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Aims: To investigate whether experimental tooth clenching
leads to a release of algesic substances in the masseter muscle.
Methods: Thirty bealthy subjects (16 females, 14 males) partic-
ipated. During two sessions, separated by at least 1 week, intra-
muscular microdialysis was performed to collect masseter muscle
S-bydroxytryptamine (5-HT) and glutamate as well as the met-
abolic markers pyruvate and lactate. Two hours after the start of
microdialysis, participants were randomized to a 20-min repetitive
experimental tooth-clenching task (50% of maximal voluntary
contraction) or a control session (no clenching). Pain and fatigue
were measured throughout. The Friedman and Wilcoxon tests
were used for statistical analyses. Results: No alterations were ob-
served in the concentrations of 5-HT, glutamate, pyruvate, and
lactate over time in the clenching or control session, or between
sessions at various time points. Pain (P < .01) and fatigue (P < .01)
increased significantly over time in the clenching session and were
significantly higher after clenching than in the control session
(P < .01). Conclusion: Low levels of pain and fatigue developed
with this experimental tooth-clenching model, but they were not
associated with an altered release of 5-H'T, glutamate, lactate, or
pyruvate. More research is required to elucidate the peripheral re-
lease of algesic substances in response to tooth clenching.  OROFAC
PAIN 2013;27:350-360. doi: 10.11607/jop.1170

Key words: bruxism, glutamate, masseter muscle, microdialysis,
serotonin, temporomandibular disorders

hronic pain in general is a major health concern that has

negative economic effects on society and affects patients

in both their social and their working lives.! Myofascial
temporomandibular disorder (TMD) is more frequently reported
in females than in males, and its prevalence in the general popula-
tion is approximately 10%.2 Soreness and pain in the masticatory
muscles, limited jaw function, and increased pain upon function
are symptoms commonly manifested in this condition.>* Little
is known about the underlying mechanisms, but both peripher-
al and central mechanisms are thought to be implicated in the
pathophysiology of myofascial TMD.’

Studies have shown that self-reported tooth clenching is a risk
factor for myofascial TMD and could lead to an overloading of
the masticatory muscles and development of pain.® Muscle over-
load may be associated with disturbed local blood flow, impaired
microcirculation, and development of relative ischemia,” thus
possibly facilitating the release of algesic substances that sensitize
and excite muscle nociceptors.®
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Noxious mechanical stimuli and algesic sub-
stances, such as the neurotransmitters 5-hydroxy-
tryptamine (5-HT) and glutamate, can activate and
sensitize muscle nociceptors.®'* It has also been
shown that in response to tissue damage or in isch-
emic conditions, peripherally released 5-HT can
provoke the release of glutamate and substance P,*!
thus amplifying pain. There is also evidence from
animal models of craniofacial pain that glutamate
is involved in pain-related hypersensitivity and tri-
geminal central sensitization,'>* and both gluta-
mate and 5-HT induce pain and hyperalgesia when
injected into a healthy muscle.'>'®

It has been suggested that the predominance of
TMD in females might be ascribed to their higher
stress levels.!”” Female TMD patients have a signifi-
cantly higher level of cortisol during daytime than
healthy controls.'® Estrogen and cortisol are known
to interact with the central release of 5-HT and glu-
tamate,'”2! while their influence on the peripheral
release of 5-HT and glutamate is unknown. If so,
it is possible that females have a higher peripheral
release of 5-HT than males due to higher levels of
cortisol and estrogen.

Patients with masseter and trapezius myalgia are
reported to exhibit significantly higher levels of
muscle 5-HT and glutamate compared to healthy
subjects.?>?* It was also observed that there was a
shift towards an anaerobic metabolism in patients
with trapezius myalgia, as indicated by higher mus-
cle levels of pyruvate and lactate.?® These metabolic
substances have been suggested to be an indicator
of reduced tissue oxygenation.”**® In response to
low-force exercise, patients with trapezius myalgia
and healthy subjects exhibit increased levels of glu-
tamate, lactate and pyruvate,” but significant time
effects for 5-HT have not been observed.**

