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Aims: To test whether manipulation of mechanical pain sensitivity (MPS) of the
masseter muscle is reflected in quantitative measures of entropy. Methods: In
a randomized, single-blinded, placebo-controlled design, 20 healthy volunteers
had glutamate, lidocaine, and isotonic saline injected into the masseter muscle.
Self-assessed pain intensity on a numeric rating scale (NRS) was evaluated up
to 10 minutes following the injection, and MPS was evaluated after application
(at 5 minutes and 30 minutes) of three different forces (0.5 kg, 1 kg, and
2 kg) to 15 different sites of the masseter muscle. Finally, the entropy and
center of gravity (COG) of the pain sensitivity scores were calculated. Analysis
of variance was used to test differences in means of tested outcomes and
Tukey post hoc tests were used to adjust for multiple comparisons. Results:
The main findings were: (1) Compared with both lidocaine and isotonic saline,
glutamate injections caused an increase in peak, duration, and area under the
NRS pain curve (P < .01); (2) A pressure of 2 kg caused the highest NRS pain
scores (P < .03) and entropy values (P < .02); (3) Glutamate injections caused
increases in entropy values when assessed with 0.5 kg and 1.0 kg but not with
2.0 kg of pressure; and (4) COG coordinates revealed differences between
the x coordinates for time (P < .01) and time and force for the y coordinates
(P < .01). Conclusion: These results suggest that manipulation of MPS of the
masseter muscle with painful glutamate injections can increase the diversity
of MPS, which is reflected in entropy measures. Entropy allows quantification
of the diversity of MPS, which may be important in clinical assessment of pain
states such as myofascial temporomandibular disorders. J Oral Facial Pain
Headache 2017,;31:87-94. doi: 10.11607/0fph.1756

Keywords: entropy, mechanical sensitization, musculoskeletal pain,
pain assessment, palpation

pects such as intensity, location, distribution, expectation, and
emotional and motivational states.'* The complex nature of pain
makes it challenging for pain sufferers to describe their pain and for
health professionals to assess it. Several aspects of pain such as its
perceived intensity,® location, and quality,® as well as the assessment
of pain-related disability,” are essential in order to diagnose, explain,
and manage pain. Manual palpation is a common clinical method used
to evaluate mechanical pain sensitivity (MPS) and is an important part
of the clinical examination of temporomandibular disorders (TMD)®
and other musculoskeletal pain conditions including tension-type
headache® and fibromyalgia.'® The reliability of manual palpation ap-
plied to the masticatory muscles is normally considered adequate
but not optimal.""~'® Several devices have been developed to address
this problem.'*'® Nevertheless, the unreliability of assessment of me-
chanical sensitivity has not been completely resolved as factors that
can influence outcomes of manual palpation persist, such as differ-
ent palpation techniques, difficulty in localizing assessment sites, and
changes caused by repeated palpation.'®
Morphologic, histologic, and physiologic differences within the
masseter muscle indicate a functional compartmentalization.'”~"° It
would then be expected that pain perception in the masseter muscle

Pain is a complex, subjective feeling that involves different as-
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may vary depending on which part of the muscle is
affected by noxious stimuli and examined. Therefore,
a systematic assessment of the spatial distribution
of MPS in the masseter muscle may contribute new
and crucial information on characteristics of orofacial
muscle pain.

Experimental pain studies have reported that an
injection of glutamate into the masseter muscle of
healthy human participants reliably evokes pain that
shares many characteristics of persistent muscle
pain in TMD patients.?° Furthermore, a more uniform
spatial distribution of electromyographic (EMG) ac-
tivity of the masseter muscles has been observed
following painful injections of glutamate.?' Moreover,
other investigations have demonstrated that the spa-
tial distribution and entropy measures of EMG sig-
nals might be useful and valuable to clinically evaluate
pain following an intervention.?>23 Therefore, it may
be that Shannon entropy,>*?® which measures the
complexity and the degree of diversity of informa-
tion, could be used to assess localized muscle pain
sensitivity in response to standardized palpation with
a palpometer, which has been shown to cause less
test-retest variability and provides a more accurate
pressure stimulus than manual palpation.' Thus, the
aim of this study was to test whether manipulation of
MPS of the masseter muscle is reflected in quantita-
tive measures of entropy.

