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Chapter 1 | General introduction

Pain is the most common reason why patients seek medical help. It is defined as a 
distressing experience associated with actual or potential tissue damage with sensory, 
emotional, cognitive, and social components[1]. Pain is routinely considered as a a result 
or consequence of tissue damage. To deal with a painful condition, it is essential to identify 
the underlying causes and driving factors. Once the causes and contributing factors of the 
pain are identified, a patient-tailored treatment plan can be designed to alleviate the pain.

Pain can be acute or chronic. In most cases, acute pain has an easily identifiable cause, 
such as an injury or an inflammation. Sometimes, the pain duration extends beyond the 
normal period of tissue repair and becomes chronic. The level of tissue damage in chronic 
pain patients is often low, and insufficient to explain the presence and/or the extent of the 
pain. In such cases, the essential protective function of acute pain is lost. The function of 
chronic pain remains largely unknown[2] and increasing evidence suggests that chronic pain 
is a disease in itself[3].

Temporomandibular disorders (TMDs) are a group of disorders that have their origin in the 
musculoskeletal tissues of the masticatory system[4]. The most common types of TMDs 
are chronic jaw-muscle pain disorders. The number of patients seeking TMD-pain treatment 
are reported to be around 10% of the general population[5, 6]. The occurrence of new 
TMD-pain cases decreases after the age of 45 to 50 years. TMDs are more common among 
females than males, with a reported ratio as high as 4:1[7]. TMD-pain is often comorbid 
with other pain conditions, including headaches[8-11], fibromyalgia[12, 13], and the irritable 
bowel syndrome[14]. The presence of co-occurring chronic muscle pain elsewhere in the 
body is usually related to a more poor treatment outcome when compared with TMD-pain 
patients with no comorbid pain[15].

Several etiological concepts have been proposed to explain persistent jaw-muscle pain. 
The early theories proposed “one cause” etiological models, involving such factors as 
muscle hyperactivity, altered occlusion, or stress[16, 17]. Recent data have indicated 
a more complex etiology. The most current concepts are the multifactorial[18] and 
biopsychosocial[19] theories. Both of these etiological models propose a complex 
interaction between environmental, psychological, behavioral, and physical factors. 
However, these concepts still cannot fully explain all cases in which an individual patient 
develops chronic jaw-muscle pain.

While in research there is a clear shift towards complex biopsychosocial etiological models 
for TMD pain, in the everyday dental practice the simple “one cause-one disease” etiological 
models are still widely used to explain the presence of jaw-muscle pain[20, 21]. These “one 
cause” models often determine the treatment approach for chronic TMD pain, dealing 
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1for instance with muscle hyperactivity, in particular with sleep bruxism (SB), as primary 
etiological factor.

Sleep bruxism is defined as a repetitive jaw-muscle activity characterized by clenching or 
grinding of the teeth and/or by bracing or thrusting of the mandible[22]. It is a rather 
common condition with a reported prevalence of up to 41% in the general adult population, 
the highest estimates coming from studies that used self-report to diagnose SB[23, 24]. 
The etiology of sleep bruxism is still not fully understood, but probably related to changes 
in the autonomous nervous system, and may be modulated by stress[25, 26].

SB has been suggested as a causal factor for developing jaw-muscle hypertrophy, severe 
tooth wear, dental implant failure, periodontal tissue damage, and tooth fracture, 
although an evidence base for these purported causal associations is still inadequate or 
even lacking[27-30]. Moreover, for decades SB has been considered to be responsible 
for overloading the masticatory muscles[31]. Intuitively, it is indeed easy to imagine and 
clinically plausible to hypothesize that TMD-pain patients who engage in SB behavior 
repeatedly and unconsciously overload their masticatory muscles.

This belief was strongly supported by studies which used self-report as a diagnostic approach 
to establish bruxism diagnoses[32, 33]. Currently, sleep recording (polysomnography; PSG) 
is regarded as the diagnostic “gold” standard to document SB objectively[34, 35]. Studies 
using PSG have found no association between SB and TMD pain[36, 37]. Therefore, we still 
understand neither the etiological mechanisms provoking myogenous TMD pain, nor the 
factors responsible for the transition of acute pain to a chronic condition.

There are a number of factors that complicate studying the relation between TMD pain and 
SB. First, SB can be detected unambiguously only by using PSG recordings, but these are 
expensive to perform and require special equipment and personnel training[38]. Secondly, 
both TMD pain and SB are fluctuating in nature[39]. Patients may have high SB activity 
or TMD pain on one occasion and lower outcomes at another[40, 41]. Furthermore, 
studying cause-and-effect relationships requires longitudinal studies, which are hard to 
perform due to difficulties in recruiting patients and achieving consistency in research 
settings. Moreover, chronic jaw-muscle pain is a very complex subjective experience. It 
can be affected by, among other things, a patient’s personality and social environment, and 
it is very often comorbid with psychological disorders. For example, chronic pain patients 
are at an increased risk for psychological disorders, such as anxiety and depression[42]. 
Therefore, it is highly recommended to include such disorders as possible confounders in 
studies investigating the possible association between bruxism and TMD pain.
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Taking into account the factors that complicate studying the relation between SB and 
chronic jaw-muscle pain, the following studies have been designed and will be discussed in 
this thesis.

In Chapter 2, we will investigate the contribution of SB and psychological distress to TMD 
pain in a longitudinal study of two clinical TMD-pain cases. To that end, questionnaires, a 
clinical examination, and an ambulatory PSG technique will be used. 

In the study described in Chapter 3, we hypothesize that failure to find a correlation 
between objectively measured SB and TMD pain might be due to a possible flaw in the 
current scoring rules for SB. Previous PSG studies regarding the relation between SB and 
jaw-muscle pain focused only on a few characteristics of jaw-muscle activity to describe SB, 
viz., the number of bruxism episodes per hour of sleep and, in some cases, the total duration 
of bruxism episodes[43]. However, in the sports medicine literature, it is widely accepted 
that the balance between muscle load and recovery plays an important role in preventing 
muscle overloading and injury[44]. A lack of adequate recovery time might lead to muscle 
overloading and pain.

In the literature dedicated to orofacial pain, there have been no studies so far describing 
the relations between the time intervals between subsequent SB episodes and jaw-muscle 
pain. Therefore, in the study presented in Chapter 3, we will investigate, with the use of 
sleep-laboratory PSG registrations, whether the intervals between SB events are different 
between patients with and without jaw-muscle pain. 

In Chapter 4 we focus on another contradiction in the evidence regarding the SB-TMD pain 
relation. Despite common beliefs that SB and TMD pain are related and, moreover, have a 
positive dose-response association, recent PSG studies have suggested the contrary[37]. 
These latest findings are in line with the so-called Pain-Adaptation model, which was 
introduced by Lund and colleagues in 1991[45]. This model suggests that, in the presence of 
pain, a decrease in muscle activity can be expected. The decrease in motor behavior can be 
considered as a protective mechanism which prevents further muscle damage and therefore 
promotes healing. To check whether the Pain-Adaptation model is applicable for describing 
the SB-TMD relation, we will perform a study in which the effect of TMD-like pain on SB 
will be assessed in an experimental setting.

In Chapter 5 we will investigate whether the common belief that more bruxism causes more 
muscle pain is supported by patients’ reports. A number of studies have shown a positive 
relation between self-reported bruxism and TMD pain[46-48]. However, these studies used 
binary data (no/yes) in order to assess the presence of bruxism, the presence of TMD pain, 
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1or both. This hinders drawing the conclusion whether a dose–response relationship exists 
between self-reported bruxism and TMD pain. Therefore, the aim of the study described in 
Chapter 5 will be to investigate in a group of TMD-pain patients whether a dose-response 
relationship exists between the amount of self-reported bruxism activities and the intensity 
of clinically diagnosed TMD pain. The effect of psychological factors on the dose-response 
relation will also be investigated.

In Chapter 6, we will examine whether psychological factors can alter the strength of the 
relationship between self-reported bruxism and TMD pain. Psychological factors play an 
important role in the presence of pain-related TMDs[49] and are also associated with 
bruxism activities[50]. It may thus be speculated that the effect of bruxism on TMD pain 
is stronger in patients who experience considerable distress compared to those with lower 
levels of distress. 

In short, the central theme of this thesis is the relation between SB and myogenous 
TMD pain. In several chapters, the complex interaction between SB on TMD pain will 
be investigated using different diagnostic approaches and study designs. Since both SB 
and TMD pain can be modulated by the presence of psychological distress, psychological 
factors are also taken into consideration. The goals of this thesis are the following: 1) to 
investigate the relation between objectively measured (PSG) SB and chronic jaw-muscle 
pain (Chapters 2 and 3); 2) to study the causal effect of jaw-muscle pain on SB (chapter 
4); and 3) to study the relation between self-reported SB and TMD pain, taking into 
consideration the complex interaction with psychological factors (Chapters 5 and 6).
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Abstract

Background Sleep bruxism (SB) and psychological stress are commonly considered as 
contributing factors in the etiology of temporomandibular disorder (TMD) pain. However, 
the lack of longitudinal studies and fluctuating nature of SB, psychological stress and 
TMD-pain have led to contradictory results regarding the association between the possible 
etiological factors and TMD-pain.

Objective The purpose of this study was to determine the contribution of SB and 
psychological stress to TMD-pain in a longitudinal study of two clinical TMD-pain cases 
during a 6-week study-protocol.

Methods Two female volunteers with clinically diagnosed myalgia based on the Diagnostic 
Criteria for Temporomandibular Disorders (DC/TMD) participated in the study. 
Questionnaires were used to record jaw-muscle pain and psychological stress experience, 
and an ambulatory polysomnography technique was used to record SB intensity.

Results Visual analysis of the data revealed that the intensity of TMD-pain was not 
hardwired, neither with psychological stress experience nor with increased SB activity.

Conclusion Within the limitations of single-patient clinical cases design, our study suggested 
that the presence of TMD-pain cannot be explained by a simple linear model which takes 
psychological stress or SB into account. It also seems that psychological stress was a more 
important predictor factor for TMD-pain than SB.
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Introduction

Temporomandibular disorders (TMD) constitute a group of  musculoskeletal conditions that 
are highly prevalent in the general population and have a great impact on the quality of 
life[1]. The most frequently reported symptom is pain originating from the masticatory 
muscles, which usually aggravates during function[2, 3].

A number of factors have been suggested to play a role in the etiology of TMD pain. For 
decades, sleep bruxism (SB) has been considered as a primary etiological factor[4]. SB is 
a repetitive jaw-muscle activity characterized by clenching or grinding of the teeth and/or 
by bracing or thrusting of the mandible during sleep[5]. It is a rather common condition, 
with a reported prevalence of 3.5-40.6% in the general adult population, the highest 
rate coming from studies that used self-report as a diagnostic approach[6]. It is often 
believed that there is a dose-response relation between TMD pain and SB, with more SB 
leading to more overloading, and thereby to more pain. However, according to the current 
insights, the etiology of TMD pain tends to be multifactorial, including a combination of 
physical, psychological, and social factors[7]. Moreover, recent studies put more weight on 
psychological factors and somatic symptoms than on SB in the etiology of TMD pain[8], 
while SB seems to have no or even a negative association with TMD pain[9].

There are several factors that complicate studying the association between TMD pain and its 
possible etiological factors like SB and psychological stress. First of all, there are difficulties 
in diagnosing SB, which can be detected unequivocally only by means of polysomnographic 
(PSG) recordings, the use of which are limited because of the high costs and the low 
number of adequately equipped sleep laboratories[10]. Secondly, TMD pain as well as 
psychological stress and SB have a fluctuating nature[11]. For example, a patient may have 
high SB activity or TMD pain at one time and lower ones at another[12]. Last but not least, 
studying cause-and-effect relationships requires longitudinal studies with recruitment of 
a predetermined large number of participants to adequately power the study, which are 
not easy to perform due to difficulties in recruiting patients and achieving consistency in 
research organization.

