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Aims: To investigate the effects of the application of an acute alteration of the
occlusion (e, interference) on the habitual masseter electromyographic (EMG)
activity of females with temporomandibular disorders (TMD)-related muscular
pain during wakefulness. Methods: Seven female volunteers with masticatory
myofascial pain participated in a crossover randomized clinical trial. Gold foils
were glued on an occlusal contact area (active occlusal interference, Al) or on
the vestibular surface of the same molar (dummy interference, DI) and left for
8 days. The masseter electromyogram was recorded during wakefulness in the
natural environment by portable recorders under interference-free, dummy-
interference, and active-interference conditions. The number, amplitude, and
duration of EMG signal fractions with amplitudes above 10% of the maximum
voluntary contraction (activity periods, APs) were computed in all experimental
conditions. Muscle pain, headache, and perceived stress were each assessed
with a visual analog scale (VAS), and an algometer was used to assess masseter
and temporalis pressure pain thresholds. Data were analyzed by means of analysis
of variance. Results: The frequency and duration of the recorded APs did not
differ significantly between the experimental conditions (P > .05), but a small
and significant reduction of the EMG mean amplitude of the APs occurred with Al
(P < .05). Neither the VAS scores for muscular pain, headache, and perceived
stress nor the pressure pain thresholds changed significantly throughout the
entire experiment (P > .05). Conclusion: An active occlusal interference in female
volunteers with masticatory muscle pain had little influence on the masseter EMG
activity pattern during wakefulness and did not affect the pressure tenderness
of the masseter and temporalis. J Oral Facial Pain Headache 2015;29:337-3309.
doi: 10.11607/0fph.1478

Keywords: craniomandibular disorders, electromyography, masseter muscle,
occlusal interference, occlusion, temporomandibular disorders

cclusal interferences have been considered as a risk factor
for the development of temporomandibular disorders (TMD)'2
and have been widely investigated in human and animal stud-
ies.?"'® Human studies (for review, see Clark et al'¥) have indicated that
the application of experimental occlusal interferences may enhance
the risk of developing TMD by increasing masticatory muscle activity,
which in turn may lead to muscle overload and pain.®'®'® This hypothe-
sis also has been confirmed in animal models, where occlusal interfer-
ences have been shown to produce brainstem immunohistochemical
changes, trigeminal central sensitization, long-term masticatory muscle
hyperalgesia, and facial hypersensitivity.'””~'® In contrast with these find-
ings are those of a clinical trial reporting that healthy female volunteers
do not develop signs and/or symptoms of TMD after the placement of
an experimental occlusal interference."” Most participants adapted fairly
well to the occlusal disturbance, showing a decrease of masseter mus-
cle contractions' and no changes of pressure pain thresholds of the
masticatory muscles."®
It has been reported that the response to occlusal interferences
may be different between individuals with or without TMD.?°%' Indeed,
previous studies carried out in individuals without TMD found that the
introduction of experimental occlusal interferences may cause transient
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tooth pain as well as signs and symptoms of TMD,
which disappear in 1 to 2 weeks.*® Conversely, in-
dividuals with a former TMD history seemed to adapt
less well to an experimentally placed occlusal inter-
ference than TMD-free controls, as assessed by pa-
tient reports.?> However, previous research has not
assessed the electromyographic (EMG) activity of
masticatory muscles under the experimental occlusal
interference condition. Hence, the aim of this study
was to investigate the effects of the application of an
acute alteration of the occlusion (ie, interference) on
the habitual masseter EMG activity of females with
TMD-related muscular pain during wakefulness. The
effects of the interference on TMD-related pain symp-
toms as well as on pressure pain thresholds of the
masticatory muscles were also investigated. It was
hypothesized that the insertion of an experimental
occlusal interference would change the contraction
pattern of the masseter muscle during wakefulness
and pressure sensitivity of the jaw elevator muscles in
a group of females affected by myofascial pain.

Materials and Methods

Subjects

Only women were recruited for this research. A flyer
was disseminated to 86 female medical students at
the University of Naples Federico Il. It included the
question, “Have you had pain in the face, jaw, temple,
in front of the ear or in the ear in the past month?”
(Question #3, Axis |, Research Diagnostic Criteria
for TMD [RDC/TMD]?). Students who answered
positively were invited to participate in this research
project.

Eighteen out of the 86 female students reported
orofacial pain and expressed an interest for partici-
pation. The students were extensively informed about
the experimental procedures, the duration of the trial,
and possible unwanted effects, and they were told
that they could leave the study at any time.

