wolfe et al., 1990). However, in more recent papers, the use of palpation as a diagnostic
tool has been challenged (Wolfe, 2003). Critics have indicated that palpation is more an
indication of general distress than of muscle pain (Croft, 2000), while others have reported
that palpation is merely related to a generalized heightened pain perception (Goldenberg,
1999).
Evidence for the validity of diagnostic tests for musculoskeletal pain is scarce.
Recently, two multicenter studies to the validity of the RDC/TMD have been published
(Truelove et al., 2010; Visscher et al., 2009). Although the results of these studies are quite
contradictory, they agree that the validity of the RDC/TMD is not acceptable. As an
alternative to be used in the recognition of musculoskeletal pain, dynamic/static tests have
been proposed (Naeije and Hansson, 1986; Visscher et al., 2009). These tests make use of
the characteristic of musculoskeletal pain that it aggravates on dynamic or static function
(Cyriax and Patricia, 1993).
The above-mentioned validity studies were performed in chronic TMD-pain
patients, of which the majority reported physical or psychological comorbidity. It is well
known that comorbidity negatively influences treatment outcome (Hoffmann et al., 2011).
However, whether comorbidity also influences the outcomes of diagnostic tests is
unknown. Ideally, for the recognition of a specific musculoskeletal pain disorder, like TMD
pain, the outcomes of the tests should only be related to the presence of that disorder, and
not to the presence of comorbidity.
A concept that may further improve the validity of diagnostic tests, is the concept
of ‘familiar pain’: only a pain response which resembles the patient’s pain complaints is
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interpreted as a positive test outcome (Truelove et al., 2010; Visscher et al., 2009). As
compared to the various classification systems (where ‘any pain’ is interpreted as a positive
outcome), it may be expected that the use of familiar pain will lead to a decrease of false
positive responses.
The aim of this study was to investigate whether diagnostic tests (palpation and
dynamic/static tests) for musculoskeletal pain in the orofacial region are influenced by the
presence of comorbid conditions, and to determine whether this influence decreases when
the presence of “familiar pain” is used as outcome measure.
MATERIALS AND METHODS
Participants
Participants were all patients who visited the tertiary care clinic of Oral Kinesiology at the
Academic Centre for Dentistry in Amsterdam (ACTA) for an intake appointment. Over a
period of nine months, all consecutive patients (N = 220), were invited to participate in the
study. They were referred to the clinic by their dentist or medical specialist because of
orofacial pain, functional complaints of the temporomandibular joints (e.g., joint sounds or
movement limitations), and/or tooth wear. So, the sample included patients with an
orofacial pain complaint as well as patients without pain complaints. They were all given
detailed information about the protocol. 77 of the 220 patients denied participation in the
study, most often because of time constraints. Furthermore, patients reporting orofacial pain
with characteristics compatible with dental pain (N=7) or neuropathic pain (N=4), or
patients with incomplete records (N=15), were excluded. Dental pain was considered
present when the patient complained of toothache provoked or aggravated by cold or warm
food, or by chewing. It was confirmed by clinical signs of dental pathology, like the
presence of caries or pain provocation on tooth percussion, on temperature test, or on bite
tests, or by periapical radiolucencies or radiological signs of caries. Neuropathic pain was
recognized when the pain complaints presented like shock-like pain, or burning pain
(Treede et al., 2008). Thus, in total, 117 patients (35 males, mean age±SD = 42.9±14.2
years) were included.
Protocol overview
Prior to their intake appointment, as part of the regular procedure of the clinic of Oral
Kinesiology of ACTA, all patients received a set of questionnaires that included a general
health questionnaire and the depression and somatization subscale of the Dutch version of
the Symptom Checklist 90 (SCL-90) (Dworkin and LeResche, 1992; Lobbezoo et al.,
2005). After the intake visit, patients who agreed to participate in the study underwent an
additional standardized clinical examination and filled in the body drawing of the McGill
pain questionnaire (Melzack, 1975).
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Figure 1. The pain drawing of the McGill pain questionnaire with the body areas’ division as used for the analysis
of the data.

Standardized clinical examination
The additional standardized clinical examination consisted of palpation tests and
dynamic/static tests of the masticatory system. Following each palpation, dynamic, and
static test, patients were asked whether or not the test had provoked any pain in the
orofacial region. If so, patients were asked whether this pain was familiar or not. The term
“familiar pain” was explained to the participants as the pain that resembled their complaints
(Truelove et al., 2010; Visscher et al., 2009). The following was asked to the patients: “Do
you recognize this pain as (part of) your complaint(s)?” The examination was performed by
an examiner who was blind for the presence of orofacial pain complaints and comorbid
factors (see below). The examiner was either a thoroughly trained dental student (N=4), or
an experienced dentist specialized in TMD patients’ management (MK). The students
followed a thorough calibration course that included theoretical knowledge about the
clinical examination and extensive training of clinical skills under the supervision of a
calibrated examiner (MK).
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Palpation of the masticatory system
The muscle and joint palpation sites described by the RDC/TMD (Dworkin and LeResche,
1992), with the exception of the intraoral sites and the posterior temporomandibular joint
site, were palpated. The intraoral sites and the posterior temporomandibular joint site were
excluded because they have a high rate of false positive results (Visscher et al., 2009) and
are proposed to be excluded from future classification systems (Schiffman et al.). First, the
sites at the left side of the face were examined and then those at the right side. In total, 14
sites were palpated. As specified by the RDC/TMD, a pressure of 2 lbs was applied to the
following muscle palpation sites: the posterior, middle, and anterior part of the temporalis
muscle, and the origin, body, and insertion of the masseter muscle. A pressure of 1 lb was
applied to the posterior mandibular region (corresponding to the stylohyoid/posterior
digastric muscles), the submandibular region (corresponding to the medial pterygoid,
suprahyoid, anterior digastric muscles), and the lateral pole of the temporomandibular joint.
In order to standardize the pressure applied, palpation was performed with the use of a
custom-made algometer. The algometer had a stainless-steel handgrip and had a round tip
covered with rubber with a diameter of 1 cm. The examiner was holding the algometer
perpendicular to the skin above the muscle bulge or the temporomandibular joint. With the
use of custom-made software, the examiner received visual feedback on a computer screen
while examining the muscles or the temporomandibular joints. The feedback corresponded
to a standardized increase of the pressure by 30 kPa/sec until reaching a plateau of 2 lbs or
1 lb, depending on the palpation site. This plateau was kept constant for 3 sec. Then
patients were asked whether the test provoked any pain and whether the provoked pain
resembled their complaints.
Dynamic/static tests of the masticatory system
The dynamic and static tests (Naeije and Hansson, 1986; Visscher et al., 2007; Visscher et
al., 2009) were performed in the following movement directions of the mandible: opening,
closing, and protrusion. During dynamic tests, patients performed mandibular movements
while the examiner applied a slight manual counter pressure to the movement. During static
tests, patients were instructed to hold the mandible motionless, while the examiner
gradually increased a manual counter pressure, until either the patient or the examiner
reached their maximal effort. This effort was then maintained for about 3 seconds (Visscher
et al., 2009). Then patients were asked whether the test provoked any pain and whether the
provoked pain resembled their complaints.
Primary predictor – TMD pain
To avoid circularity, the presence of TMD pain cannot be established with the use of the
diagnostic tests under study. Since other causes of orofacial pain than TMD pain (e.g.,
dental pain and neuropathic pain) were excluded, patients reporting pain in the orofacial
region were classified as having TMD pain (N=75). When there was no report of orofacial
pain at all, they were presumed not to have a TMD pain (N=42).
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Comorbid factors (other physical and psychological complaints)
Regional (neck/shoulder) pain and widespread pain: The body drawing of the McGill Pain
Questionnaire was used to determine the presence of regional (neck/shoulder) pain and
widespread pain (Fig. 1.). After excluding the orofacial area, the body drawing was divided
in two parts: the neck/shoulder area (corresponding to regional pain) and the rest of the
body (corresponding to widespread pain) (Turp et al., 1997; Visscher et al., 2001a). The
“neck/shoulder” area was rated as a separate variable (i.e., not incorporated in the
“widespread pain” variable), because of the close association between TMD and cervical
spine disorders (De Laat et al., 1998; Visscher et al., 2001b). When pain was marked on
the neck/shoulder region, patients were classified as having regional pain, otherwise they
were classified as not having regional pain. To rate widespread pain, the body area below
the neck and shoulders was divided into seven parts, viz., the right arm, the left arm, the
chest, the abdomen, the back, the right leg, and the left leg (Lobbezoo et al., 2004). The
total number of painful body areas (ranging from 0-7) was used as an indication of the
degree of widespread pain (Fig. 1).
Depression and somatization: These measures were scored with the Dutch version of the
SCL-90 (Arrindell and Ettema, 1981). The depression scale assesses negative mood and
vegetative symptoms of poor functioning, while the somatization scale assesses distress
related to bodily symptoms, such as faintness and stomach upset. The shortened
somatization scale, excluding the four pain-related questions, was used in order to avoid
confounding with the variables assessing TMD pain or other physical pain complaints (van
Selms et al., 2009). Each item of the depression and somatization scale is rated on a fivepoint Likert scale, ranging from 1 (not at all) to 5 (very much). The total score, taking into
account the patient’s gender, classifies the patient into one of the 7 categories regarding the
severity of the depression and somatization (ranging from very low to very high; 1-7)
(Arindell and Ettema, 2003). Finally, the outcomes were dichotomized: patients with scores
≥6 (representing high and very high levels of depression and somatization, respectively)
were classified as depressed/highly somatized. The others were classified as notdepressed/low on somatization, respectively (Derogatis and Cleary, 1977).
Statistical analysis
To study whether the outcomes of the clinical tests (i.e., palpation and dynamic/static tests)
1) were influenced by the presence of comorbidity and 2) were improved by the addition of
the term “familiar” to the pain response, multiple logistic regression models were built for
four outcome measures:
- pain on palpation tests
- familiar pain on palpation tests
- pain on dynamic/static tests
- familiar pain on dynamic/static tests
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When the patient indicated that orofacial pain was provoked by at least one of the
14 palpation tests, the outcome of the variable ‘pain on palpation’ was considered positive
(scored as 1). When at least one of these pain responses on palpation was recognized as a
familiar pain, the variable ‘familiar pain on palpation’ was considered positive (scored as
1). In all other cases, ‘pain on palpation’ and ‘familiar pain on palpation’ were considered
absent (scored as 0). Similar rules applied for the classification of ‘pain on dynamic/static
tests’ and ‘familiar pain on dynamic/static tests’.
For each outcome variable, first its associations with the primary predictor (TMD
pain) and with the comorbid factors [i.e., regional (neck/shoulder) pain, widespread pain,
depression, and somatization] were assessed by single logistic regression analyses.
Variables that showed at least a moderate association with the outcome variable (i.e., pvalue ≤ 0.10) were entered in the multiple regression analysis. Then, the factor with the
weakest, non-significant association with the outcome variable was removed from the
multiple regression model. This was repeated in a backward stepwise manner until all
variables that were retained in the model showed a p-value ≤ 0.05. All regression models
(single and multiple) were corrected for age and gender. Odds ratios (ORs) and their 95%
confidence intervals (CIs) were estimated in all analyses.
RESULTS
Table 1 shows descriptive data of the responses to the clinical tests and the outcomes of the
primary predictor (TMD pain) and the comorbid factors (regional pain, widespread pain,
somatization, and depression). Results of the single and multiple regression analyses are
presented in Tables 2 to 5, and are also illustrated in Fig. 2.
Single regression models suggested that “pain on palpation” was not only
associated with the presence of TMD pain but also with all of the comorbid factors
(regional pain, widespread pain, somatization, and depression). When entered into the
multiple regression model, the associations with the primary predictor (TMD pain) and with
depression were lost, and only the association with regional pain and somatization was
retained in the model (Table 2).
“Familiar pain on palpation” was also associated with all of the predictive factors
(single regression analyses). The multiple regression model showed that the association
with the primary predictor was retained in the final model, but the association with
“widespread pain” remained also present (Table 3).
Single regression models suggested that “pain on dynamic/static tests” was
associated with the primary predictor (TMD pain) and the psychological comorbid factors
(depression and somatization), but not with the physical comorbid factors (regional and
widespread pain). When entered into the multiple regression model, the association with the
primary predictor (TMD pain) and also with somatization was retained in the model (Table
4).
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“Familiar pain on dynamic/static tests” was also associated with the presence of
TMD pain and the psychological comorbid factors (single regression analyses). When
entered into the multiple regression analysis though, “familiar pain on dynamic/static tests”
was only associated with the primary predictor (TMD pain) and not anymore with any of
the comorbid factors (Table 5).
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Figure 2. Diagram with the results representing the Odds Ratios of the predictors of the multiple regression
analyses for each outcome variable.
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Table 1. Descriptives showing the number of participants that responded positively or negatively on the predictive variables (primary predictor and comorbid factors)
and on the diagnostic tests. For the comorbid factor “Widespread pain”, the median value and the range are reported.