So far, no previous study has investigated the in-
tramuscular events that might occur in the human
masseter muscle in response to experimental tooth
clenching. Therefore, this study aimed to investigate
whether experimental tooth clenching leads to a re-
lease of algesic substances in the masseter muscle.
The following hypotheses were tested: (1) experi-
mental tooth clenching increases masseter muscle
interstitial levels of 5-HT, glutamate, pyruvate, and
lactate as well as blood flow; (2) in response to ex-
perimental tooth clenching, females have a signifi-
cantly higher release of 5-HT, glutamate, pyruvate,
and lactate compared to males; and (3) the periph-
eral release of 5-HT and glutamate is correlated
with salivary cortisol and B-estradiol.
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Materials and Methods
Subjects

Thirty pain-free subjects participated in the study,
16 females (mean age = SD: 36 = 16 years) and 14
males (mean age = SD: 41 = 18 years). All subjects
were recruited from Malmé University and screened
per the Research Diagnostic Criteria for TMD.*

Exclusion criteria were: age < 18 years, system-
ic inflammatory connective tissue diseases (eg,
rheumatoid arthritis), whiplash-associated disor-
ders, chronic muscle pain conditions (eg, fibromy-
algia), neuropathic pain or neurological disorders
(eg, oromandibular dystonia), pain of dental origin,
pregnancy or lactation, high blood pressure, antico-
agulant treatment, ongoing dental treatment, exten-
sive restorations (eg, full bridges, dentures), allergy
to antibiotics, allergy to prilocaine or lidocaine, cur-
rent use of analgesics (eg, paracetamol, nonsteroi-
dal anti-inflammatory drugs, salicylate drugs, and
opioids, or other medication that would influence
pain perception, [eg, antidepressants or antiepileptic
drugs]), and severe skeletal malocclusions. Exclu-
sion criteria were assessed in each subject by col-
lecting their medical history.

This study was conducted in the Department of
Orofacial Pain and Jaw Function at Malmo Univer-
sity, Malmo, Sweden. The Regional Ethics Review
Board at Lund University approved the project and
subject selection (2010/31). The Declaration of
Helsinki guidelines were followed. Before entering
this study, subjects signed an informed consent form
and were informed that they could withdraw from
the experiment at any time, with no consequences.
Subjects were financially compensated upon com-
pletion of their participation.

Study Design

This study was designed as a single-blind random-
ized crossover trial comprising two sessions, each
session lasting 4 hours. Figure 1 is a schematic il-
lustration of the study design. To avoid carryover
effects, intervals between sessions were a minimum
of 1 week. In both sessions, intramuscular micro-
dialysis was performed on the right masseter muscle
to sample 5-HT, glutamate, lactate, and pyruvate.
Subjects were randomly allocated (random num-
ber generator, SPSS) to a repetitive experimental
tooth-clenching exercise or a control session with
no clenching.
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Fig1 Schematic illustration of the study design. Intramuscular microdialysis was conducted to sample 5-HT, glutamate,
pyruvate, and lactate. Two hours after the start of microdialysis, the subjects were randomized to a repetitive tooth-
clenching task, or a control task. Pain intensity and fatigue were measured at baseline, after the clenching and the control
task, and after recovery. Pressure pain threshold (PPT) was assessed before insertion of the microdialysis probe and after

the removal of the microdialysis probe.

On the experimental day in each session, subjects
brought a saliva sample, which they had collected
immediately after awakening, to the clinic for fur-
ther analysis of salivary cortisol. Directly before
insertion of the microdialysis catheter (in each ses-
sion), a venous blood sample was collected for fur-
ther analysis of B-estradiol. Before insertion of the
microdialysis probe (in each session, before base-
line), maximal voluntary clenching force (MVCEF)
and pressure pain threshold (PPT) were assessed. A
120-minute stabilization period directly followed
probe insertion, the last 20 minutes of which served
as a baseline measure of the microdialysates. After
stabilization, baseline assessments of pain intensity
and fatigue were made, followed by a 20-minute
clenching or control (relaxation of the masticatory
muscles) session and 40 minutes of rest (recovery).
Assessments of pain intensity and fatigue were re-
peated directly after the clenching or control session
and after recovery. PPT was measured after removal
of the microdialysis probe.