These subjects underwent a preliminary clinical
examination at the Section of Temporomandibular
Disorders and Orofacial Pain of the University of
Naples Federico Il ltaly, with an examiner (AM) cali-
brated according to the RDC/TMD.?® The RDC/TMD
criteria defined in 1992 were used because the study
was performed before the publication of the new
diagnostic criteria for TMD.?* Psychosocial evalua-
tion was performed according to Axis [I-RDC/TMD
(Graded Chronic Pain Scale [GCPS] and Symptom
Checklist-90-Revised [SCL-90-R]).?* The partici-
pants were also invited to score their perceived fa-
cial pain on a numeric rating scale by answering the
question, “How would you rate your facial pain on a
0 to 10 scale at the present time, that is, right now,
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where 0 is “no pain” and 10 is “pain as bad as could
be"? (Question #7, Axis |, RDC/TMD?2). Only individ-
uals with a diagnosis of masticatory muscle pain, ie,
myofascial pain (RDC/TMD la/lb) were selected for
the study. Exclusion criteria were previous TMD ex-
amination and/or treatment, inflammatory conditions,
periodontal disease, dental prostheses, occlusal
wear (> 2 as defined by Clark et al?%), previous ortho-
dontic treatment, absence of one or more teeth with
the exception of third molars, single-contact balanc-
ing side and protrusive occlusal interferences, slide
from retruded contact position to intercuspal position
greater than 2 mm, neurological disorders, nail biting,
smoking, and habitual drug intake.

Ten participants were excluded according to the
inclusion/exclusion criteria. The final sample includ-
ed eight female volunteers suffering from myofascial
pain. None of them reported a history of sleep brux-
ism, and no participant was using birth control pills
at the time of the experiment. All participants signed
an informed consent form and were compensated
with 150 euros for participation in the study. The
study protocol had been approved by the local Ethics
Committee (protocol number #13900—-University of
Naples Federico I, Italy).

Study Design
The study set-up was similar to that of a previous
study performed in TMD-free women." It was car-
ried out in a double-blind crossover design, with par-
ticipants serving as their own control. Each subject
went through four different study conditions during
a 6-week period: interference-free condition, eg, be-
fore interference application (IFCbefore); dummy inter-
ference condition (DIC); active interference condition
(AIC); and interference-free condition after interfer-
ence removal (IFC_ ). Active and dummy interfer-
ences were left in place for 8 days (Fig 1).

The order of interference application, either the
AIC or DIC first, was determined by means of a bal-
anced block randomization.

Occlusal Interference
Dental impressions were taken of both dental arches
(Palgat Plus, 3M Unitek) and poured with stone (Elite
Master, Zhermark). The casts were mounted in the
intercuspal position in a semiadjustable articulator
(Panadent 1210; Panadent Co). The subject's contact
points between the maxillary and mandibular first mo-
lars when she was closing in the intercuspal position
were marked using marking paper (Accufilm Il, Parkell)
and then reproduced on the stone casts with a pencil.
A gold foil strip (length X width X height = 2.0 X
8.0 X 0.2 mm; weight = 0.05 g) was glued to the man-
dibular first molar of the preferred chewing side (right
side for six subjects and left side for two subjects)



in the area of the occlusal contact and carefully adapt-
ed to the tooth anatomy on dental casts (active inter-
ference). The gold foil strip disturbed the intercuspal
position but did not interfere with occlusion during
lateral or protrusive mandibular movements. To create
the dummy interference, a second strip was placed
on the vestibular surface of the same tooth without in-
terfering with the intercuspal position. The active and
the dummy interferences were glued to the tooth by
means of composite (Revolution, Kerr) by one of the
authors (RM) at AICday_1 and DICday_1, respectively.
Surface Electromyography and Data Analysis
The EMG activity of the masseter muscle ipsilateral
to the interference side was recorded by means of
portable EMG recorders.?%?” These also measured
the impedance between the electrodes every 5 min-
utes in order to alert the participants with a beep in
case of disconnection. Two surface EMG electrodes
(model 13L20, Dantec; 6 mm diameter) were attached
to the skin overlying the masseter muscle always by
the same examiner (PF), who was unaware of the oc-
clusal interference condition. The electrodes were
placed on the preferred chewing side and aligned
along the muscle fiber direction with a distance of
20 mm center to center as in a previous study.?” The
reference electrode was attached to the skin overly-
ing the mastoid process ipsilateral to the recording
side. Prior to attaching the electrodes, the skin was
rubbed with alcohol-soaked gauze. Accurate reloca-
tion of the electrode sites was achieved using trans-
parent plastic templates.?® The first 3 minutes of each
EMG recording included the following standardized
tasks: 3 maximum voluntary contraction (MVC) tasks
with a 10-second interval; 3 saliva swallowing; and
20 simulated artifacts, eg, pulling and touching the
electrodes, each 10 times in order to avoid having the
noise created by artifacts recorded as EMG activity.