Palpation tests
Pain
Familiar pain
No Yes
No Yes
(N=58) (N=59)
(N=74) (N=43)

Dynamic/Static tests
Pain
Familiar pain
No Yes
No Yes
(N=63) (N=54)
(N=69) (N=48)

Primary predictor
No (N=42)
Yes (N=75)

29
29

13
46

36
38

6
37

37
26

5
49

40
29

2
46

Regional pain

No (N=90)
Yes (N=27)

52
6

38
21

64
10

26
17

52
11

38
16

56
13

34
14

Depression

No (N=93)
Yes (N=24)

50
8

43
16

63
11

30
13

54
9

39
15

58
11

35
13

Somatization

No (N=96)
Yes (N=21)

54
4

42
17

67
7

29
14

58
5

38
16

61
8

35
13

TMD pain

Comorbid factors

Widespread pain*

0(0-4)

0(0-5)

0(0-4)
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Table 2. Regression analyses for pain on palpation tests (N=117)

Pain on palpation
single regression
b
Primary Predictor
TMD pain (no/yes)
Comorbid factors
Regional pain (no/yes)
Widespread pain (0-7)
Depression (no/yes)
Somatization (no/yes)

multiple regression

p-value

OR

95% CI

1.15

0.01

3.16

1.32-7.57

1.97
0.69
1.19
2.56

0.001
0.003
0.033
0.001

7.13
1.99
3.29
12.87

2.14-23.81
1.27-3.14
1.10-9.86
2.71-61.14

b

p-value

OR

95% CI

1.53

0.02

4.59

1.28-16.57

2.14

0.011

8.47

1.63-44.05

The interaction between the variables retained in the multiple regression model was not significant (p-value=0.8). All regression models were corrected for age and
gender. Significant results are highlighted with bold letter types (b = regression coefficient, OR = odds ratio; 95% CI = 95% confidence interval).
Table 3. Regression analyses for familiar pain on palpation tests (N=117)

Familiar pain on palpation
single regression
Primary predictors
TMD pain (no/yes)
Comorbid factors
Regional pain (no/yes)
Widespread pain (0-7)
Depression (no/yes)
Somatization (no/yes)

multiple regression

b

p-value

OR

95% CI

b

p-value

OR

95% CI

1.7

0.001

5.49

1.97-15.29

1.653

0.003

5.225

1.76-15.53

1.69
0.71
1.19
2.26

0.002
0.001
0.025
0.001

5.46
2.04
3.29
9.55

1.91-15.58
1.35-3.06
1.16-9.31
2.42-37.61

0.703

0.001

2.02

1.32-3.09

The interaction between the variables retained in the multiple regression model was not significant (p-value=0.67). All models were corrected for age and gender.
Significant results are highlighted with bold letter types (b = regression coefficient, OR = odds ratio; 95% CI = 95% confidence interval).
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Table 4. Regression analyses for pain on dynamic/static tests (N=117)

Pain on Dyn/St tests
single regression
Primary predictor
TMD pain (no/yes)

multiple regression

b

p-value

OR

95% CI

b

p-value

OR

95% CI

2.62

<0.001

13.78

4.63-40.96

2.41

<0.001

11.08

3.68-33.36

Comorbid factors
Regional pain (no/yes)
0.72
0.131
2.06
0.81-5.26
Widespread pain (0-7)
0.21
0.219
1.24
0.88-1.73
Depression (no/yes)
1.05
2.86
1.04-7.85
0.042
Somatization (no/yes)
1.99
7.36
2.05-26.48
1.51
4.50
1.09-18.57
0.002
0.037
The interaction between the variables retained at the multiple regression model was not significant (p-value=0.14). All models were corrected for age
and gender. Significant results are highlighted with bold letter types (b = regression coefficient, OR = odds ratio; 95% CI = 95% confidence
interval).
Table 5: Regression analyses for familiar pain on dynamic/static tests (N=117)