Materials and Methods

Participants

A total of 20 healthy student volunteers (10 men,
mean age: + standard deviation [SD]: 26.5 + 3.2
years; 10 women, mean age * SD: 25.2 + 4.0 years)
were recruited from Aarhus University. All partici-
pants were without signs or symptoms of TMD ac-
cording to the Research Diagnostic Criteria for TMD
(RDC/TMD)? and had no complaints of orofacial
pain. The study protocol followed the guidelines of
the Declaration of Helsinki Il and had the approval
from the Regional Ethics Committee. The partici-
pants signed an informed consent document after
receiving thorough written and oral information about
the experiment. Exclusion criteria included pregnan-
cy (participant-based report), fibromyalgia,?” and the
use of analgesics within 2 days of the planned exper-
imental sessions.

Study Design

The study was performed as a randomized,
single-blinded, placebo-controlled design. At each
session, participants had either glutamate, iso-
tonic saline (control), or lidocaine injected into the
mid-portion of the masseter muscle (Fig 1a). The or-
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der in which solutions were injected was randomized
before the first session, and the injection side was
randomized for session 1. In session 2, the injection
was done on the side opposite from that in session
1. In session 3, the injection was administered on the
same side as the first session. Time between ses-
sions was at least 5 days. Assessments of MPS were
done at baseline and 5 and 30 minutes after injec-
tions. Furthermore, participants were asked to score
their perceived intensity of pain on a 0—10-cm elec-
tronic visual analog scale (VAS) continuously for 10
minutes following each injection.

Injection Administration and Perceived

Pain Intensity

Injections of either glutamate (0.5 mL, 1 mol/L;
Ajinomoto Co),?° lidocaine (0.5 mL, 0.9%), or iso-
tonic saline (0.5 mL) were given as a bolus into the
masseter muscle of the participants following previ-
ously described protocols.?®32 A 27-G needle was
used and the 0.5-mL volume was injected over 10
seconds. The participants were then instructed to
continuously rate the perceived pain intensity evoked
by each injection on a 0-10-cm VAS for 10 minutes.
A computer sampled the VAS signals every 2 sec-
onds. The lower endpoint of the VAS was labeled
“no pain at all” and the upper endpoint was labeled
“the most pain imaginable.” Peak pain (VAS peak)
intensity was measured as the peak VAS score; the
area under the VAS curve (VAS AUC) was used to
obtain a measure of the overall amount of pain, and
the onset to offset of pain was determined from the
VAS profiles and used as a measure of pain duration
(VAS duration).

MPS

Numeric Rating Scale

The anterior-posterior and inferior-superior borders
of the masseter muscle were identified by palpation
during repetitive clenching by the participant, and the
area was divided into 15 sites (3 X 5) (Fig 1a). The
MPS was assessed on each of the 15 sites with 3
different forces (0.5 kg, 1.0 kg, 2.0 kg) applied using
a palpometer (Palpeter, Sunstar Suisse SA)."* The du-
ration of a single palpation stimulus was approximately
2 seconds followed by an interstimulus interval of 2
seconds that allowed the participant to rate the per-
ceived intensity on a numeric rating scale (NRS). The
mean NRS scores were assessed for each of the 15
sites on the masseter muscle and for each of the in-
jected substances as an overall assessment of MPS.
The participants were carefully instructed in the use
of the NRS, where 0 was defined as “no sensation at
all,” 50 was defined as “just barely painful,” and 100
defined as “most pain imaginable.”®3% Thus, scores
< 50 characterized nonpainful sensations, and scores
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Fig 1 (a) The anterior-posterior and inferior-superior borders of the masseter muscle were identified and the area was divided into 15
sites (3 X 5). Injections of glutamate, lidocaine, or isotonic saline (0.5 mL) were given as a bolus into the mid-portion of the masseter
muscle. (b) Both the injected side of the masseter muscle and the solution injected (glutamate, lidocaine, or isotonic saline) were ran-
domized. Assessments of mechanical pain sensitivity (MPS) were done at baseline and at 5 and 30 minutes after injections. MPS was
assessed with a numeric rating scale (NRS) at all 15 sites with 0.5, 1.0, and 2.0 kg of force applied by a palpometer. Furthermore, the
participants were asked to continuously score their perceived intensity of pain on a 0—10-cm electronic visual analog scale (VAS) for 10

minutes following each injection.