The individual EMG amplitude during MVC was
calculated by averaging the mean maximum EMG
values of the six recordings performed before the in-
terference-free conditions (IFC__ , IFC ) (Fig 1).
The EMG signal analysis included calculation of the
number of contraction episodes, ie, activity periods
per hour (AP/h), their net duration (Dur), and mean
amplitude (A___ ). An activity period corresponded to
a portion of the signal above a predetermined thresh-
old, which could contain subthreshold signal por-
tions shorter than a predetermined standby time of 5
seconds.?” The threshold to determine an AP was set
at 10% MVC, as in a previous study."

The recording time was set between 10 am and
7 pm. Subjects were asked to eat between 1 pm and
2 pm; to avoid gum chewing, physical exercise,
sleeping, and electromagnetic fields; and to return
the recorder the following day for offline analysis.
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Fig 1 Experimental design. IFC,_ = interference-free condition
before gold foil application; AIC = active intereference condition;
DIC = dummy interference condition; IFC_ = interference-free
condition after gold foil application.

Clinical Protocol

After 3 consecutive days of baseline EMG recordings
(IFC, ..., the active or dummy interference was ap-
plied, with each subject being assigned to two treat-
ment sequences including both AIC and DIC. Each
interference was left in place for 8 days. This time win-
dow was the same used in previous studies and was
long enough to include nonworking days as well. The
treatment sequences were prepared and concealed
before assignment of the individual sequence. The
masseter EMG activity was recorded during 5 days,
ie, at days 1, 2, 3, 5, and 8. After a 1-week washout
period, another foil strip was attached; participants
who received an active interference first received a
dummy interference and vice-versa. After the second
washout period, the EMG activity was monitored for
3 additional consecutive days, again with the teeth
free of any foil strips (IFCafter). A total of 16 recording
days was obtained from each subject (Fig 1).

Subjective Assessments
Facial pain, headache, current stress, and occlu-
sal discomfort were each assessed by means of a
100-mm visual analog scale (VAS).?® The left end-
point of the scales indicated “no pain/headache/
stress/discomfort at all” and the right endpoint corre-
sponded to “worst imaginable pain/headache/stress/
discomfort.” VAS ratings were collected at the begin-
ning of each recording day.

The clinical examination was performed by the
same blind examiner (AM) at the following days: IFC
day-1, AIC day-8, DIC day-8, and IFC ___day-1.

before

after

Pressure Pain Threshold
The pressure pain threshold (PPT) was recorded
by an investigator blind to the interference condition
(PF) by means of an electronic algometer (Somedic)
applied every day during IFC, . ; five times during
the active or dummy interference conditions AIC or
DIC, ie, at days 1, 2, 3, 5 and 8; and, again, every day
after removal of the gold foil (IFC

after’”
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Table 1 Descriptive Statistics for the EMG Variables During Each Experimental Condition

5th 95th Post-hoc®
Mean * SD percentile  percentile Median F ratio? P DIC AIC IFC_
APs/h
IFC,....c 56.6 + 19.9 8.8 94.0 48.9 0.1 83 NS NS NS
DIC 53.4 £ 17.0 16.5 98.7 55.1 - NS NS
AIC 54.8 £ 247 2.9 108.5 48.2 - - NS
IFC,,,. 57.9 + 25.1 20.3 137.9 50.2
Dur (s)
IFC,..... 31+23 05 120 1.0 05 98 NS NS NS
3.0+ 16 0.6 10.0 1.0 = NS NS
AlC 28+ 12 0.5 10.0 1.0 = = NS
IFC,,.. 29 + 1.4 05 105 1.0
A.... (% MVC)
IFC,..... 172 £ 17 113 31.6 15.0 5.0 01 NS NS NS
DIC 180+ 13 11.3 34.9 16.5 - * NS
AIC 159+ 13 1.3 251 14.5 - - NS
IFC 179 £ 1.8 1.3 35.0 16.2

after

2Degrees of freedom = [3,18].

®Post-hoc multiple comparisons were Bonferroni corrected; level of significance: *P < .05; **P < .01; ***P < .001.