Subjects sat upright in a dental chair with head
support throughout the experiment and were in-
structed to relax their masticatory muscles—except
during the experimental tooth-clenching exercises.
One operator made all measurements.

Experimental Tooth Clenching and Control
Condition

A bite-force transducer (Aalborg University, Den-
mark), placed between the molars on the right side,
was used to assess MVCF (kg). Three times, the
subjects were asked to bite down on the transducer
(clench) as intensely as possible for 2 to 3 seconds.
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Mean MVCF was calculated from the three regis-
trations. The 20-minute experimental tooth-clench-
ing session then began. Subjects did 20 bouts of
clenching at 50% of their mean MVCE. Each bout
lasted 30 seconds with 30-second intervals be-
tween bouts.?’ The bite-force transducer displayed
the clenching force, and subjects were instructed to
maintain 50% mean MVCF by continuously watch-
ing the display.

During the control session, subjects were instruct-
ed to relax their masticatory muscles for 20 minutes.

Saliva Sampling

After fasting overnight, subjects used a Salimetrics
Oral Swab (SOS; Salimetrics) to collect unstimu-
lated saliva on the morning of the experimental day.
Subjects were instructed to place the SOS under the
tongue for 2 minutes immediately after waking up
and then to place the swab in a Salimetrics Swab
storage tube. When the subjects arrived at the clin-
ic, the samples were immediately frozen (-70°C).
On the day of cortisol analysis, the saliva samples
were brought to room temperature and centrifuged
(1,500 g, +20°C) for 15 minutes to precipitate mu-
cins. The commercially available Salimetrics High
Sensitivity Salivary Cortisol Enzyme Immunoassay
Kit was used according to the manufacturers’ in-
structions to analyze salivary cortisol.

Blood Sampling
Venous blood samples were collected with a Vacutain-

er (BD Vacutainer Safety-Lock; Becton, Dickin-
son, and Company) in a 3-mL plasma separation
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tube for analysis of B-estradiol. Immediately after
collection, the samples were centrifuged (2,000 g,
+20°C) for 10 minutes, and the plasma was pipet-
ted to 1-mL Eppendorf tubes and stored at —70°C.
The Laboratory of Clinical Chemistry at the Skane
University Hospital in Malmé analyzed B-estradiol
with the commercially available Delfia Estradiol Kit
(Wallac QY). The use of oral contraceptives and the
phase of the menstrual cycle were not taken into con-
sideration during blood sampling.

Assessment of Pressure Pain Threshold

An electronic algometer (Somedic Sales AB) was
used to assess PPT, defined as the amount of pres-
sure (kPa) needed to produce a sensation of pain. A
1-cm? probe was applied to the mandibular attach-
ment of the right masseter muscle with a constant
pressure of 30 kPa/s. The mean of three measure-
ments, made at 60-second intervals, was calculated.
Acceptable reliability was previously found for PPT
measured on the masseter muscle.*

Assessment of Pain and Fatigue

Two 100-mm visual analog scales (VAS) were used
to assess pain intensity and intensity of fatigue (an-
chor definitions: no pain/no fatigue and worst imag-
inable pain/worst imaginable fatigue).

Microdialysis

Intramuscular microdialysis was conducted to sam-
ple masseter 5-HT, glutamate, lactate, and pyruvate.
After the belly of the right masseter muscle was pal-
pated and identified, the skin over this region was
anesthetized with topical anesthesia (EMLA 20 mg/g;
AstraZeneca AB) for 20 minutes. A standard cathe-
ter (diameter 1.3 X 32 mm, BD Venflon Pro; Becton
Dickinson Infusion Therapy AB) was inserted into
the center of the masseter belly at a 45-degree angle
to the skin and a length of 20 mm. The needle was re-
moved, and the catheter was retracted 10 mm, leav-
ing 10 mm of plastic within the muscle. The catheter
was cut 10 mm from the skin surface.

