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Aims: To (A) evaluate test-retest reliability of vibrotactile sensitiv-
ity in the masseter muscle and (B) test if (1) the vibration threshold
is decreased after experimental tooth clenching, (2) intense vibra-
tions exacerbate pain after tooth clenching, (3) pain and fatigue
are increased after tooth clenching, and (4) pressure pain thresh-
olds are decreased after tooth clenching. Methods: In part A, 25
bealthy female volunteers (mean age: 42 + 12 years) participated,
and 16 healthy females (mean age 32 = 10 years) participated in
three 60-minute sessions, each with 24- and 48-hour follow-ups in
part B. Participants were randomly assigned tooth-clenching exer-
cises with clenching levels of 10%, 20%, or 40% of maximal vol-
untary clenching. A Vibrameter applied to the right masseter muscle
measured perceived intensity of vibration and perceived discomfort,
which were assessed on 0-50-100 numeric rating scales. An elec-
tronic algometer measured pressure pain threshold (PPT). Two 0- to
100-mm visual analog scales measured pain intensity (VAS ) and
fatigue (VAS,, ). Measurements were made on the right masseter
muscle. Interclass correlation coefficient (ICC) was used to calculate
test-retest reliability of VT measurements. Outcome variables were
tested with two-way ANOVAs for repeated measures and Dunnett’s
post-hoc test. Results: Moderate long-term (ICC 0.59) and good
short-term (ICC 0.92) reliability was found for VT on the masseter
muscle. Clenching level had no main effect on perceived intensity of
vibration; time effects (P < .05) were only observed at 40 minutes
(Dunnett’s test: P < .01). Clenching level and time had no effect
on perceived discomfort. Only time effects were significant for PPT
(P <.01), with reductions at 50 and 60 minutes compared to baseline
(Dunmnett’s test: P < .05). Clenching level and time had main effects
for VAS —and VAS, (P <.001). Conclusion: Experimental tooth
T pain fatigue ; .
clenching appears to evoke moderate levels of pain and fatigue and
short-lasting byperalgesia to mechanical stimulation, but not pro-
prioceptive allodynia. The absence of proprioceptive allodynia does
not necessarily exclude delayed onset muscle soreness (DOMS) but
warrants further studies on the clinical manifestations of DOMS in
jaw muscles. J OROFAC PAIN 2012;26:39-48
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yofascial temporomandibular disorders (TMD)—persistent

I \ / I muscle pain in the orofacial region—has a prevalence of
10% in the general population and occurs more frequently

in females than males.! Symptoms manifested in this condition are

pain and soreness in the masticatory muscles, limited jaw function,
and restricted mouth opening.>* Tooth clenching has been reported
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to be an etiologic factor in persistent muscle pain
in the orofacial region* and is a feature of bruxism,
which is a parafunctional activity involving clench-
ing, gnashing, bracing, and grinding that can occur
during either sleep or waking hours.’ Lund® suggest-
ed that bruxism is a contributing factor to delayed
onset muscle soreness (DOMS). Thus, DOMS may
be involved in persistent muscle pain in the orofacial
region.

The phenomenon of DOMS was first described
in 1902 by Hough and has since been a focus for
research.” Despite this, no operationalized criteria
for DOMS have been developed or tested; however,
it is well known that intense muscle exercise can
provoke pain on movement, stiffness, fatigue, and
soreness the following day, that is, DOMS.”'? Other
features of DOMS that are considered to be second-
ary to fatigue and pain are allodynia, hyperalgesia,
and edema''” and the intriguing observation that
vibration at 80 Hz significantly increases perceived
pain in a muscle with DOMS."? However, it has
not been established how strong the association
between vibratory stimulus and increased pain in a
muscle with DOMS is. Several studies have report-
ed that eccentric muscle exercise is more associated
with DOMS than other types of muscle exercise.'$2°
However, intense isometric muscle exercise may
also be able to provoke DOMS.?! DOMS normally
evolves 8 to 10 hours after exercise, reaching a peak
after 48 hours.?>? Armstrong et al** suggested that
eccentric muscle exercises damage and break down
muscle fibers. Local muscle inflammation may oc-
cur, causing sensitization of primary afferent nerve
fibers.?>? Weerakkody et al*” suggested that large-
diameter mechanoreceptive afferents contribute to
the development of DOMS, with mechanisms simi-
lar to those of secondary hyperalgesia and allodynia
involved in the generation of DOMS. Vibration cre-
ates an illusion of movement?® and is considered an
effective stimulus of mechanoreceptive afferents. As
noted above, 80-Hz vibrations exacerbate pain in a
DOMS muscle.'? A nonpainful stimulus that elicits
pain by activating proprioceptive afferents has been
termed proprioceptive allodynia.?”* Studies also
found that TMD patients exhibit an altered sense of
vibrations.?*3! Thus, according to the literature, it
seems that DOMS may be associated with proprio-
ceptive allodynia, hyperalgesia, pain intensity, and
fatigue profiles.