EMG = electromyographic; Aps/h = activity periods per hour; Dur = net duration; A

IFC = interference-free condition before gold foil application; IFC

before after

= mean amplitude; MVC = maximum voluntary contraction;

mean

= interference-free condition after gold foil application;

DIC = dummy interference condition; AIC = active intereference condition; NS = not significantly different.

The instrument and the procedure to record the
PPT have been described in detail.' Briefly, the tip
of the algometer had a surface of 1 cm?, and the
rate of pressure increase was 20 kPa/s.*° The PPT
was determined as the point at which the pressure
stimulus applied to the skin changed from a pres-
sure sensation into a sensation of pain. PPT values
were assessed bilaterally at four sites located on the
masseter and anterior temporalis muscles, and at the
thenar eminence. To ensure precise relocation of the
face recording sites at each session, a transparent
pliable plastic template was aligned to the ear, labi-
al margin, and eye, and the location of the sites was
marked. The sites were measured randomly with an
interval of 5 seconds between sites. Four PPT mea-
surements were made at each recording site, with
a 2-minute rest interval between trials. In total, 10
minutes were needed to record PPTs at all sites. As
the first PPT measurement within a session generally
yields a higher value than that of the following mea-
surements,® the value obtained from the first mea-
surement was discarded and the PPT at each site
was determined as the mean of the three subsequent
measurements.

Statistical Analyses

Normality of data was checked by the Kolmogorov-
Smirnov test (K-S). The EMG data were analyzed by
means of analysis of variance (ANOVA) for repeated
measurements with post-hoc Bonferroni correction.
Where appropriate, data were log converted. ANOVA
was also used to analyze VAS ratings and PPT values
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(SPSS 10.0, SPSS Inc). The significance level was
set at P < .05 (two-tailed).

Results

The study was carried out over a 10-month period.
The time lag between the first TMD examination per-
formed to recruit the study sample and the start of
the experiment ranged between 1 and 8 months. One
participant withdrew at day 1 of the AIC task due to
lack of time to continue the experiment. Hence, the
final sample included seven female volunteers (mean
age = SD = 24.6 £ 6.2 years).

At the initial screening examination, five par-
ticipants reported TMD pain lasting for more than
6 months, one for 3 months and one for 1 month.
Of the five whose pain lasted more than 6 months,
three had a GCPS score of Ill (high disability,
moderately limiting) and two had a GCPS score
of Il (low disability, high intensity). The participant
with pain lasting 3 months had a GCPS score of
| (low disability, low intensity), while the GCPS
score of one participant was missing. The mean
(x SD) score for facial pain intensity assessed by
the numeric rating scale during the screening pro-
cedure (Question #7, RDC/TMD) was 5.8 (£ 0.4).
According to the SCL-90-R, two female participants
had severe and three moderate depression, and one
was not depressed (one score missing).

The mean EMG amplitude of the APs, their fre-
quency (APs/h), and the duration for each of the ex-
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Fig 2 Mean values of the activity periods per hour (APs/h) assessed during the four experimental sessions for each volunteer (ID1-I1D7),
and debonded gold foil of subject #2. Note the wear of the gold foil. Same abbreviations as in Fig 1. The data of only seven subjects are

presented because one subject withdrew (see text).
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Fig 3 Mean VAS scores (mm) for muscular pain, perceived stress,

headache, and occlusal discomfort during the four experimental

conditions for each volunteer (ID1-ID7). Same abbreviations as in Fig 1.

perimental conditions are reported in Table 1 and Fig
2. The frequency and duration of the APs recorded
during wakefulness did not differ significantly be-
tween the experimental conditions (P > .05), but the
mean EMG amplitude was significantly lower during
the AIC than the DIC (P < .05).

The individual VAS scores for facial pain, occlu-
sal discomfort, headache, and perceived stress aver-
aged for each condition are reported in Fig 3 and the
corresponding group mean values (£ SD) in Fig 4.
The VAS scores for headache, facial pain, and stress
did not differ significantly either between experimen-
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Fig 4 Group mean VAS scores (mm) for facial pain, perceived
stress, headache, and occlusal discomfort during the experimen-
tal conditions. Bars indicate standard deviation. Same abbrevia-
tions as in Fig 1. *Significant differences between experimental
conditions.