A sterile and flexible microdialysis probe (diame-
ter 0.5 mm; membrane length 10 mm; shaft length
20 mm; molecular cut-off 6 kDa, MAB11.20.10;
Microbiotech/se) was inserted into the muscle
through the standard catheter to a depth of 20 mm
measured from the skin surface, ensuring that the
entire probe membrane protruded beyond the plas-
tic into the muscle.>' A microdialysis pump (MAB40,
Microdialysis Pump Dual Chanel; Microbiotech/se
AB) was connected to the probe.
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The microdialysis probe was perfused at a rate
of 5 pL/min with a Ringer-acetate (Baxter Viaflo,
Baxter Medical AB) solution containing 0.5 mM
Ringer-lactate (Baxter Viaflo, Baxter Medical AB),
and 3 mM glucose (Glucose 50 mg/mL; B. Braun
Melsungen AG) to prevent the interstitial space
from draining.’? Three pM ['*C]-lactate (specific ac-
tivity: 7.4 MBq/mL; PerkinElmer Life Sciences) was
added to the Ringer-acetate solution to determine
relative in vivo recovery (RR) and allow determi-
nation of the interstitial concentrations of pyruvate,
glutamate, lactate, and 5-HT, and of 3 pM *H,0O
(specific activity: 37 MBqg/mL; PerkinElmer Life
Sciences) to estimate nutritive blood flow.?*333* The
outlet tubing of the microdialysis probe was placed
in a 500-pL microvial.

Microdialysates were sampled every 20 minutes
during 3 hours and were stored at =70°C. Only the
samples collected at baseline (100 to 120 minutes),
during the clenching or control task (120 to 140
minutes), and during the last 20 minutes of the re-
covery period (160 to 180 minutes) were later ana-
lyzed for algesic substances.

Analyses

Concentrations of glutamate, lactate, and pyruvate
were analyzed with an ISCUS Clinical Microdialysis
Analyzer (Dipylon Medical AB). The limit of detec-
tion (LOD) for lactate was 0.1 mmol/L; for pyru-
vate, 10 pmol/L; and for glutamate, 1.0 pmol/L.
Concentrations below 50% of the LOD were re-
ported as a concentration equaling half the LOD,
while concentrations above 50% of LOD were re-
ported as obtained.

Concentrations of muscle 5-HT were analyzed
with a high-pressure liquid chromatograph with
electrochemical detection; Ghafouri et al** de-
scribed this methodology previously. The LOD for
5-HT was 20 fmol/10 pL. The PAINOMICS lab at
Linkoping University Hospital analyzed all micro-
dialysates.

Dialysate or perfusate (5 pL) was pipetted into
a counting vial containing 3 mL scintillation fluid
(High-flash Point, Universal LSC-Cocktail, ULTIMA
GOLD, PerkinElmer) and vortexed; B-counting was
done in a liquid scintillation counter (Beckman LS
6000TA; Beckman Instruments). The RR for lac-
tate was calculated for each sample: (cpm - cpm,)/
cpm,, where cpm_ was counts per minute of perfu-
sate and cpm; was counts per minute of dialysate.
The interstitial levels (Ci) of the algesic substances
were calculated: (C, - Cp)/RR + Cp, where C, was the
concentration of substance in the dialysate, and C|
was the concentration of substance in the perfusate.
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Table 1 Mean + SD Maximal Voluntary Clenching Force

(MVCF,; kg), Salivary Cortisol (ug/dL), and
Plasma B-Estradiol (pmol/L)

Baseline
Clenching Control

MVCF

All 52.7 + 18.6 55.8 + 18.8

Females 50.2 + 16 541 +£16.7

Males 55.5 +21.1 578 +21.4
Salivary cortisol

All 0.58 + 0.44 0.54 £ 0.32

Females 0.60 + 0.37 0.70 £ 0.32%=

Males 0.58 + 0.54 0.36 + 0.23
Plasma B-estradiol

All 181 + 236 186 + 271

Females 262 + 3032 274 + 3512

Males 88 + 27 85 + 33

Significant sex difference within the same session (°P < .05 and
@p < .01).

Nutritive blood flow was estimated: 1/(cpm /cpm )
for *H,0, where cpm, was *H,O counts per minute
in the dialysate, and cpm_in the perfusate.

