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Aims: To test the hypothesis that experimental pain in the masseter muscle or
temporomandibular joint (TMJ) will decrease the anterior maximum voluntary bite
force (MVBF) and jaw muscle activity in relation to the perceived effort. Methods:
Sixteen volunteers participated in two experimental sessions. Participants were
injected with 0.2 mL of monosodium glutamate (1.0 M) into either the masseter
muscle or TMJ. The MVBF and corresponding electromyographic (EMG) activity
of the masseter, anterior temporalis, and digastric muscles were recorded 10 times
at an interval of 2 minutes before and after injection. Pain was measured using a
visual analog scale and McGill Pain Questionnaire. In addition, participants were
asked how they perceived the interference of pain on their biting performance.
The data analysis included a two-way analysis of variance model and ¢ test.
Results: There was no significant difference in peak pain intensity (P = .066)
and duration of pain (P = .608) between painful muscle and TMJ injections, but
TMJ injection produced a significantly larger area under the curve (P = .005) and
a significantly higher pain rating index (P = .030). Pain in the muscle (P = .421)
and TMJ (P = .057) did not significantly change the MVBF from baseline levels.
The EMG activity also did not differ significantly from baseline levels during
muscle pain. However, there was a significant increase (P = .028) in the EMG
activity of the anterior temporalis and a significant decrease (P = .010) in the
EMG activity of the anterior digastric muscle compared to baseline during TMJ
pain. Subject-based reports also revealed that in the majority of cases (62.5%),
pain did not interfere with the MVBF task. Conclusion: Experimental pain from
either masseter muscle or TMJ did not affect the MVBF, in accordance with
the subject-based reports. Jaw muscle activity, except for EMG activity of the
anterior temporalis and anterior digastric muscles during TMJ pain, also remained
unaffected by pain. The findings suggest that it is not pain in itself but rather how
pain is perceived that may lead to adaptation of motor function, supporting an
integrated pain adaptation model. J Oral Facial Pain Headache 2015;29:31-40.
doi: 10.11607/0fph.1268

Key words: electromyography, integrated pain adaptation model, monosodium
glutamate

variety of clinical conditions and pathologic states that involve the
masticatory muscles and/or the temporomandibular joints (TMJs)
along with the associated structures.'"® Pain in the masticatory muscles
and /or TMJs, as well as disordered jaw function such as limitation in
mandibular movement and joint noises, are often considered to be the
cardinal signs of TMD."? Clinically, the majority of TMD patients can
be classified into those with problems associated with the masticatory
musculature or with problems within the TMJ itself. Distinguishing these
two categories is often considered a clinical challenge.*®
It has been reported that pain in the musculoskeletal system (masti-
catory muscles and TMJ) causes significant changes in the masticato-
ry movement pattern, maximum occlusal force, and electromyographic
(EMG) activity as compared to individuals without such pain.®” EMG
data from animal studies have also indicated that noxious stimulation
of the TMJ might have a different motor effect compared to noxious

The term temporomandibular disorders (TMD) encompasses a wide
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stimulation of jaw muscles.® The association between
pain and motor function has been explained mainly
on the basis of two conflicting theories, the Vicious
Cycle Theory (VCT) and the Pain Adaptation Model
(PAM). According to the VCT, pain arises as a result
of stress, structural abnormality, abnormal posture or
movements leading to “hyperactivity” of the muscula-
ture, spasms, and thereby pain and dysfunction, thus
perpetuating the cycle.® Most of the management
strategies for pain still attempt to break this purport-
ed vicious cycle. However, several EMG studies on
the effect of clinical and experimental muscle pain
have questioned the validity of the VCT.791°

According to the PAM, nociceptive activity via seg-
mental brainstem or spinal cord motor circuits leads
to alterations in muscle activity (reduced agonist and
increased antagonist muscle activity), which result in
slower and smaller movements in order to minimize
further injury and therefore promote healing." Even
though this theory gives an appropriate explanation
of the effect of muscle pain on motor function, it does
not explain the origin of pain. Moreover, experimental
and clinical orofacial pain studies have also shown
evidence of no change in the jaw movement ampli-
tude'?'® and a decrease in agonist or an increase in
antagonist EMG activity during mastication in pain
and pain-free individuals.'*'® Also the long-term con-
sequences of altered jaw function due to sustained
painful stimulation are unknown.! Hence, even though
the two theories of pain and motor function are sim-
ple and consistent with a range of clinical and ex-
perimental evidence, several authors have cited their
inadequacies.>'®"”

Recently it has been claimed that because pain is
multidimensional in nature, the relationship between
pain and motor functions may be more complex and
may depend on the interaction of biopsychosocial
variables that make up the complexity of the indi-
vidual's pain experience.? Further, anatomical and
functional complexities contribute effectively to the
individual's sensory-motor interaction.? Pain cata-
strophizing and fear-avoidance responses to pain
have also shown to be a potential modifier of self-
reported pain.'’®2' It has also been suggested that
sensory-motor interactions related to pain involve
higher central influences.? These concepts have led
to the formulation of the Integrated Pain Adaptation
Model (IPAM).?