Familiar pain on Dyn/St tests
single regression
Primary predictor
TMD pain (no/yes)
Comorbid factors
Regional pain (no/yes)
Widespread pain (0-7)
Depression (no/yes)
Somatization (no/yes)
Significant results are highlighted with

multiple regression

b

p-value

OR

95% CI

b

p-value

OR

95% CI

3.48

<0.001

32.37

7.01-149.53

3.48

<0.001

32.37

7.01-149.53

0.59
0.214
0.21
0.229
0.88
0.084
1.29
0.026
bold letter types (b =

1.81
0.71-4.62
1.23
0.88-1.73
2.42
0.89-6.56
3.64
1.17-11.33
regression coefficient, OR = odds ratio; 95% CI = 95% confidence interval).
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DISCUSSION
To our knowledge, this is the first study that investigated the effects of comorbidity on the
outcomes of diagnostic tests for musculoskeletal pain in the orofacial region. The results
indicated that the presence of comorbidity influences the outcomes of both palpation and
dynamic/static tests, especially when “pain” is used as outcome measure. The use of
“familiar pain” reduced the influence of comorbidity for both clinical tests: for palpation,
the primary predictor (TMD pain) was now retained in the final multiple regression model,
whereas for dynamic/static tests the use of familiar pain even eliminated the influence of
comorbid factors.
Several methodological aspects of the study need to be addressed. First of all,
different examiners performed the standardized clinical examination. The use of different
examiners is a problem when the interexaminer reliability of the clinical tests is poor. For
the palpation tests and the dynamic/static tests that were used in this study, the
interexaminer reliability of well-trained examiners, either students or calibrated examiners,
has been found to be fair-to-good to excellent (Dworkin et al., 1990; Leher et al., 2005;
Look et al., 2010; Visscher et al., 2007). Since all examiners received intensive training
before participating in the clinical examination, the reliability is expected to be at least fairto-good also.
Second, the recognition of TMD pain was mainly based on exclusion of other
causes for orofacial pain. Usually, the presence of TMD pain is based on the results of an
oral history and a clinical examination of the masticatory system. However, to avoid
circularity (Cohen and Quintner, 1993), the results of the clinical examination could not be
used for the recognition of TMD pain. The most prevalent cause of pain in the orofacial
region is dental pain (de Leeuw, 2008), which was objectified and excluded by the patients’
pain description and a thorough dental examination. The presence of neuropathic pain was
excluded according to the criteria of the Special Interest Group on Neuropathic Pain of the
International Association for the Study of Pain (Treede et al., 2008). Other causes of
orofacial pain, like vascular pain or referred pain from the neck/shoulder area, are rare
causes of pain in the patient population referred to our clinic. Hence, it is likely that most, if
not all, pain patients included in the study were indeed suffering from TMD pain.
A clinical test for the recognition of musculoskeletal pain should only be
associated with the patients’ local musculoskeletal pain complaint (TMD pain) and not with
comorbid factors. Our findings indicated that comorbidity influences both the outcomes of
palpation and of dynamic/static tests for the recognition of TMD pain. For example, the
regression analyses showed that pain on palpation is mostly related to the presence of
neck/shoulder pain and somatization. Previous studies have also indicated that the validity
of palpation (Truelove et al., 2010) and of dynamic/static tests (with the presence of pain as
outcome measure) is insufficient (Visscher et al., 2009). In those study populations,
however, comorbidity was not taken into consideration, which might explain the
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insufficient validity of the clinical tests. The current findings indicated that the use of the
presence of familiar pain as outcome measure, reduced the influence of comorbidity on
both palpation and dynamic/static tests. “Familiar pain” has only recently been introduced
in the scientific orofacial pain literature (Staud, 2009; Visscher et al., 2009). When familiar
pain was used, the outcomes of dynamic/static tests were only associated with the presence
of TMD pain and not with any of the comorbid factors. Even with the presence of familiar
pain as the outcome measure, palpation was still also associated with widespread pain. This
may confirm the assumption that palpation is more related to a generalized hypersensitivity
(Diatchenko et al., 2006; Treede et al., 2002) than to local musculoskeletal complaints.
Hypersensitivity is caused by complex neurophysiological mechanisms characterized by a
heightened pain sensitivity and/or reduced pain inhibition (Staud, 2009). This results in
decreased pain thresholds (Staud, 2009) and may lead to an increased pain reaction to
clinical tests, like palpation.
The positive effect of the use of “familiar pain” as outcome measure in the clinical
tests for the recognition of musculoskeletal pain in the orofacial region, suggests that it
might probably improve diagnostic tests for other musculoskeletal pains as well, like lowback pain, or even other kinds of pain. This should be taken into account when patients
with comorbid factors are evaluated for musculoskeletal complaints. The use of familiar
pain may prevent over-diagnosis and unnecessary treatment.
In conclusion, diagnostic tests for musculoskeletal pain in the orofacial region are
negatively influenced by the presence of comorbidity. This influence is decreased when the
presence of familiar pain is used as outcome measure.
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Causes of masticatory muscle pain
Masticatory muscle pain is one of the subclassifications of temporomandibular disorders
(TMD). The causes of temporomandibular disorder (TMD) pain have been a matter of
debate for decades. In the middle 30s of the past century, pain in the pre-auricular area was
described as a syndrome consisting of various symptoms like pain within and around the
ears, tinnitus, impaired hearing, and a burning sensation in the throat and tongue and at the
side of the nose (Costen, 1934). Back then, these symptoms were associated with the loss of
occlusal support, thereby putting the etiological focus on the patient’s dental occlusion and
articulation (Costen, 1934). This etiological concept resulted in the management of TMD
patients by means of extensive and irreversible rehabilitation of the patient’s dental
occlusion. Later on, the role of dental occlusion in the pathogenesis of TMD pain was more
and more critically evaluated, while at the same time oral parafunctions were introduced as
possible causes for the initiation and perpetuation of TMD pain (Schwartz, 1955).
Moreover, Schwartz was the first to mention that pain in the orofacial region could also
originate from the masticatory muscles. In the following years, the psychophysiological
model was proposed for the etiology of TMD pain, mentioning oral parafunctions as the
most important factor initiating TMD pain (Laskin, 1969). In this model, psychological
factors were proposed to initiate parafunctions, thereby causing pain.
For disease in general, the importance of psychosocial factors was later on
recognized in the so-called biopsychosocial model of disease (Engel, 1977), which is still
considered to explain the etiology of TMD pain best (Suvinen et al., 2005). In the
biological part of the biopsychosocial model, the role of oral parafunctions is considered
pivotal in the initiation and perpetuation of muscle pain in the masticatory system (Greene,
2001). Epidemiologic studies have indicated an association between parafunctions (like
bruxism) and TMD signs and symptoms (Johansson et al., 2004; Magnusson et al., 2000).
In order to understand the underlying mechanisms, several experimental studies have been
performed; for a review see (Svensson et al., 2008). In these studies, the protocols used
included series of isometric and concentric contractions of the masticatory muscles in an
attempt to mimic the muscles’ contractions as they occur during parafunctional activities in
humans. The results indicated that although it is possible to induce muscle fatigue and pain
in the masticatory muscles, these symptoms disappear shortly after the cessation of the
exercises. In the clinic, however, patients report longer lasting symptoms that are present
for weeks or even months. In limb muscles, unaccustomed exercises can provoke long
lasting pain, known as delayed onset muscle soreness (DOMS) (Cheung et al., 2003).
Several attempts have failed to provoke similar symptoms in the masticatory muscles
(Svensson and Arendt-Nielsen, 1995). A possible explanation for the fast resolution of the
provoked symptoms in masticatory muscles is these muscles’ unique composition
