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Abstract
Introduction: The magnitude of bite force that is interpreted as clenching (imagined clenching level: ICL) in
patients with temporomandibular disorders (TMD) remains unknown. We aimed to investigate the relationship
between ICL and symptoms of TMD to evaluate the suitability of the term clenching for interpreting bite force in
these patients.
Methods: A total 76 patients (16 men, 60 women; age, 41.1 ± 16.5 years) with temporomandibular disorders
treated at the Temporomandibular Joint Clinic at Tokyo Medical and Dental University were selected. All patients
completed a questionnaire that evaluated gender, age, pain intensity at rest and during maximum mouth opening
and chewing, ICL, and TMD-related limitation of daily functions. Pain intensity and ICL were estimated using a visual
analog scale for pain. TMD-related limitation of daily functions was evaluated using a 10-item questionnaire.
Results: The mean (SD) visual analog scale score for ICL was 77.4 (± 18.7 mm) and was significantly correlated
with the pain intensity during maximum mouth opening and chewing, and the TMD-related limitation of daily function
score; however, only the latter was identified as significant in the multiple regression analysis (P<0.05).
Conclusions: TMD patients imagined the clenching force at a magnitude of approximately 70% of the maximum
bite force. Patients are considered unable to sustain clenching at this magnitude; therefore, clenching is not a
preferred term when administering counseling and behavioral therapy to TMD patients.
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Abbreviations:
ICL: Imagined clenching level; LDF-TMDQ: TMD-related
limitation of daily functions; RDC/TMD: Research Diagnostic Criteria
for Temporomandibular Disorders; TMD: Temporomandibular
disorders; VAS: Visual analog scale

Introduction
Temporomandibular disorders (TMD) are a subclass of
musculoskeletal disorders resulting from dysfunction of the
stomatognathic system and affect the masticatory muscles,
temporomandibular joint, and orofacial structures [1]. TMD have
been identified as the main cause of nondental pain in the orofacial
region, with jaw and facial pain the most common symptoms [1]. The
reported incidence of TMD in North America is 5%–12% [2,3]. Since
the 1970s, a multifactorial etiology has been proposed for TMD,
wherein pain and dysfunction result from biopsychosocial factors
[4,5]. These etiological contributing factors include structural
conditions, psychological morbidities, and behavioral problems such
as parafunctional habits [6-9].

one of the symptoms of TMD [10,11]. Furthermore, Hirose et al. [12]
reported large stresses in the posterior part of the disc and retrodiscal
tissue, and the stress remained constant during continuous clenching
based on the disc displacement model analyzed using finite-element
analysis.
In most studies that employed a questionnaire [13-16], surveys of
awake clenching were based on self-reports, and most patients were
instructed by dentists to “take care to avoid clenching” and that “you
should not be clenching.” However, patients may be unaware of the
magnitude of bite force that is equivalent to clenching; therefore, they
may not be able to follow the advice of the dentist, which may
adversely affect the clinical course. Potentially, the rates of selfreported clenching and TMD symptoms may differ because TMD
patients interpret clenching as a large bite force. This study aimed to
investigate the relationship between the magnitude of bite force that is
interpreted as clenching (imagined clenching level; ICL) and TMD
symptoms to evaluate the suitability of the term clenching for
interpreting bite force during behavioral therapy and counseling for
TMD patients.

Nonfunctional continuous clenching during the awake state is
considered a contributing factor to masticatory muscle pain, which is
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Subjects and Methods
Subjects
A total 78 subjects were selected based on inclusion and exclusion
criteria from patients with TMD who were treated at the
Temporomandibular Joint Clinic at Tokyo Medical and Dental
University between August and December, 2012. The inclusion criteria
were as follows: age>19 years and a diagnosis of TMD based on the
Research Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD) [17]. The exclusion criteria were as follows: (1) presence
of pain associated with acute inflammation of the stomatognathic
system; (2) presence of chronic arthritis such as rheumatoid arthritis;
(3) missing teeth and/or presence of a removable denture, with the
presence of a fixed partial denture for >1 year; and (4) the use of
regular medications such as analgesics, anti-anxiety drugs,
antidepressants, and psychotropics. Three calibrated dentists trained
in TMD performed the examinations and diagnosed TMD. All
subjects provided written informed consent. The Institutional Review
Board approved the study protocol (No.787).

participants were analyzed (16 males, 60 females; mean age 41.1±16.5
years). A univariate analysis was performed using the Chi-square test,
t-test, and one-way analysis of variance (ANOVA). Pearson
correlation coefficients were calculated to analyze the correlation
between ICL-VAS and other factors.
Factors that may have influenced ICL were estimated by multiple
regression analysis (step-wise method) using ICL-VAS as the
dependent variable and age, gender, VAS scores of pain intensity at
rest and during maximum mouth opening and chewing, and LDFTMD score as independent variables. All statistical analyses were
performed using SPSS version 21.0 software (IBM Japan).