Statistical Analyses

The Statistical Package for the Social Science for
Windows, version 17 (SPSS, IBM) was used for all
calculations. Means and SDs were calculated for age
and MVCFs. An independent samples ¢ test com-
pared age differences between sexes. The Kolm-
ogorov-Smirnov test assessed data for normality.
MVCE salivary cortisol, B-estradiol, and RR were
normally distributed, so parametric statistics could
be used. The paired samples ¢ test assessed mean
values of salivary cortisol and B-estradiol for signif-
icant differences between sessions, and the indepen-
dent samples # test assessed between-sex differences
in each session.

Repeated measures analysis of variance assessed
RR for differences between sessions and over time.
A paired samples 7 test assessed differences in mean
MVCEF between sessions, and an independent sam-
ples ¢ test assessed sex differences. Pain intensity;
fatigue; interstitial levels of 5-HT, glutamate, lac-
tate, and pyruvate; and PPT were not normally dis-
tributed; after transformation, the data were still
not normally distributed, so nonparametric statis-
tics were used. The Friedman test analyzed within-
session differences in interstitial levels of mediators
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and for pain intensity and fatigue. The Wilcoxon
signed rank test was applied in the post-hoc anal-
ysis. To avoid risk of type I errors, the Bonferroni
correction was applied.

Between-session comparisons at various time
points were made with the Wilcoxon signed rank
test and a Bonferroni correction was applied. The
Mann-Whitney U test was used to analyze differ-
ences between sexes at various time points, and to
evaluate the significance of changes in 5-HT and
glutamate between self-reported bruxers and par-
ticipants without awareness of bruxism at various
time points in each session. Spearman correlation
test with Bonferroni correction analyzed significant
correlations between pain intensity after experimen-
tal tooth clenching, PPT, 5-HT, glutamate, pyruvate,
lactate, and cortisol or B-estradiol. A power calcula-
tion showed that 12 subjects of each sex were suffi-
cient to detect a difference in mean dialysate levels
of 0.8 SD when a = .05 and B = .80. All statistical
analyses were performed two-tailed at a significance
level of 5%.

Results

Baseline Values of Maximal Voluntary
Clenching Force, Cortisol, and B3-Estradiol

Table 1 illustrates the results of MVCE salivary cor-
tisol, and B-estradiol in a comparison between ses-
sions, and between sexes in each session. Significant
differences for MVCF were not observed between
sessions, nor between sexes within each session.
Females had a significantly higher level of salivary
cortisol than males in the control session (P < .01).
The level of B-estradiol was significantly higher for
females than males in both sessions (P < .05).

Pressure Pain Threshold
In the clenching session, PPT was significantly lower
after microdialysis compared to baseline (P < .01),
whereas PPT was unchanged in the control session.
No significant between-session differences occurred
at any time point (Table 2).

In females, PPT was significantly decreased fol-
lowing the clenching session (P < .01), but unaltered
following the control session. In males, no signifi-
cant changes in PPT were observed following any
session. Significant between-session differences were
not observed at any time point for either sex.

Males had significantly higher PPT than females
at baseline and after microdialysis (P < .01) in the
clenching session, and a significantly higher PPT at
baseline (P < .05) in the control session.
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Table 2 Median (Interquartile Range) PPT (kPa), Pain Intensity, and Intensity of Fatigue (Both: 0—100-mm VAS)

Measured at Baseline, After the Clenching and Control Sessions, and After Recovery

Baseline After clenching/control task After recovery
Clenching Control Clenching Control Clenching Control
PPT
All 164 (77) 160 (66) - - 141 (59)2 172 (73)
Females 149 (48) 146 (74) - - 121 (39)° 159 (62)
Males 207 (111) 194 (71)° - = 168 (75) 191 (120)
Pain intensity
All 0 (10) 0 (10) 15 (30)% 0 (10) 10 (20) 5(12.5)
Females 0(10) 0(10) 25 (27.5)° 0(7.5) 0(20) 10 (20)
Males 0 (2.5) 0 (10) 10 (32.5) 0 (10) 10 (15) 0(10)
Intensity of fatigue
All 0 (10) 0 (2.5) 40 (32.5)% 0(2.5) 10 (20)° 0 (10)
Females 0(10) 0 (0) 40 (17.5)% 0(0) 10 (17.5)¢ 0(10)
Males 0 (2.5) 0 (10) 45 (42.5)% 0(12.5) 10 (35) 0 (2.5)
).

aSignificant decrease compared with baseline in the same session (P < .01). °Significant decrease over time in the same session (P < .01

Signifi-

cant sex difference within the same session and time point (°P < .05 and ©°P < .01). Significant difference compared to the control session at the

same time point (°P < .01, and “P < .001).