compared to limb muscles: the highly compartmentalized organization of the muscle fibres
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makes them indeed fatigue-resistant (van Eijden and Turkawski, 2001). Therefore, the role
of oral parafunctions in the initiation and perpetuation of TMD pain is not yet clear.
In Chapters 2, 4, and 5 of this thesis, the role of oral parafunctions in the etiology
of persistent TMD pain was investigated. Persistent pain is pain that lasts longer than the
expected recovery period of the muscle tissue damage. Two different experimental
protocols were used in order to mimic human parafunctional activities, both aiming to
investigate the possible provocation of signs and symptoms similar to those reported by
TMD-pain patients. In Chapter 2, participants were asked to chew at high speed on a big
bolus of hard chewing gum for 100 minutes in total. This exercise resembled the habit of
gum chewing, albeit with larger bolus size and higher velocity than usual. The results
indicated that immediately after the provocation part, most patients, but not all, developed
signs and symptoms that led to the diagnosis of myofascial pain according to the Research
Diagnostic Criteria for TMD (RDC/TMD) (Chapter 2). Even though most of the
participants had recovered 24 hours after the provocation part, two of them still received the
diagnosis of myofascial pain 1 day after the provocation. Clearly, there was considerable
variability in the response of the participants to the experimental protocol. Unfortunately,
no further data regarding the psychosocial status of the participants in this study were
collected that may have given an explanation for this variability.
In Chapters 4 and 5, a newly developed exercise protocol was applied to load the
masticatory muscles in a way that better resembles the bruxism activities that are frequently
reported by TMD-pain patients. This protocol included an eccentric component in the
muscle contractions and was successful in provoking a longer lasting TMD diagnosis of
myofascial pain according to the RDC/TMD in 70% of the participants. This diagnosis was
present for a longer period of time compared to the protocol described in Chapter 2, and
resembled more the clinical condition of patients with TMD complaints. Since clinically,
eccentric contractions can occur during bruxism activities of the masticatory muscles, it
supports the suggestion that such contractions play a role in the initiation of TMD pain.
Still, the transition from pain initiation to pain perpetuation is not yet fully
understood. In people practising sports, an imbalance between training and recovery (i.e.,
overtraining) has been shown to result in long lasting muscle pain (Lehmann et al., 1993).
Especially repetitive eccentric muscle contractions are considered responsible for microtrauma to the muscles (Friden and Lieber, 1998), and consequently for the development of
DOMS. When eccentric contractions are repeated daily and with incomplete periods of
recovery, this could, together with the influence of other factors included in the
biopsychosocial model, contribute to the chronification of pain. In the masticatory system,
oral parafunctions that occur on a daily basis may thus yield the typical clinical spectrum of
signs and symptoms as reported by chronic TMD patients.
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Consequences for motor function
Jaw-muscle pain is known to influence muscle function, causing a disordered jaw motor
behaviour (Lobbezoo et al., 2006). The exact interaction between pain and muscle function
is, however, not yet fully understood. In the past, several theories have been proposed for
the interaction between pain and motor function. The first one is known as the “viciouscycle” or “pain-spasm-pain cycle” theory (Travell et al., 1942). According to this theory,
pain is provoked by muscle spasm and afterwards, pain reflexly produces more muscle
spasm which leads to a self-perpetuating cycle. Apart from explaining the consequences of
pain on muscle function, this theory also tries to explain the etiology of pain. However,
experimental studies could not confirm several aspects of this theory, for the example the
presence of spasm in chronic pain patients. Therefore, it is questioned whether the “painspasm-pain cycle” theory really represents the mechanism present in patients suffering from
pain (Roland, 1986). According to the “vicious cycle” theory, muscle spasm is considered
the result of muscle overload. Afterwards, in a cascade of spasm-pain-spasm events, pain
may perpetuate and eventually become chronic (Travell and Simons, 1983).
In the early 90’s, the “pain adaptation” model, was proposed (Lund et al., 1991).
In this model, pain causes an increased activity of the antagonistic muscles and
simultaneously a decreased activity of the agonistic muscles. The “pain-adaptation” model
predicts that in the presence of pain, the mobility of the painful body part is decreased in
order to avoid further damage and to allow time for recovery. This can be considered the
immediate benefit for the pain patient. However, the fact that the non-affected muscles
adjust their activity in order to compensate for the disturbed activity of the affected
muscles, can have negative long-term consequences for the health of the individual. This
can create secondary pain in the muscles that are not affected at the first instance (Hodges
and Tucker, 2011). The “pain-adaptation” model seemed more plausible than the “viciouscycle” theory, because it only deals with the effects of pain on the motor function of the
musculoskeletal system. However, subsequent experimental studies could not confirm the
pain adaptation model in full (Hodges and Tucker, 2011) . Therefore, new theories
appeared (Hodges and Tucker, 2011; Murray and Peck, 2007), which appreciate the fact
that changes in muscle function due to pain are individualized. Depending on the different
components of pain (i.e., sensory-discriminative, motivational-affective, and cognitiveevaluative) that are expressed in certain conditions, the modulation of the motor response
can be different. These changes aim to minimize pain and maintain homeostasis at the same
time (Murray and Peck, 2007)..
Regarding the influence of pain on motor function, the results of this thesis
contributed to increasing our insight regarding this topic. The decreased maximum
voluntary bite force (MVBF) in the presence of jaw-muscle pain (Chapter 4) corroborates
the results of previous experimental studies which showed that when pain is present, the
MVBF decreases (Wang et al., 2000a). This finding is in line with the “pain-adaptation”
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model, whereby the decreased activity of the agonistic muscles is thought to prevent further
damage to the masticatory system (Lobbezoo et al., 2006). However, in contrast to other
experimental provocation protocols, no changes in the jaw-stretch reflex amplitude were
found (Chapter 2). The only study corroborating these findings is an experimental protocol
that was also based on a brief chewing exercise (van Selms et al., 2005). This contradicts,
though, the results of several experimental studies that provoked jaw-muscle pain with
injections of painful substances in the masticatory muscles and found a facilitation of the
stretch reflex amplitude when pain was present (Cairns et al., 2003; Svensson et al., 2003;
Wang et al., 2000b; Wang et al., 2002; Wang et al., 2004). This reflex facilitation was
thought to protect the painful muscles according to the “pain adaptation” model. One
reason explaining these contradictory results could be the lower intensity of pain provoked
with the chewing exercises (Chapter 2) as compared with that provoked with injected
substance-induced jaw-muscle pain. A more likely explanation, however, could be the fact
that the evoked fatigue and pain after chewing exercises occurs more naturally, allowing
the masticatory system to better adapt to the gradually increasing pain. Therefore, the
stretch-reflex amplitude will probably not change under clinical pain conditions.
Another contribution of the present thesis to the body of knowledge involves the
methodology used to analyse the amplitude of the jaw-stretch reflex. In Chapter 3, it was
proven that the method of normalizing the reflex amplitude with the averaged rectified
EMG activity of the 100-ms pre-stimulus period makes the reflex amplitude independent of
the location of the electrodes, provided that they are placed along the muscle fibers. This
finding is important, because it indicates that if the jaw-stretch reflex amplitude is acquired
and analysed according to the technique described in Chapter 3, it is a reliable measure,
because it is not influenced by the position of the electrodes over the muscle belly. In the
studies that dealt with the effects of substance-induced pain on the jaw-stretch reflex, the
reflex amplitude was also determined as described in this chapter. (Cairns et al., 2003;