To gain a better understanding of clinical pain,
pain models that mimic pain conditions are essen-
tial. Several human experimental pain models for
investigating jaw muscle pain after eccentric or
concentric exercise have been developed.’*-** Con-
centric contraction can be dynamic or static; in
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jaw-closing muscles, such contractions represent
a pain model that resembles tooth clenching and
can cause intense muscle pain in the jaws.?-3% Con-
centric contraction without sufficient relaxation is
reported to cause pain, perhaps by the same mecha-
nisms observed in ischemic pain.’** Both eccentric
muscle exercise and intense isometric exercise can
provoke DOMS.?! Most jaw motor functions con-
sist of either isometric or isotonic contractions, so it
is interesting to explore whether experimental tooth
clenching provokes DOMS.*! So far, experimental
tooth-clenching models have not been used to in-
vestigate proprioceptive allodynia in jaw muscles.
Thus, the aims of this study were to (A) evaluate
test-retest reliability of vibrotactile sensitivity in
the masseter muscle, and (B) test if (1) the vibra-
tion threshold is decreased after experimental tooth
clenching, (2) intense vibrations exacerbate pain
after tooth clenching, (3) pain and fatigue are in-
creased after tooth clenching, and (4) pressure pain
thresholds are decreased after tooth clenching.

Materials and Methods
Participants

Twenty-five healthy female volunteers (mean
age: 42 + 12 years) participated in part A, and 16
healthy female volunteers (mean age 32 + 10 years)
in part B. Three subjects participated in both parts.
The study sample was based on similar experimen-
tal studies with a crossover design.*»* All subjects
were recruited from the staff at Malmo University.
All participants were screened per the Research Di-
agnostic Criteria (RDC) for TMD.?

Exclusion criteria were (1) younger than 18 years
of age; (2) male gender; (3) TMD or other orofacial
pain complaints; (4) systemic inflammatory connec-
tive tissue diseases (eg, rheumatoid arthritis); (5)
whiplash-associated disorder; (6) fibromyalgia; (7)
neuropathic pain; (8) analgesics, eg, paracetamol,
nonsteroidal anti-inflammatory drugs, salicylate
drugs, and opioids, or other medication that would
influence pain perception, eg, antidepressants, and
antiepileptic drugs; (9) pregnancy; (10) severe skel-
etal malocclusions; and (11) extensive restorations,
such as fixed partial dentures.

The Declaration of Helsinki guidelines were fol-
lowed, and the Regional Ethics Review Board at
Lund University approved the methods and selec-
tion of participants (2009/264). Participants signed
informed-consent forms before entering the study,
and they were informed that they could withdraw
at any time with no consequences. Subjects received
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Fig1 Schematic illustrations of the experimental pro-
tocol for one 60-minute session with 24- and 48-hour
follow-ups. Six bouts of tooth clenching (1 to 6) over 1
hour. Each bout lasted 5 minutes. The level of contrac-
tion was randomized between sessions (10%, 20%, or
40%). PIV = perceived intensity of vibration; PD = per-
ceived discomfort.

no financial compensation for participation. Part A
comprised two sessions, and part B three 60-min-
ute sessions, each with 24- and 48-hour follow-ups.
Each follow-up lasted 5 minutes. Initially, 17 sub-
jects were included in part B, but 1 subject dropped
out due to medical reasons. The remaining 16 sub-
jects took part in all three sessions and six follow-
ups.