Experimental pain models have demonstrated the
potential to bridge animal models and clinical findings
in patients."” Therefore, in light of the current theories
on pain, the present study was designed to test the
hypothesis that experimental pain in the masseter
muscle or TMJ will decrease the anterior maximum
voluntary bite force (MVBF) and jaw muscle activity in
relation to the perceived effort.
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Materials and Methods

Sixteen healthy volunteers (11 male and 5 female) in
the age range of 18 to 33 years (mean age + SEM
26.1 + 1.3 years) participated in the study. All the
participants included in the study neither suffered
from any serious/chronic disease nor were on any
kind of medications. A clinical examination as per the
Research Diagnostic Criteria for TMD (RDC/TMD)*?
confirmed the absence of TMD in the participants. The
participants were also clinically screened for evidence
of tooth wear by using a five-point ordinal scale.?®
Only participants with scores of 0 (no wear) and 1
(visible wear within the enamel) were included in the
study. The study was conducted in accordance with
the Helsinki Declaration Il and was approved by the lo-
cal ethics committee. The participants were informed
about their right to withdraw from the study at any time,
and informed consent was obtained.

Experimental Protocol

The volunteers participated in two experimental ses-
sions separated by 3 to 4 days. In the first session
(day 1), the participants were injected with a sterile
solution of monosodium glutamate (MSG) to induce
experimental pain in the left masseter muscle. Further,
the participants returned after 3 to 4 days for the sec-
ond session (day 2) and were injected with the same
solution in the left TMJ. The order of the site of injec-
tion (ie, masseter muscle/TMJ) was randomized. The
participants were seated upright in a comfortable
office chair with the EMG electrodes attached on
the left and right masseter muscles (MAL and MAR),
left anterior temporalis muscle (TAL), and anterior di-
gastric muscle (DIG). The participants were asked
to clench 10 times on a bite force transducer insert-
ed between the maxillary and mandibular incisors
at an interval of 2 minutes between the clenches, in
the presence of glutamate-evoked masseter muscle
pain or TMJ pain (randomized sequence). Bite force
and the corresponding EMG activity were recorded
during each of the repeated clenches. Baseline bite
force and EMG activity (without pain) were also re-
corded 10 times in the same manner in both sessions
prior to the injection. The site of injections and the
schematic illustration of the experimental protocol are
shown in Fig 1.

Experimental Pain

Experimental pain was induced in the participants
by injecting 0.2 mL sterile solution of MSG (1.0 M,
pH 7.2). The point of injection for the masseter mus-
cle was midway between the upper and lower bor-
ders of the masseter muscle and 1 cm posterior to
its anterior border.>* The experimental TMJ pain was
induced in an open-mouth position by injecting the
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Fig 1a Sites of injection for experimental
muscle and TMJ pain.

same amount of MSG solution in
the upper joint compartment of
the TMJ at a point 10 mm ante-
rior to the tragus and 2 mm infe-
rior to the tragal canthal line.?*2¢
Both injections were performed
over a period of 10 seconds with
a 27-gauge hypodermic needle
and disposable syringe. All par-
ticipants received both injections
on the left side (painful side), and
no short-term or long-term com-
plications of the injections were
reported with either injection.
The participants were also asked
to continuously rate the pain (ex-
perimental pain) on an electronic
visual analog scale (VAS), with
the lower extreme of the VAS
marked as “no pain” and the up-
per extreme marked as “most pain
imaginable.”

At the end of each session,
participants completed the McGill
Pain Questionnaire (MPQ), and
drew the perceived area of pain on
a figure of the lateral aspect of the
face, in order to describe the over-
all experience after the injection.
The participants were also asked
to provide subject-based reports
on perceived pain and referred
pain experienced during the exper-
iment and how the pain or referred
pain was perceived to interfere
with the MVBF task (Table 1).

Fig 1b Schematic illustration of the experimental schedule. MVBF = maximum voluntary
bite force; EMG = electromyographic recording; MSG = monosodium glutamate; VAS =
visual analog scale; MPQ = McGill Pain Questionnaire.

Table 1 Subject-Based Reports on Interference of Pain and

Referred Pain with Bite Force

Question Muscle pain TMJ pain

1. Do you feel pain in the cheek a) Yes (100%) a) Yes (100%)
muscle (masseter muscle)/ b) No (0%) b) No (0%)
Joint (TMJ)?

2. Did you feel pain outside muscle/  a) Yes (25%) a) Yes (566.3%)
T™MJ? b) No (75%) b) No (43.8%)

3. If yes where? a) Ear (0%) a) Ear (18.8%)

4. Did the pain start at the same time
as the muscle/TMJ pain or after
the muscle/TMJ pain?

5. If after, how long after the muscle/
TMJ pain (min)

6. Was the muscle/ TMJ pain
influenced by biting
7. 1f yes, did the pain

8. Was the pain outside masseter
muscle/TMJ (referred pain)
influenced by biting?

9. If yes, did the pain

b) Temporal (12.5%)
¢) Chin (0%)

d) Neck (0%)

e) Teeth (12.5%)