One alternative method of conducting these large number longitudinal studies could 
be single-patient clinical case studies. Standard single-patient clinical studies have 
the advantage of providing individualized results to participants immediately after the 
participation ceases, facilitating clinical decision-making in a given clinical situation. They 
have been used for decades in health-related research in individuals in a range of settings.
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Moreover, individual case studies can be aggregated to provide a population estimate of 
effect, or, in case of inconclusive results, they can be used as pilots to design a large number 
studies with adequate statistical power.

In the present study, we investigated the contribution of SB and psychological stress to TMD 
pain, in a longitudinal study of two clinical TMD-pain cases. To that end, questionnaires, 
a clinical examination, and an ambulatory PSG technique were used. It was our a priori 
hypothesis that a positive correlation between pain intensity and level of psychological 
distress will be found, and that SB will have no or a negative correlation with TMD pain as 
suggested by recent PSG studies. 

Methods

Study design 
Two longitudinal single-patient clinical case studies[13] were conducted, using the same, 
below-outlined protocol. The study protocol and procedures were approved by the Medical 
Ethical Committee of the VU Medical Center (file number 2014/179).

Participants
Two female participants (aged 28 and 30), with a diagnosis of myalgia without limited 
mouth opening based on the Diagnostic Criteria for Temporomandibular Disorders (DC/
TMD)[14], were selected to participate in the study. The examination was performed by 
an officially calibrated examiner (MK) who had followed the two-day calibration course 
for the DC-TMD. Apart from self-study, the calibration session included presentation, 
demonstration, and self-practice in patients. The DC-TMD protocol was followed in details 
for the examination of the subjects during this research study.

For both participants, the diagnosis of “probable” SB was established based on the diagnostic 
grading system for sleep and awake bruxism, using self-report questionnaires and a clinical 
inspection[5].

Based on their medical history and an oral examination, no other pain diagnoses (e.g., 
dental pain) were established. No sleep disorders other than SB were revealed when 
polysomnographic (PSG) data were analyzed (see below). Participants did not use painkillers 
or any medications that have a known influence on sleep structure or SB (e.g., selective 
serotonin re-uptake inhibitors, anti-Parkinson medications). Both participants were non-
smokers and were asked to avoid alcohol consumption for the duration of the study. No 
dental splints were used at night during the study either.
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Procedure
At intake, an oral history was taken and a set of self-report questionnaires was provided, 
including amongst others a standard Dutch medical questionnaire [15] and the Dutch 
version of the Sleep Disorders Questionnaire (SDQ) [16]. In addition, a clinical examination 
according to the DC/TMD protocol was performed, supplemented by the dynamic and 
static pain provocation tests[17]. 

Following the intake procedure, the selected participants were invited to sleep with an 
ambulatory PSG device for six nights in total, divided in three sets of two consecutive 
nights separated by two weeks’ intervals. See Figure 1 for the study timeline. 

Figure 1. Timeline of the study.

Polysomnography
Ambulatory PSG recordings were performed using an Embla Titanium unit (Embla, Ontario, 
Canada). The electrodes for the PSG recordings were placed according to the protocol 
recommended by American Academy of Sleep Medicine[18] in each participant`s home. 

The following recordings were performed:

a. Electroencephalography (EEG; F3, C4, O1, M1, M2);
b. Electro-oculography (EOG; right and left);
c. Electromyography (EMG; right masseter muscle; submental area).
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The right masseter EMG signal was recorded at 512 Hz and filtered (Embla Titanium; 50 
Hz notch; 3 Hz high pass; 100 Hz low pass). No audio ⁄ video recordings were obtained. The 
onset and offset times of the nocturnal PSG recordings were determined on the basis of 
each participant’s habitual sleeping times, with the recordings running approximately from 
11:00 pm to 07:30 am.

Jaw-muscle pain and psychological stress measurements
A questionnaire with Numeric Rating Scales (NRS) was used to record the participants’ 
experienced jaw-muscle pain and psychological stress every evening before, and every 
morning after the PSG recordings. Thus, a total of twelve NRS scores for each condition 
were obtained. The NRS questionnaire is an 11-point scale ranging from 0 to 10, with a 
lower score indicating less jaw-muscle pain or a smaller psychological stress experience.

Sleep bruxism variables
All PSG registrations were coded to ensure that the examiner (KM) was blinded for the 
specific PSG recording under analysis.

The RemLogic (Embla, Ontario, Canada) and the Bruxism Detector (ACTA, Amsterdam, 
The Netherlands; custom-made) software were used to analyze the PSG recordings. The 
analysis was divided in two parts: a sleep analysis and a SB analysis. The sleep analysis was 
performed using RemLogic software. Using 30-s epochs, the analysis was carried out 
automatically, following the criteria described in The American Academy of Sleep Medicine 
Manual for the Scoring of Sleep[18], and checked manually. The goal was to determine 
any abnormalities in sleep structure and to enable the sole inclusion of masticatory muscle 
activities during actual sleep in the analysis of SB.

During the analysis of SB, the sleep stages and the EMG signal from the right masseter 
were transferred from RemLogic to Bruxism Detector software, using European Data 
Format (EDF). Then, the EMG signal was low-pass and high-pass filtered (100 Hz and 5 
Hz, respectively). A threshold of three times the noise level was used to detect the periods 
of increased EMG activity. 

Finally, the number of bruxism episodes per hour of sleep (Epi hˉ¹) was calculated. Only 
bruxism outcome variables detected during sleeping periods were used in the analysis. The 
analysis was checked manually.
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Data analysis
Visual analysis of the data was performed using the recommendations of Wolery and 
Harris for interpreting the results of single-subject research[19]. The recommendations 
are based on the analysis of three types of changes in data patterns: variability, level, and 
trend. These changes must be considered first within experimental conditions and then 
between experimental conditions. Variability is determined as a dissimilarity of scores in a 
given experimental condition. Level is a relative value of the data pattern of the dependent 
variable. Changes in the level show the difference in value of the dependent variable at the 
point of intervention. Trend demonstrates the direction in which the data pattern is moving. 
A change in trend is represented by a change in the direction in which the data pattern is 
moving.

Results

Both participants completed the entire protocol. All hypnograms were judged to have a 
normal structure. The scores for jaw-muscle pain, psychological stress, and sleep bruxism, 
showed a substantial variation over time. The pain scores varied from 0 to 6, based on 
11-points NRS scales. Psychological stress scores showed variation from 1 to 5 (NRS). For 
SB intensity, the outcomes varied from 2.5 to 12.2 (Epi hˉ¹). The descriptive statistics of 
jaw-muscle pain, psychological stress, and the SB variables are shown in Table 1. 

Table 1. Descriptive statistics of sleep bruxism (SB), psychological stress, and jaw-muscle pain variables

 

Age

Morning Jaw-muscle 
pain (NRS)

Evening Psychological 
stress (NRS)

Sleep bruxism (Epi hˉ¹)

Median
Range

Median
Range

Median
Range

min max min max min max

Participant 1 30 5 3 6 4 2 5 7.5 2.5 12.2

Participant 2 28 2 0 3 3.5 1 5 6.15 4.9 7.8

The figures suggest that the intensity of jaw-muscle pain is not hardwired, neither with 
psychological stress experience nor with increased SB activity (Figs. 2a and 2b).
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Fig. 2a, b. Variation in pain intensity (NRS), psychological distress (NRS), and SB intensity (Epi h-1) 
(Participant 1, Figure 2a; Participant 2, Figure 2b)

The levels of jaw-muscle pain intensity and psychological stress have different values, which 
vary during the study with no clear dependency on each other.

The changes in levels for SB and jaw-muscle pain also suggested that these two variables are 
not hardwired, since significant dissimilarities in the levels’ changes were observed (although 
one should keep in mind that different scales were used to record jaw-muscle pain and SB).  

Trends of the data suggested that jaw-muscle pain intensity is more likely to be explained 
by increased psychological stress experience as compared to SB intensity. The trends of 
jaw-muscle pain and psychological stress follow the same direction in three observations, 
in two observations one variable was changing while the other remained stable, and in one 
observation there was a negative association.

Comparison of trends for jaw-muscle pain intensity and SB intensity yielded the following 
variations: in three observations negative associations were recorded; in two observations 
one variable was changing while the other stayed at the same level; and in one observation 
the trends followed the same direction.
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Discussion

The aim of this observational longitudinal study with two single-patient clinical cases was to 
define the association between psychological stress and sleep bruxism (SB) on the one hand, 
and between jaw-muscle pain in the morning and SB on the other, based on multiple NRS 
questionnaires and ambulatory polysomnographic (PSG) recordings.

The results of our study suggest that there is no linear association, neither between the 
intensity of jaw-muscle and psychological stress experience nor between jaw-muscle pain and 
SB intensity in both clinical cases. It also seems that psychological stress is a more important 
predictor factor for jaw-muscle pain than SB. This last finding matches the results of recent 
studies that suggested an association between jaw-muscle pain and psychological stress 
experience[20] and no association between SB and jaw-muscle pain[9]. 

Sleep bruxism has been considered as a possible etiological factor for TMD pain for decades. 
Moreover, it is often believed that there is a dose–response relation between TMD pain and 
SB, so that more SB leads to more overloading and therefore to more pain. These believes also 
influence the treatment approach of TMD complaints – dealing with SB as the primary etiological 
factor. However, the purported causality of SB in the presence of temporomandibular disorders 
has become one of the most controversial issues within dental literature[10, 21]. While self-
reported SB is repeatedly mentioned as a strong predictor for TMD pain[22-24], no support 
for the association between SB and TMD pain has been found when objective methods, such as 
PSG, were used[25, 26]. In line with numerous PSG studies, we could not find an association 
between SB and TMD in both clinical cases from our study. It seems that a simple linear ”load-
damage” model cannot explain the presence and intensity of TMD pain, and other factors than 
SB may thus play a role in maintaining jaw-muscle pain[8]. Therefore, the treatment approach 
to TMD that only focuses on reducing/eliminating SB should be used with caution.

In contrast, the level of psychological distress may play a role in perpetuating TMD pain. 
Although we were not able to record a “one–to-one” relation between the level of jaw-
muscle pain and the level of psychological stress experience, these two parameters seem to 
have a correlation, at least in one of our clinical cases (see fig. 2. A). The inconsistent result, 
regarding the jaw-muscle pain – psychological stress association, could, at least in part, 
be explained by the complicated nature of pain. Recently, a revised definition of pain has 
been proposed by Williams and Craig (2016): “Pain is a distressing experience associated 
with actual or potential tissue damage with sensory, emotional, cognitive, and social 
components”[27]. This definition highlights the essential subjectivity of pain experience 
and its multidimensional nature, which involves sensory, cognitive, and emotional features. 
Patients find pain unpleasant and try to compare this pain with previous painful experiences. 
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Pain is often accompanied by desires to terminate, reduce, or escape its presence and find 
out the reason for this pain[28-31]. Therefore, it can be expected that when some particular 
clinical cases are considered, a positive association will be found between the two negative 
emotional conditions. It can be further speculated that, even if a larger group of participants 
would have been investigated that would have allowed for a sophisticated statistical analysis, 
no statistically significant association will be found for the jaw-muscle pain – psychological 
stress association, since it cannot be expected that all patients will react identically to pain 
and stress experience.

Regarding the SB-jaw-muscle pain association, the present research is in line with numerous 
previous studies which also found no association between the two parameters under the 
study. This suggests that the association between muscle function and pain is not hardwired, 
and that other factors than the motor activity alone determine the pain outcome.

This outcome is in line with modern insights that all TMD patients should be screened 
for psychological and psychosocial dysfunction[32], e.g., by using dual-axis methods such 
as the DC/TMD protocol. Considerable research suggests that psychological factors play 
a profound role on the presence of pain-related TMDs [33, 34]. Psychological distress, 
anxiety and depression are powerful emotions that affect the patient’s pain experience 
[35]. At the same time, patients with chronic pain conditions, such as TMD related jaw-
muscle pain,  are at increased risk for emotional disorders [36]. 