Study Design

Part A comprised test-retest measurements of the vi-
bration threshold (VT) at baseline, after 10 minutes,
and after 1 week; no tooth-clenching exercises were
conducted. Part B was a randomized crossover trial
comprising three 60-minute sessions with a 24- and
48-hour follow-up after each session. Time intervals
between the 60-minute sessions were a minimum of
1 week to avoid carryover effects. Tooth-clenching
exercises were done in the 60-minute sessions, with
follow-ups at 24 and 48 hours. Maximal voluntary
clenching (MVC) was assessed in each participant
at the beginning of each 60-minute session.

To assess MVC, a bite-force transducer (Aalborg
University) was placed between the first or second
molars on the right side, and subjects were encour-
aged to clench as intensely as possible for 2 to 3
seconds. Three MVC measurements were made
at the beginning of each 60-minute session, and a
mean was calculated. The transducer displayed the
MVC being measured. The mean MVC was used to
define clenching levels of 10%, 20%, and 40% of
MVC. Participants were instructed to observe the
display to ensure that clenching force was constant
during the longer sessions. The operator continually
encouraged the subjects to maintain clenching force.

In each 60-minute session, subjects were ran-
domly assigned a clenching level of 10%, 20%, or
40% of MVC. The subjects underwent six S-minute
bouts of tooth clenching with intervals of about §
minutes between bouts. Perceived intensity of pain
(VASpam) and fatigue (VAS were each rated by

fatigue)
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the subjects on a visual analog scale (VAS). These
values, plus VT, perceived intensity of vibration,
perceived discomfort, and pressure pain threshold
(PPT), were measured at baseline, between bouts
(every 10 minutes), and at the 24- and 48-hour
follow-ups. Subjects drew the pain distribution on
a two-dimensional, anatomical representation of
the head at baseline after 60 minutes and at the 24-
and 48-hour follow-ups. Subjects were instructed to
keep their teeth slightly apart during measurements
to avoid contraction of the jaw-closing muscles.
During the experiment, the participant sat upright in
a dental chair with a support at the back of the head.
The same examiner conducted all measurements,
which were made on the most prominent, central part
of the right masseter muscle. Figure 1 is a schematic
diagram for one 60-minute session and its follow-ups.

Measures

The Vibrameter (SOMEDIC Sales) delivered 100-Hz
vibratory stimuli to the right masseter muscle with
a constant application pressure of 650 g. The stimu-
lating probe was a plastic cylinder with a diameter
of 13 mm. Ascending vibratory stimuli were used to
make three assessments of the VT, defined as the am-
plitude (pm) at which the participant first perceived
vibration. Descending vibratory stimuli were used to
make three assessments of the vibration disappear-
ance threshold, ie, the amplitude at which vibration
was no longer perceived. Means of the three meas-
urements determined the vibration perception and
disappearance thresholds. VT was then calculated as
the mean of these two thresholds.*

Perceived intensity of vibration and perceived
discomfort were assessed with 15-second fixed
vibratory stimuli (Vibrameter, 100 Hz, 399.99-uym
amplitude) applied to the right masseter muscle with
a constant application pressure of 650 g. Subjects
were instructed to rate perceived intensity of vibra-
tion and perceived discomfort on 0-50-100 numeric
rating scales (perceived intensity of vibration: 0 = no
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Fig2 VT on the right masseter muscle at baseline (base),
and in response to clenching tasks at 10%, 20%, and
40% of MVC. Clenching tasks were done in six 5-minute
bouts, at intervals of 5 minutes, during 1 hour. The VT
was measured in the S-minute resting period after clench-
ing: mean + SEM and P values. *Significant difference
from baseline values (Dunnett’s test: P < .05).

sensation, 50 = pain threshold, 100 = most imagina-
ble pain; perceived discomfort: 0 = no sensation, 50
= discomfort, 100 = most imaginable discomfort).