) TMJ (0%)

g) Others (12.5%)

h) NA (75%)

a) Same time (6.3%)
b) After (18.8%)

c) NA (75%)

a) Half min (6.3%)
b) Two min (6.3%)
¢) Four min (6.3%)
d) NA (81.3%)

a) Yes (37.5%)

b) No change (62.5%)
a) Increase (6.3%)
b) Decrease (31.3%)
¢) No change (62.5%)
a) Yes (0%)

b) No (25%)

c) NA (75%)

a) Increase (0%)

b) Decrease (0%)

c) NA (100%)

b) Temporal (18.8%)
¢) Chin (12.5%)

d) Neck (0%)

e) Teeth (0%)

f) TMJ (0%)

g) Others (6.3%)

h) NA (43.8%)

a) Same time (18.8%)
b) After (37.5%)

c) NA (43.8%)

a) Half min (31.3%)
b) Two min (12.5%)

¢) Four min (0%)

d) NA (56.3%)

a) Yes (37.5%)

b) No change (62.5%)
a) Increase (12.5%)
b) Decrease (25.09%)
¢) No change (62.5%)
a) Yes (0%)

b) No (56.3%)

c) NA (43.7%)

a) Increase (0%)

b) Decrease (0%)

c) NA (100%)

NA = not applicable.

EMG Activity and Bite Force

The EMG activity of the MAL, MAR, TAL, and DIG was measured us-
ing disposable, bipolar surface electrodes (30 X 21-mm recording
area, 720-01-K, Neuroline, Ambu). The electrodes were placed 10 mm
apart on the central part of the muscle, midway between the anterior
and posterior borders and the superior and inferior borders of the MAL
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Fig 2a Mean and standard error of mean (SEM) of visual analog scale (VAS) scores (0-10) of
glutamate-evoked pain intensity in masseter muscle (6.7 + 0.3) and TMJ (7.3 £ 0.4).
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Fig 2b Pain drawings of perceived areas of pain and referred pain after injection of glutamate in
the muscle and TMJ. Individual drawings from each participant (n = 16) have been superimposed.

and MAR, and the anterior part of the TAL lateral to
the eyebrow. A set of electrodes was also placed on
the DIG, one on either side 1 cm medial to the base
of the mandible at the level of the first and second
molar.?” The left side was the painful side, where
the painful injections of MSG were made either on
the masseter muscle or TMJ. Hence it was decid-
ed to record the EMG activity of only the left TAL.
The electrodes were positioned on the skin parallel
to the direction of the muscle fibers. The skin over
the recording positions was thoroughly cleaned with
sterile wipes. A common reference electrode soaked
in saline was attached to the left wrist of the partic-
ipant. The EMG activity was recorded in 10-second
epochs. The EMG signals were amplified 10,000
times (Disa 15C01), filtered in the bandwidth 20 Hz
to 1 kHz, sampled at 2 kHz, and stored for off-line
analysis. The participants held a customized strain
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gauge—based bite force transducer with their right
hand, and placed it between the maxillary and man-
dibular anterior teeth. A piece of soft Plexiglas was
glued to the surface of the bite force transducer to
protect the teeth and to identify the same biting po-
sition. All the participants performed 10 repetitions
of MVBF with their anterior teeth, and verbal encour-
agement was given to them to obtain the MVBF. The
participants were asked to clench for about 3 to 4
seconds to record the bite force and EMG activity.
Each repetition of the biting task was separated by 2
minutes of rest.

Statistical Analyses

A two-way analysis of variance (ANOVA) model with
repeated measures was used to analyze the different
outcome parameters. The factors in the ANOVA were
condition (2 levels, ie, baseline and after the painful
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Fig 3 Mean (n = 16) and standard error of mean (SEM) of anterior maximum voluntary bite
force (MVBF) at baseline and during muscle and TMJ injections. There was no significant differ-
ence in the MVBF at baseline (without pain) and during pain with respect to painful injection in

the muscle (P = .421) and TMJ (P = .057).

injections) and time (10 levels, ie, 1, 3,5, 7, 9, 11, 13,
15, 17, and 19 minutes) (see Fig 1b). Post-hoc tests
were performed with the Tukey Honestly Significant
Difference (HSD) test. Logarithmic conversions were
done whenever necessary. The VAS pain scores were
compared with a t test. The relative change in MVBF
was calculated as [(MVBF during pain — MVBF base-
line) / MVBF baseline] X 100. The level of statistical
significance was set at .05.

Results

Experimental Pain

The perceived pain intensity (mean * SEM) on the
VAS in both sessions is shown in Fig 2a. There was
no significant difference in peak pain intensity (¢ test,
P = .066) and total duration of pain (t test, P = .608)
between the injections (ie, muscle and TMJ). However,
the area under the VAS time curve was significantly
larger for TMJ pain (2,931.9 * 1,343.9 arbitrary units)
than for muscle pain (1996.5 + 825.9 arbitrary units)
(ttest, P = .005).

MPQ

The overall pain rating index of the MPQ for mus-
cle pain (11.0 * 1.6) was significantly lower (¢ test;
P = .030) than for TMJ pain (15.1 £ 2.5). The most
commonly used adjectives for describing the pain
sensation were hot (31%), boring (25%), sharp (25%),
pressing (25%), taut (25%), squeezing (25%), and
nagging (25%) for muscle pain, and pulsing (31%),
boring (37.5%), pressing (37.5%), hot (25%), pene-
trating (87.5%), and nauseating (25%) for TMJ pain.