Some critical comments have been raised in relation to research with single-patient clinical 
cases. The major disadvantage of such studies is the difficulty of extrapolating the results to 
a larger group of patients with the same disorder. Nevertheless, single-patient clinical cases 
have advantages over multiple-patient clinical studies, including simpler patient enrollment, 
lower expenses, more rapid study completion, and easier interpretation of the results. Taking 
into account the pros and cons of a single-patient clinical trial studies, recent methodological 
papers conclude that this design may be expected to emerge as an important tool for 
comparative effectiveness research and patient-centered outcomes research[37, 38]. 

It is worth mentioning that for the present research, we initially aimed to recruit ten 
participants. However, we faced an enrollment problem and had to limit the sample size to 
two participants. The most common reason for not participating was the complex, strict, and 
time-consuming nature of the protocol. Even though the original aim was not accomplished, 
the data are indicative of the absence of linear correlation between TMD pain and SB as 
well as between TMD pain and psychological stress experience. An important advantage of 
the study is that SB was established with the use of PSG, which is currently considered the 
gold diagnostic standard for SB.
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Another possible limitation of our study that complicated the interpretation of the results 
was the absence of a real baseline that could be used to assess the variability in pain 
intensity without changes of SB intensity and psychological stress experience. At any given 
time of our research, we had a variability of scores for each of the studied parameters: SB, 
psychological stress, and jaw-muscle pain. Therefore, we had to limit the visual analysis to 
levels and trends evaluation. 

To offset this limitation, we would have to use a so-called N-of-1 trial or single-patient 
clinical trial design. The principal difference between a single-patient clinical case study 
and a trial design is the presence of an intervention. In case of our study, this would mean 
that SB and psychological stress would be introduced in a controlled setting. There are 
numerous studies that investigated the effect of experimentally induced bruxism-like 
activity on jaw muscles[39, 40]. The results of these studies suggested that experimental 
tooth clenching and grinding exercise can cause TMD-like pain and fatigue, which have 
a low intensity level and transient nature. One should keep in mind that the jaw-muscle 
pain provoked in these experimental studies has an acute nature. In contrast, TMD pain is 
a chronic disorder, which is not associated with identifiable tissue damage. Therefore, it is 
widely accepted that the relationship between chronic TMD pain and SB is more complex 
than just a linear association. Other factors, such as general health and psychological status, 
may play an important role in the provocation of TMD pain[41, 42].

In conclusion, our study suggests that the presence of jaw-muscle pain cannot be explained 
by a simple linear model which takes psychological stress or SB into account. Psychological 
stress can be an important contributing factor for chronic jaw-muscle pain, while there 
seems to be no association between the intensity of SB and jaw-muscle pain. Further 
research with a larger group of participants is needed to allow for more definite conclusions 
to be drawn. 
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Abstract

Study Objectives: Sleep bruxism (SB) is considered as a possible etiological factor for 
Temporomandibular Disorder (TMD) pain. However, polysomnographic (PSG) studies, 
which are current “gold standard” diagnostic approach to SB, failed to prove an association 
between SB and TMD. A possible explanation could be that PSG studies have considered 
only limited characteristics of SB activity: the number of SB events per hour and, 
sometimes, the total duration of SB per night. According to the sports sciences literature, 
lack of adequate rest-time between muscle activities leads to muscle overloading and pain. 
Therefore, the aim of this study was to determine whether the intervals between bruxism 
events differ between patients with and without TMD pain.

Methods: Two groups of female volunteers were recruited: myofascial TMD pain group 
(n=124) and non-TMD control group (n=46). From these groups, we selected 86 (69%) 
case participants and 37 (80%) controls who had at least two SB episodes per night based 
on PSG recordings. A linear mixed model was used to compare case and control groups over 
the repeated observations of inter-episode intervals.

Results: The duration of inter-episode intervals were statistically similar in the case [mean 
(SD) 1137.7 (1975.8) sec] and control [mean (SD) 1192.0 (1972.0) sec] groups. There were 
also a similar number of SB episodes per hour and a total duration of SB episodes in both 
groups.

Conclusions: The current data fail to support the idea that TMD pain can be explained by 
increasing number of SB episodes per hour of sleep or decreasing the time between SB events.
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Introduction

Sleep bruxism (SB) is a repetitive jaw-muscle activity characterized by clenching or grinding 
of the teeth and/or by bracing or thrusting of the mandible during sleep[1]. It is a rather 
common condition. Reported prevalence is up to 41% (range: 3.5-40.6%) in the general 
adult population[2], with the highest estimates coming from studies that used self-report to 
diagnose SB. Currently, polysomnography (PSG) with audio-video recordings is considered 
the most accurate method to diagnose SB[3, 4]. Based on PSG studies[5], the reported 
prevalence of SB in the general population is around 7%. SB has long been considered 
as a possible etiological factor for temporomandibular disorders (TMD)[6-8]. TMD is a 
collective term embracing a number of clinical problems of the musculoskeletal structures 
of the masticatory system. The most frequently reported symptom is pain originating from 
the masticatory muscles, which is often aggravated during function[9-12].

To diagnose jaw-muscle pain (myofascial TMD pain) as well as other TMDs, structured self-
report and clinical instruments like the Research Diagnostic Criteria for TMD (RDC/TMD)
[10] and the Diagnostic Criteria for TMD (DC/TMD)[12] are recommended. In the dental 
office, jaw-muscle pain can be found in many patients who are assumed to engage in SB. 
It can be speculated that patients with developed jaw-muscle pain are presumed to have 
‘overloaded’ their muscles, which is not unlikely to occur due to the unconscious nature of 
SB. Several hypotheses have been proposed to explain the development of overuse-related 
muscle pain[13]. The most important of these are the duration of the muscle activity[14], 
the type of muscle contraction (i.e., concentric or eccentric)[15], and the rest intervals 
between subsequent muscle contractions[16]. It is widely accepted that the balance 
between muscle work and recovery plays a crucial role in preventing overloading[17]. A lack 
of adequate recovery might thus lead to muscle overloading and pain.

Previous studies about the association between SB and jaw-muscle pain, which used 
PSG and the RDC/TMD as the respective diagnostics approaches, have used only a few 
characteristics of jaw-muscle activity to describe SB, viz., the number of bruxism episodes 
per hour of sleep and, in some cases, the total duration of bruxism episodes[18, 19]. These 
studies yielded contradictory results: some found an association between TMD pain and 
SB[20], while others detected either no association[21] or even a negative one[22, 23].

There are no studies so far describing associations between the duration of inter-episode 
intervals and jaw-muscle pain. However, this characteristic of jaw-muscle activity could 
be important in producing muscle overloading that in turn may cause jaw-muscle pain. 
Therefore, the aim of this study was to determine, based on sleep-laboratory PSG 
recordings, whether the intervals between SB events (inter-episode intervals, IEI) differ 
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between patients with and without myofascial face pain. We hypothesized shorter inter-
episode intervals in TMD patients than non-TMD control participants.

Material and Methods

The study was approved by The Institutional Review Board at the New York University 
(NYU) School of Medicine (New York, NY) (study # I07-303). 

Participants
Participants were recruited from among patients seeking treatment at the NYU College 
of Dentistry. Before entering the study, all participants completed a full informed consent 
process and signed an informed consent form.

For the present study, only female volunteers were recruited, given the higher prevalence 
of TMD pain in women[24]. The participants were allocated in the case group or in the 
control group based on the presence or absence of myofascial TMD pain, independent 
of their own beliefs regarding the presence or absence of SB. The control sample was a 
demographic match to the case participants regarding age, socioeconomic status, and race.

The RDC/TMD was used to establish the diagnosis of myofascial TMD pain. Two raters 
used RDC/TMD training tapes and materials and were initially calibrated to high levels of 
diagnostic concordance, with repeat periodic reliability testing throughout the study. One 
of the two raters was the ‘main’ rater providing the study data, while the other rater (who 
was experienced in using the RDC) served as gold standard.

Potential participants were excluded from either group if they reported a history of trauma 
to the face, acute dental problems, or recent extensive dental treatment. At least 48 hours 
should have passed between the latest dental treatment and the RDC/TMD examination. 
Also, persons were excluded from participation if they were pregnant, habitually smoked 
after bedtime, habitually slept < 4 h per night, had a neuropathic facial pain condition, or 
had been diagnosed with severe obstructive sleep apnea (i.e., an apnea-hypopnea index ≥ 
30 events/h of sleep) requiring CPAP, which would have interfered with SB measurement 
(see below).

Moreover, studying the inter-episode intervals between SB events requires the presence of 
at least two SB episodes per night. Thus, participant who presented less than two SB episodes 
per night based on PSG registration (see below) were excluded from the final analysis.
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In all, 124 women with a diagnosis of myofascial TMD pain and 46 pain-free control 
participants completed the sleep laboratory studies. From them, 86 case participants 
(69%) and 37 controls (80 %) had at least two SB episodes. Thus, the final analysis of inter-
episode intervals between SB events was based on data from 123 participants.

Polysomnography (PSG)
The PSG registrations were performed at a sleep laboratory affiliated with the NYU School 
of Medicine. Participants were studied in the sleep laboratory for two consecutive nights. 
The first night allowed for adaptation to the sleep laboratory environment. The second night 
was used for the registration of jaw-muscle activity and sleep architecture. Data from the 
first night were, however, used for the statistical analysis in 10 instances: three cases failed 
to return for the second night and six cases and one control were missing data during the 
second night due to technical problems.

The onset and offset times of the nocturnal PSG recordings were determined from each 
participant’s habitual sleep times, with the recordings running approximately from 22:30 
to 07:00. The PSG record consisted of a six-channel electroencephalogram, a bilateral 
electro-oculogram, a bilateral submental (chin) and anterior tibialis electromyogram 
(EMG), a right and left masseter and temporalis EMG, an electrocardiogram, chest and 
abdominal motion (by means of belts with piezoelectric sensors), body position, airflow by 
nasal pressure transducer and nasal-oral thermistor, and oximetry.

Outcome measures
PSG data were exported to Stellate Harmonie software (Natus, San Carlos, CA) for 
analysis. Two raters independently scored sleep stages, arousals, apneas, and periodic limb 
movements (PLMs). Inter-rater reliability for identification of SB episodes by the two 
scorers was excellent (κ = 0.89). For reasons unrelated to this study, one of the sleep 
scorers was not blinded to the participants’ case-control status.

Jaw-muscle activity was analyzed using the Research Diagnostic Criteria for SB (RDC/
SB) for the right masseter[3]. Masseter activity that exceeded twice the amplitude of the 
relaxed waking EMG level before sleep was used as the threshold. Against this reference, 
phasic episodes were defined by three or more brief (> 0.25 seconds and < 2.0 seconds) 
EMG bursts. Tonic episodes were scored if the burst duration was longer than two seconds. 
A mixed episode corresponds to phasic and tonic bursts, separated by an interval lasting less 
than three seconds. EMG episodes that were separated by an inter-episode interval of at 
least three seconds were scored as different episodes.
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Data analysis
As a first step, the frequency of SB episodes per hour of sleep was calculated and 
participants who had two or more SB episodes per night were selected. Then, the frequency 
of SB episodes per hour of sleep, the duration of SB episodes, and the duration of the 
intervals between SB episodes were calculated. The time between sleep onset and the first 
SB episode, as well as the time between the last SB episode and the end of sleep, were 
excluded from the last calculation.

Independent samples t-tests were used to compare age and educational levels between the 
two groups, and a chi-square test was used to compare groups on race, ethnicity, marital 
and work status. A Median test was used to compare groups on the average number and 
average duration of the SB episodes. A linear mixed model was used to compare case and 
control groups over the repeated observations of inter-episode intervals, following rank 
transformation of those durations to correct skew in their distribution. The choice of rank 
transformation, instead of commonly used logarithm or square root one, was based on our 
experience that suggests that rank transformation deals better with outliers[25]. All tests 
employed a significance level of 5 percent. Statistical analysis was performed using IBM 
SPSS Statistics 23 software (IBM Corp., Armonk, NY, USA).