Svensson et al., 2003; Wang et al., 2000b; Wang et al., 2002; Wang et al., 2004). Therefore,
the reasons for the contradictory results regarding the modulation of the stretch-reflex
amplitude after pain provocation should be searched in physiological mechanisms, and not
in the methodology of the reflex recording itself.
Consequences for clinical practise
An important part of a TMD patient’s evaluation is establishing the correct diagnosis.
Currently, several classification systems for the diagnosis of TMD pain exist (Dworkin and
LeResche, 1992; Merksey and Bogduk, 1994; Spitzer et al., 1987; Spitzer and Skovron,
1995). The most widely used one is the Research Diagnostic Criteria for TMD
(RDC/TMD) (Dworkin and LeResche, 1992). In the RDC/TMD, the diagnosis mostly
depends on the reaction to palpation of the masticatory muscles and temporomandibular
joints. The role of palpation in the diagnosis of other musculoskeletal disorders and
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conditions like fibromyalgia, though, has been criticised (Wolfe, 2003). Two recent, largescale multicenter studies (Truelove et al., 2010; Visscher et al., 2009) concluded that the
validity of the RDC/TMD is not acceptable. Indeed, the results reported in Chapter 6
indicate that palpation tests are more related to comorbid factors like regional pain and
somatization than to the local TMD-pain complaint. As an alternative to palpation, the use
of the dynamic/static tests has been proposed (Naeije and Hansson, 1986). Moreover, it was
recently proposed that the use of the “familiar pain” concept could further improve the
validity of diagnostic tests (i.e., a diagnostic approach that takes into account the fact
whether or not patients recognize the provoked pain as their pain complaint). In Chapter 6,
a study to the diagnostic ability of palpation and of dynamic/static tests is described,
incorporating the influence of comorbid factors, like depression and other pain complaints,
on the outcome of the clinical tests. The study demonstrated that only the dynamic/static
tests, with “familiar pain” as outcome measure, were uniquely related to the presence of
local TMD-pain complaints and not influenced by comorbid factors. The outcome of
palpation tests was mostly related to comorbid factors; not to the local TMD complaints of
the patients. Hence, in patients with a chronic orofacial pain complaint, in whom comorbid
factors like widespread pain or depression are regularly present, a positive reaction to
palpation does not necessarily indicate the actual presence of a TMD pain. Since the
physical examination of the RDC/TMD mainly relies on palpation tests of the masticatory
system, this finding has important implications for the interpretation of current studies in
the field of TMD. For example, in studies to patients with chronic orofacial pain
complaints, the presence of TMD-pain is likely to be overestimated (false positive
RDC/TMD diagnoses). When such patients are included in studies to treatment outcome,
treatment success may be underestimated. Therefore, future diagnostic systems for
musculoskeletal disorders, among which TMD, should incorporate dynamic/static tests,
with “familiar pain” as outcome measure.
Concluding remarks
The studies included in this thesis showed that masticatory muscles’ overloading can
initiate signs and symptoms of TMD pain in healthy individuals (Chapters 2, 4, and 5).
The provoked pain influenced both sensory and motor functions of the masticatory system,
causing a decrease in pain pressure thresholds (Chapter 2, 5, and 6) and variable effects on
motor control: while the MVBF decreased when pain was present (Chapter 5), the reflex
amplitude was not affected (Chapter 2).
For the recording of the jaw-stretch reflex, a technique based on the normalization
of the raw data was used. This technique was proven to provide an objective measure of the
reflex amplitude that was not dependent on the location of the electrodes for the reflex
recording (Chapter 3).
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Regarding pain, it is known that it is a multidimensional experience, affecting both
the somatic and psychosocial aspects of an individual’s life. In order to diagnose TMD
pain, assessment of the somatic and psychosocial condition of the patient (Axis I and Axis
II, respectively) is therefore mandatory. The findings from the present thesis (Chapter 6)
indicate that diagnostic tests for TMD are negatively influenced by a patient’s comorbidity.
This influence decreases when the presence of familiar pain is used as outcome measure of
the clinical tests. The only tests that were not influenced by the presence of comorbidity
were the dynamic/static tests with the use of familiar pain as their outcome.
The results of the present thesis have contributed to further unravel the factors
influencing the diagnosis of musculoskeletal pain. Moreover, it increased the understanding
of the causes of musculoskeletal pain and of its consequences on jaw-motor function. It
remains for future research to further elucidate the factors influencing the progression of
pain from acute to chronic. If these mechanisms will be defined, this could lead to the
development of an etiological management of TMD pain.
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Masticatory muscle pain is known as myogenous temporomandibular disorder (TMD) pain.
It has a prevalence of approximately 10% in the general population and affects women
more than men. It is usually characterized by a dull, aching pain, which aggravates on
function. The etiology of TMD pain is still not clear, and multiple factors are considered to
play role. Oral parafunctions, like the habit of chewing gum or bruxism (i.e., clenching
and/or grinding of the teeth), are thought to play a pivotal role in the initiation and
perpetuation of TMD pain, even though this has not yet been verified unequivocally by
epidemiological and experimental studies. At the same time, the effects of TMD pain on the
masticatory sensory-motor function are not fully understood either. Two models, the
vicious cycle model and the pain adaptation model, have been proposed to explain these
effects the best, although neither of them is able to fully explain the effects that are present
in TMD-pain patients. In everyday clinical practice, for the establishment of a TMD-pain
diagnosis, palpation and dynamic/static tests are commonly used, however without having
full insight into the factors that influence the responses of these tests. To further clarify the
above-outlined gaps in the current knowledge, this thesis includes five studies. Chapters 2,
4, and 5 describe studies on the role of experimental parafunctions in the provocation of
TMD pain and on the effects of this pain on masticatory muscle function. Chapter 3 is a
methodological paper about the recording of the jaw-stretch reflex (i.e., the short-latency
response of the jaw-closing muscles after a sudden stretch), which is an important
descriptor of motor function. Chapter 6 deals with the factors influencing the outcome of
clinical diagnostic tests for TMD pain.
The aim of the first study of this thesis (Chapter 2) was to assess the effects of an
intense chewing exercise on the masticatory sensory-motor system. It has been proven that
nociceptive substances, injected into the masseter muscle, induce pain and facilitate the
jaw-stretch reflex. In this study, it was hypothesized that intense and prolonged chewing
would provoke similar effects. Fourteen men gave their informed consent and agreed to
participate in the study. They performed 20 bouts of 5-minute chewing exercises. After
each bout, 20 minutes, and 24 hours after the exercise, all participants were examined for
signs and symptoms of TMD. In addition, data were collected regarding muscle fatigue and
pain, the normalized reflex amplitude from the left masseter muscle, and pressure-pain
thresholds. Fatigue and pain scores had increased during the exercise (P<0.001), but the
reflex amplitude did not (P=0.123). Twenty minutes after the exercise, 12 participants
showed signs of myofascial pain or arthralgia. Pressure pain thresholds were decreased 20
minutes after the exercises (P=0.009) but also 24 hours afterwards (P=0.049). Based on the
results of this study, it can be concluded the intense and prolonged chewing exercises can
induce fatigue, pain, and decreased pressure-pain thresholds in the masticatory muscles, but
that it does not influence the jaw-stretch reflex.
In the second study of this thesis (Chapter 3), it was tested whether normalization
of the jaw-stretch reflex amplitude with respect to the pre-stimulus electromyographic
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(EMG) activity will make the amplitude more independent of the location of the surface
electrodes over the masseter muscle. A 5  6 electrode grid was used to record the jawstretch reflex from 25 sites over the right masseter muscle of fifteen healthy men. Results