Table 2 Mean Pressure Pain Thresholds (PPT)
for the Masseter and Temporalis

Muscles Ipsilateral and Contralateral to
the Occlusal Interference and for the
Thenar Eminence

Experimental Mean PPT + SD

Muscle site condition (KPa)
Masseter IFC,.c0 104.6 + 86.8
(ipsilateral) AIC 915 +23.8
DIC 106.9 + 47.6
IFC,,.. 114.8 + 45,5
Masseter IFC, .0 96.6 £ 36.3
(contralateral) AIC 971 + 25,6
DIC 111.3 + 431
IFC,,.. 116.6 + 45.8
Temporalis IFC, .0 103.1 £ 46.5
(ipsilateral) AIC 96.1 + 37.8
DIC 112.7 £ 56.1
IFC,,.. 127.2 + 605
Temporalis IFC, .0 99.3 + 46.7
(contralateral) AIC 100.3 + 34.0
DIC 112.6 = 57.2
IFC,,.. 124.3 + 53.2
Thenar eminence IFC, .0 175.4 + 62.3
AIC 178.0 + b5.5
DIC 184.0 £ 78.4
IFC 185.1 £ 60.9

after

tal conditions or between the different days within
each condition (P > .05). On the other hand, the oc-
clusal discomfort increased significantly during the
AIC (P < .001).

The PPT values for masseter and temporalis mus-
cles did not change significantly between the differ-
ent experimental conditions at each measurement
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site (P > .05, Table 2). TMD signs and symptoms,
as assessed during the clinical examinations, did not
change throughout the experimental conditions.

Table 3 compares the EMG data obtained in the
present study with those obtained in an earlier sam-
ple of healthy TMD pain-free females receiving an ac-
tive occlusal interference."

Discussion

This study investigated the effects of an occlusal
interference in female volunteers affected by masti-
catory muscle pain during wakefulness. The results
revealed that the application of an active occlusal
interference had little influence on the contraction
pattern of the masseter muscle. Indeed the frequen-
cy and duration of APs did not significantly change
with the introduction of the active interference. Only
the mean EMG amplitude of the APs decreased sig-
nificantly during the active interference by about 2%,
this reduction most likely being clinically irrelevant.

These results contrast with those of a previous
study' that also recorded the APs during the same
time windows and showed a marked reduction in the
number and amplitude of the APs during wakeful-
ness after the placement of an active interference in
healthy TMD pain-free female participants (Table 3).
The comparison with the previous findings yields an-
other interesting observation: The female participants
with myofascial pain had an approximately 20% high-
er frequency of APs per hour, as shown by the re-
cording performed before interference insertion, and
this value remained consistently higher throughout all
study conditions.

The different reactions to the interference of these
female participants with myofascial pain compared to
healthy women might be related to the fact that masti-
catory muscle pain patients have the habit of holding
the teeth in contact more often than healthy individu-
als during wakefulness.®?-®® Furthermore, masticatory
muscle pain is more often diagnosed in individuals
with a high frequency than a low frequency of oral
parafunctions during wakefulness.®*4° Hence, the
avoidance behavior to the interference previously
described in healthy female volunteers' seems to be
lacking in subjects with myofascial pain. The lack of
adaptation also supports the finding of Le Bell and
coworkers, who reported that subjects with a history
of TMD adapted less well to the introduction of an
active occlusal interference than subjects without a
TMD history.":22

The present study was restricted to the effect of
an occlusal interference during wakefulness because
(1) wake-time parafunctions and sleep bruxism have
different etiologies and (2) a previous study assessed
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Table 3 Descriptive Statistics for the EMG Variables During Each Experimental Condition for the

TMD Group (Current Study) and for the TMD-Free Group (Michelotti et al'")

TMD group

TMD-free group?

Mean+SD P  DIC AIC IFC, ~ MeantSD P  DIC AIC IFC,
APs/h
IFC, ... 56.6 +19.9 .83 NS NS NS 480+ 9271  <.01 NS w NS
53.4 + 170 - NS NS 44.4 + 231 - * *
AIC 54.8 + 247 - - NS 271 + 187 - - *
IFC,, 57.9 + 5.1 420 + 9239
Dur (s)
IFC,.... 31+923 98 NS NS NS 27 + 10 > .05 NS NS NS
30+ 16 = NS NS 26 +0.9 = NS NS
AlC 28+ 19 - - NS 30+ 1.2 - - NS
IFC. e, 29+ 1.4 24408
A . (% MVC)
IFC,.... 17.0 17 01 NS NS NS 165+ 18  <.001 NS NS
180+ 1.3 - . NS 162+ 19 - *
AIC 159+ 1.3 - - NS 143+ 1.0 - - *
IFC 179 £ 1.8 1620+ 1.8

after

Data retrieved from Michelotti et al"’. Post-hoc multiple comparisons for both the studies were Bonferroni corrected; level of significance: *P < .05; **P <
.01;***P < .001; NS = not significantly different. Both the studies presented a similar research design. Between-group statistical comparisons were not
computed because data belonged to different studies. See Table 1 for additional abbreviations.