> 50 denoted painful sensations. This NRS was
chosen to encompass both nonpainful and painful
sensations in one single scale.?®3% The experimental
protocol and sequence followed is illustrated in Fig 1b
and was executed by one single researcher (TT).
Center of Gravity

The center of gravity (COG) calculation technique
was based on principles related to spatial assess-
ment of orofacial somatosensory sensitivity®* and
assessment of cortical mappings of motor-evoked
potentials.®® The COG coordinates (x = medial-lateral
direction; y = superior-inferior direction) were de-
fined as: Xxi*gridvaluei / Xgridvaluei; Zyi*gridvaluei
/ Zgridvaluei. The NRS scores from each of the 15
sites were used as the grid value. The weighting of
the NRS scores in this way enabled the creation of a
representational map of the “center” of NRS scores
in quantitative terms; ie, each map in each participant
generated an X and Y coordinate for assessment of
MPS by the three different force levels. The two co-
ordinates of the centroid of the NRS score (Gx and
Gy) for the anterior-posterior and the inferior-superior
directions were determined.

Entropy Measure

Entropy is a measure of diversity of values. The infor-
mation, or Shannon, entropy for a particular experi-
mental condition with a set of M possible outcomes
is highest if all values have maximum diversity, where-
as the minimum value of entropy is O if all outcomes
are equal. In the context of diversity of MPS scores
of the masseter muscle, entropy indicates the degree
of diversity of the 0-100 NRS sensitivity scores, with
higher entropy values corresponding to more diverse
intensity registers of the NRS scores over the grid.
Entropy was calculated in Excel from 15 NRS scores
from each session and time point assessment.

Statistical Analyses

Analysis of variance (ANOVA) was used to test dif-
ferences in means of VAS pain score outcomes (VAS
peak, VAS duration, and VAS AUC) using sex (2 lev-
els) and session (3 levels: glutamate, lidocaine, or iso-
tonic saline) as factors. The NRS scores were tested
by using sex, session, time (baseline, 5 minutes, and
30 minutes in reference to the injection time), and
force (3 levels: 0.5 kg, 1.0 kg, and 2.0 kg) as fac-
tors (Fig 1a). The first ANOVA analysis was done
for the averages of the NRS scores of the 15 sites
of the grid by using sex, session, time, and force as
factors. A second ANOVA analysis for the individual
NRS scores was done separately for each different
session by using sex, time, force, and site as factors.
The scores of entropy and COG coordinates (x and y
coordinates tested separately) of palpation were ana-
lyzed with multiple ANOVA with the following factors:
sex, session, time, and force. Tukey post hoc test
was used to adjust for multiple comparisons. For all
tests the significance level was set at P < .05. Mean
(+ SD) values are reported in the text and figures.

Results

Perceived Pain Intensity

Peak pain intensity on the 0-10 VAS was 8.1 + 2.3
following the injection of glutamate, 1.2 + 1.6 follow-
ing the injection of lidocaine, and 2.4 + 2.9 follow-
ing the injection of isotonic saline. ANOVA analyses
showed a significant effect of session on the peak,
duration, and AUC (P < .01). Moreover, post hoc
analyses showed significantly higher values for the
glutamate session compared with the other two ses-
sions (P < .01), but no differences between control
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Fig 2 The bar graphs show the visual analog scale (VAS) outcome parameters. Significant differences were noted between the gluta-
mate session and the lidocaine and isotonic saline session outcomes for (a) peak pain intensity, (b) pain duration, and (c) area under the
curve (AUC). (*P < .01).
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Fig 3 The graph shows the average of the 15 NRS scores of each participant as a circle, and group averages are shown as a horizontal
line. Significant differences were noted between injected substance, time point, and force (*P < .03). Post hoc analyses showed that
NRS scores were significantly increased following glutamate injection compared to lidocaine and isotonic saline injections (*P < .03).
Analyses also showed that NRS scores when 2.0 kg of force was used were significantly different from those when 1.0 kg was used, and
that using 1.0 kg of force produced significantly higher NRS scores than the 0.5-kg force (*P < .03).