showed that there was a significant site dependency of the pre-stimulus EMG activity and
the reflex amplitude. High cross-correlation coefficients were found between the spatial
distribution of mean pre-stimulus EMG activities and reflex amplitude. When the reflex
amplitude was normalized with respect to the pre-stimulus EMG activity, however, no site
dependency was found. In conclusion, normalization of the jaw-stretch reflex amplitude by
the pre-stimulus EMG activity strongly reduces its spatial dependency.
In the third study of this thesis (Chapter 4), it was aimed to construct an apparatus
that can impose intense eccentric contractions to the jaw-closing muscles, and to test the
hypothesis that eccentric contractions can provoke symptoms of delayed-onset muscle
soreness (DOMS) in these muscles. The provocation apparatus consisted of two tungsten
arms, connected by a hinge axis on one end. Participants bite with their anterior teeth on
biting plates located on the other end. Each time the experimenter gradually released the
compression force of the apparatus’ rubber tubings, the mouth was forced open, during
which the jaw-closing muscles performed an eccentric contraction. Six male participants
thus performed sequences of concentric and eccentric contractions of their jaw-closing
muscles in six sets of exercises, each lasting 5 minutes, and with one minute of rest in
between. Each set consisted of 60 open-close movements. Before and after the exercises,
and after 24 hours, 48 hours, and one week, feelings of fatigue and pain, the maximum
mouth opening without pain, the muscles’ tenderness to palpation, and the maximum
voluntary bite force were recorded. After 24 hours and 48 hours, the levels of fatigue and
pain were elevated, the maximum mouth opening without pain decreased, and five of the
six participants reported tenderness to palpation. The maximum voluntary bite force also
decreased after 24 hours. These findings indicate that this novel apparatus is successful in
inducing DOMS in the jaw-closing muscles.
In the fourth study of this thesis (Chapter 5), the possible role of overuse of the jaw
muscles in the pathogenesis of jaw-muscle pain was studied. A protocol involving
concentric and eccentric muscle contractions was used to provoke a state of DOMS in the
jaw-closing muscles of healthy individuals. It was tested whether the accompanying signs
and symptoms would yield the temporary diagnosis of myofascial pain according to the
research diagnostic criteria for temporomandibular disorders (RDC/TMD) in these
individuals. Forty participants (mean age ± SD = 27.7 ± 7.5 years) performed six, 5-minute
bouts of eccentric and concentric jaw-muscle contractions. Before and immediately after
the exercise, and 24 hours, 48 hours, and one week later, self-reported muscle fatigue and
pain, pain-free maximum mouth opening, pressure-pain thresholds, and the number of
painful jaw-muscle palpation sites were recorded. Significant signs and symptoms of
DOMS in the jaw-closing muscles were found, which all had resolved after one week. In 31
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(77.5%) of the participants, these signs and symptoms also gave rise to a temporary
diagnosis of myofascial pain according to the RDC/TMD. Within the limits of the study, it
was shown that an experimental protocol involving concentric and eccentric muscle
contractions can provoke DOMS in the jaw-closing muscles and can yield a temporary
diagnosis of myofascial pain according to the RDC/TMD. This strengthens the supposition
that the myofascial pain in TMD patients may be a manifestation of DOMS in the jaw
muscles.
The aim of the last study of this thesis (Chapter 6) was to investigate whether
diagnostic tests for TMD pain are influenced by the presence of comorbid conditions, and
to determine whether this influence decreases when the presence of “familiar pain” is used
as outcome measure. In total, 117 patients (35 males, 82 females; 75 TMD-pain patients, 42
pain-free patients; mean age ± SD = 42.9 ± 14.2 years) were examined with palpation tests
and dynamic/static tests. After each test, they were asked whether any pain was provoked
and whether this pain response was familiar or not. For four clinical outcome measures
(pain on palpation, familiar pain on palpation, pain on dynamic/static tests, and familiar
pain on dynamic/static tests), multiple logistic regression analyses were performed, with the
presence of TMD pain as the primary predictor and regional (neck/shoulder) pain,
widespread pain, depression, and somatization as comorbid factors. Pain on palpation was
not associated with the primary predictor but with regional pain (P=0.02, OR=4.6) and
somatization (P=0.011, OR=8.5), whereas familiar pain on palpation was associated with
the primary predictor (P=0.003, OR=5.2) but also with widespread pain (P=0.001,
OR=2.0). Pain on dynamic/static tests was associated with the primary predictor (P<0.001,
OR=11.1) but also with somatization (P=0.037, OR=4.5), whereas familiar pain on
dynamic/static tests was only associated with the primary predictor (P<0.001, OR=32.4). In
conclusion, diagnostic tests are negatively influenced by the presence of comorbidity. This
influence decreases when the presence of familiar pain is used as outcome measure.
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Kauwspierpijn: oorzaken, gevolgen en diagnostiek
Kauwspierpijn wordt ook wel aangeduid als myogene temporomandibulaire disfunctie(TMD-)pijn. Deze TMD-pijn heeft een prevalentie van ongeveer 10% in de algemene
bevolking en komt meer voor bij vrouwen dan bij mannen. De pijn is gewoonlijk dofzeurend van aard en neemt in intensiteit toe bij orale functies. De etiologie van TMD-pijn is
vooralsnog niet geheel duidelijk. Meerdere factoren worden met TMD-pijn in verband
gebracht. Van orale parafuncties, zoals kauwgom kauwen en bruxisme (tandenknarsen
en/of klemmen), wordt gesuggereerd dat ze een belangrijke rol spelen bij het initiëren en in
stand houden van TMD-pijn, hoewel dit nog niet onomstotelijk is aangetoond met
epidemiologische en experimentele studies. Bovendien zijn ook de effecten van TMD-pijn
op de sensomotoriek van het kauwstelsel ook nog niet volledig opgehelderd. In de literatuur
zijn twee modellen beschreven die deze effecten het beste zouden verklaren: het vicieuze
cirkelmodel en het pijn-adaptatiemodel. Met geen van beide modellen kunnen echter alle
effecten worden verklaard die geobserveerd kunnen worden bij TMD-pijnpatiënten. In de
alledaagse klinische praktijk worden ten behoeve van de TMD-pijndiagnsotiek vaak
palpatietesten en dynamisch/statische testen gebruikt, hoewel er nog geen volledig inzicht
is in de factoren die de responsen van deze testen kunnen beïnvloeden. Om de hierboven
beschreven hiaten in de huidige kennis verder op te vullen, zijn in het kader van dit
proefschrift een vijftal studies uitgevoerd. In de hoofdstukken 2, 4 en 5 worden studies
beschreven waarin de rol van experimentele parafuncties is onderzocht bij het provoceren
van TMD-pijn en waarin de effecten van deze pijn op de kauwspierfunctie zijn bepaald.
Hoofdstuk 3 beschrijft een methodologische studie naar de registratie van de kaakrekreflex
(d.w.z. de snelle respons op een plotselinge rek van de kaaksluitspieren), die een
belangrijke maat vormt voor de motorische functie van het kauwstelsel. Tot slot wordt in
hoofdstuk 6 een studie beschreven naar factoren die van invloed zouden kunnen zijn op de
uitkomsten van klinische diagnostische testen voor TMD-pijn.
Het doel van de eerste studie in dit proefschrift (hoofdstuk 2) was het bepalen van de
effecten van een intensieve en verlengde kauwtaak op de sensomotoriek van het
kauwstelsel. Voor het injecteren van nociceptieve substanties in de masseterspier is
aangetoond, dat de geïnduceerde pijn de kaakrekreflex faciliteert. De hypothese van de
studie in hoofdstuk 2 was dat intens en verlengd kauwen dezelfde effecten zou provoceren.
Veertien mannen participeerden in deze studie. Zij oefenden gedurende 20 periodes van 5
minuten een intensieve kauwtaak uit. Na ieder periode en 20 minuten en 24 uur na de
kauwtaak werden de deelnemers onderzocht op tekenen en symptomen van TMD. Verder
werden gegevens verzameld betreffende spiervermoeidheid en pijn, de genormaliseerde
reflexamplitude van de linker masseterspier en de drukpijndrempel. Vermoeidheid- en
pijnscores namen toe tijdens de kauwtaak (P<0,001), terwijl de reflexamplitude
onveranderd bleef (P=0,123). Twintig minuten na de kauwtaak vertoonden 12 deelnemers
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tekenen van myofasciale pijn of arthralgie. De drukpijndrempel was afgenomen na 20
minuten (P=0,009) en na 24 uur (P=0,049). Op grond van deze resultaten kan worden
geconcludeerd dat intensief en langdurig kauwen kan leiden tot spiervermoeidheid en pijn
en tot een afgenomen drukpijndrempel bij de kauwspieren, maar niet tot een facilitering van
de kaakrekreflex.