Subject-Based Reports

All participants (100%) confirmed that they expe-
rienced pain in the muscle or TMJ when they were
injected with 0.2 mL of MSG on the respective site
(Table 1). However, only 25% of them experienced
referred pain (pain outside the site of injection) when
injected into the muscle, and 56.3% of the partici-
pants experienced referred pain when injected into
the TMJ (Fig 2b). Although the majority (62.5% for
both muscle and TMJ pain) of the participants report-
ed no changes in the intensity of pain during biting,
pain was perceived to decrease in 31.3% of the par-
ticipants during muscle pain and in 25% during TMJ
pain on biting (see Table 1). Only 6.3% and 12.5%
of the participants with muscle or TMJ pain, respec-
tively, reported an increase in the intensity of pain on
biting. Furthermore, the average relative change in
MVBF was categorized into increase, decrease, or
no change (ie, relative change < 10%) and compared
with the subject-based reports. The no changes in
pain according to the subject-based reports were
reflected in no changes in MVBF in 70% of the par-
ticipants during muscle pain and in 50% of the par-
ticipants during TMJ pain.

MVBF

The results of ANOVAs revealed that there was no
significant difference in the anterior MVBF at base-
line (without pain) and during muscle pain (ANOVA;
F = 0.685, P = .421) (Fig 3). However, there was a
significant effect of time (F = 0.326, P = .001) but
no significant interaction for muscle pain (F = 0.580,
P = .812). Similarly, there was no significant differ-
ence in the anterior MVBF at baseline and during
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190 - Fig 4 Mean (n = 16) and standard error of mean
(SEM) of EMG activity of left and right masseter (MAL,
1604 MAR), anterior temporalis (TAL), and anterior digastric
_ (DIG) muscles at baseline and during pain for muscle
% 130 . and TMJ injections. As.terisks indif:ate s!gnificant dif-
z ference between baseline and during pain (P < .05).
g 1001
=
= 70
& TMJ pain (ANOVA; F = 4.248, P = .057)
40+ (Fig 3). However, there was a significant ef-
fect of time (F = 4.978; P = .001) and a
10 1 357 91113151719 1 35 7 91113151719 significant interaction (F = 3.443; P = .001)
Muscle pain Time (min) ™) pain fpr TMJ pain. P_ost—hoc ana_ly3|_s. of interac-
tion for TMJ pain showed significantly low-
1901 er MVBF at 1 minute during baseline than
MAR 3, 5,7 9, 11, 13, 15, 17, and 19 minutes
160 1 (P < .033) during baseline and during pain.
@
5 1801 EMG Characteristics
8 1001 There was no significant difference in the
=3 EMG activity of the MAL (ANOVA; F = 4.131,
2 .0l P = .060), MAR (ANOVA: F = 1.019,
&« P =.329), TAL(ANOVA; F = 0.517, P = .483),
40 4 and DIG (ANOVA; F = 4.466, P = .052)
at baseline and during muscle pain (Fig 4).
10 1357 91113151719 1 35 7 91113151719 There was also no significant effect of time
. Time (min) _ on the EMG activity of the MAL (F = 1.395,
Muscle pain T™J pain P = 196), MAR (F = 1.307, P = .239), TAL
190 1 TAL (F = 0.364, P = .950), and DIG (F = 1.521,
=== Baseline P = .146) during muscle pain. However, the
1601 —a#— During pain interaction of time and condition was sig-
3 nificant for the DIG (F = 2.433, P = .014)
g 1801 but not significant for the MAL (F = 0.747,
S 1004 P = .665), MAR (F = 1.178, P = .314), and
% TAL (F = 0. 639, P = .762). Post-hoc anal-
= 701 ysis of the interaction for the DIG showed a
- i ! i T * significantly lower EMG activity at 1 minute
404 2 A during muscle pain than 1, 3, and 5 minutes
- B during baseline (P < .036). Similarly, there
10 1 357 91113151719 1 357 91113151719 was no significant difference in the EMG
Muscle pain Time (min) T pain activity of the MAL (ANOVA; F = 0.027,
P = .871) and MAR (ANOVA; F = 0.054,
190, DIG P = .818) before and during TMJ pain (Fig 4).
However, there was a significant difference
160+ in the EMG activity of the TAL (ANOVA; F
o = 5.913, P = .028) and DIG (ANOVA;
E 1807 F = 8.662, P = .010) before and during TMJ
S 1004 pain. There was no significant effect of time
s o & L on the EMG activity of the MAL (F = 0.631,
2 4. i II,_:.‘’i..:2::GL-_E:.E--Q--E--Q-‘ P = .769), MAR (F = 0.507, P = .867), TAL
& (F = 0.960, P = .476), and DIG (F = 0.964,
40 1 P = .473). The interaction of condition and
time was also not significant for the MAL
O S5 701113151718 1357 91113151719 (F = 0.861, P = .561), MAR (F = 1.277,
Muscle pain Time (min) TMJ pain P = .255), TAL (F = 1.125, P = .350), gnd
DIG (F = 1.150, P = .332) during TMJ pain.
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Discussion