and lidocaine (P > .20) on any of the VAS outcomes. levels (P < .03) (Fig 3). This analysis also showed

Results are shown in Fig 2. significant interactions for session X time, sex X
force levels, session X force levels, time X force lev-
NRS Scores els, session X time X force levels, and sex X session

ANOVA analysis of the averages of NRS scores for X time X force levels (P < .03). ANOVA analyses for
palpation of the 15 sites of the grid (Fig 1a) showed the individual NRS scores for each of the different
significant overall effect of session, time, and force  sessions are shown in Fig 3.
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ANOVA analysis of COG coordinates revealed sig-
nificant differences between the x coordinates for
time (P < .01) and between time and force for the
y coordinates (P < .01). There was a significant in-
teraction for sex X time X force (P < .01) for the x
coordinates and for session X time (P < .01) for the
y coordinates. Post hoc analysis for the x coordi-
nates showed a significant difference between base-
line and 30 minutes after injection (P < .01). It also
showed a significant difference for the y coordinates
when comparing baseline to 5 and 30 minutes after
injection (P < .05) and when comparing 0.5 kg to 1
and 2 kg (P < .03).

The COG of the MPS coordinates was plotted
graphically to see if any of the factors affected its
location. There were no relevant clinical changes in
the location of the COG in any condition despite the
significant but very small differences outlined above
(Fig 4).

Assessment of MPS Entropy

ANOVA analysis of the entropy of the 15 NRS scores
showed overall statistically significant differences
between sessions, time points, and forces (P < .01).
There were significant interactions for session X time,
sex X session X force, and session X time X force
(P < .03). Post hoc tests showed that the glutamate
session had significantly higher entropy values than
the other two sessions (P < .02). Post hoc analyses
of the interaction between session, time, and force
showed significant differences at 5 and 30 minutes
after injection of glutamate when the MPS was as-
sessed by using 0.5- and 1.0-kg forces (P < .01), but
there were no significant differences when a force

of 2.0 kg was used (Fig 5). Baseline assessments
showed significantly lower entropy scores when
compared with the two other time points (P < .01)
(Fig 5). Finally, it was observed that increasing the
force increased the entropy scores and that there
were significant differences in the scores between
the three forces (P < .01) (Fig 5).

Discussion

The main findings in this study were: (7) Based on
the concept of entropy, glutamate injections (but not
lidocaine or isotonic saline injections) increased the
diversity of the masseter MPS scores; (2) Glutamate
injections caused increases in entropy values when
assessed with 0.5 and 1.0 (but not 2.0) kg of force
applied to the injected masseter muscle; (3) The
more force was applied to the masseter muscle the
more entropy values increased; (4) The COG of MPS
scores did not change its location on the grid before
or after any type of injected solution; and (5) Applying
2.0 kg of force to the masseter muscle was likely to
evoke pain in healthy subjects, which was not seen
when applying 0.5 and 1.0 kg.

Perceived Pain Intensity Ratings

In this study, reported pain levels were similar to pre-
vious experiments with glutamate-evoked pain in the
masseter muscle.?®3637 Moreover, this study showed
that following lidocaine injection, small pain levels
were reported that were not significantly different
from the control (isotonic saline) injections. This may
be due to mechanical trauma caused by the needle
insertion or the bolus volume that was injected.3236.38
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Fig 5 The bar graph shows the average (SE) entropy for each variable. There were significant differences between groups for injected
substance, time point, and force (*P < .02). Post hoc analysis showed that entropy scores were significantly higher for the glutamate
injection when compared to lidocaine and isotonic saline (*P < .02), and also that the highest entropy was achieved when applying the

2-kg force followed by 1.0 kg and 0.5 kg.