Results

The control and case groups did not differ in terms of measured demographic characteristics. 
Controls and cases were, respectively, of similar age (mean (SD) = 34.7 (12.9) vs. 37.8 
(13.4) years; p = 0.23), educational level (mean (SD) = 15.6 (2.1) vs. 15.9 (2.2) years;  
p = 0.57), race (61.1 vs. 70% white; p= 0.23 ), Hispanic ethnicity (26.7 vs 17.3%; p= 0.77), 
currently employed for pay (69.4 vs 59.5%; p= 0.31), and never married (66.7 vs 65.8%;  
χ2 = 1.5, p= 0.92). Cases reported a mean (SD) characteristic pain intensity of 5.1 (1.75) and 
median pain chronicity of 84 months.

Polysomnography.
The number of SB episodes per hour of sleep ranged widely in this sample, from 0 to 11, with 
a median of 1.4 episodes. There were a similar number of SB episodes per hour in control 
and case groups [mean (SD) = 2.2 (1.9) and 2.1 (2.0)], respectively (p = 0.77). The duration 
of SB episodes per night also varied widely, with durations ranging from 0.9 sec to 402.6 
sec and a median duration of 45 sec. Groups had a similar total duration of SB episodes 
[mean (SD) = 72.2 (71.4) sec for the control group and 66.7 (74.3) sec for the case group; 
p = 0.3]. Figure 1 shows the distribution of inter-episode intervals before and after rank 
transformation was performed.
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Figure 1. Box plot showing the distribution of the duration of the intervals between sleep bruxism (SB) 
episodes in control and case participants before (A) and after (B) rank transformation.

As shown, there was considerable skew in the crude distribution (A), so that while median 
intervals were between 5 and 6 minutes (281 sec in cases and 393 sec in controls), those 
intervals could range above 4 hours. Rank transformation of these data greatly improved 
the symmetry of these distributions (B), and those data were used in further analysis. While 
mean rank was lower among cases than controls, consistent with the hypothesized shorter 
latency to next event, the linear mixed model analysis indicated statistically similar levels in 
the two groups. PSG results are summarized in Table 1.

Table 1. Polysomnograpy (PSG): Comparison of sleep bruxism (SB) measures in myofascial temporoman-
dibular pain disorder (TMD) cases and controls.

PSG Measure Controls (n=37) Cases (n=86)
P value 

Mean (SD*) Median Mean (SD) Median

RMMA episodes (per hour) 2.2 (1.9) 1.4 2.1 (2.0) 1.4 0.77

Duration (all episodes, sec) 72.2 (71.4) 48.9 66.7 (74.3) 41.2 0.3

Duration of inter-episode intervals (sec) 1192.0 (1972.0) 393 1137.7 (1975.8) 281 0.51

Duration of inter-episode intervals (rank) 827.4 (482.4) 864 806.7 (463.5) 793 0.44

* SD: Standard deviation.



40

Chapter 3 | Inter-episode sleep bruxism intervals and myofascial face pain

Discussion

The aim of this study was to test, using sleep-laboratory polysomnographic (PSG) recordings, 
whether the inter-episode intervals between sleep bruxism (SB) events differ between 
patients with and without myofascial pain. According to the sports sciences literature, lack 
of adequate rest-time between muscle activities leads to muscle overloading and pain[17]. 
However, the recommended Research Diagnostic Criteria for SB mainly focus on two 
characteristics of jaw-muscle contraction: the number of bruxism episodes and bursts per 
hour of sleep. In this paper, we hypothesized that the same SB activity (i.e., with the same 
number of episodes and bursts) can have a different effect on the jaw muscles depending 
on its distribution over the night. For example, patients with jaw-muscle pain can have their 
SB episodes distributed over the night in a skewed fashion, with the episodes mainly being 
present in a short period of time. This can lead to much more load and possible muscle injury 
than in cases where the SB episodes are more or less equally distributed over the night. 
To test this hypothesis, we compared the duration of inter-episode intervals between SB 
events in individuals with jaw-muscle pain and pain-free controls.

The most important finding of this study is that there is no significant difference between 
the case and control groups in the duration of inter-episode intervals. The two groups also 
did not differ in the number of SB episodes per hour of sleep or in the duration of the SB 
episodes. The last findings echo the results reported by Raphael et al. (2012), from whose 
dataset we selected current participants with two or more SB episodes per hour of sleep. It 
is noteworthy that more control than case participants (80% vs 69%; p= 0.045, two-tailed 
Fisher’s Exact test) were included in the present study from the dataset of Raphael et. 
al.[21]. This is consistent with the earlier reported observation that TMD-pain patients have 
fewer SB episodes than non-TMD controls[22, 23].

The relationship between SB and temporomandibular disorder (TMD) pain has been the 
topic of several studies over the last years[26]. The exact nature of the relationship between 
these conditions, however, is still unknown, with two major but conflicting theories aiming 
to explain the association: the Vicious Cycle Theory and the Pain Adaptation Model[27, 
28]. The Vicious Cycle Theory suggests that an initiating factor, such as SB, results in 
pain that reflexively leads to muscle spasm. In turn, this spasm leads to further pain and 
dysfunction, thus completing the loop. However the evidence that supports the Vicious 
Cycle Theory is limited[29-31]. The Pain Adaptation Model, on the other hand, suggests 
that muscle pain leads to a reduction in muscle activity, which protects the muscle system 
from further injury and promotes healing[32, 33]. This model is commonly considered 
as the most appropriate explanation for the effects of pain on muscle performance[34]. 
Although neither the Vicious Cycle Theory nor the Pain Adaptation Model considers the 
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temporal delays in ‘causality’ that might exist between pain and muscle function, most of 
the studies on SB-TMD pain association that used PSG-based diagnostics also support 
the Pain Adaptation Model, providing evidence of negative or no association between the 
two. One PSG-based paper that supports the Vicious Cycle Theory[20] used a single-
night PSG, which is not in line with the RDC/SB that recommends two nights of PSG 
registrations, and reported very high rates of SB episodes in both case and control groups, 
suggesting a unique sample.

Interestingly, the results of our research are consistent neither with the Vicious Cycle 
Theory nor with the Pain Adaptation Model. Based on the Pain Adaptation Model, one 
could expect that patients with jaw-muscle pain would have less SB activity than the control 
group, whereas based on the Vicious Cycle Theory, a decrease in jaw-muscle activity is to be 
expected. However, in this research, we did not find any difference in SB activity between 
groups. This suggests that the association between pain and muscle function is not hardwired, 
and that other factors than pain alone determine the motor outcome[34]. Indeed, pain 
has a multidimensional nature with several characteristics: duration, intensity, location 
in the specific part of motor unit, and individual response to pain[35-37]. Moreover, the 
jaw-muscle system has a functional and structural heterogeneity[38, 39]. It is likely that 
this complex biomechanical system adapts to pain in different ways in order to maintain 
required functional integrity and to protect itself from further injury. This adaptation may 
not necessarily lead to muscle performance decrement but rather to a redistribution of 
function to other uninjured units[40].

The above reasoning suggests that other factors than SB may play a role in maintaining jaw-
muscle pain. In 2006, a large-scale project entitled Orofacial Pain: Prospective Evaluation 
and Risk Assessment (OPPERA) started to identify the risk factors for TMD. This prospective 
cohort study evaluated 202 phenotypic risk factors from 6 domains: sociodemographic, 
general health status, pain sensitivity, cardiac autonomic function, and psychological and 
clinical orofacial characteristics[41]. From these, the frequency of somatic symptoms, e.g., 
a running nose, fatigue, and dizziness, was the strongest psychosocial predictor of TMD 
incidence[42]. Smaller contributions were found for measures of psychological stress, 
anxiety, obsessive-compulsive feelings, pain-coping strategies, and sleep quality. Moreover, 
genetic associations were found, implicating 6 single-nucleotide polymorphisms (SNPs) 
as risk factors for chronic TMD. This emphasizes that TMD is a complex disorder which is 
caused by interplay of multiple genetic and environmental factors, and that a univariate 
association between SB and jaw-muscle pain does not represent the actual, far more 
complex situation.
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As suggested by the sport science literature, successful training must involve load but also 
must include adequate recovery periods[17]. As a consequence of load, the athlete may 
experience acute feelings of fatigue or even pain. Followed by an adequate rest period, 
the acute fatigue results in a positive adaptation or improvement in performance. This is 
the basis of effective training programs. However, in case a disruption occurs between 
appropriate training load and adequate recovery, the athletes may develop a so-called 
nonfunctional overtraining which will lead to a decrease in performance, depression, and 
pain that may last for several weeks or months. Several confounding factors have been 
reported to contribute to nonfunctional overloading, such as inadequate diet, somatic 
symptoms (e.g., upper respiratory tract infections), psychosocial distress (family or work 
related), and sleep disorders[17]. This multifactorial explanatory model of overtraining 
syndrome seems to have much in common with the results of OPPERA study, which also 
suggests an interplay between similar factors in the etiology of TMD pain.

The noticeable difference between the overloading in sports and the data we presented in 
the current study is the time scale at which the loading and recovery occurred. In sports-
science literature, the training which includes both loading and recovery periods takes days 
to weeks (if not months). However, when SB inter-episode intervals were considered in the 
present research, the time intervals lasted only seconds to minutes. The load and recovery 
model from sports-literature could be applied to SB in case variable activity would be 
present for days to weeks. This would probably provide a different outcome than reported 
in the present research. Unfortunately, the current study design, with two nights of SB 
registration, did not allow to study the “rest” intervals at a longer time scale.

On the other hand, while the sport science literature does not provide evidence regarding 
the effect of short-lasting (e.g., seconds) rest-time intervals on muscle injury, this evidence 
is available from experimental animal studies. Numerous experimental studies have shown 
that shorter rest-time interval (e.g., seconds to minutes) between muscle contraction 
indeed lead to more muscle injury and dysfunction[16, 43].

Most participants evidenced a low rate of SB events. From our sample of 123 participants 
with two and more SB episodes per night, only 53 case participants (61.2%) and 23 controls 
(62.2 %) fulfilled minimal criteria for Sleep Bruxism Diagnosis, but 18 (14.6% of the studied 
sample) had more than four SB episodes per hour of sleep, fulfilling the criteria for the high 
SB intensity group[23] (Table 2). 
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Table 2. Distribution of participants based on Sleep Bruxism Diagnostic Cut-off Criteria.

SB intensity
Controls

Count (%)
Cases

Count (%)
Total

Count (%)
Low              (>1 and ≤2 episodes/hour) 9 (24.3) 20 (23.3) 29 (23.6)

Moderate   (>2 and ≤4 episodes/hour ) 8 (21.6) 21 (24.4) 29 (23.6)

High             (>4 episodes/hour ) 6 (16.2) 12 (14) 18 (14.6)

As the best test of the muscle overloading theory would be conducted among those with 
some critically high rate of SB, we compared inter-event intervals between cases and 
controls within each of the three SB intensity groups. Results were similar in each stratum 
(analysis not shown), but further work with extreme subjects may be necessary.

 Although the results of our study suggest that the duration of inter-episode SB intervals 
is not the “key factor” in the explanatory model of TMD pain, the quality of “rest intervals” 
still may play a role in the etiology of myofascial TMD pain. Previously, the analysis of EMG 
activity occurring outside of defined SB and other motor events showed that the levels 
were significantly higher in myofascial TMD patients compared to non-TMD controls[44]. 
These long-lasting periods of elevated EMG activity between SB episodes could play 
a role in inadequate muscle recovery and eventually lead to persistent jaw-muscle pain. 
This suggestion is in line with the modified stress-hyperactivity-pain theory proposed by 
Ohrbach and McCall, which focused on chronic low-grade hyperactivity.