The results of this study have demonstrated the ef-
fect of two different types of experimental pain on the
anterior MVBF and jaw muscle activity. The results
suggested that the peak intensity and duration of
pain did not differ significantly between experimen-
tal pain injections into the masseter muscle and TMJ.
However, a larger area under the VAS time curve and
a higher pain rating index were found for TMJ pain
than for muscle pain. It can also be inferred from the
results that regardless of moderate to intense levels
of pain in the muscle or TMJ, there were no changes
in MVBF, in accordance with subject-based reports
on pain interference with function. Except for the
EMG activity of the TAL and DIG during TMJ pain,
jaw muscle EMG activity also remained unaffected by
pain. Further, the majority of the participants reported
no change in the intensity of pain during biting, indi-
cating low interference of experimental pain with the
biting task. The findings of this study may enhance
the understanding of jaw muscle reorganization in
painful conditions and how nociceptive activity and
perceived pain may or may not impact motor function.

Experimental Pain and Sensory
Manifestations

The available literature about human experimental
pain suggests that injections or infusions of painful
substances (eg, glutamate, hypertonic saline, and
capsaicin) in healthy subjects produce similar so-
matosensory changes, intensity, quality, location,
spread, and referral of pain as in TMD patients."7
Clinical studies on human tendons, muscles, and
TMD patients have also demonstrated elevated
glutamate concentration associated with chronic
non-inflammatory pain conditions.?®-%° Hence, in the
present study experimental pain was produced in
otherwise healthy individuals by a standard protocol
of injections of 0.2 mL of 1 M sterile solution of MSG
in the muscle or TMJ.?!

Previous studies have suggested that experimen-
tal pain in healthy volunteers mimics many characteris-
tics of persistent pain in clinical TMD pain patients."?'
The results of the present study are contrary to the
previous clinical observations by McCreary et al*?
and Rudy et al,®*® who reported higher pain intensities
for muscle pain than for TMJ pain in a group of TMD
patients. The present study’s results did not show
any major differences in the intensity and duration
of pain, although the area under the VAS time curve
was different for muscle and TMJ pain. Further, the
results of the present study are in accordance with
Lindroth et al, who showed no significant difference
in the perceived pain intensity and pain duration in
a group of patients with masseter muscle pain and

Kumar et al

intracapsular pain.* However, the participants in the
present study reported a higher pain rating index on
the MPQ, which may indicate worse pain in the TMJ
as compared to muscle pain. The participants de-
scribed the area of perceived pain as exclusively on
the same side as the injection and local to the site of
injection. The participants also experienced referred
pain, which was found more often during TMJ pain
than during muscle pain. Similar patterns of referred
pain as shown in the pain drawings (see Fig 2b) are
also commonly associated with TMD patients.3*

MVBF and EMG Activity
The MSG-induced pain in the present study pro-
duced similar pain intensity as in other human experi-
mental pain?®3° or clinical TMD studies.?%3” However,
the MVBF and EMG activity of the masticatory mus-
cles, except for the TAL and DIG during TMJ pain,
remained unaffected irrespective of the intensity of
pain, which is unlike clinical TMD in which bite force
values are characteristically decreased.®®*° Further,
previous studies on experimental pain have also re-
ported a decrease in MVBF and EMG activity of the
jaw muscles.?>*' However, the present finding can
be supported by the outcome of the subject-based
reports, which suggested that pain did not influence
the biting performance in 62.5% of the participants
(irrespective of the site), while 31.3% of the partic-
ipants during muscle pain and 25% of the partici-
pants during TMJ pain reported a decrease in pain.
Only 6.3% (for muscle pain) and 12.5% (for TMJ
pain) of the participants reported an increase in the
intensity of pain when they were biting on the bite
force transducer. One possibility is that this decrease
in perceived pain could have been due to distribution
of the injected MSG in the muscle or TMJ during the
muscle contraction and TMJ loading, thereby leading
to an enhanced washout.! The difference in observa-
tion between experimental pain and clinical TMD pain
could also be due to longer-lasting central sensitiza-
tion in persistent TMD pain conditions; this is not ob-
served in glutamate-induced acute pain, which may
mainly involve peripheral mechanisms.*243

The inconsistencies in the findings between
experimental pain and clinical TMD pain as to ef-
fects on motor functions can further be explained
on the basis of several studies which have indi-
cated that TMD pain patients have more psycho-
social distress than matched control subjects.?*44
Alternatively, these findings are also supported on
the basis of the IPAM, according to which an indi-
vidual's pain experiences interact in a unique way so
as to maintain homeostasis and minimize the effect
of pain and/or the metabolic cost.?** Also, due to
the multidimensional nature of pain, which includes
sensory-discriminative, cognitive-evaluative, and
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motivational-affective dimensions, each of these di-
mensions may have a significant and highly individu-
al influence on its effect on motor activity.? Further,
the anatomical and functional complexities of the
sensorimotor integration results in a new optimized
motor recruitment strategy, leading to unique mo-
tor responses that may aim to minimize pain. Also
the redundancy of the masticatory system means
that many muscle-recruitment strategies are possi-
ble to perform a specific task; therefore, individuals
may develop unique recruitment strategies during
pain.*® Hence, the changes in motor control during
pain cannot always be stereotypical and predictable,
since they depend on the interaction between the
multidimensional nature and anatomical and func-
tional complexity of the sensorimotor system.?'®
Therefore, it is also proposed that each pain experi-
ence, in terms of its quality, location, intensity, and/or
duration in an individual, may be associated with a
particular pattern of change in EMG activity.*® Fear-
avoidance responses (ie, avoidance of pain-associ-
ated activities) or endurance responses (ie, thoughts
of suppression, distraction from pain, and potentially
positive mood despite pain) may also affect the re-
sponse to pain.?'*” Hence, factors such as pain per-
ception and ability to cope with pain may vary from
person to person.'®