Assessment of MPS

Glutamate injection evoked a significant increase in
MPS when compared with control and lidocaine for
all forces, whereas the lidocaine injection induced a
significant decrease in MPS when compared with
control injections when assessed with 1 and 2 kg,
but not 0.5 kg, of force. The present study replicated
earlier findings of mechanical sensitization triggered
by glutamate injections® as well as decreased sen-
sitivity following lidocaine injections.®* Furthermore,
NRS scores increased as higher forces were applied
to the masseter muscle in all sessions.

COG

Results showed that the COG MPS coordinates var-
ied significantly in the x axis between baseline and 30
minutes after injection, and in the y axis when com-
paring baseline to 5 and 30 minutes after injection
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(P < .05) and when comparing 0.5 kg to 1.0 and 2.0
kg of force. Despite these significant but very small
differences, the graphical representation of the COG
for time, session, and force shows an almost nonexis-
tent variation in the COG location. It can be conclud-
ed that although there were significant differences
for the x and y coordinates, they are not clinically
relevant, and that neither pain nor desensitization in-
duces a clinically significant shift in the distribution of
COG coordinates.

Entropy of MPS Scores

The main novelty of this study was the use of the
concept of entropy?® to assess the diversity of MPS
scores within the spatial distribution of the masseter
muscle. Recently, it has been proposed that the dis-
tribution of pain as a variable should be considered
to enrich the characterization of different diagnoses



of myofascial pain.2 However, there is little informa-
tion available about the distribution and the diversity
of pain scores for myofascial pain. Moreover, it is not
clear if the diversity of MPS within the masseter mus-
cle will have any significance for pain physiology.

The low entropy scores (< 1.00, with a highest
score possible of 2.70) suggest that the MPS scores
of the masseter muscle were quite uniform. This
means that the scores registered in the 15 sites of
the masseter muscle did not differ substantially from
each other. Nevertheless, it was seen that the entro-
py of MPS scores was significantly increased follow-
ing glutamate injection when compared to lidocaine
and isotonic saline. Furthermore, an interesting find-
ing was that significant increases in entropy of MPS
scores occurred in the glutamate session when ap-
plying 0.5 kg and 1.0 kg of force but not when apply-
ing 2.0 kg. This may occur because the NRS scores
of 2.0 kg were already more diverse than the 0.5 kg
and 1.0 kg forces at baseline; and as such, following
the injection of glutamate, the NRS scores after 2.0
kg of mechanical stimulation did not differ enough
to cause further increases in entropy scores. This
did not occur for the baseline control and lidocaine
values for 0.5 kg and 1.0 kg, as the values following
application of these forces were not so diverse. This
would suggest that applying 2.0 kg of force during
clinical examination of a painful masseter muscle is
not adequate for discriminating between the more
painful and less painful parts of the muscle.

Moreover, the present results suggest that the
larger the force that is applied, the more diverse the
pain scores, and that in healthy subjects the per-
ception of mechanical pressure is very unlikely to
be painful when applying forces = 1.0 kg, and that
it is more likely to be painful when applying 2.0 kg
of force. This finding has clinical implications, as it
could be difficult to determine abnormal mechanical
sensitization responses when a nonstandardized or a
high-pressure force (= 2.0 kg) is applied during the
clinical examination. Therefore, these results support
the importance of applying appropriate and stan-
dardized forces at the time of clinical examination as
well as respecting the concept of familiar pain during
the same examination.826:39

The entropy analyses of the effect of lidocaine
injections on the distribution of the values of MPS
did not significantly differ from the effect of isotonic
saline. On the other hand, since injections of gluta-
mate increased the entropy of MPS scores and the
bolus volume was the same as the lidocaine and sa-
line injections, it can be speculated that this increase
in entropy is likely related to a selective activation of
NMDA receptors throughout the masseter muscle by
the glutamate.32:3¢

Castrillon et al

Limitations

It must be acknowledged that even though a gluta-
mate-evoked pain model was used that mimics some
characteristics of orofacial pain,?® these results can-
not be directly extrapolated to myofascial TMD be-
cause the unique characteristics of clinical chronic
pain may affect its distribution and organization.
Therefore, further research into the levels of entropy,
including the entropy levels of patients with persistent
orofacial pain, will have to be conducted.