Results
The sample size was calculated using a G*Power of 3.1.8
(Power=0.997, effect size=0.5, α-error=0.05). The mean (SD) ICL-VAS
was 77.4 (± 18.7) mm (males, 78.6 (± 19.9) mm; females, 73.1 (± 12.9
mm)), with no significant difference between genders (Table 1).
Total

Questionnaire

N

76

All patients completed a questionnaire that evaluated gender, age,
pain intensity at rest and during maximum mouth opening, and
chewing, ICL, and quality of life (QOL) associated with the TMD,
which was assessed using the temporomandibular disorder-related
limitation of daily functions (LDF-TMD) questionnaire (LDF-TMDQ)
[13].

Mean age: yr (SD)

41.1 (16.5)

Female: n (%)

60 (78.9)

Pain intensity at rest and during maximum mouth opening and
chewing was estimated using a visual analog scale (VAS) comprising a
100-mm line with “no pain” on the extreme left and “intolerable pain”
on the extreme right. The patients were instructed to rate their most
severe TMD-related pain experienced at rest and during maximum
mouth opening and chewing. For the rest and mouth opening pain,
patients were asked the status of the examination at that time. For
chewing pain, patients were asked the status of the most recent
examination.
ICL was also estimated using a VAS (ICL-VAS) comprising a 100mm line with “no bite (0%)” on the extreme left and “maximum bite
force that cannot be exceeded (100%)” on the extreme right.
The LDF-TMD questionnaire (LDF-TMDQ) was developed by
Sugisaki et al. [18]. The questionnaire included the following question:
“How much does your present jaw problem prevent or limit you from
the following daily activities?: (1) opening your mouth while eating
large morsels of food; (2) grinding thin morsels of food; (3) clenching
your teeth; (4) brushing your back teeth; (5) yawning; (6) talking for a
long period; (7) using your jaw for a long period during meals; (8)
performing activities at home, school, and/or work; (9) falling asleep
soon after going to bed; and (10) sleeping continuously at night.” For
each item, the subject chose any one of five levels on a numerical
rating scale from “no problem at all” (0 points) to “extremely difficult”
(4 points). The scores were summed to form the total score, which
ranged from 0 to 40 points, and was designated as the LDF-TMD
score.

Statistical Analysis
The questionnaires of two respondents were excluded from the
statistical analysis due to missing data. Data from the remaining 76
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RDC/TMD: n (%)

Group 1

5 (6.6)

Group 2

56 (73.7)

Group 3

15 (19.7)

Mean ICL: mm (SD)

77.4 (18.7)

TMD, temporomandibular disorders; RDC/TMD, research diagnostic criteria for
TMD; ICL, imagined clenching level; Group 1, myofascial pain; Group 2, disk
displacement; Group 3, arthralgia, osteoarthritis, or osteoarthrosis

Table 1: Subject demographic characteristics and the TMD type
The mean ICL-VAS score was not significantly different among
patients stratified by the pathological classification of TMD based on
RDC/TMD: group 1, myofascial pain; group 2, disc displacement;
group 3, arthralgia, osteoarthritis, or osteoarthrosis (Table 2).
RDC/TMD

ICL VAS: mm (SD)

Group 1 (n=5)

74.4 (18.3)

Group 2 (n=56)

77.8 (20.7)

Group 3 (n=15)

76.9 (9.2)

Total

77.4 (18.7)

P-value*

0.921

ICL, imagined clenching level; TMD, temporomandibular disorders; RDC/TMD,
Research Diagnostic Criteria for Temporomandibular Disorders; VAS, visual
analog scale; SD, standard deviation; a, one-way analysis of variance (ANOVA);
Group 1, myofacial pain; Group 2, disk displacement; Group 3, arthralgia,
osteoarthritis, or osteoarthrosis; *Significance at P<0.05

Table 2: ICL in 76 patients with TMD stratified by pathological
classification based on RDC/TMD
ICL-VAS was significantly correlated with pain intensity during
maximum mouth opening and chewing, and with the LDF-TMD
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scores (Table 3). However, multiple regression analysis identified only
the LDF-TMD score as significant (Table 4).