Although the results of the present study to some
extent contradict the PAM, they are consistent with
clinical and experimental pain studies by Lyons and
Baxendale, who did not find any difference in bite
force values in a group of patients with myogenous
craniomandibular disorder and healthy controls,
and by lkebe et al, who reported no difference in
bite force values of TMD patients when compared
to healthy controls.*®*? Clark and Carter have also
reported a lack of change in the EMG activity and
bite force levels following repeated brief maximum
contractions.* It is also suggested that pain may not
have an effect on the incisal bite force and EMG ac-
tivity, since the superficial and deep muscles act dif-
ferently during painful clenches and the EMG activity
of masticatory muscles is much lower during incisal
clenching than the molar clenching.®*? It is also pro-
posed that the pattern of pain-induced changes in
EMG activity can vary with the task being performed,
jaw displacement magnitude, and the participant
being studied.®® Further, it was also observed in the
present study that pain in the TMJ affected the EMG
activity of the TAL and DIG, which is consistent with
the findings of previous animal studies by Cairns et
al®* and Yu et al,®® who demonstrated that noxious
stimulation of the TMJ enhanced the EMG activity of
the jaw muscles in adult rats. Broton and Sessle®®
also found that noxious stimulation of TMJ afferents
resulted in a sustained reflex excitation of anterior di-
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gastric and temporalis muscle in cats. These studies
in animals have also suggested that noxious stimu-
lation in the TMJ or masseter muscle evokes both
peripheral and central sensitization through the acti-
vation of peripheral receptors.?*-57 Further, Okamoto
et al®® demonstrated that intra-articular TMJ injec-
tions of adenosine triphosphate (a noxious stimulus)
increased the EMG activity of the masseter muscle
in rats. However, the present study results did not
show any significant effect of TMJ pain on the EMG
activity of the masseter muscle in healthy human
participants.

Even though the TMJ injections in the present
study followed previously described techniques,*%¢
methodological concerns do apply to human pain
experiments. One such issue may be the accuracy
of the TMJ injection technique. The site of the TMJ
injection is only approximately located; thus, in spite
of the participants confirming subjective symptoms,
the failure to identify the bone/cartilage of the upper
joint compartment during the TMJ injection due to
anatomical variation cannot be completely ruled out
in some participants. The inter-individual variability
is also one of the main methodological concerns in
human pain studies, but this concern can be ruled
out in the present study due to the paired design
in which each participant served as his or her own
control.

The present experimental study was an attempt
to provide insight into how the complex jaw motor
system reacts to pain and its association with the
task performed both in the presence and absence
of acute pain. Despite the differences between ex-
perimental pain and clinical TMD pain, the findings
suggest that an individual's motor response to pain
may be dependent to a large extent on the ability of
the individual to cope with the painful stimulus and
the ability to maintain behavioral activities in spite of
the painful stimulus. Overall, the present findings are
in agreement with the IPAM.

Acknowledgments

This study was funded by the Section of Clinical Oral Physiology,
Department of Dentistry, Aarhus University and the Danish Dental
Association. The authors report no conflicts of interest related to
this study.

References

1. Svensson P. What can human experimental pain models teach
us about clinical TMD? Arch Oral Biol 2007;52:391-394.

2. Murray GM, Peck CC. Orofacial pain and jaw muscle activity:
A new model. J Orofac Pain 2007;21:263-278.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Stohler

. LeResche L. Epidemiology of temporomandibular disorders:

Implications for the investigation of etiologic factors. Crit Rev
Oral Biol Med 1997;8:291-305.

. Lindroth JE, Schmidt JE, Carlson CR. A comparison between

masticatory muscle pain patients and intracapsular pain pa-
tients on behavioral and psychosocial domains. J Orofac Pain
2002;16:277-283.

. Turk DC, Rudy TE, Kubinski JA, Zaki HS, Greco CM.

Dysfunctional patients with temporomandibular disorders:
Evaluating the efficacy of a tailored treatment protocol. J Consult
Clin Psychol 1996;64:139-146.

CS. Craniofacial pain and motor function:
Pathogenesis, clinical correlates, and implications. Crit Rev
Oral Biol Med 1999;10:504-518.

. Svensson P, Graven-Nielsen T. Craniofacial muscle pain:

Review of mechanisms and clinical manifestations. J Orofac
Pain 2001;15:117-145.

. Ro JY, Svensson P, Capra N. Effects of experimental muscle

pain on electromyographic activity of masticatory muscles in
the rat. Muscle Nerve 2002;25:576-584.

. Matre DA, Sinkjaer T, Svensson P, Arendt-Nielsen L.

Experimental muscle pain increases the human stretch reflex.
Pain 1998;75:331-339.