Pain Intensity and Fatigue

Table 2 shows the pain intensity and fatigue at the
various time points for each session and sex. Pain
intensity increased significantly over time in the
clenching session (P < .001), with significantly high-
er levels of pain after the clenching task compared
to baseline (P < .01). In the control session, pain
intensity changed significantly over time (P < .05),
but at which time points could not be detected. In a
between-session comparison, pain intensity was sig-
nificantly higher after the clenching task than after
the control task (P < .01).

No significant between-sex differences in pain in-
tensity occurred at any time point in either session
(Table 2).

Perceived fatigue increased significantly over
time in the clenching session (P < .001) with signifi-
cantly higher levels of fatigue after clenching and
after recovery compared to baseline (P < .01). No
significant alterations occurred in the control ses-
sion. Significantly higher levels of fatigue occurred
after clenching (P < .001) and after recovery in the
clenching session (P < .01) compared to the same
time points in the control session.

No significant between-sex differences in per-
ceived fatigue occurred at any time point in either
session (Table 2).

Relative Recovery

Mean (SD) RR, based on a '*C-lactate concentration
of 29 = 12% at baseline, was 27 = 12% after the
clenching task and 31 = 15% after recovery in the
clenching session, whereas RR in the control session
was 27 = 11% at baseline, 27 = 12% after the con-
trol task, and 27 = 13% after recovery. No signifi-
cant changes occurred over time in either session.

5-HT and Glutamate

Interstitial 5-HT levels did not change over time in
the clenching or the control session. No significant
differences were observed between sessions at any
time point (Fig 2). No significant sex differences
were observed at any time point in any session (data
not presented).

No significant alterations in muscle glutamate
levels were observed over time in the clenching or
the control session, and no significant differences
occurred at any time point between the sessions
(Fig 2). There were no significant sex differences at
any time point in any session (data not presented).
No significant differences were observed for 5-HT
or glutamate at any time point between bruxers and
non-bruxers (data not presented).
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Fig 2 Interstitial concentrations (median, 75% and 25% percentile) of (a) 5-HT, (b) glutamate, (c) pyruvate, and
(d) lactate in the masseter muscles of 30 healthy subjects in the clenching and the control sessions. No significant altera-
tions over time were observed for these substances in either session. A comparison of time points in the clenching session
with the same time points in the control session revealed no significant differences.

Pyruvate, Lactate, and Blood Flow

Muscle pyruvate levels were stable over time in the
clenching and the control sessions, and there were
no differences between sessions at any time point
(Fig 2).
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In females, pyruvate levels changed significantly
over time in the clenching session (P < .05), with
significantly higher levels of muscle pyruvate after
the clenching task and after recovery compared to
baseline (P < .05). No significant changes in muscle
pyruvate occurred over time in the control session
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Table 3 Median (Interquartile Range) Interstitial Concentration of Pyruvate (umol/L) Measured at Baseline,

After the Clenching and Control Task, and After Recovery

Baseline After clenching/control task After recovery
Clenching Control Clenching Control Clenching Control
Pyruvate (umol/L)
Females 17.7 (12) 19.6 (73.7) 21.2(17.8)2 13.7 (30) 28.6 (19.8)2 15.4 (28.6)
Males 20.6 (66.8) 12.8 (15.5) 31.6 (62) 12.9 (15.5) 18.1(30.4) 11.8 (14.4)

Significant difference compared with baseline in the same session (°P < .01).

or at any time point between sessions (Table 3).
There were no significant changes in pyruvate levels
in the males and no significant sex differences in any
session at any time point (Table 3).

No significant changes in interstitial levels of lac-
tate occurred over time in any session, and there were
no significant differences between sessions at any time
point (Fig 2). No significant sex differences occurred
within or between sessions (data not presented).

Nutritive masseter muscle blood flow (out/inflow
ratio, *H,0) did not change over time in any sessions
and there were no differences between sessions.
There were no significant sex differences within or
between sessions (data not presented).