In de tweede studie van dit proefschrift (hoofdstuk 3) is onderzocht of het
normaliseren van de amplitude van de kaakrekreflex ten opzichte van de prestimulus
elektromyografische (EMG-)activiteit de amplitude onafhankelijker maakt van de locatie
van de oppervlakte-elektrodes over de masseterspier. Daartoe werd een 5 x 6
elektroderooster over de rechter masseterspier van 15 gezonde mannelijke vrijwilligers
aangebracht, teneinde de kaakrekreflex van 25 plekken tegelijk te registeren. De resultaten
laten zien, dat er een significante afhankelijkheid van registratielocatie is voor zowel het
prestimulus
EMG-niveau
als
de
reflexamplitude.
Er
werden
hoge
kruiscorrelatiecoëfficiënten gevonden tussen de ruimtelijke verdeling van de gemiddelde
prestimulus EMG-activiteit en die van de reflexamplitude. Als de amplitude echter werd
genormaliseerd ten opzichte van de prestimulus EMG-activiteit, dan verdween de locatieafhankelijkheid. De conclusie is derhalve dat het normaliseren van de amplitude van de
kaakrekreflex ten opzichte van de prestimulus EMG-activiteit de ruimtelijke
afhankelijkheid van de amplitude in sterke mate reduceert.
Het doel van de derde studie in dit proefschrift (hoofdstuk 4) was het construeren
van een apparaat waarmee de kaaksluitspieren excentrisch kunnen worden belast, teneinde
de hypothese te toetsen dat door deze spieren excentrisch te laten contraheren symptomen
van vertraagde inspanningsspierpijn (“delayed-onset muscle soreness”; DOMS) kunnen
worden geprovoceerd. Het ontwikkelde provocatie-apparaat bestaat uit twee
wolfraamarmen, die aan de ene kan aan elkaar zijn verbonden via een scharnier, terwijl de
proefpersoon aan het andere uiteinde met de voortanden op twee bijtplaten kan bijten.
Tussen beide armen bevindt zich een deel van een stugge rubberen slang, die door de
bijtkracht kan worden samengedrukt. Door het geleidelijk wegnemen van de drukkracht op
het rubberen slangdeel wordt de mond open geforceerd, waarbij de kaaksluitspieren een
excentrische contractie uitvoeren. Zes mannelijke proefpersonen voerden aldus zes sets met
concentrische en excentrische contracties uit. Iedere set duurde 5 minuten en er werd 1
minuut gepauzeerd tussen de sets. Iedere set bestond uit 60 open-sluitbewegingen.
Vermoeidheid en pijn, de maximale mondopening zonder pijn, spierpalpatiegevoeligheid en
de maximale vrijwillige bijtkracht werden voor en na deze oefeningen gemeten, alsmede na
24 uur, 48 uur en 1 week. Na 24 en 48 uur was er sprake van een toename in vermoeidheid
en pijn, was de maximale pijnvrije mondopening afgenomen en werd bij 5 van de 6
deelnemers palpatiegevoeligheid gevonden. Ook was de maximale vrijwillige bijtkracht na
24 uur afgenomen. Deze resultaten laten zien, dat dit nieuwe apparaat succesvol is in het
provoceren van DOMS in de kaaksluitspieren.
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In de vierde studie van dit proefschrift (hoofdstuk 5) werd de mogelijke rol van
overbelasting van de kauwspieren in de pathogenese van kauwspierpijn bestudeerd. Daartoe
werd een protocol van concentrische en excentrische spiercontracties gebruikt om DOMS te
provoceren in de kaaksluitspieren van gezonde individuen. Vervolgens werd bepaald of de
geprovoceerde tekenen en symptomen aanleiding gaven tot een diagnose van myofasciale
pijn volgens de “Research Diagnostic Criteria” voor TMD (RDC/TMD). Veertig
deelnemers (gemiddelde ± SD leeftijd = 27,7 ± 7,5 jaar) oefenden zes, 5 minuten durende
sets met concentrische en excentrische contracties uit. De zelf-gerapporteerde
spiervermoeidheid en –pijn, de pijnvrije maximale mondopening, de drukpijndrempel en
het aantal palpatiepijnlijke spieren werden voor en direct na de oefeningen geregistreerd,
alsmede na 24 uur, 48 uur en 1 week. Er werden significante tekenen en symptomen van
DOMS gevonden in de kaaksluitspieren, die allemaal na 1 week weer waren verdwenen.
Bij 31 (77,5%) van de deelnemers gaven deze tekenen en symptomen ook aanleiding tot
een tijdelijke diagnose van myofasciale pijn volgens de RDC/TMD. Dit versterkt het
vermoeden dat myofasciale pijn bij TMD-patiënten een manifestatie van DOMS in de
kauwspieren betreft.
Het doel van de laatste studie van dit proefschrift (hoofdstuk 6) was om te
onderzoeken of diagnostische testen voor TMD-pijn worden beïnvloed door de
aanwezigheid van comorbiditeit en om te bepalen of deze mogelijke invloeden afnemen als
de aanwezigheid van bekende pijn (“familiar pain”) als uitkomstmaat wordt gebruikt. In
totaal werden 117 deelnemers (35 mannen, 82 vrouwen; 75 TMD-pijnpatiënten, 42
pijnvrije personen; gemiddelde ± SD leeftijd = 42,9 ± 14,2 jaar) onderzocht met
palpatietesten en dynamisch/statische testen. Na iedere test werd hen gevraagd of er pijn
was geprovoceerd en of deze pijn bekend was of niet. Voor vier klinische uitkomstmaten
(pijn bij palpatie, bekende pijn bij palpatie, pijn bij dynamisch/statische testen en bekende
pijn bij dynamisch/statische testen) werd een multipele logistische regressieanalyse
uitgevoerd, met de aanwezigheid van TMD-pijn als primaire voorspeller en met regionale
(nek-/ schouder-)pijn, wijdverspreide pijn, depressie en somatisatie als comorbide factoren.
Pijn bij palpatie was niet geassocieerd met de primaire voorspeller maar wel met regionale
pijn (P=0.02, OR=4,6) en somatisatie (P=0,011, OR=8,5), terwijl bekende pijn bij palpatie
wel was geassocieerd met de primaire voorspeller (P=0,003, OR=5,2) maar ook met
wijdverspreide pijn (P=0.001, OR=2,0). Pijn bij dynamisch/statische testen was eveneens
geassocieerd met de primaire voorspeller (P<0,001, OR=11,1) maar ook met somatisatie
(P=0,037, OR=4,5), terwijl bekende pijn bij dynamisch/statische testen alleen maar was
geassocieerd met de primaire voorspeller (P<0,001, OR=32,4). De conclusie is derhalve dat
diagnostische testen negatief worden beïnvloed door de aanwezigheid van comorbide
factoren, maar dat deze invloed afneemt als de aanwezigheid van bekende pijn wordt
gebruikt als uitkomstmaat.
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Πόνος μασητήριων μυών: αιτίες, συνέπειες και διάγνωση
Ο πόνος των μασητήριων μυών είναι γνωστός ως πόνος μυϊκού τύπου κρανιογναθικής
διαταραχής (ΚΓΔ). Η συχνότητά του εκτιμάται περίπου στο 10% του γενικού πληθυσμού
και επηρεάζει περισσότερο τις γυναίκες από τους άντρες. Συνήθως χαρακτηρίζεται από
έναν βύθιο πόνο που επιδεινώνεται με την λειτουργία. Η αιτιολογία του πόνου από ΚΓΔ
δεν είναι ακόμα σαφής και πολλοί παράγοντες θεωρούνται ότι διαδραματίζουν σημαντικό
ρόλο. Παραλειτουργικές έξεις, όπως για παράδειγμα το μάσημα τσίχλας ή ο βρυγμός (το
σφίξιμο και/ή το τρίξιμο των δοντιών), θεωρούνται ότι παίζουν πρωταγωνιστικό ρόλο στην
έναρξη και στην διαιώνιση του πόνου από ΚΓΔ, παρόλο που κάτι τέτοιο δεν έχει
αναμφίβολα επιβεβαιωθεί από επιδημιολογικές και πειραματικές μελέτες. Ταυτόχρονα, οι
επιπτώσεις του πόνου από ΚΓΔ στην αισθητική και κινητική λειτουργία του
στοματογναθικού συστήματος δεν έχουν επίσης κατανοηθεί πλήρως. Δύο μοντέλα, το
μοντέλο του «φαύλου κύκλου» από τη μια και το μοντέλο της «προσαρμογής στον πόνο»,
έχουν προταθεί ότι εξηγούν αυτές τις επιπτώσεις πληρέστερα, παρόλο που κανένα από τα
δύο δεν είναι σε θέση να εξηγήσει πλήρως τις επιπτώσεις που παρατηρούνται στους
ασθενείς με πόνο από ΚΓΔ. Στην καθημέρα κλινική πράξη, για να τεθεί η διάγνωση του
πόνου από ΚΓΔ, η ψηλάφηση των μυών και τα δυναμικά/στατικά τεστ χρησιμοποιούνται
συχνά, χωρίς όμως να υπάρχει πλήρης κατανόηση των παραγόντων που επηρρεάζουν τα
αποτελέσματα αυτών των διαγνωστικών τεστ. Για να μειωθεί το κενό γνώσης στα
συγκεκριμένα θέματα, η παρούσα διδακτορική διατριβή περιλαμβάνει πέντε εργασίες. Τα
Κεφάλαια 2, 4 και 5 περιλαμβάνουν εργασίες για το ρόλο της πειραματικής πρόκλησης
παραλειτουργικών έξεων στην πρόκληση πόνου από ΚΓΔ και την επίδραση αυτού του
πόνου στη λειτουργία των μασητήριων μυών. Το Κεφάλαιο 3 είναι ένα άρθρο
μεθοδολογίας για την καταγραφή του διατατικού αντανακλαστικού της κάτω γνάθου (της
σύντομης απόκλισης του ανασπώντων την κάτω γνάθο μυών μετά από μία ξαφνική
διάταση), το οποίο αποτελεί μία σημαντική παράμετρο περιγραφής της κινητικής
λειτουργίας του στοματογναθικού συστήματος.
Ο σκοπός της πρώτης μελέτης αυτής της διατριβής (Κεφάλαιο 2) ήταν να
προσδιορίσει την επίδραση μιας σειράς έντονων μασητικών ασκήσεων στην αισθητικήκινητική λειτουργία του μασητικού συστήματος. Έχει αποδειχθεί ότι αλγαισθητικές ουσίες
οι οποίες εγχύονται στους μασητήριους μυς, προκαλούν πόνο και ευαισθητοποιούν το
μυοτατικό αντανακλαστικό της κάτω γνάθου. Η ερευνητική υπόθεση αυτής της μελέτης
ήταν ότι η έντονη και παρατεταμένη μάσηση θα προκαλούσε παρόμοια αποτελέσματα.
Δεκατέσσερις άνδρες έδωσαν τη γραπτή τους συγκατάθεση και συμφώνησαν να
συμμετέχουν στη μελέτη. Συνολικά εκτέλεσαν 20 σετ μασητικών ασκήσεων διάρκειας 5
λεπτών έκαστο. Μετά από κάθε σετ ασκήσεων και 24 ώρες μετά, όλοι οι συμμετέχοντες
εξετάστηκαν για σημεία και συμπτώματα ΚΔΓ. Επίσης, δεδομένα συλλέχθηκαν αναφορικά
με την κόπωση και τον πόνο των μασητήριων μυών, την κανονικοποιημένη ένταση του