Pain intensity at rest

Correlation
coefficient

P-value*

0.141

0.223

Pain intensity during maximum mouth 0.320
opening

0.005*

Pain intensity during chewing

0.363

0.001*

LDF-TMD score

0.367

0.001*

TMD, temporomandibular disorders; LDF-TMD, TMD-related limitation of daily
functions *Significance at P<0.05

Table 3: Correlation between ICL and TMD-related outcomes

LDF-TMD score

P-value*

Non
standardized Standardized
coefficient
coefficient

0.001*

1.239

0.367

TMD, temporomandibular disorders; LDF-TMD, TMD-related limitation of daily
functions. *Significance at P<0.05

Table 4: Results of multiple regression analysis

Discussion
The subjects in this study interpreted the magnitude of bite force
during clenching as relatively large at approximately 70% of the
maximum bite force.
The mean bite force during mastication from the first bite to
swallowing is approximately 30 N [19]. Because the maximum
clenching force is 300–500 N [20,21], the mean bite force during
mastication is believed to be approximately 6%–10% of the maximum
clenching force. In the TMD patients in our study, the ICL was
considerably greater than the magnitude of force that was actually
used during function and parafunction.
According to a study by Farella et al. [11], the mean maximum
duration of intentional clenching at 40% MVC was approximately 1.4
min, while that of intentional clenching at 7.5% MVC was 157.2 min.
This finding showed that tooth-clenching with a low magnitude of
force could be sustained for long periods compared to tooth-clenching
with a moderate or higher magnitude of force. Several studies have
shown that sustained static contractions of the masticatory muscles
result in unbearable pain and fatigue that prevent patients from
continuing contraction [22-24]. Farella et al. [11] also reported that
prolonged tooth-clenching with a low magnitude of force induced
delayed soreness in the jaw elevator muscles. In other words,
continuous light clenching (such as tooth contact) affects TMD
symptoms more than brief tight clenching.
It has been speculated that patients do not continue to clench with
excessive force intentionally. Many patients continue to clench with a
low magnitude of force because the force may be too small to be
noticed. In 2006, Sato et al. [25] first described daytime light clenching
as a tooth contacting habit (TCH). TCH was defined as a habitual
behavior in which the upper and lower teeth are continuously brought
together with minimal force in a nonfunctional situation, i.e., contact
but not clenching. Sato et al. [25] reported that TCH occurred in
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52.4% of TMD patients with pain, and TCH patients with pain lasting
greater than 4 months were less likely to experience improvement in
the pain following the first visit. The activity of the masticatory
muscles in the intercuspal position was shown to be higher than the
muscle activity at rest [26]. Using a radiowave-activated wrist vibrator,
Chen et al. [27] showed that non-functional tooth contact during the
daytime is nearly 4-fold higher in patients with myogenous pain than
in healthy controls. Michelotti et al. [28] also reported that the habit of
maintaining tooth contact was a significant risk factor for myofacial
pain. Given that the average total time of functional tooth contact
during chewing or swallowing is only 17.5 min/day [29], it is believed
that continuous nonfunctional tooth contact causes overload of the
TMJ and masticatory muscles. In fact, it has been shown that the
association between clenching and muscle pain is due either to
damaged muscle fibers or decreased blood supply to these fibers
because the perfusion of the masseter was significantly lessened
[30-35] during clenching. Therefore, TCH also affected the onset,
persistence, and aggravation of TMD.
At our facility, behavior modification is used to control TCH.
Behavior modification is defined as the use of empirically
demonstrated techniques to improve behavior. Behavior modification
targets behaviors that can be objectively measured and aims to control
these behaviors by reinforcing adaptive behavior and reducing
maladaptive behavior. This process includes behavioral assessment to
measure the target behavior and subsequent modifications to change
that behavior. We propose that TCH can be effectively controlled
using a time sampling method of behavioral assessment and the habit
reversal method for modification. This strategy includes three steps.
The first step is a “motivation strategy,” wherein the patient confirms
the habitual behavior using reminders such as tags, stickers, and
timers. The second step entails “awareness training” and “competing
response training,” wherein the patient performs a substitute action in
place of the adverse habitual behavior (for example, taking a deep
breath) immediately after noticing the behavior through a reminder.
After performing these tasks, the patient experiences less jaw muscle
strain. The final step is “reinforcement”; the patient increases the
frequency of noticing the behavior by performing the first and second
steps repeatedly. However, the efficacy of this technique has not been
investigated.
In this study, because the subjects are TMD patients, it is impossible
to determine whether the reported ICL is identical to that in the
healthy population or other disease populations. Therefore, future
studies are needed that evaluate multiple subpopulations.

Conclusions
TMD patients imagined the clenching force at a magnitude of
approximately 70% of the maximum bite force. Patients are unlikely to
be able to sustain clenching at this magnitude; therefore, clenching is
not a term recommending for use during counseling and behavioral
therapy of TMD patients.
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