The fact that sleep background EMG activity was significantly higher for woman with 
myofascial TMD pain than for control woman rises a question about the thresholds used 
to define SB events. The background EMG activity is routinely used as the threshold to 
identify SB activity. One can speculate that using that threshold, which is significantly 
higher for pain participants than for controls, could introduce a bias. The higher threshold 
could lead to inclusion of less SB episodes in the case group than in the control group, 
which may have compromised the outcomes of the study. The alternative for the threshold 
based on background EMG activity would be the one based on percentages from the 
maximum voluntary contractions (MVC), as proposed by Lavigne et al.[3]. However, using 
this threshold in myofascial TMD-pain participants may also introduce a bias. Participants 
with pain in their jaw muscles could try to avoid more pain during function and therefore do 
not express maximum bite force during the MVC recording. Further research is needed to 
establish the most reliable threshold for EMG activity during sleep, when participants with 
jaw-muscle pain are investigated. 

Given these limits, current data fail to support the idea that TMD pain can be explained by 
increasing number of SB episodes per hour of sleep or decreasing time between SB events.
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Abstract 

Objectives: Sleep bruxism (SB) is considered to play an important role in the provocation 
of temporomandibular disorder (TMD) pain. However, clinical studies investigating this 
relation yielded contradictory results. These contradictory results can, at least in part, be 
explained by a possible influence of TMD pain on SB activity. The aim of this experimental 
study was to assess the effect of TMD pain on SB. 

Materials and Methods: Nine male participants with clinical signs of SB underwent two 
subsequent baseline ambulatory polysomnographic (PSG) recordings before undergoing an 
experimental pain provocation protocol. 32-hours after the pain provocation part a third 
ambulatory PSG recording was obtained to study the effect of pain on SB.

Results: Decrease for all bruxism parameters was found between the recording after the 
provocation part and the second baseline recording.

Conclusions: Experimentally induced TMD pain causes a reduction in SB activity in 
healthy individuals.
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Introduction

Bruxism is defined as a repetitive jaw-muscle activity characterized by clenching or 
grinding of the teeth and/or by bracing or thrusting of the mandible[1]. It has two circadian 
manifestations occurring either during wakefulness (wake bruxism) or sleep (sleep bruxism). 
Among other oral parafunctions, sleep bruxism (SB) is considered very common in the 
general population, with a self-reported prevalence of up to 41%[2]. 

In the everyday dental practice, SB has been for many years commonly considered as 
a major risk factor for temporomandibular disorders (TMD)[3]. TMD is a collective 
term embracing a number of clinical problems of the musculoskeletal structures of the 
masticatory system[4]. The most frequently reported symptom of TMD is pain, which 
usually aggravates during masticatory function[5]. The origin of this pain most often lies in 
the masticatory muscles [6].

The assumption that SB is an important contributor for developing chronic jaw-muscle pain 
was tested in a number of studies that investigated an one-way relation between the oral 
parafunction and the TMD condition. Most of these studies had a cross-sectional design and 
led to contradictory conclusions regarding the association between SB and TMD pain [7, 8]. 
Based on self-reports, bruxism has been found to be strongly associated with TMD pain.

In contrast, studies that used tooth wear as a manifestation of bruxism failed to prove an 
association with TMD pain[9, 10].

Currently, polysomnography (PSG) with simultaneous audio/video recording is considered 
the most accurate method to diagnose SB[11, 12]. Studies that used PSG for setting the 
diagnosis of SB yielded contradictory results regarding its association with TMD pain: some 
found a positive association[13], while others detected either no association[14] or even a 
negative one[15, 16].

These diverging results from studies on the SB-TMD association can, at least in part, be 
explained by the fact that previous studies dealt with patients with SB who suffered from TMD 
pain at the same time. Such a long-standing musculoskeletal pain, that fluctuates over time in 
presence and intensity, may have varying effects on jaw-muscle activity. There are two major 
but conflicting theories aiming to explain the association: the Vicious Cycle Theory[17] and the 
Pain Adaptation Model[18]. Nowadays, the pain adaptation model is considered to explain such 
effects best, suggesting that muscle pain leads to a decrease in muscle activity. However, there 
is still no common agreement on the effects of pain on muscle activity, leading to theories 
aiming to improve the extrapolation of these models (Integrated Pain Adaptation Model;[19]).  
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The aim of the present study was to assess how experimentally provoked TMD pain, caused 
by masticatory muscles’ overloading, affects SB. We hypothesized that experimentally 
induced jaw-muscle pain would lead to decreasing jaw-muscle activity during sleep.

Materials and Methods

Participants
The following inclusion criteria were used to recruit study participants: self-report of 
presence of SB and presence of clinical signs of SB viz., muscle hypertrophy, hyperkeratosis 
of the tongue and cheek mucosa, tongue and lip impressions, tooth attrition, and/or 
matching wear facets on the teeth.

Participants were excluded when a shortened dental arch was present, because this would 
hinder wearing a protection splint during the pain provocation part of the protocol; when 
sleep disorders other than SB were present; when they used on a regular basis painkillers 
or medications that have a known influence on sleep structure or SB (e.g., selective 
serotonin re-uptake inhibitors, anti-Parkinson medications); when TMD pain was present; 
when smoking more than 5 cigarettes per day or drinking more than 2 glasses of wine or 
equivalent alcoholic drinks per day; and/or when using a dental splint at night[20, 21].

Participants were also excluded from the study in case they had less than 4 bruxism episodes 
per hour of sleep [11]. This exclusion parameter was assessed after the second ambulatory 
polysomnographic recording (see below). Patients were also excluded if no jaw-muscle pain 
was present thirty-two hours after the experimental jaw-muscle pain provocation exercises.

To calculate sample size “G power” software was used[22]. The following values to calculate 
sample size were used: Standard deviation for bruxism episodes per hour of sleep was 2[23], 
the significance level was 0.05, the power was 0.8, the clinically relevant difference was 3 
episodes per hour of sleep. This resulted in a sample size of 10.

In total, twenty-three male participants who self-reported sleep bruxism were screened. 
Twelve of them demonstrated clinical signs of sleep bruxism and agreed to participate in the 
study. The main reason for drop out at this stage was unwillingness to continue participation 
due to the complicated and time-consuming design of the study.

Further, one participant was excluded after the second PSG recording due to too few (1.9) 
SB episodes per hour of sleep, and another two were excluded thirty-two hours after the 
pain provocation test because no jaw-muscle pain could be recorded.
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Data from nine male volunteers (mean age±SD: 29.2±5.7; range:21-42 years) who fulfilled 
all inclusion criteria were used for the analysis. All participants were in good health. For 
all of them the diagnosis of SB, graded as “probable”, according to the diagnostic grading 
system for SB [1] was established. During the intake procedure, all participants were 
examined according to DC\TMD guidelines and no TMD pain diagnosis was established. 
The DC\TMD protocol was supplemented by dynamic and static pain tests[24]. These tests 
investigate possible pain from the masticatory muscles and/or temporomandibular joints 
by performing mandibular movements and static muscle efforts. During dynamic tests, the 
joint moves over its full range of motion against a slight manual resistance. During static 
tests, mandibular joints are held in place while the muscle exerts a high force. At baseline all 
dynamic and static tests were negative.

The DC/TMD examination was performed by the same examiner (KM) for all participants. 
The examiner was extensively trained for DC/TMD protocol by a calibrated examiner (MK).

The study protocol was approved by the Medical Ethical Committee of the VU Medical 
Center (file number 2014/179). All subjects signed an informed consent form and received 
a non-pecuniary compensation (viz., an appointment for professional mouth cleaning and 
protection splint in case it was indicated) for their participation.

Procedure
At intake, an oral history was taken and a set of questionnaires was administered, including 
amongst others a standard Dutch medical questionnaire and the Dutch version of the 
Sleep Disorders Questionnaire (SDQ). In addition, a clinical examination was performed 
according to the DC/TMD protocol[25] and supplemented by dynamic and static pain 
provocation tests[24].

Following the intake procedure, the selected bruxers were invited to sleep with an 
ambulatory polysomnographic (PSG) device for two consecutive nights. Those of them 
who had at least 4 SB episodes per hour of sleep based on PSG analysis, underwent an 
experimental provocation protocol for the jaw muscles. This protocol has been proven 
to cause delayed-onset muscle soreness (DOMS) with signs and symptoms leading to 
a TMD-pain diagnosis[26]. 32 hours after the provocation part, participants were again 
examined clinically and a third PSG recording was made. These procedures are described 
below in detail. 

Polysomnography (PSG)
Ambulatory PSG was performed using an Embla Titanium unit (Embla, Ontario, Canada) 
in the home environment of the participants for a total of three nights. The first two 
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consecutive recordings were used to confirm the presence of SB and to document the 
characteristics of SB before the experimental TMD-pain provocation part (baseline). The 
third recording was performed 32 hours after the provocation part to measure the SB when 
TMD-like pain was present.

The entire montage was performed in each participant’s home. Participants were connected 
to the PSG device around 20:00 time. The recordings were made from approximately 22:30 
to 7:00. Time of the recordings were closely adjusted to the participant’s usual sleep time.

The electrodes for the PSG recordings were placed according to the protocol recommended 
by the American Academy of Sleep Medicine[27]. The montage protocol consisted of the 
following recordings:
a. Electroencephalography (EEG; F3, C4, O1, M1, M2);
b. Electro-oculography (EOG; right and left);
c. Electromyography (EMG; right masseter muscle; submental area).

The right masseter EMG signal was recorded at 512 Hz and filtered (Embla Titanium; 50 Hz 
notch; 3 Hz high pass; 100 Hz low pass). No audio ⁄ video recordings were obtained.

Experimental TMD-pain provocation part
The provocation of experimental TMD pain was performed  thirty-two hours before the 
third PSG registration using the protocol described extensively by Türker et al.[28]. In 
short, a “custom-made” pain-provocation apparatus was used. Participants were sitting 
upright in a chair with an adjustable height, so that they could comfortably bite with their 
central incisors on the biting plates of the apparatus. During the provocation part, series of 
subsequent eccentric (opening while contracting the jaw closers) and concentric (“regular” 
closing) contractions of the jaw-closing muscles were performed in twelve sets of exercises, 
each lasting 5 min and with 1 min of rest in between. During the provocation part, the 
researcher repeatedly released the compression force of the apparatus, thus allowing the 
jaw-closing muscles to contract eccentrically.

During the provocation part, participants were constantly biting at a level of 25% of the 
baseline maximum voluntary contraction level of their right masseter muscle. The values of 
the EMG activity were displayed to the participant through visual feedback by the use of a 
voltmeter, with bipolar electrodes placed over the belly of the right masseter. 

In order to protect the teeth from possible damage, participants were wearing soft acrylic 
mouth guards (Bioplast, 125 mm, clear; Scheu Dental Technology, Iserlohn, Germany), made 
on individual plaster casts, on both dental arches throughout the entire provocation part. 
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Pain measurement
Participants were asked to rate the amount of jaw-muscle pain intensity on a questionnaire 
with a Numeric Rating Scale (NRS) every evening before the PSG recordings.  Thus, a total 
of three NRS scores were obtained. Moreover, thirty-two hours after the provocation part, 
a standardized clinical examination of the masticatory muscles and joints, according to the 
DC/TMD criteria supplemented by dynamic and static pain test, was performed in order to 
evaluate the presence of jaw-muscle pain (see above: Procedure).

Data analysis
Before the PSG analysis, all registrations were coded to ensure that the examiner (KM) was 
blinded for the specific PSG recording under analysis.

Subsequently, all PSG recordings were analyzed with the use of RemLogic (Embla, 
Ontario, Canada) and Bruxism Detector (ACTA, Amsterdam, The Netherlands; custom-
made) software. The analyses consisted of two parts: a sleep analysis and a SB analysis. The 
sleep analysis was performed to exclude sleep disorders other than SB in addition to the 
SDQ (see above), to determine any abnormalities in sleep structure, and to enable the 
sole inclusion of masticatory muscle activities during actual sleep in the analysis of SB. 
Using 30-s epochs, all sleep analyses were carried out automatically and checked manually 
according to the criteria described in The American Academy of Sleep Medicine Manual 
for the Scoring of Sleep[27]. Total sleep time and percentage of time spent in each sleep 
stage were calculated.