An Algometer (SOMEDIC Sales) applied to the
right masseter muscle assessed PPT, defined as the
amount of pressure needed to produce a sensation
of pain. Upon reaching the PPT, subjects pressed a
button to stop stimulation. A constant pressure of 30
kPa/s was applied with a 1.0-cm? probe. The mean
of three measurements, made at 60-second intervals,
was calculated.”® The PPT, when measured in this
way, was found to have acceptable reliability.*®

Two 100-mm VASs were used to determine
VAS_ ., (anchor definitions “no pain” and “most
1mag1nable pain”) and VAS_ (anchor definitions

“no fatigue” and “most imaginable fatigue”) when
the jaw muscles were in a relaxed state.

Statistical Analyses

In part A, means and standard deviations (SDs)
were calculated for VT, and the interclass correla-
tion coefficient (ICC) calculated test-retest reliabil-
ity of the VT measurements. An ICC > 0.75 was
considered good reliability.*” In part B, means and
SDs were calculated for the outcome variables VT,
perceived intensity of vibration, perceived discom-
fort, PPT, VAS _ , and VAS, . at the various time
points and clenchmg levels (10% 20%,and 40% of
MVC). Two factor-dependent analyses of variance
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(ANOVAs) tested for significant alterations in the
outcome variables’ mean values at different levels
of contraction and time, and for interaction effects
between time and clenching level. Dunnett’s post-
hoc test identified at what point in time and/or what
level of contraction the difference was significant.

Sample size was based on 5% risk of type I and
20% risk of type II errors, an estimated intrain-
dividual variation of 20%, and the possibility to
detect a minimal relevant difference of 20%. Thus,
16 subjects were included.

Statistical tests were performed two-tailed and at
the 5% significance level. The Statistical Package for
the Social Sciences for Windows, version 17 (SPSS,
IBM) was used for all statistical calculations. Unless
stated otherwise, P values were determined with
ANOVA.

Results

In part A, the ICC for test-retest reliability of VT
measurements on the right masseter muscle between
baseline and 10 minutes was good (0.92; 95%
confidence interval [CI]: 0.81-0.96) and between
baseline and 7 days, moderate (0.59; 95% CI:
0.08-0.82). No significant time effects were seen
for VT between baseline, 10 minutes, and 7 days
(F=0.141; P = .869).

In part B, there were no significant between-
session differences in MVC measurements at base-
line (F = 0.523; P = .598).

Clenching level had no significant main effects on
VT (F = 1.79; P = .184), but main effects of time
were observed: VT increased significantly (F = 7.23;
P <.001) compared with baseline at 30, 40, 50, and
60 minutes (Dunnett’s test: P < .05). No significant
changes in VT were observed at the 24- and 48-hour
follow-ups (Fig 2).

Clenching level had no significant main effects
on perceived intensity of vibration (F = 0.472;
P = .628), but there were significant time effects
(F = 2.54; P = .014) with significant increases at 40
minutes compared with baseline (Dunnett’s test:
P < .05, Fig 3). There were no significant effects
of clenching level or time for perceived discomfort
(F=0.66; P=.524;F =0.289; P = .969, respectively,
Fig 3).

Mean PPT did not change significantly with con-
traction level (F = 2.69; P = .084), but a significant
time effect (F = 3.17; P = .003) with decreases in
mean PPT was observed at 50 minutes and 60
minutes compared with baseline (Dunnett’s test:
P < .05). PPT was not significantly changed at the
follow-ups (Fig 4).
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Fig 3 Perceived intensity of vibration and perceived dis-
comfort measured on the right masseter muscle at base-
line (base) and in response to clenching tasks at 10%,
20%, and 40% of MVC. Clenching tasks were done in six
S-minute bouts, at intervals of 5 minutes, during 1 hour.
Perceived intensity of vibration and perceived discomfort
were measured in the 5-minute resting period after each
clenching bout: mean + SEM and P values. *Significant
difference from baseline values (Dunnett’s test: P < .035).
NRS = numerical rating scale.