the effect of occlusal interferences only on wake-time
muscle activity."" All participants rated the occlusal
discomfort provoked by the occlusal interference as
very high. Moreover, the discomfort did not decrease
during the active interference application time. This
might be explained in part by the fact that the frequen-
cy of APs during the active interference time did not
decrease. Indeed, in the previous study performed by
this research group in TMD-free individuals, the de-
crease in occlusal discomfort was paralleled by a de-
crease in the frequency of medium- to high-intensity
APs."" This explanation requires, of course, the as-
sumption that during an AP the teeth were in contact.
This assumption is legitimate, as the threshold level
was set at 10% and a contraction of the masseter
muscle of about 5% MVC is sufficient to bring the
teeth in contact (see Table 1 in Roark et al).#! The ob-
servation that the tooth pain induced by the interfer-
ence did not cause a reduction of the number of APs
fits well with empirical observations suggesting that
habits are difficult to change. Indeed, habit suppres-
sion requires an active cognitive involvement from the
patient, as is the case with habit-reversal therapy.*>43

The response to the active interference differed
across individuals for both the frequency of APs and
VAS pain scores. In particular, the two subjects with
the greatest number of APs during the active interfer-
ence period (subjects #2 and 4) also had the highest
VAS pain scores. These participants had a low dis-
ability degree according to the GCPS (chronic pain
grades Il and |, respectively) but they had severe de-
pression. One of these two subjects even debonded

the gold foil, which presented severe wear. However,
she was not excluded from the study because the
foil debonded on the last day of the AIC and was re-
bonded within 1 hour.

The VAS scores for facial pain, headache, and
perceived stress did not vary significantly between
the experimental conditions, meaning that an occlusal
interference does not affect pain intensity in female
participants with myofascial TMD pain. The PPT val-
ues were within the ranges previously found for TMD
participants, were lower than for healthy subjects,**4°
and did not change significantly during the different
conditions. This result, together with the EMG data
and the VAS scores, further confirms that the inter-
ference did not significantly affect the behavior of
the masseter muscle in these female participants.
Even if they were extremely bothered by the occlu-
sal interference, they maintained their usual masseter
contraction pattern characterized by frequent con-
tractions during wakefulness.

This study did have some limitations. First, the
short duration of the experiment does not allow in-
ferring whether a longer experimental window would
have resulted in different results. However, the lack of
significant differences in the frequency of activity pe-
riods between days, and therefore the lack of a trend,
suggests that a longer time window may not have
triggered a different response. Another limitation was
the small size of the sample, which was primarily due
to the difficulty in recruiting subjects willing to wear
the electrodes during the day. The sample includ-
ed only female student volunteers diagnosed with
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myofascial pain and not patients seeking treatment.
These two shortcomings limit the external validity of
the study. It should also be noted that the EMG re-
cordings obtained by means of portable recorders
during wakefulness may be contaminated by arti-
facts due to movements of the electrodes. However,
the distribution of these artifacts should be similar
across the conditions and therefore should not have
influenced the results. In addition, a threshold higher
than the artifact noise was chosen. Furthermore, the
EMG recordings by means of portable recorders do
not allow distinguishing functional from nonfunctional
masseter contractions. However, it has been shown
that the number of functional tooth contacts does
not differ between TMD patients and healthy sub-
jects.?324647 Moreover, despite the use of a template
to reposition the electrodes in the same location, it
is not certain that the activity of the same muscle fi-
bers was recorded throughout the entire experiment.
Unfortunately, it is impossible to know whether this
problem, which is inherent to long-time surface EMG
recording approaches, affected the results. Finally,
this study design did not provide information about
the effect of an occlusal interference on sleep brux-
ism, which is a different entity than wake-time para-
functions, and was not able to provide information
about possible central and peripheral mechanisms
regulating the activity of the masticatory muscles un-
der the experimental interference condition; some of
these mechanisms, however, have been addressed in
animal models.'”'8

Conclusions

Female volunteers with masticatory muscle pain feel
particularly hampered by the introduction of an ex-
perimental occlusal interference. Nevertheless, they
do not show an avoidance behavior, since they did
not significantly change the pattern of habitual mas-
seter EMG activity during wakefulness. This con-
trasts the avoidance behavior recorded in pain-free
female volunteers, who demonstrated a reduction of
the masseter EMG activity after insertion of an active
interference.

Acknowledgments

The authors report no conflicts of interest related to this study.