Conclusions

These results suggest that manipulation of MPS of
the masseter muscle with painful glutamate injections
can increase the diversity of pain sensitivity scores
in the masseter muscle, which is reflected in the en-
tropy measure. Entropy may allow quantification of
diversity of muscle pain sensitivity, which may be im-
portant in clinical assessment of pain states such as
myofascial TMD.

Acknowledgments

This study was funded by the Section of Orofacial Pain and
Jaw Function, Department of Dentistry, Aarhus University. The
valuable help with the entropy concept by Associate Professor
Alberto Imparato from the Department of Physics and Astronomy,
Aarhus University, is greatly appreciated. The authors declare no
conflicts of interest with respect to the authorship and/or publica-
tion of this article.

References

1. Price DD. Psychological and neural mechanisms of the affec-
tive dimension of pain. Science 2000;288:1769-1772.

2. Villemure C, Bushnell MC. Cognitive modulation of pain: How
do attention and emotion influence pain processing? Pain 2002;
95:195-199.

3. Ossipo v MH, Dussor GO, Porreca F. Central modulation of
pain. J Clin Invest 2010;120:3779-3787.

4. Tracey |. Getting the pain you expect: Mechanisms of placebo,
nocebo and reappraisal effects in humans. Nat Med 2010;16:
1277-1283.

5. Boonstra AM, Schiphorst Preuper HR, Balk GA, Stewart RE.
Cut-off points for mild, moderate, and severe pain on the visual
analogue scale for pain in patients with chronic musculoskele-
tal pain. Pain 2014;155:2545-2550.

6. Melzack R. The McGill Pain Questionnaire: Major properties
and scoring methods. Pain 1975;1:277-299.

7. Von Korff M, Ormel J, Keefe FJ, Dworkin SF. Grading the sever-
ity of chronic pain. Pain 1992;50:133-149.

8. Schiffman E, Ohrbach R, Truelove E, et al. Diagnostic Criteria
for Temporomandibular Disorders (DC/TMD) for Clinical and
Research Applications: Recommendations of the International
RDC/TMD Consortium Network* and Orofacial Pain Special
Interest Group. J Oral Facial Pain Headache 2014;28:6—-27.

Journal of Oral & Facial Pain and Headache 93

© 2017 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.



Castrillon et al

9.

10.

11.

12.

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

283.

24.

25.

Bendtsen L, Ashina S, Moore A, Steiner TJ. Muscles and their
role in episodic tension-type headache: Implications for treat-
ment. Eur J Pain 2016;20:166-175.

Tunks E, McCain GA, Hart LE, et al. The reliability of exam-
ination for tenderness in patients with myofascial pain, chronic
fibromyalgia and controls. J Rheumatol 1995;22:944-952.

de Wijer A, Lobbezoo-Scholte AM, Steenks MH, Bosman F.
Reliability of clinical findings in temporomandibular disorders. J
Orofac Pain 1995;9:181-191.

Chaves TC, Nagamine HM, de Sousa LM, de Oliveira AS,
Grossi DB. Comparison between the reliability levels of man-
ual palpation and pressure pain threshold in children who re-
ported orofacial pain. Man Ther 2010;15:508-512.

. John MT, Zwijnenburg AJ. Interobserver variability in assess-

ment of signs of TMD. Int J Prosthodont 2001;14:265-270.
Futarmal S, Kothari M, Ayesh E, Baad-Hansen L, Svensson P.
New palpometer with implications for assessment of deep pain
sensitivity. J Dent Res 2011;90:918-922.

Bernhardt O, Schiffman EL, Look JO. Reliability and validity
of a new fingertip-shaped pressure algometer for assessing
pressure pain thresholds in the temporomandibular joint and
masticatory muscles. J Orofac Pain 2007;21:29-38.

Gomes MB, Guimaraes JP, Guimaraes FC, Neves AC. Palpation
and pressure pain threshold: Reliability and validity in patients
with temporomandibular disorders. Cranio 2008;26:202-210.
Widmer CG, English AW, Morris-Wiman J. Developmental
and functional considerations of masseter muscle partitioning.
Arch Oral Biol 2007;52:305—-308.