As a first step in the analysis of SB, the sleep stages and the EMG signal from the right 
masseter were transferred from RemLogic to Bruxism Detector software, using European 
Data Format (EDF). Bruxism Detector is a custom-made software that uses clinical 
research diagnostic criteria for SB (RDC/SB) proposed by Lavigne et al.[11] to quantify 
rhythmic masticatory muscle activity (RMMA) episodes. The EMG signal was low-pass 
and high-pass filtered (100 Hz and 5 Hz, respectively). During the next step, periods of 
increased EMG activity were detected using a threshold of three times above the noise 
level.  During the last step, SB outcome variables, presented as the number of bruxism 
episodes per hour of sleep (Epi hˉ¹), the number of bursts per hour of sleep (Bur hˉ¹), 
and the bruxism time index (BTI: the percentage of total sleep time spent bruxing) were 
calculated, and only the outcome variables detected during sleeping periods, were used in 
the analyses. All analyses were manually checked.

Statistics
The non-parametric Friedman test was used to analyze the data. First, it was verified 
whether there were natural fluctuations in jaw-muscle activity across the nights, using the 
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SB data of the first two PSG recordings. Subsequently, it was tested whether there was a 
significant difference in SB activity between the night before and after the provocation 
part, comparing the data of the second and third PSG recordings. Statistical analysis was 
performed using IBM SPSS Statistics 23 software (IBM Corp., Armonk, NY, USA).

Results 

Thirty-two hours after the DOMS provocation test, five participants reported pain graded 
as 1 on the 11 points NRS, three participants graded pain as 2 and one graded his pain as 
8. For all of them, the diagnosis of myalgia could be established based on the DC/TMD 
protocol. They also responded positively with pain during both the dynamic and static tests. 
All nine participants described the pain during the test as mild and familiar to the pain they 
experienced after the provocation.

Based on the PSG recordings, all hypnograms (two baseline recordings and the recording 
32 hours after the jaw-muscle pain provocation) had a normal structure. Table 1 shows the 
mean values of the sleep variables. 

Table 1. Descriptive statistics (mean ± SEM) of the standard sleep variables of the two baseline nights and 
the night 36 hours after experimental jaw-muscle pain provocation.

Sleep variable Night 1 Night 2 Night 3 P (N1-N2) P (N2-N3)

Total sleep time (min) 456 ± 25.7 473 ± 29.4 443 ± 21.2 0.37 0.21

Proportion of sleep (%)  

Awake 5.3 ± 1.2 3.3 ± 1.9 4.2 ± 2.8 0.58 0.44

Stage 1 3.0 ± 1.1 5.9 ± 3.1 1.7 ± 1.5 0.61 0.93

Stage 2 53.8 ± 6.2 56.1 ± 4.9 61.6 ± 9.4 0.18 0.59

Stage 3 20.9 ± 4.5 18.5 ± 1.4 17.8 ± 3.6 0.32 0.27

REM 17.1 ± 2.1 16.1 ± 4.4 14.8 ± 3.9 0.76 0.82

The SB variables are presented in Table 2. The Friedman tests showed that there was 
no difference between the two PSG recordings made at baseline (first and second 
PSG recordings; p=0.26-0.74). In contrast, after the pain provocation test (third PSG 
recording), a decrease for all SB parameters was recorded compared with the measurements 
of the second baseline PSG recordings (p=0.01-0.03).



57

4

Table 2. Sleep bruxism variables (median; 1st and 3rd quartiles, p-values based on Friedman test) of the two 
baseline nights and the night 36 hours after experimental jaw-muscle pain provocation.

Bruxism Night 1 Night 2 Night 3 P (N1-N2) P (N2-N3)

Epi hˉ¹ 9.2      (7,8-12,7) 9.7     (7.3 - 13.5) 7.02 (5.7 - 10.2) 0.74 0.03

Bur hˉ¹ 66.7    (47.7 - 79.9) 75.2   (45.1 - 99.5) 51.1 (36.5 - 70.1) 0.32 0.01

BTI 2.2      (1.6 - 2.4) 2.0      (1.4 - 2.7) 1.7   (0.9 - 2.1) 0.48 0.01
The decrease in SB activity varied among participants: for three of the participants, there was < 15% decrease 
in Epi h-1, for four participants there was a decrease between 15% and 50%, while for 2 participants there was 
> 50% decrease (Figs. 1-5).

Fig. 1. Difference in SB activity measured by Epi hˉ¹ 
between first and second night (%).

Fig. 2. Difference in SB activity measured by Epi 
hˉ¹ between second and third night (%).

Fig. 3. Individual difference in SB episodes between first, second and third night.
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Fig. 4 Individual difference in SB bursts between first, second and third night
 

Fig. 5 Individual difference in SB time index between first, second and third night
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Discussion

The aim of the present study was to assess how experimental TMD pain, caused by 
masticatory muscles’ overloading, affects SB. We hypothesized that experimentally-
induced jaw-muscle pain would lead to decreasing jaw-muscle activity during sleep. To that 
end, we provoked TMD-pain using a previously published protocol in pain-free bruxers, 
and recorded the SB activity in the absence (before provocation) and presence (after 
provocation) of pain. Our results confirmed our research hypothesis, because a decline in 
SB activity was found for all nine participants who experienced jaw-muscle pain after the 
pain provocation tests. 

The effect of pain on jaw-muscle activity has been a subject of interest in previous 
experimental studies as well. The results of these studies were contradictory: some showed 
an increase in muscle activity in response to pain[29], while others detected either no[30] 
or a negative effect of pain on jaw-muscle activity[31].  These previous studies either used 
intramuscular injections (e.g., with capsaicin) to provoke the pain in humans[30] or were 
performed in animals[29]. To the best of our knowledge, this is the first study in humans 
on the effects of experimentally provoked TMD-pain, due to muscle overloading, on SB. 

The provocation protocol used in the present study has been previously described in detail 
and tested in a group of 40 healthy participants. It was shown that a state of DOMS can be 
provoked in healthy individuals, with signs and symptoms that lead to the diagnosis of TMD 
pain[26]. The advantage of this protocol, in contrast to the experimental models provoking 
short-lasting acute pain like the injection of painful substances into the muscles, is the 
fact that the pain is longer lasting and is present for several hours after the provocation 
part. Moreover, this type of experimental pain mimics the signs and symptoms of clinical 
TMD pain better, as compared to pain caused by other experimental protocols, like 
intramuscular injections. That is because the study protocol involves actual tissue damage 
due to overloading. 

The way pain and muscle activity are related has been a matter of debate for several decades, 
leading to the publication of two major theories in order to explain this relation: the Vicious 
Cycle Theory[17] and the Pain Adaptation Model[18]. These two theories contradict each 
other. The Vicious Cycle Theory suggests that an initiating factor, which could be SB for 
example, causes pain that reflexively leads to muscle spasm. This spasm leads to further pain 
and dysfunction, thus completing and perpetuating the loop. However, the evidence that 
supports the Vicious Cycle Theory is until now limited[32, 33]. 
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The Pain Adaptation Model, on the other hand, suggests that muscle pain leads to a 
reduction in muscle activity of the painful muscles, aiming to protect the muscle system 
from further injury and, therefore, promote healing[34]. This model is commonly considered 
to explain most appropriately the effects of pain on muscle performance[19].  The reduced 
SB activity found after the experimental TMD pain was provoked, is in accordance with the 
Pain Adaptation Model. The pain causes a decrease in the muscle activity most probably 
in order to protect the muscles from further damage. This is in agreement with previous 
studies that found that in patients with TMD pain, the PSG-recorded bruxism is decreased 
compared with healthy controls[14].

The following possible limitations of this study should be kept in mind. First, even though 
we used a provocation protocol inducing longer lasting TMD pain compared with other 
pain-provocation modalities, this pain still has an acute nature because it disappears after 
one week. TMD pain though, is a chronic condition. It is likely that the relationship between 
chronic TMD pain and SB is more complex than just a linear association, and also that other 
factors, such as general health, genetics and psychological status, may play an important 
role in the association under study[35]. 

Second, TMD pain has a higher prevalence in women[36]. In this study, we provoked jaw-
muscle pain in male volunteers in order to exclude the possible effects of cycle-dependent 
hormonal fluctuations on pain perception[37]. This limits the generalizability of our findings 
to the general TMD-pain population. It could also be interesting to investigate the possible 
gender differences in the association between TMD pain and SB, and whether hormones or 
other gender-related factors play a role in this association.

Third, even though we found a significant difference in SB activity before and after the 
provocation of experimental TMD-pain on the group level, the individual participants 
reacted differently to the presence of pain. One participant showed a decrease of about 
90% in SB activity, while another one demonstrated almost no changes in SB characteristics 
over the course of the three nights (see Results and Figs. 1-5). Considering an unusually 
low number of SB activity recorded for participant #3 (see Figs. 1-5) during the third night 
registration we checked whether his exclusion would provide a different study outcome. The 
difference between second- and third-night registrations still remained significant.

Hence, due to the high variation of the individual reactions to jaw-muscle pain and the 
small size of the group, the extrapolation of our results to the population should be done 
with caution. Moreover, this variation could be an explanation why some patients develop 
chronic pain while others do not. One can speculate that a decrease of 90% in SB activity 
as a response to muscle damage leads to adequate protection from further injury and 
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promotes healing. In contrast, it is unclear whether a decrease in muscle activity of, e.g., 
15% is enough to protect damaged muscle tissue. It can be further speculated that some 
patients failed to “adjust” their jaw-muscle activity to the amount that is needed for the 
recovery, and therefore damage the muscles. This phenomenon could be similar to the 
overtraining syndrome that is known to occur in limb muscles after excessive training. 

Continuous low intensity load on the damaged limb muscle, such as walking, can cause a 
repetitive tissue trauma and lead to the development of chronic pain[38]. In our case, all 
participants were contacted one week after the provocation, and none of them reported 
any pain complaints. We also checked whether the variation in the decreased SB activity 
could be explained by the amount of pain that participants reported on NRS scale. The 
statistical analysis did not yield any significant results regarding a dose-response association 
(r= -.03, p= .92, based on Spearman’s correlation test).

Further, we recorded unusually high rates of SB episodes in our study (e.g., the average 
for the first two nights was nine SB episodes per hour of sleep). Previous studies that used 
sleep-laboratory environment with simultaneous audio\video registration demonstrated 
that the amount of sleep bruxism events per night is relatively low. For example, a previous 
study[39] showed that out of 146 participant who underwent two nights laboratory-based 
polysomnography registration only 76 participants (52%) had more than 1 SB episode per 
hour of sleep, and only 18 (13% of the studied sample) had more than four SB episodes per 
hour of sleep, fulfilling the criteria for the high SB intensity group. Studies that compared the 
outcome of ambulatory polysomnography registrations with laboratory based registrations 
have shown that the first one tends to overestimate SB[40]. With the absence of audio\
video recordings it is difficult to distinguish SB from other types of oromotor activities such 
as swallowing, lip sucking, chewing-like movements, etc. To counter the above-mentioned 
disadvantage of ambulatory polysomnography recording an additional registration channel 
can be used. For instance it has been documented that an increase in cardiac sympathetic 
activity ([41]) and an increase in breathing amplitude[42] precede SB. In future studies, 
registration of e.g. heart rate may improve the accuracy of scoring SB and may reduce false 
positive outcomes of ambulatory PSG recordings. The diagnostic validity of these additional 
methods to diagnose SB has however yet to be verified.

Last but not least, the way the threshold for SB is defined could introduce a potential 
bias when patients with and without jaw-muscle pain are compared. A previous study of 
Raphael et al., 2013[43] suggested that the levels of EMG activity occurring outside SB 
and other nocturnal motor events are significantly higher in patients experiencing TMD 
pain compared to pain-free controls.
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In fact, this background EMG activity is routinely considered as the threshold to define SB 
episodes. It can be therefore speculated that the thresholds used to identify SB activity in 
this study were significantly higher after the pain provocation exercise when compared to 
two nights baseline registrations. These higher thresholds recorded in the presence of pain 
would univocally lead to inclusion less SB episodes during the third night registration when 
compared to two base line registrations in the absence of jaw-muscle pain. The alternative 
threshold could be the one based on percentages from the maximum voluntary contractions 
(MVC), as proposed by Lavigne et al., 1996[11].