There were significant effects of clenching level and
time on mean VASpa;n (F=19.4; P <.001; F = 12.4;
P < .001, respectively) and mean VASfatigue (F=18.2;
P<.001;F=41.8;P<.001,respectively). Thus,signifi-
cant increases from baseline occurred for VAS . and
VAS, ... at all time points between 10 and 60 min-
utes and at the 24-hour follow-up (Dunnett’s test:
P < .05). Clenching level at 40% of MVC increased
VASpain (mean 31.4 + 31.6) and VASfatigue (mean 49.9
+ 33.2) significantly (Dunnett’s test: P < .05) com-
pared to 10% of MVC (mean VAS . 15.1 = 23.1;
mean VAS, . 34.1x31.2).A signiﬁpcant interaction
between contraction level and time was only found
for VAS . (P <.001, Fig 5).

Discussion

The main findings of the present study were that
VT has a moderate long-term and a good short-
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Fig4 PPT on the right masseter muscle at baseline (base)
and in response to clenching tasks at 10%, 20%, and
40% of MVC. Clenching tasks were done in six 5-minute
bouts, at intervals of 5 minutes, during 1 hour. The PPT
was measured in the 5-minute resting period after clench-
ing: mean = SEM and P values. *Significant difference
from baseline values (Dunnett’s test: P < .035).

term reliability, and that tooth clenching (1) causes
moderate levels of pain and fatigue in a relaxed
state, (2) increases sensitivity to suprathreshold me-
chanical stimuli (ie, decrease in PPT), and (3) has
no major effects on vibrotactile function, ie, robust
indications of proprioceptive allodynia could not be
detected.

Clarkson et al found that both eccentric muscle
exercise and intense isometric concentric exercise
can provoke DOMS in limb muscles.?' A link be-
tween bruxism and DOMS has also been suggest-
ed.® Studies have reported that experimental tooth
grinding for 30 and 45 minutes results in muscle
pain that persists for several days.** Tooth clench-
ing is characterized by isometric concentric muscle
exercises, either static or dynamic. Because tooth
clenching may be a contributing factor to the etiol-
ogy of myofascial TMD,* this study used a human
experimental pain model that induces muscle pain
through tooth clenching.
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Fig5 VAS . and VAS__  in the right masseter muscle at

baseline (base) and in response to clenching tasks at 10%,
20%, and 40% of MVC. Clenching tasks were done in six
S-minute bouts, at intervals of 5 minutes, during 1 hour.
VAS_,, and VAS,__ were measured in the 5S-minute rest-
ing period after clenching: mean = SEM and P values.
*Significant difference from baseline values (Dunnett’s
test: P < .05).

Proprioceptive allodynia has been defined as a
nonpainful stimulus that elicits pain by activating
proprioceptive afferents, a phenomenon that can
be found in muscles with DOMS.?”?* However,
the relationship between vibrotactile stimulus and
DOMS has not been fully established. Thus, if an
isometric exercise provokes DOMS, it cannot be
excluded that proprioceptive allodynia could be an
indicator of DOMS, together with the previously
mentioned features.®”

The mechanism that underlies DOMS is not
yet fully understood, but one possible explana-
tion is that eccentric exercise causes inflammatory
responses in the muscles’™!; nociceptive sensitiza-
tion and increased excitability in presynaptic in-
hibitory interneurons might then occur. Following
mechanoreceptive input, activated inhibitory inter-
neurons could generate a dorsal root reflex in the
nociceptive afferents, with a subsequent percep-
tion of pain. Weerakkody et al*” suggested another

44 \olume 26, Number 1, 2012

mechanism by which the primary endings of mus-
cle spindles could be involved in the generation of
DOMS. Wide dynamic range (WDR) neurons are
localized in the dorsal horn of the spinal cord and
in the trigeminal brainstem nuclei. WDR neurons
are able to respond to input from nociceptors and
non-nociceptors, thus allowing proprioceptive input
entrance to the nociceptive pathway.'?

Generation of DOMS has also been discussed in
terms of the gate control theory of pain. It has been
suggested that vibration reduces pressure-induced
pain due to increased excitability in presynaptic
inhibitory interneurons between large-diameter and
nociceptive afferents.'””> Nociceptive input is thus
inhibited in the normal state—the gate control theo-
ry of pain*’—but in DOMS the opposite may occur,
with pain becoming more intense due to vibrations.'