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.

Korfage JA, Brugman P, Van Eijden TM. Intermuscular and intra-
muscular differences in myosin heavy chain composition of the
human masticatory muscles. J Neurol Sci 2000;178:95-106.
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.

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.

Lee TR, Kim YH, Sung PS. Spectral and entropy changes for
back muscle fatigability following spinal stabilization exercises.
J Rehabil Res Dev 2010;47:133-142.

Sung PS, Zurcher U, Kaufman M. Comparison of spectral and
entropic measures for surface electromyography time series:
A pilot study. J Rehabil Res Dev 2007;44:599-609.

Zhou X, Ding H, Ung B, Pickwell-MacPherson E, Zhang Y.
Automatic online detection of atrial fibrillation based on symbol-
ic dynamics and Shannon entropy. Biomed Eng Online 2014;
13:18.

Shannon CE. A mathematical theory of communication. Bell
System Technical Journal 1948;27:379-423.

94 Volume 31, Number 1,2017

© 2017 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.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Dworkin SF, LeResche L. Research diagnostic criteria for
temporomandibular disorders: Review, criteria, examinations
and specifications, critique. J Craniomandib Disord 1992;6:
301-355.

Wolfe F, Smythe HA, Yunus MB, et al. The American College
of Rheumatology 1990 Criteria for the Classification of
Fibromyalgia. Report of the Multicenter Criteria Committee.
Arthritis Rheum 1990;33:160-172.

Castrillon EE, Cairns BE, Wang K, Arendt-Nielsen L,
Svensson P. Comparison of glutamate-evoked pain between
the temporalis and masseter muscles in men and women. Pain
2012;153:823-829.

Arendt-Nielsen L, Svensson P, Sessle BJ, Cairns BE, Wang
K. Interactions between glutamate and capsaicin in inducing
muscle pain and sensitization in humans. Eur J Pain 2008;
12:661-670.

Cairns BE, Hu JW, Arendt-Nielsen L, Sessle BJ, Svensson
P. Sex-related differences in human pain and rat afferent dis-
charge evoked by injection of glutamate into the masseter
muscle. J Neurophysiol 2001;86:782-791.

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.
Cairns BE, Svensson P, Wang K, et al. Activation of peripheral
NMDA receptors contributes to human pain and rat afferent
discharges evoked by injection of glutamate into the masseter
muscle. J Neurophysiol 2003;90:2098-2105.

Svensson P, Graven-Nielsen T, Arendt-Nielsen L. Mechanical
hyperesthesia of human facial skin induced by tonic painful
stimulation of jaw muscles. Pain 1998;74:93-100.

Thygesen TH, Nerholt SE, Jensen J, Svensson P. Spatial and
temporal assessment of orofacial somatosensory sensitivity:
A methodological study. J Orofac Pain 2007;21:19-28.
Ridding MC, Brouwer B, Miles TS, Pitcher JB, Thompson PD.
Changes in muscle responses to stimulation of the motor cor-
tex induced by peripheral nerve stimulation in human subjects.
Exp Brain Res 2000;131:135-143.

Castrillon EE, Cairns BE, Ernberg M, et al. Effect of a periph-
eral NMDA receptor antagonist on glutamate-evoked masseter
muscle pain and mechanical sensitization in women. J Orofac
Pain 2007;21:216-224.

Sato H, Castrillon EE, Cairns BE, et al. Intramuscular tempera-
ture modulates glutamate-evoked masseter muscle pain inten-
sity in humans. J Oral Facial Pain Headache 2015;29:158-167.
Sanchez-Siles M, Torres-Diez LC, Camacho-Alonso F, Salazar-
Sanchez N, Ballester Ferrandis JF. High volume local anes-
thesia as a postoperative factor of pain and swelling in dental
implants. Clin Implant Dent Relat Res 2014;16:429-434.
Kothari SF, Kothari M, Zambra RF, Baad-Hansen L, Svensson
P. Standardization of muscle palpation- Methodological con-
siderations. Clin J Pain 2014;30:174-182.