338 Volume 29, Number 4, 2015

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

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Rugh JD, Barghi

. Kirveskari P, Alanen P, Jamsa T. Association between cranio-

mandibular disorders and occlusal interferences. J Prosthet
Dent 1989;62:66—69.

. Kirveskari P. The role of occlusal adjustment in the manage-

ment of temporomandibular disorders. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 1997;83:87-90.

. Ikeda T, Nakano M, Bando E, Suzuki A. The effect of light pre-

mature occlusal contact on tooth pain threshold in humans.
J Oral Rehabil 1998;25:589-595.

. Karlsson S, Cho SA, Carlsson GE. Changes in mandibular

masticatory movements after insertion of nonworking-side in-
terference. J Craniomandib Disord 1992;6:177-183.

. Randow K, Carlsson K, Edlund J, (")berg T. The effect of an oc-

clusal interference on the masticatory system. An experimental
investigation. Odontol Revy 1976;27:245-256.

. Riise C, Sheikholeslam A. The influence of experimental interfer-

ing occlusal contacts on the postural activity of the anterior tem-
poraland massetermusclesinyoungadults.J OralRehabil 1982;
9:419-425.

Riise C, Sheikholeslam A. Influence of experimental interfering
occlusal contacts on the activity of the anterior temporal and
masseter muscles during mastication. J Oral Rehabil 1984;11:
325-333.

N, Drago ClJ.
discrepancies and nocturnal bruxism.
1984;51:548-553.

Experimental occlusal
J Prosthet Dent

. ShiauYY,SyuJZ.Effectofworking sideinterferences onmandib-

ular movement in bruxers and non-bruxers. J Oral Rehabil 1995;
22:145-151.

Le Bell Y, Niemi PM, Jamsa T, Kylmala M, Alanen P. Subjective
reactions to intervention with artificial interferences in subjects
with and without a history of temporomandibular disorders.
Acta Odontol Scand 2006;64:59—-63.

Michelotti A, Farella M, Gallo LM, Veltri A, Palla S, Martina R.
Effect of occlusal interferences on habitual activity of human
masseter. J Dent Res 2005;84:644-648.

Michelotti A, lodice G. The role of orthodontics in temporo-
mandibular disorders. J Oral Rehabil 2010;37:411-429.

Xie Q, Li X, Xu X. The difficult relationship between occlu-
sal interferences and temporomandibular disorder—Insights
from animal and human experimental studies. J Oral Rehabil
2013;40:279-295.

Clark GT, Tsukiyama Y, Baba K, Watanabe T. Sixty-eight years
of experimental occlusal interference studies: What have we
learned? J Prosthet Dent 1999;82:704-713.

Christensen LV, Rassouli NM. Experimental occlusal interfer-
ences. Part |. A review. J Oral Rehabil 1995;22:515-520.
Kirveskari P, Jamsa T. Health risk from occlusal interferences in
females. Eur J Orthod 2009;31:490-495.

Cao Y, Xie QF, Li K, Light AR, Fu KY. Experimental occlusal in-
terference induces long-term masticatory muscle hyperalgesia
in rats. Pain 2009;144:287-293.

Cao Y, Li K, FuKY, Xie QF, Chiang CY, Sessle BJ. Central sen-
sitization and MAPKSs are involved in occlusal interference-in-
duced facial pain in rats. J Pain 2013;14:793-807.

Michelotti A, Farella M, Steenks MH, Gallo LM, Palla S. No
effect of experimental occlusal interferences on pressure pain
thresholds of the masseter and temporalis muscles in healthy
women. Eur J Oral Sci 2006;114:167-170.

Palla S. The interface of occlusion as a reflection of conflicts
within prosthodontics. Int J Prosthodont 2005;18:304-306.



21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

Turp JC, Schindler H. The dental occlusion as a suspected
cause for TMDs: epidemiological and etiological consider-
ations. J Oral Rehabil 2012;39:502-512.

Le Bell Y, Jamsa T, Korri S, Niemi PM, Alanen P. Effect of arti-
ficial occlusal interferences depends on previous experience
of temporomandibular disorders. Acta Odontol Scand 2002;
60:219-222.

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

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 Orofac Pain 2014;28:6-27.

Clark GT, Beemsterboer PL, Rugh JD. Nocturnal masseter
muscle activity and the symptoms of masticatory dysfunction.
J Oral Rehabil 1981;8:279-286.

Gallo LM, Palla S. Activity recognition in long-term electromyo-
grams. J Oral Rehabil 1995;22:455-462.