115

Chapter 8, Περίληψη
μυοτατικού αντανακλαστικού της κάτω γνάθου του αριστερού μασητήρα και τον ουδό
πόνου. Η ένταση της κόπωσης και του πόνου αυξήθηκαν κατά τη διάρκεια των ασκήσεων
(P<0.001), αλλά η ένταση του αντανακλαστικού όχι (P=0.123). Είκοσι λεπτά μετά τις
ασκήσεις, 12 συμμετέχοντες εμφάνισαν σημεία μυοπεριτονιακού πόνου ή αρθραλγίας. Ο
ουδός πόνου μειώθηκε 20 λεπτά μετά τις ασκήσεις (P=0.009), αλλά και μετά από 24 ώρες
(P=0.049). Με βάση τα αποτελέσματα αυτής της μελέτης, μπορούμε να συμπεράνουμε ότι
οι έντονες και παρατεταμένες μασητικές ασκήσεις μπορούν να δημιουργήσουν κόπωση,
πόνο και μειωμένο ουδό πόνου στους μασητήριους μύες, χωρίς όμως να επηρεάσουν το
μυοτατικό αντανακλαστικό της κάτω γνάθου.
Στη δεύτερη μελέτη αυτής της διατριβής (Κεφάλαιο 2), ερευνήθηκε το κατά
πόσον η κανονικοποίηση της έντασης του μυοτατικού αντανακλαστικού της κάτω γνάθου
με την ηλεκτρομυογραφική (ΗΜΓ) δραστηριότητα προ του ερεθίσματος, θα οδηγούσε σε
μη εξάρτηση της έντασης από τη θέση τοποθέτησης των ηλεκτροδίων στο μασητήρα. Ένα
δίκτυο 5  6 ηλεκτροδίων χρησιμοποιήθηκε για την καταγραφή του μυοτατικού
αντανακλαστικού της κάτω γνάθου από 25 θέσεις του δεξιού μασητήρα μυός 15 υγειών
ανδρών. Τα αποτελέσματα έδειξαν μια σημαντική τοπογραφική εξάρτηση της ΗΜΓ
δραστηριότητας προ του ερεθίσματος και της έντασης του αντανακλαστικού. Υψηλοί
συντελεστές συσχέτισης βρέθηκαν μεταξύ της τοπογραφικής κατανομής της μέσης ΗΜΓ
δραστηριότητας και της έντασης του αντανακλαστικού. Ωστόσο, όταν έγινε η
κανονικοποίηση σε σχέση με την ΗΜΓ προ του ερεθίσματος, δεν βρέθηκε καμιά
τοπογραφική εξάρτηση. Συμπερασματικά, η κανονικοποίηση της έντασης του μυοτατικού
αντανακλαστικού της κάτω γνάθου με την ΗΜΓ δραστηριότητα προ του ερεθίσματος,
μειώνει σημαντικά την τοπογραφική του εξάρτηση.
Στην τρίτη μελέτη αυτής της διατριβής (Κεφάλαιο 4) ο σκοπός ήταν η κατασκευή
μιας συσκευής που θα μπορούσε να προκαλέσει έντονες, έκκεντρες συσπάσεις των
ανασπώντων την κάτω γνάθο μυών και η διερεύνηση της υπόθεσης ότι οι έκκεντρες
συσπάσεις μπορούν να προκαλέσουν συμπτώματα καθυστερημένης κόπωσης μυών (ΚΚΜ)
στους μασητήριους μύες. Η συσκευή πρόκλησης αποτελούνταν από δύο μεταλλικούς
βραχίονες από βολφράμιο που ήταν ενωμένοι στο ένα άκρο τους. Οι συμμετέχοντες
δάγκωναν με τα πρόσθια δόντια τους στην περιοχή δήξης που βρισκόταν στο άλλο άκρο.
Σε κάθε κίνηση ο ερευνητής απελευθέρωνε βαθμιαία τη δύναμη συμπίεσης των ελαστικών
δακτυλίων της συσκευής οδηγώντας σε διάνοιξη του στόματος, κατά τη διάρκεια της
οποίας οι ανασπώντες μύες της κάτω γνάθου συσπώνταν έκκεντρα. Έξι άντρες
συμμετέχοντες υποβλήθηκαν σε μια σειρά έξι σετ έκκεντρων και ομόκεντρων συσπάσεων
των ανασπώντων την κάτω γνάθο μυών διάρκειας 5 λεπτών έκαστο με ένα λεπτό
ξεκούρασης στο ενδιάμεσο. Κάθε σετ αποτελούνταν από 60 νικήσεις κατάσπασηςανάσπασης. Πριν και μετά της ασκήσεις, αλλά και 24 ώρες, 48 ώρες και μία εβδομάδα
μετά, δεδομένα συλλέχθηκαν για την κόπωση, τον πόνο, τη μέγιστη κατάσπαση της κάτω
γνάθου χωρίς πόνο, την ευαισθησία των μυών στην ψηλάφηση και τη μέγιστη οικειοθελή
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δύναμη δήξης. 24 και 48 ώρες μετά, τα επίπεδα κόπωσης και πόνου ήταν αυξημένα, η
μέγιστη κατάσπαση της κάτω γνάθου χωρίς πόνο ήταν περιορισμένη και πέντε από τους έξι
συμμετέχοντες ανέφεραν ευαισθησία στην ψηλάφηση. Η μέγιστη οικειοθελής δύναμη
δήξης ήταν επίσης μειωμένη μετά από 24 ώρες. Τα αποτελέσματα αυτά δείχνουν ότι η
πρωτότυπη αυτή συσκευή μπορεί να προκαλέσει ΚΚΜ στους ανασπώντες την κάτω γνάθο
μυς.
Στην τέταρτη μελέτη αυτής της διατριβής (Κεφάλαιο 5) μελετήθηκε ο πιθανός ρόλος
της υπερχρήσης των μασητήριων μυών στην παθογένεση του πόνου από τους μασητήριους
μύες. Ένα πειραματικό πρωτόκολλο που περιελάμβανε έκκεντρες και σύγκεντρες
συσπάσεις των μυών, χρησιμοποιήθηκε για την πρόκληση μιας κατάστασης ΚΚΜ στους
ανασπώντες την κάτω γνάθο μυς υγειών συμμετεχόντων. Ερευνήθηκε το κατά πόσο τα
συνοδά σημεία και συμπτώματα θα οδηγούσαν στην πρόσκαιρη διάγνωση
μυοπεριτονιακού πόνου, σύμφωνα με τα διεθνή διαγνωστικά κριτήρια έρευνας των
κρανιογναθικών διαταραχών (ΔΔΚΕ/ΚΓΔ) στους συμμετέχοντες. Σαράντα συμμετέχοντες
(μέση ηλικία ± ΣΑ = 27.7 ± 7.5 έτη) εκτέλεσαν έξι σετ, 5-λεπτών έκαστο έκκεντρων και
ομόκεντρων συσπάσεων των μασητήριων μυών. Πριν και αμέσως μετά τις ασκήσεις, αλλά
και 24 ώρες, 48 ώρες και μία εβδομάδα αργότερα, δεδομένα συλλέχθηκαν για την κόπωση
και τον πόνο των μασητήριων μυών, τη μέγιστη διάνοιξη της κάτω γνάθου χωρίς πόνο, τον
ουδό του πόνου και τον αριθμό των επώδυνων σημείων ψηλάφησης των μασητήριων μυών.
Σημαντικά σημεία και συμπτώματα ΚΚΜ βρέθηκαν στους ανασπώντες την κάτω γνάθο
μυς τα οποία όλα υποχώρησαν μετά από μία εβδομάδα. Σε 31 (77.5%) συμμετέχοντες,
αυτά τα σημεία και συμπτώματα οδήγησαν και σε προσωρινή διάγνωση μυοπεριτονιακού
πόνου σύμφωνα με τα ΔΔΚΕ/ΚΓΔ. Με τους περιορισμούς αυτής της μελέτης, αποδείχθηκε
ότι ένα πειραματικό πρωτόκολλο που περιλαμβάνει ομόκεντρες και έκκεντρες συσπάσεις
των μασητήριων μυών μπορεί να προκαλέσει ΚΚΜ στους ανασπώντες την κάτω γνάθο μυς
και να οδηγήσει σε προσωρινή διάγνωση μυοπεριτονιακού πόνου σύμφωνα με τα
ΔΔΚΕ/ΚΓΔ. Αυτό το γεγονός ισχυροποιεί την υπόθεση ότι ο μυοπεριτονιακός πόνος σε
ασθενής με ΚΓΔ αποτελεί μία σκδήλωση ΚΚΜ στους μασητήριους μυς.
Ο σκοπός της τελευταίας έρευνας αυτής της διατριβής (Κεφάλαιο 6) ήταν η
διερεύνηση του κατά πόσο τα διαγνωστικά τεστ για τον πόνο από ΚΓΔ επηρεάζονται από
καταστάσεις συννοσηρότητας και να προσδιορίσει αν αυτή η επίδραση μειώνεται από τη
χρήση του όρου «οικείος πόνος» ως μεταβλητή. Συνολικά, 17 ασθενείς (35 άνδρες, 82
γυναίκες• 75 ασθενείς με ΚΓΔ πόνο, 42 ασθενείς ελεύθεροι πόνου, μέση ηλικία ± ΣΑ =
42.9 ± 14.2 έτη) εξετάστηκαν με ψηλάφηση και με δυναμικά/στατικά τεστ. Μετά από κάθε
τεστ, ρωτήθηκαν αν προκλήθηκε πόνος και αν αυτός ο πόνος ήταν οικείος ή όχι. Για
τέσσερις μεταβλητές (πόνος στην ψηλάφηση, οικείος πόνος στην ψηλάφηση, πόνος στα
δυναμικά/στατικά τεστ και οικείος πόνος στα δυναμικά/στατικά τεστ), χρησιμοποιήθηκαν
πολλαπλές αναλύσεις λογιστικής παλινδρόμησης με βασικό προγνωστικό παράγοντα την
ύπαρξη ΚΓΔ πόνου και παράγοντες συννοσηρότητας τον περιοχικό (σε λαιμό/αυχένα)
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πόνο, τον ευρέως διαδεδομένο πόνο, την κατάθλιψη και τη σωματοποίηση. Ο πόνος στην
ψηλάφηση δε συνδεόταν με τον βασικό προγνωστικό παράγοντα, αλλά με τον περιοχικό
πόνο (P=0.02, OR=4.6) και τη σωματοποίηση (P=0.011, OR=8.5), ενώ ο οικείος πόνος
στην ψηλάφηση συνδεόταν με τον βασικό προγνωστικό παράγοντα (P=0.003, OR=5.2),
αλλά και με τον ευρέως διαδεδομένο πόνο (P=0.001, OR=2.0). Ο πόνος στα
δυναμικά/στατικά τεστ συνδεόταν με τον βασικό προγνωστικό παράγοντα (P<0.001,
OR=11.1), αλλά και με τη σωματοποίηση (P=0.037, OR=4.5), ενώ ο οικείος πόνος στα
δυναμικά/στατικά τεστ συνδεόταν μόνο με τον βασικό προγνωστικό παράγοντα (P<0.001,
OR=32.4). Συμπερασματικά, τα διαγνωστικά τεστ επηρεάζονται αρνητικά από την ύπαρξη
συννοσηρότητας. Αυτή η επίδραση μειώνεται, όταν η παρουσία οικείου πόνου
χρησιμοποιείται ως μεταβλητή.
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