In this study, time and contraction level (% MVC)
had no main effects on perceived intensity of vibra-
tion and perceived discomfort, except for a signifi-
cant increase in perceived intensity of vibration at
40 minutes. This increase, however, did not exceed
the pain threshold, indicating that tooth clenching
is not directly related to proprioceptive allodynia,
ie, intense vibrations did not provoke pain. Lack of
eccentric muscle exercise in the model used could
explain these results. It has been demonstrated
that vibratory stimulation applied before eccen-
tric exercise might prevent DOMS.> In the present
study, vibratory stimulation was applied every 10
minutes to measure perceived intensity of vibra-
tion and perceived discomfort, and this could po-
tentially have biased the results, thus preventing
DOMS with its previously described features such
as proprioceptive allodynia. Tiirker et al** demon-
strated that intense eccentric contractions in the
jaw muscles provoked DOMS.>*! Thus, DOMS is
mainly associated with eccentric muscle exercise,'®
and microinjuries occurring after eccentric exercise
are greater and more severe than after other types
of muscle exercise.'” Another explanation for the
absence of proprioceptive allodynia might be that
the microinjuries due to concentric tooth-clenching
exercise were not severe enough to induce sufficient
intramuscular inflammation to generate DOMS.
This also suggests that the consequences of bruxism
depend on the specific type of jaw muscle contrac-
tion being performed and that better discrimination
and classification of bruxism subtypes are needed.’

Hollins et al**3! found higher VTs in TMD pain
patients than healthy controls. The present results
suggest a significant increase in VT over time that
is unrelated to clenching level. The most likely
interpretation of these observations is that vibro-
tactile adaptation impairs the sense of vibration.
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Another study*® demonstrated that motor activity
alters the electrical detection threshold and decreased
the ability to discriminate thermal cutaneous input.
Hollins et al®® discussed whether the impaired vi-
bration sense in TMD pain patients is an effect of
increased muscle tension due to muscular hyperac-
tivity. They concluded it was not since an unlikely
amount of physiologic vibration would have been re-
quired to induce vibrotactile adaptation. Supporting
this, the present results suggest that clenching level is
unlikely to account for the significant increase in VT
since no significant VT differences occurred between
various levels of clenching. Gallasch and Kenner®”
showed that physiologic vibrations increase with
higher levels of muscular contraction. In each ses-
sion of the present study, tooth-clenching force was
fixed, which implies fixed muscle tonus amplitude;
VT would most likely be unaffected.

The study by Okayasu et al’® investigated
the effect of tooth clenching on orofacial tactile
detection thresholds in healthy participants. Tac-
tile detection thresholds were significantly higher
after the clenching exercise. The same study con-
firmed these findings in a repetition of the trial
without tooth clenching. It was concluded that the
modulated tactile detection threshold was a result
of habituation. Other research groups have shown
that vibratory stimulation can desensitize cutaneous
mechanoreceptive afferents, causing higher VTs.>%-!
This agrees with the present results, which indicate
that increased VTs are due to an adaptation effect.

The present study also revealed significant reduc-
tions in PPT over time. One likely interpretation of
this is that tooth clenching alone is responsible.*
List et al* demonstrated acceptable reliability and
validity for the algometer and, among others,*>%°
showed that repeated algometer measurements in
healthy participants with no intervention did not
alter the PPT. Farella et al** observed significant
time effects for PPT in healthy participants after
tooth clenching—which agrees with the present
results—and a reduced PPT that persisted 1 day
after the tooth-clenching exercise—which was not
observed in the current study. They also found that
low-intensity tooth clenching (7.5% and 10% of
MVC), but not higher levels (15%, 25%, and 40%
of MVC), was related to the reduction in PPT.® In
contrast, no significant effects of contraction level
on PPT, only significant time effects, were observed
in the present study. The use of different experi-
mental tooth-clenching models might explain why
the two sets of results diverge. The pain model
used here comprised six bouts of clenching during
1 hour, each bout lasting 5 minutes, while Farella
et al* used a model with clenching levels of 7.5%,

Dawson et al

10%, 15%, 25%, and 40% of MVC and instructed
their study participants to clench their teeth at these
contraction levels until exhaustion.