Correlations

After Bonferroni correction for multiple testing, no
significant correlations were identified between pain
intensity after the tooth clenching and PPT, 5-HT,
glutamate, pyruvate, lactate, cortisol, or B-estradiol.

Discussion

Although the experimental tooth-clenching model
used in this study induced mechanical hyperalge-
sia and low levels of pain and fatigue, the levels of
5-HT, glutamate, and lactate were unaltered over
time and between sessions in both sexes, except for
muscle pyruvate, which was increased after clench-
ing in females.

Patients with fibromyalgia and chronic work-
related trapezius myalgia exhibit higher levels of
interstitial pyruvate and lactate than healthy con-
trols.>>* In healthy females, one study found that
trapezius muscle pyruvate and lactate levels increased
in response to low-force muscle exercise,?® while an-
other study found them to be unaffected by muscle
exercise.”’ High levels of muscle pyruvate could be
an indication of reduced tissue oxygenation,”” in
which case, pyruvate could be converted into lac-
tate.’® The role of lactate in muscle metabolism is
highly complex, but if muscle lactate levels were as-

sociated with the intensity of muscle exercise, high
levels of muscle lactate would indicate an ischemic
condition in the muscle.?*?%3 It has been suggested
that even if tooth clenching increases intramuscular
blood flow, this increase cannot meet the demands of
the higher relative increase in muscle activity.” How-
ever, neither lactate nor pyruvate levels changed sig-
nificantly in this study, except for pyruvate after the
clenching task in females, and the blood flow did not
change in response to the clenching task. Masseter
muscle recovery during the 30-second resting inter-
vals or a microdialysate sampling frequency that was
insufficient to detect possible changes might explain
the absence of significant changes. Future studies are
needed to investigate the muscle metabolism in re-
sponse to tooth clenching.

Intense muscle contraction could release algesic
substances, leading to a nociceptor sensitization and
a perception of pain.’”** Indeed, patients with myo-
fascial TMD are reported to have higher interstitial
levels of 5-HT and glutamate compared to healthy
subjects,?”?* and intramuscular injections of 5-HT
and glutamate provoke pain, allodynia, and hyper-
algesia in healthy subjects.!>'¢ In the present study,
experimental tooth clenching was used to investi-
gate whether it could provoke a release of 5-HT
and glutamate. Although the levels of pain and fa-
tigue that occurred after clenching were low, they
were significantly higher than in the control session.
However, the masseter muscle levels of 5-HT and
glutamate were unaltered in response to this exper-
imental tooth-clenching task, and neither substance
correlated with the VAS self-reports of pain inten-
sity or fatigue. A study on healthy subjects and pa-
tients with trapezius myalgia found that the levels
of interstitial 5-HT were not significantly altered
over time in response to muscle exercise in either
group,’* which agrees with the present findings for
5-HT. However, regarding glutamate, the findings
from this study contradict the results from a previ-
ous study in which increased glutamate levels were
reported after muscle exercise in healthy subjects.?®
Methodological differences between studies may ex-
plain the divergent results for glutamate release. In

Journal of Orofacial Pain 357

© 2013 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Dawson et al

the previous studies referred to,*** the participants
performed a low-force muscle exercise continuous-
ly for 20 minutes with no relaxation periods. The
tooth-clenching session in the present study com-
prised 20 bouts of clenching with 20 relaxation pe-
riods at 50% of MVCE, during which the masseter
muscle could have recovered. A recent study report-
ed that low-level clenching until exhaustion, but not
high-intensity clenching, was associated with fatigue
and reduced PPTs that persisted after 24 hours.*
Therefore, it is possible that an experimental model
using a continuous low-force clenching task could
have led to a different result. Such a model would
possibly lead to anerobic metabolism and perhaps
to subsequent release of algesic substances. Howev-
er, whether tooth clenching contributes to the high-
er muscle 5-HT and glutamate levels observed in
patients with myofascial TMD is still unclear and
warrants further investigation.