However, using this threshold in the presence of jaw-muscle pain could also introduce 
a bias. Participants could try to avoid pain during function and therefore do not express 
maximum bite force during the MVC registration at third night PSG recording when jaw-
muscle pain was present. Therefore, there is a need for further investigation of the most 
reliable threshold for studies which aimed to compare the jaw-muscle activity in TMD pain 
patients and pain-free individuals. 

In conclusion, our study suggests that experimentally induced TMD pain reduces SB activity, 
which is in line with the Pain Adaptation Model. It can be therefore expected that patients 
who experience TMD pain have less SB activity than pain-free individuals. Moreover, it can 
be assumed that eliminating jaw-muscle pain during treatment could increase SB activity. 
Further research should take into account that the interaction between TMD pain and SB 
is complex and caution in interpreting the results is required.
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Abstract

Aims:  To investigate whether a dose-response relationship exists between the intensity 
of pain-related temporomandibular disorders (TMDs) and the amount of self-reported 
bruxism activities in a group of TMD pain patients.

Methods:  768 patients referred to a specialized clinic for complaints of orofacial pain 
and dysfunction were initially enrolled in the study. From them, 293 patients who were 
diagnosed with at least one type of pain-related TMDs according to the Diagnostic Criteria 
for Temporomandibular Disorders were selected. The questionnaire-based reports of TMD 
pain intensity, assessed by an 11-point NRS, were subsequently compared with the reports 
of sleep bruxism (single question; 5-point Likert scale), and awake bruxism (average of six 
questions; 5-point Likert scale). Moreover, the possible confounding effects of depression, 
somatic symptoms, and anxiety were taken into account.

Results: The Spearman’s correlation test provided no significant correlation between 
the amount of self-reported sleep bruxism and TMD pain intensity. On the other hand, 
the amount of awake bruxism was positively correlated with the intensity of TMD pain. 
However, the latter correlation was lost when the model was controlled for the effects of 
depression.

Conclusion: The purported assumption that there is a dose–response gradient between 
bruxism and TMD pain, so that more bruxism leads to more overloading and thus to more 
pain, could not be justified.
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Introduction

Orofacial pain is the most common reason why patients seek help in a dental practice. 
Once the cause and contributing factors of this pain are identified, a treatment plan can be 
designed to eliminate the pain. In most cases, orofacial pain is related to dental diseases, often 
expressed by an identifiable tissue damage. In contrast, pain-related temporomandibular 
disorders (TMDs), the second most prevalent orofacial pain, have a chronic nature and 
are usually not directly associated with actual tissue damage[1]. Since TMD pain shares 
many features with other common chronic pain conditions, it is placed within the same 
biopsychosocial model currently used to study and manage such conditions[2, 3]. Pain-
related TMDs occur in approximately 10% of the population over age 18[1, 4, 5]. The origin 
of this pain most often lies in the masticatory muscles, and the pain aggravates during 
function[1].

Several factors have been suggested to play a role in the predisposition, onset, and 
maintenance of TMD pain. Among them is bruxism, a repetitive jaw-muscle activity that 
is characterized by clenching or grinding and/or bracing or thrusting of the mandible, 
occurring either during wakefulness (awake bruxism) or sleep (sleep bruxism)[6]. A number 
of studies on self-report or clinical bruxism diagnosis showed a positive association between 
bruxism and TMD pain[7]. Moreover, a commonly held view in the literature and clinical 
practice is that there is a dose–response relation between TMD pain and bruxism, i.e., more 
bruxism (intensity, duration) would lead to more overloading and therefore to more pain[8].

However, one should keep in mind that most studies on this topic used binary data (no/
yes) in order to assess the presence of bruxism, the presence of TMD pain, or both. This 
precludes drawing the conclusion whether a dose–response relationship exists between 
self-reported bruxism and TMD pain. In an attempt to see if a dose-response relationship 
exists between the amount of self-reported bruxism activities and the intensity of self-
reported TMD pain, van der Meulen et al. conducted two studies[9, 10]. The outcomes of 
these studies suggested no clinically relevant relationships between the amount of bruxism 
activities and of TMD pain intensity. However, it cannot be ruled out that also patients with 
other forms of orofacial pain were included in these studies.

Therefore, the aim of the present study was to investigate whether a dose-response 
relationship exists between the intensity of pain-related temporomandibular disorders 
(TMDs) and the amount of self-reported bruxism activities in a group of TMD pain patients. 
To that end, a clinical diagnosis of TMD pain was set according to the Diagnostic Criteria for 
Temporomandibular Disorders (DC/TMD)[11]. In addition, regarding bruxism, a distinction 
was made between sleep bruxism and awake bruxism.
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The hypothesis was that a positive dose-response association would be found between 
both types of bruxism (awake and sleep) on the one hand and the intensity of TMD pain 
on the other. Since psychological factors are generally believed to play a role in TMD-
pain experience as well[12, 13], the possible confounding effects of depression, somatic 
symptoms, and anxiety were taken into account. 

Material and methods 

Participants
Participants were selected among patients who attended the Clinic for Orofacial Pain and 
Dysfunction of the Department of Oral Kinesiology at the Academic Centre for Dentistry 
Amsterdam (ACTA), The Netherlands. Reasons for referral to this clinic were complaints 
in the orofacial area (including TMD pain), bruxism, tooth wear, and/or sleep apnea. The 
recruitment period was between September 2013 and June 2015.

Data collection 
Prior to the first clinical visit, all patients had to complete a digital diagnostic questionnaire. 
Among others, this questionnaire contains various instruments derived from the Axis 
II protocol of the DC/TMD[11], which includes screening tools for pain intensity, pain-
related disability, psychological distress, jaw functional limitations, parafunctional activities 
(including bruxism), and the presence of comorbid pain conditions. At the time of data 
collection, all patients were informed through the ACTA website that their data could be 
used anonymously for research that is not regulated by the Dutch law for Medical Research 
Involving Human Subjects Act (WMO) i.e. medical interventions for research purposes. If 
patients did not want their data to be used for research purposes, it was clearly indicated 
that they could inform their dentist; this would not influence the care of that patient in any 
way. Furthermore, the internal ethical committee pronounced the study to comply with the 
ethical research code of conduct at ACTA, and that the patient data could be used in this 
retrospective medical file study.

As part of the clinical examination, palpation of the masticatory muscles and the 
temporomandibular joints was performed by dentists extensively trained in the DC/TMD 
Axis I protocol. A clinical diagnosis of TMD pain was based on information derived from 
both the screening instruments included in the DC/TMD Axis II protocol and the clinical 
examination implemented in the DC/TMD Axis I protocol[11]. TMD pain was considered 
present when at least one of the possible TMD-pain diagnoses according to the DC/TMD 
protocol was set: (local) myalgia, myofascial pain, myofascial pain with referral, headache 
attributed to TMD, or arthralgia[11]. All patients without any pain in the orofacial area as 
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reported in the digital questionnaire were excluded from the analyses. This was also done 
with all patients who initially reported orofacial pain in the questionnaire, but in whom a 
clinical diagnosis of TMD pain could not be established. No exclusion criteria were applied 
other than that all patients had to be at least 18 years of age.

Outcome variable 
The outcome variable consisted of the intensity of clinically diagnosed TMD pain, derived 
from the three questions that assess orofacial pain intensity (pain right now, worst pain, and 
average pain; Graded Chronic Pain Scale)[11, 14]. The average of the three numeric rating 
scale (NRS) scores (0-10) was calculated and multiplied by 10 in order to give a 0-100 
score. 

Independent variable 
For measuring bruxism, the Dutch version of the Oral Behaviours Checklist (OBC) was 
used[15]. The OBC is a 21-item scale for identifying and quantifying the frequency of jaw-
overuse behaviours[16], and is implemented in the DC/TMD Axis II protocol[11].

The following item was used to record the intensity of sleep bruxism: “Clench or grind 
teeth when asleep, based on any information you may have”. The possible response options 
ranged between 0 (“none of the time”) and 4 (“4-7 nights per week”).

To assess any awake bruxism behaviour, the following six questions were used: 1. “Grind 
teeth together during waking hours”; 2. “Clench teeth together during waking hours”; 3. 
“Press, touch, or hold teeth together other than while eating (that is, contact between 
upper and lower teeth)”; 4. “Hold, tighten, or tense muscles without clenching or bringing 
teeth together”; 5. “Hold or jut jaw forward or to the side”; and 6. “Hold jaw in rigid or 
tense position, such as to brace or protect the jaw”. The possible response options ranged 
between 0 (“none of the time”) and 4 (“all of the time”). Of the six 5-point [0-4] Likert 
scale scores, the average was calculated.

Potential confounding variables
Since it is generally acknowledged that psychological maladjustment plays an important 
role in both the first-onset and the presence of TMD pain[12, 13], it was decided to adjust 
for the potential confounding effects of psychological factors. To that end, three Axis II 
instruments were used in order to obtain a more comprehensive assessment of psychological 
functioning of the participants[11]. This assessment uses the Patient Health Questionnaire 
(PHQ)-9 to screen for depression. As a depression severity measure, the PHQ-9 score 
was calculated by assigning scores from 0 (“not at all”) to 3 (“nearly every day”) to the nine 
items (range between 0 and 27).
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To assess somatic symptom severity, the PHQ-15 was used. The PHQ-15 consists of a list 
of 15 somatic symptom clusters that account for more than 90% of all physical complaints. 
Each symptom is scored from 0 (“not bothered at all”) to 2 (“bothered a lot”), and the 
total score ranges from 0 to 30. Finally, for screening for anxiety, the Generalized Anxiety 
Disorder-7 (GAD-7) was used. The total anxiety score (range 0-21) was made up by adding 
together the scores of all seven items (0 = “not at all” to 3 = “nearly every day”).

Data analysis
Summary statistics were performed to examine the means and standard deviations for the 
ordinal variables; for the dichotomous variable gender the frequency counts are given. 
First, the interrelations between sleep bruxism, awake bruxism, pain intensity, and the DC/
TMD axis II variables ‘depression’, ‘somatic symptoms’ and ‘anxiety’ were assessed using 
Spearman’s correlation coefficients. Subsequently, in order to test the hypothesis that an 
association exists between the intensity of clinically diagnosed TMD pain and the amount of 
self-reported sleep and awake bruxism, controlled for the potential confounding effects of 
depression, somatic symptoms, and anxiety, partial Spearman correlations were calculated. 
All analyses were conducted using the IBM SPSS Statistics 24 software package (IBM 
Corp, Armonk, NY, USA). Probability levels of less than 0.05 were considered statistically 
significant.

Results

Initially, 768 patients were included in the study. After removal of 326 patients without any 
pain in the orofacial area, and 149 patients who did report orofacial pain in the questionnaire 
but in whom no clinical TMD pain diagnosis was established, the final sample consisted of 
293 patients who were all diagnosed with at least one type of pain-related TMDs. Eighty-
six percent of those patients were woman, and the mean age of the participants was 40.3 
years (SD 14.7; range 18 – 76). The descriptive statistics (mean and standard deviation) for 
sleep bruxism, awake bruxism, pain intensity, somatic symptoms, depression, and anxiety 
are shown in Table 1.

The Spearman’s correlation tests provided no significant correlation between the amount 
of self-reported sleep bruxism and TMD pain intensity (Table 2). On the other hand, the 
amount of awake bruxism was positively correlated with the intensity of TMD pain. 

Even though the relationship between sleep bruxism and TMD pain intensity turned out to 
be non-significant, the partial Spearman correlations were calculated taking into account 
any confounding effect of the three psychological factors. Again, no relationship was 
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found between both factors as shown in Table 3. For awake bruxism, the initial significant 
correlation with pain intensity was lost when the model was controlled for the effects of 
depression. On the other hand, the correlation of awake bruxism with intensity of TMD 
pain remained significant after controlling for somatic symptoms and anxiety.