Svensson P, De Laat A, Graven-Nielsen T, Arendt-Nielsen L.
Experimental jaw-muscle pain does not change heteronymous
H-reflexes inthe human temporalis muscle. Exp Brain Res 1998;
121:311-318.

Lund JP, Donga R, Widmer CG, Stohler CS. The pain-ad-
aptation model: A discussion of the relationship between
chronic musculoskeletal pain and motor activity. Can J Physiol
Pharmacol 1991;69:683-694.

Svensson P, Arendt-Nielsen L, Houe L. Muscle pain modulates
mastication: An experimental study in humans. J Orofac Pain
1998;12:7-16.

Svensson P, Houe L, Arendt-Nielsen L. Bilateral experimen-
tal muscle pain changes electromyographic activity of human
jaw-closing muscles during mastication. Exp Brain Res 1997;
116:182-185.

Svensson P, Arendt-Nielsen L, Houe L. Sensory-motor inter-
actions of human experimental unilateral jaw muscle pain: A
quantitative analysis. Pain 1996;64:241-249.

Stohler CS, Ashton-Miller JA, Carlson DS. The effects of pain
from the mandibular joint and muscles on masticatory motor
behaviour in man. Arch Oral Biol 1988;33:175-182.

Hodges PW, Tucker K. Moving differently in pain: A new theory
to explain the adaptation to pain. Pain 2011;152:90-98.

Peck CC, Murray GM, Gerzina TM. How does pain affect jaw
muscle activity? The Integrated Pain Adaptation Model. Aust
Dent J 2008;53:201-207.

Mintken PE, Cleland JA, Whitman JM, George SZ. Psychometric
properties of the Fear-Avoidance Beliefs Questionnaire and
Tampa Scale of Kinesiophobia in patients with shoulder pain.
Arch Phys Med Rehabil 2010;91:1128-1136.

Turner JA, Brister H, Huggins K, Mancl L, Aaron LA, Truelove EL.
Catastrophizing is associated with clinical examination findings,
activity interference, and health care use among patients with
temporomandibular disorders. J Orofac Pain 2005;19:291-300.
Turner JA, Aaron LA. Pain-related catastrophizing: What is it?
Clin J Pain 2001;17:65-71.

Hasenbring MI, Verbunt JA. Fear-avoidance and endurance-re-
lated responses to pain: New models of behavior and their con-
sequences for clinical practice. Clin J Pain 2010;26:747-753.
Dworkin SF, LeResche L. Research diagnostic criteria for
temporomandibular disorders: Review, criteria, examinations
and specifications, critique. J Craniomandib Disord 1992;6:
301-355.

283.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Kumar et al

Lobbezoo F, Naeije M. A reliability study of clinical tooth wear
measurements. J Prosthet Dent 2001;86:597-602.

Castrillon EE, Cairns BE, Ernberg M, et al. Glutamate-evoked
jaw muscle pain as a model of persistent myofascial TMD
pain? Arch Oral Biol 2008;53:666—-676.

Davidson JA, Metzinger SE, Tufaro AP, Dellon AL. Clinical im-
plications of the innervation of the temporomandibular joint.
J Craniofac Surg 2003;14:235-239.

List T, Tegelberg A, Haraldson T, Isacsson G. Intra-articular
morphine as analgesic in temporomandibular joint arthralgia/
osteoarthritis. Pain 2001;94:275-282.

Widmalm SE, Lillie JH, Ash MM Jr. Anatomical and electromyo-
graphic studies of the digastric muscle. J Oral Rehabil 1988;
15:3-21.

Alfredson H, Forsgren S, Thorsen K, Lorentzon R. In vivo
microdialysis and immunohistochemical analyses of tendon
tissue demonstrated high amounts of free glutamate and glu-
tamate NMDART1 receptors, but no signs of inflammation, in
Jumper's knee. J Orthop Res 2001;19:881-886.

Rosendal L, Larsson B, Kristiansen J, et al. Increase in muscle
nociceptive substances and anaerobic metabolism in patients
with trapezius myalgia: Microdialysis in rest and during exer-
cise. Pain 2004;112:324-334.

Castrillon EE, Ernberg M, Cairns BE, et al. Interstitial glutamate
concentration is elevated in the masseter muscle of myofascial
temporomandibular disorder patients. J Orofac Pain 2010;24:
350-360.

Alstergren P, Ernberg M, Nilsson M, Hajati AK, Sessle BJ,
Kopp S. Glutamate-induced temporomandibular joint pain in
healthy individuals is partially mediated by peripheral NMDA
receptors. J Orofac Pain 2010;24:172-180.

McCreary CP, Clark GT, Merril RL, Flack V, Oakley ME.
Psychological distress and diagnostic subgroups of temporo-
mandibular disorder patients. Pain 1991;44:29-34.

Rudy TE, Turk DC, Kubinski JA, Zaki HS. Differential treatment
responses of TMD patients as a function of psychological
characteristics. Pain 1995;61:103-112.

Wright EF. Referred craniofacial pain patterns in patients with
temporomandibular disorder. J Am Dent Assoc 2000;131:
1307-1315.