Thus it appears that the sensation of pain evoked
in the tooth-clenching experimental model could not
be explained by release of 5-HT or glutamate. Ac-
tivation or sensitization of peripheral muscle noci-
ceptors by other substances proposed to be involved
in such processes might be one explanation; such
substances include K* and H* ions,**' prostaglan-
dins,** cytokines,*** and neuropeptides such as
bradykinin*® and calcitonin gene-related peptide.*’
These substances were not investigated in this study,
and further research would be required to establish
such a relationship and their role in muscle pain.
Pilot data from the authors, however, indicate that
interleukin (IL)-6 and IL-8 increase in response to
experimental tooth clenching with similar protocol
(personal communication).

Mechanical hyperalgesia occurred after tooth
clenching, which agrees with the findings of a re-
cent study,*® but is in contrast to those of another.*
The latter study observed that only low-intensity
tooth-clenching exercises until exhaustion (7.5%
and 10% of MVCF) were associated with a reduc-
tion in PPT. Two other studies found no association
between low-intensity tooth-clenching and reduced
PPT.*»° Differences in the tooth-clenching method-
ology used might explain the divergent results, as
might the use of a microdialysis catheter inserted
into the muscle. The catheter might have contrib-
uted to mechanical hyperalgesia, but because no
hyperalgesia occurred in the control session, this is
unlikely.

In concert with many other studies, the PPT in
the masseter muscle was significantly higher in
males compared to females.*'2 No sex differ-
ences regarding the release of 5-HT, glutamate, or
lactate were found, but in the females there was an
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increased release of pyruvate after clenching, which
was not found in the males. This possible sex dif-
ference might indicate that women are more vul-
nerable to tissue oxygenation changes. It has been
demonstrated that females have a higher percentage
of type I muscle fibers and a lower percentage of
type I muscle fibers than males in the masseter mus-
cle.’® During high-intensity muscle exercise, type II
muscle fibers are recruited first.* Therefore, it could
be speculated that these fibers will become exhaust-
ed more rapidly than in males, which could be a
possible explanation for the higher pyruvate levels
observed in females. The small number of subjects
in the present study, however, means that the results
must be interpreted with caution.

Variations in pain intensity during the menstrual
cycle have been observed in females with myofascial
TMD.*® An interaction between estrogen, cortisol,
and the central release of 5-HT has also been ob-
served.”2! The present study did not confirm an as-
sociation between estrogen and cortisol levels and a
peripheral release of 5-HT or glutamate. Neither was
a correlation observed between blood-estradiol lev-
els and pain intensity or PPT. Although estrogen may
affect pain and PPT levels, most studies have found
no correlation between sex hormone levels and pain/
PPT levels, similar to the present findings.’*’

Psychological stress is a possible risk factor for
myofascial TMD.® Prolonged release of cortisol
could be associated with hyperalgesia.’®** In the
present study, the levels of salivary cortisol were not
significantly correlated with levels of muscle 5-HT,
pain intensity, or PPT, possibly because the partici-
pants were healthy and did not suffer from myofas-
cial TMD.

Some of the microdialysate samples did not have
detectable levels of any of the substances, which
might have affected the results. Another limita-
tion is that the phases of the menstrual cycle were
not controlled in females. Sex hormone levels af-
fect pain levels, but the magnitude of this effect
is probably low.’**” The women in this study were
most likely in different phases of the cycle, which
would negate any effects. Lack of variations in es-
tradiol between sessions supports this. One strength
in the present study is that the participants were
questioned about awareness of awake and sleep
bruxism; a post-hoc analysis confirmed no asso-
ciation between self-reported bruxism and release
of 5-HT or glutamate. Another strength is that this
is, to the authors’ knowledge, the first study to in-
vestigate the peripheral release of 5-HT, glutamate,
lactate, and pyruvate in the human masseter muscle
with the microdialysis technique after experimental
tooth clenching.
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In conclusion, although low levels of pain, me-
chanical hyperalgesia, and fatigue developed after
experimental tooth clenching in the present study,
the clenching effort did not provoke a release of
5-HT, glutamate, pyruvate, or lactate. No sex dif-
ferences for these substances were observed. Future
research using modified clenching models and also
focusing on other algesic substances is needed to elu-
cidate the peripheral release of algesic substances in
the masseter muscle in response to tooth clenching.
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