The experimental tooth-clenching model pro-
duced pain and fatigue, which agrees with the stud-
ies of others.’*¢*%° Pain and fatigue were observed
up to 24 hours postexercise. Normally, DOMS peaks
after 48 hours,?>** which was not corroborated by
the present results since pain and fatigue were not
observed at 48 hours. It does not seem that experi-
mental tooth-clenching is directly related to DOMS
as traditionally described for limb muscles, since
the current results do not follow the time course
characteristics of DOMS as previously described.
A possible explanation for these results could be
a change in the intramuscular metabolism. It has
been demonstrated that isometric contractions lead
to a significant pH-increase in the masseter mus-
cle’® and a change of intracellular levels of Ca++.
These alterations are considered to be pain-related
factors.”! Furthermore, it cannot be excluded that
the perceived pain is caused by a peripheral sensi-
tization caused by an ischemia-induced release of
algesic substances such as serotonin, glutamate, bra-
dykanin, and PGE,, which could be responsible for
the development of pain.”>”” Low-intensity muscle
exercise might not affect the release of inflammatory
substances to the same extent as clenching at 40%
of MVC. This might explain the significant contrac-
tion effects for pain and fatigue that were observed
when clenching at 40% compared to clenching at
10%. Intramuscular biochemical events due to tooth
clenching, however, need to be further investigated.

The overall findings of the present study indicate
that the type of tooth clenching used in the study
is not directly related to DOMS since (1) pain was
perceived not only in a resting state after tooth-
clenching exercises but also at follow-ups, (2) no
hyperalgesia was seen at follow-ups, and (3) pro-
prioceptive allodynia was not observed. It cannot be
ruled out that other types (intensity, duration, force
directions) of tooth clenching could evoke more
robust characteristics of DOMS.

Some methodologic issues of the current study
that should be addressed are the exclusion of males
and the use of the Vibrameter to assess VT. Females
only were included because chronic muscle pain in
the orofacial region is more frequently reported in
females than males and gender differences would
bias the results. Another limitation is the lack of
control for sex hormones since pain intensity var-
ies during the menstrual cycle.” This might have
influenced the results. Most likely, the menstrual
phase of the participants differed during the ses-
sions. However, this aspect probably has no major
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importance for the results since it has been shown
that the intraindividual variability in pain response
is greater than the influence of estrogen.”®” Hence,
this aspect should only have a very limited effect on
the results. The Vibrameter was used to assess vi-
brotactile sensitivity before and after experimental
tooth clenching. This instrument had not previously
been used in the orofacial region. Instead, the Rydel
tuning fork is commonly used. The present results
suggest acceptable reliability for VT on the masseter
muscle; however, validity has not yet been assessed.
Also, it is uncertain whether the VT or hearing
ability was tested. Some subjects remarked that it
was difficult to assess whether they were feeling
or hearing the vibrations. Possibly, the vibrations
were transmitted through the bone to the ear, which
might have influenced findings.

The strengths of this study are that different levels
of clenching were used and that there were 24- and
48-hour follow-ups after each 60-minute session
to assess DOMS. Other strengths are the introduc-
tion of the Vibrameter in orofacial pain research,
which might be an alternative to the Rydel-Seiffer
graded tuning fork. The validity of the Vibrameter
is unknown and must be determined before the
Vibrameter can be used as a valid instrument in
orofacial pain research.

To the authors’ knowledge, this is the first study
to assess proprioceptive allodynia after experimen-
tal tooth clenching. Further research would improve
the understanding of the relation between bruxism
and the clinical manifestations of DOMS.

Conclusions

This study found moderate long-term reliability and
good short-term reliability for the vibrotactile sensi-
tivity in the masseter muscle. This study also found
that tooth clenching at various contraction levels is
not directly related to DOMS but to (1) develop-
ment of moderate levels of pain and fatigue and (2)
short-lasting reductions in the PPT in the masseter
muscle. Proprioceptive allodynia did not appear to
be a prominent feature of the type of tooth clench-
ing used in the present investigation, but further
studies on the clinical manifestations of DOMS in
jaw muscles are needed.
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