Castroflorio T, Falla D, Wang K, Svensson P, Farina D. Effect of
experimental jaw-muscle pain on the spatial distribution of sur-
face EMG activity of the human masseter muscle during tooth
clenching. J Oral Rehabil 2012;39:81-92.

Melis M, Lobo SL, Ceneviz C, et al. Effect of cigarette smoking
on pain intensity of TMD patients: A pilot study. Cranio 2010;
28:187-192.

Hara ES, Witzel AL, de Luca CE, Ballester RY, Kuboki T,
Bolzan MC. A novel vibratory stimulation-based occlusal splint
for alleviation of TMD painful symptoms: A pilot study. J Oral
Rehabil 2013;40:179-184.

Hansdottir R, Bakke M. Joint tenderness, jaw opening, chew-
ing velocity, and bite force in patients with temoromandibular
joint pain and matched healthy control subjects. J Orofac Pain
2004;18:108-113.

Kogawa EM, Calderon PS, Lauris JR, Araujo CR, Conti PC.
Evaluation of maximal bite force in temporomandibular disor-
ders patients. J Oral Rehabil 2006;33:559-565.

Bonjardim LR, Gaviao MB, Pereira LJ, Castelo PM. Bite force
determination in adolescents with and without temporoman-
dibular dysfunction. J Oral Rehabil 2005;32:577-583.

Arima T, Svensson P, Arendt-Nielsen L. Capsaicin-induced
muscle hyperalgesia in the exercised and non-exercised hu-
man masseter muscle. J Orofac Pain 2000;14:213-223.
Sarlani E, Grace EG, Reynolds MA, Greenspan JD. Evidence
for up-regulated central nociceptive processing in patients with
masticatory myofascial pain. J Orofac Pain 2004;18:41-55.

Journal of Oral & Facial Pain and Headache 39

© 2015 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Kumar et al

43.

44,

45.

46.

47.

48.

49.

50.

51.

Cairns BE, Svensson P, Wang K, et al. Ketamine attenuates
glutamate-induced mechanical sensitization of the masseter
muscle in human males. Exp Brain Res 2006;169:467-472.
Jerjes W, Madland G, Feinmann C, et al. A psychological
comparison of temporomandibular disorder and chronic
daily headache: Are there targets for therapeutic interven-
tions? Oral Surg, Oral Med Oral Pathol Oral Radiol Endod
2007;103:367-373.

Van Eijden TM, Brugman P, Weijs WA, Oosting J. Coactivation
of jaw muscles: Recruitment order and level as a function of bite
force direction and magnitude. J Biomech 1990;23:475-485.
van Dieen JH, Selen LP, Cholewicki J. Trunk muscle activa-
tion in low-back pain patients, an analysis of the literature.
J Electromyogr Kinesiol 2003;13:333-351.

Hasenbring M. Attentional control of pain and the process of
chronification. Progress in brain research. 2000;129:525-534.
Lyons MF, Baxendale RH. Masseter muscle relaxation rate in
volunteers with a myogenous craniomandibular disorder. J Oral
Rehabil 1995;22:355-364.

Ikebe K, Nokubi T, Morii K, Kashiwagi J, Furuya M. Association
of bite force with ageing and occlusal support in older adults.
J Dent 2005;33:131-137.

Clark GT, Carter MC. Electromyographic study of human
jaw-closing muscle endurance, fatigue and recovery at various
isometric force levels. Arch Oral Bio 1985;30:563-569.
Wang K, Arima T, Arendt-Nielsen L, Svensson P. EMG-force
relationships are influenced by experimental jaw-muscle pain.
J Oral Rehabil 2000;27:394—-402.

40 Volume 29, Number 1,2015

© 2015 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.

52.

53.

54.

55.

56.

57.

58.

Blanksma NG, van Eijden TM. Electromyographic heteroge-
neity in the human temporalis and masseter muscles during
static biting, open/close excursions, and chewing. J Dent Res
1995;74:1318-1327.

Sae-Lee D, Whittle T, Forte AR, et al. Effects of experimental
pain on jaw muscle activity during goal-directed jaw move-
ments in humans. Exp Brain Res 2008;189:451-462.

Cairns BE, Sessle BJ, Hu JW. Evidence that excitatory ami-
no acid receptors within the temporomandibular joint re-
gion are involved in the reflex activation of the jaw muscles.
J Neurosci 1998;18:8056—-8064.

Yu XM, Sessle BJ, Vernon H, Hu JW. Effects of inflammatory
irritant application to the rat temporomandibular joint on jaw
and neck muscle activity. Pain 1995;60:143-149.

Broton JG, Sessle BJ. Reflex excitation of masticatory muscles
induced by algesic chemicals applied to the temporomandibu-
lar joint of the cat. Arch Oral Biol 1988;33:741-747.

Lam DK, Sessle BJ, Cairns BE, Hu JW. Peripheral NMDA re-
ceptor modulation of jaw muscle electromyographic activity in-
duced by capsaicin injection into the temporomandibular joint
of rats. Brain Res 2005;1046:68-76.

Okamoto K, Tashiro A, Chang Z, Thompson R, Bereiter DA.
Temporomandibular joint-evoked responses by spinomedullary
neurons and masseter muscle are enhanced after repeated
psychophysical stress. Eur J Neurosci 2012;36:2025-2034.