Gallo LM, Gross SS, Palla S. Nocturnal masseter EMG activity
of healthy subjects in a natural environment. J Dent Res 1999;
78:1436-1444.

Farella M, Bakke M, Michelotti A, Marotta G, Martina R.
Cardiovascular responses in humans to experimental chewing
of gums of different consistencies. Arch Oral Biol 1999;44:
835-842.

Michelotti A, Farella M, Tedesco A, Cimino R, Martina R.
Changes in pressure-pain thresholds of the jaw muscles
during a natural stressful condition in a group of symptom-free
subjects. J Orofac Pain 2000;14:279-285.

Schoenen J, Bottin D, Hardy F, Gerard P. Cephalic and ex-
tracephalic pressure pain thresholds in chronic tension-type
headache. Pain 1991;47:145-149.

Ohrbach R, Gale EN. Pressure pain thresholds, clinical as-
sessment, and differential diagnosis: Reliability and validity in
patients with myogenic pain. Pain 1989;39:157-169.

Chen CY, Palla S, Erni S, Sieber M, Gallo LM. Nonfunctional
tooth contact in healthy controls and patients with myogenous
facial pain. J Orofac Pain 2007;21:185-193.

Glaros AG, Williams K, Lausten L, Friesen LR. Tooth contact in
patients with temporomandibular disorders. Cranio 2005;23:
188-193.

Huang GJ, LeResche L, Critchlow CW, Martin MD, Drangsholt
MT. Risk factors for diagnostic subgroups of painful temporo-
mandibular disorders (TMD). J Dent Res 2002;81:284-288.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

Cioffi et al

Sato F, Kino K, Sugisaki M, et al. Teeth contacting habit as a
contributing factor to chronic pain in patients with temporo-
mandibular disorders. J Med Dent Sci 2006;53:103-109.
Kino K, Sugisaki M, Haketa T, et al. The comparison between
pains, difficulties in function, and associating factors of pa-
tients in subtypes of temporomandibular disorders. J Oral
Rehabil 2005;32:3156-325.

Fujisawa M, Kanemura K, Tanabe N, et al. Determination of
daytime clenching events in subjects with and without self-re-
ported clenching. J Oral Rehabil 2013;40:731-736.

Funato M, Ono Y, Baba K, Kudo Y. Evaluation of the non-func-
tional tooth contact in patients with temporomandibular dis-
orders by using newly developed electronic system. J Oral
Rehabil 2014;41:170-176.

Michelotti A, Cioffi |, Festa P, Scala G, Farella M. Oral para-
functions as risk factors for diagnostic TMD subgroups. J Oral
Rehabil 2010;37:1567-162.

Michelotti A, Cioffi I, Landino D, Galeone C, Farella M. Effects
of experimental occlusal interferences in individuals report-
ing different levels of wake-time parafunctions. J Orofac Pain
2012;26:168-175.

Roark AL, Glaros AG, O'Mahony AM. Effects of interocclusal
appliances on EMG activity during parafunctional tooth con-
tact. J Oral Rehabil 2003;30:573-577.

Bate KS, Malouff JM, Thorsteinsson ET, Bhullar N. The efficacy
of habit reversal therapy for tics, habit disorders, and stuttering:
A meta-analytic review. Clin Psychol Rev 2011;31:865-871.
van de Griendt JM, Verdellen CW, van Dijk MK, Verbraak
MJ. Behavioural treatment of tics: Habit reversal and expo-
sure with response prevention. Neurosci Biobehav Rev 2013;
37:1172-1177.

Farella M, Michelotti A, Steenks MH, Romeo R, Cimino R,
Bosman F. The diagnostic value of pressure algometry in myo-
fascial pain of the jaw muscles. J Oral Rehabil 2000;27:9-14.
Michelotti A, Farella M, Stellato A, Martina R, De Laat A.
Tactile and pain thresholds in patients with myofascial pain
of the jaw muscles: A case-control study. J Orofac Pain
2008;22:139-145.

Katase-Akiyama S, Kato T, Yamashita S, Masuda Y, Morimoto
T. Specific increase in non-functional masseter bursts in sub-
jects aware of tooth-clenching during wakefulness. J Oral
Rehabil 2009;36:93-101.

Kato T, Akiyama S, Kato Y, Yamashita S, Masuda Y, Morimoto
T. The occurrence of spontaneous functional and nonfunctional
orofacial activities in subjects without pain under laboratory con-
ditions: A descriptive study. J Orofac Pain 2006;20:317-324.

Journal of Oral & Facial Pain and Headache 339

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