Table 1. Mean ±Standard Deviation (SD) scores for sleep bruxism, awake bruxism, pain intensity, somatic 
symptoms, depression, and anxiety as reported by the 293 patients who were clinically diagnosed with 
pain-related TMDs.

Mean SD

Sleep bruxism (0 – 4) 2.53 1.71

Awake bruxism (0 – 4) 1.45 0.89

Pain intensity (0 – 100) 57.95 20.45

Somatic symptoms (0 – 30) 9.56 5.06

Depression (0 – 27) 6.20 5.30

Anxiety (0 – 21) 4.67 4.63

Table 2. Spearman’s rho correlations (r) between sleep bruxism, awake bruxism, pain intensity, somatic 
symptoms, depression, and anxiety.

Sleep bruxism Awake bruxism Pain intensity

r P r P r P

Sleep bruxism - - 0.529 <.001 0.055 .350

Awake bruxism 0.529 <.001 - - 0.183 .002

Pain intensity 0.055 .350 0.183 .002 - -

Somatic symptoms 0.142 .015 0.220 <.001 0.328 <.001

Depression 0.153 .009 0.276 <.001 0.319 <.001

Anxiety 0.186 .001 0.284 <.001 0.262 <.001
P = P value
Both types of bruxism were positively correlated with somatic symptoms, depression, and anxiety.

Table 3. Partial Spearman’s rho correlations between sleep bruxism and TMD pain, and between awake 
bruxism and TMD pain, when controlled for the potential confounding effects of somatic symptoms, 
depression, and anxiety.

Correlation sleep bruxism – pain intensity Correlation awake bruxism – pain intensity

Controlled for: r P r P

Somatic symptoms -0.015 .795 0.124 .036

Depression -0.011 .857 0.093 .113

Anxiety -0.001 .987 0.130 .027
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Discussion 

This study aimed to examine whether there was a dose-response relationship between the 
amount of self-reported bruxism and intensity of self-reported TMD pain in a group of 
patients clinically diagnosed with TMD pain. To that end, the questionnaire-based reports 
of TMD pain intensity, assessed by an 11-point NRS scale (0-10), were compared with the 
reports of sleep bruxism (single question; 5-point Likert scale [0-4]) and awake bruxism 
(average of six questions; 5-point Likert scale [0-4]). A positive correlation was found 
between the amount of awake bruxism activities and intensity of self-reported TMD pain. 
This correlation remained significant when the effects of somatic symptoms and anxiety were 
taken into the account. However, depression had a confounding effect on the correlation 
between amount of awake bruxism and intensity of TMD pain, because significance was lost 
after this factor was included in the model. The Spearman’s correlation test indicated that 
the amount of self-reported sleep bruxism was not correlated with intensity of TMD pain.

Bruxism is assumed to have destructive effects on the oral structures, like tooth wear and 
dental restoration/implant fracture/failure[6, 17, 18]. At the same time, overloading of the 
masticatory structures due to clenching and grinding of the teeth is frequently suggested 
as a causative factor of pain-related TMDs[7, 19]. Surprisingly, even though it is clinically 
plausible that these phenomena are causally related, the assumed cause–effect relationship 
between bruxism and TMD pain is still controversial in the literature[8, 20].

So far, most studies that used polysomnography to diagnose sleep bruxism failed to prove 
an association between this behaviour and TMD pain[21, 22]. In fact, the evidence regarding 
an association between sleep bruxism and TMD pain mainly comes from questionnaire 
studies[23-25].

However, studies using self-report or a clinician-report of bruxism activities are potentially 
biased. The patients’ desire to explain the presence of their jaw-muscle pain resulting from 
the simple and therefore very clear and attractive load-damage etiological model of muscle 
pain could influence self-reported bruxism behaviour. This was demonstrated in the study 
by van der Meulen et al, in which the majority of patients thought that their bruxism was 
a factor causing their facial pain[10]. Also a treating clinician’s etiologic model has been 
shown to influence the patients’ reports of tooth grinding[26]. These beliefs might have 
played a role in the positive dose and response correlation between awake bruxism and TMD 
pain as found in the present study.

The fact that intensity of sleep bruxism was not correlated with intensity of self-reported 
TMD pain could, in turn, be due to the lack of awareness about the tooth-grinding behaviour 
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that happens when patients are asleep. It has been shown that awareness of sleep-related 
tooth grinding is highly unlikely to be a valid indicator of bruxism behaviour when compared 
with laboratory-based PSG recording[27].

The fact that the initial significant correlation of awake bruxism with TMD-pain intensity 
disappeared after controlling for depression highlights the importance of psychological 
factors on the presence and intensity of TMD pain. Psychological factors not only play a 
profound role on the presence of pain-related TMDs[13, 28], but considerable research has 
also indicated that they are associated with bruxism activities as well[29, 30]. From this 
point of view, erroneous relationships between bruxism and TMD pain may occur due to 
confounding of psychological comorbidity, meaning that the obtained results do not reflect 
the actual relationship between the variables under study. Indeed, the observed relationship 
between awake bruxism and TMD pain turned out to be false as a third, confounding variable 
(viz., depression) explained a large part of the correlation between the first two variables. 
Depression is a powerful emotional condition that affects the patient’s pain experience[31]. 
At the same time, patients with chronic pain are at increased risk for emotional disorders 
(such as anxiety and depression)[32]. Therefore, it is highly recommended to include such 
disorders as possible confounders in future studies to the association between bruxism and 
TMD pain.

In future research, it would be interesting to see how medication use would affect the dose-
response association under study. A significant amount of medication types is prescribed 
nowadays, with some of them having a possible effect on pain perception, psychological 
status, or both. This can potentially modify the outcome of the study. 

It would be also interesting to study the potential dose-response associations between 
intensity of self-reported bruxism activities and intensity of TMD pain, taking in to 
account specific TMD diagnoses. It can be speculated that potential overloading due to 
parafunctional activities would have different effects on the different anatomical structures 
(viz., pain originating from the muscle tissues, TMJ cartilage, or capsule).

Based on the present results, the following conclusions can be drawn. First, there was no 
significant correlation between the amount of self-reported sleep bruxism and intensity of 
pain-related temporomandibular disorders. Second, even though the results of the study 
initially suggested that there was a positive dose-response association between the amount 
of self-reported awake bruxism and the intensity of TMD pain, this association disappeared 
when controlled for the confounding effect of depression. Hence, the purported assumption 
that there is a dose–response gradient between bruxism and TMD pain, so that more 
bruxism leads to more overloading and thus to more pain, could not be justified.
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Abstract

Aims: To investigate whether pain-related temporomandibular disorders (TMDs) are the 
product of an interaction between psychological factors and self-reported bruxism activities.

Methods: Prior to the first clinical visit, patients referred to a specialized clinic for complaints 
of orofacial pain and dysfunction completed a digital questionnaire. The dataset was then 
split into a case group consisting of 268 patients diagnosed with TMD pain according to 
the Diagnostic Criteria for Temporomandibular Disorders (85.8% women; mean ± SD age 
= 40.1 ± 14.5 years), and a control group consisting of 254 patients without any pain in 
the orofacial area (50.8% women; 46.9 ± 13.6 years). The possible moderating roles of six 
psychological factors (viz., depression, somatic symptoms, anxiety, stress, optimism, and 
prior psychological treatment) were examined on the relationship between self-reported 
bruxism and the clinical presence of TMD pain.

Results: Patients with TMD pain reported significantly more bruxism when compared to 
patients without any report of orofacial pain. Furthermore, bruxism intensity was associated 
with a variety of psychological factors. However, there were no significant interactions 
between any of the psychological factors and bruxism with respect to the clinical presence 
of TMD pain.

Conclusion: The hypothesis that the effect of bruxism on TMD pain is stronger for those 
patients who experience higher levels of psychological distress compared to those with 
lower levels of distress could not be verified.
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Introduction

Dentists are frequently confronted with patients who suffer from chronic pain in the 
orofacial area. Upon exclusion of ‘true’ dental causes, like endodontic and periodontal 
problems, temporomandibular disorders (TMDs) represent the most frequent orofacial 
pain condition, occurring in approximately 10% of the population over age 18[1-3]. Pain-
related TMDs can originate from the temporomandibular joints, but more frequently the 
masticatory muscles are involved[4, 5]. Virtually all studies that assessed age-specific 
prevalence rates for TMD pain reported that this type of pain is primarily a condition of 
young and middle-aged adults, and that it declines in frequency after about 45 years of 
age[1, 6]. In addition, most studies mentioned that the risk of being diagnosed with TMD 
pain is higher for women than for men, with proportions varying from two to six women for 
each man[1, 6, 7].

In line with the perspective that pain-related TMDs must be envisaged within a 
biopsychosocial model of illness[8, 9], a variety of psychological characteristics (such as 
stress and anxiety) and social characteristics (such as the role of family and environment) 
have been suggested to play a role in the development and/or maintenance of TMD pain[1, 
9]. From a more biological point of view, parafunctional activities of the masticatory system 
and oral habits, such as teeth grinding or jaw clenching (i.e., bruxism), biting on pens or 
pencils, and gum chewing are thought to create an overload of the masticatory system, 
thus causing TMD pain[10, 11]. However, no single risk factor has yet been identified as 
a necessary or sufficient cause for the development of TMD pain. On the contrary, it 
has been suggested that TMD pain can be the result of mutually interacting physical and 
psychological factors[12, 13]. Unfortunately, evidence that sustains this suggestion is still 
lacking. This might be due to the fact that most studies that investigated the etiology of 
TMD pain focused on documenting bivariate associations only (i.e., relationships between 
an independent variable and the outcome variable), instead of looking for other variables 
that modify such relationships (mathematically indicated as interactions). 

As psychological factors not only play an important role in the presence of pain-related 
TMDs[9, 14], while at the same time being associated with bruxism activities as well[11, 15], 
it can be speculated that psychological factors alter the strength of the relationship between 
bruxism and TMD pain. For example, this would imply that the effect of bruxism on TMD 
pain is stronger for those patients who experience a lot of distress compared to those with 
lower levels of distress. In order to test this assumption, the effect of the interaction term 
between physical and psychological factors on TMD pain has to be investigated. Therefore, 
the aim of the current study was to investigate whether the presence of TMD pain is the 
result of an interaction between psychological factors and self-reported bruxism activities. 
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Material and methods

Participants
Between September 2013 and March 2015, participants were recruited from patients with 
complaints in the orofacial area, and who were referred to the specialty University Clinic for 
Orofacial Pain and Dysfunction of the Department of Oral Kinesiology at the Academic 
Centre for Dentistry Amsterdam (ACTA), The Netherlands. Reasons for referral to this 
clinic are orofacial pain complaints (including TMDs), bruxism, tooth wear, and/or sleep 
apnea. 

Data collection 
Prior to the first clinical visit, all patients were asked to complete a digital questionnaire. 
Among others, this questionnaire contains various screening instruments derived from the 
Axis II protocol of the newly recommended Diagnostic Criteria for Temporomandibular 
Disorders (DC/TMD)[16]. Among others, these screening instruments assess pain intensity, 
pain-related disability, psychological distress, jaw functional limitations, parafunctional 
activities (including bruxism), and the presence of comorbid pain conditions. The digital 
questionnaire also collects contextual information like the status of the patients’ general 
health and previously received treatment. Since the original Axis II protocol is in the 
English language, it was translated into Dutch following strict guidelines as outlined on 
the website of the International RDC/TMD Consortium Network, available at www.rdc-
tmdinternational.org. 

After verifying that the pain complaint as reported in the digital questionnaire was located 
in the orofacial area, palpation of the masticatory muscles and the temporomandibular 
joints was performed. Following the use of the diagnostic algorithms implemented in 
the DC/TMD Axis I protocol, a clinical diagnosis of TMD pain was established[16]. Since 
the TMD pain algorithm requires that any pain provoked with palpation or opening must 
be familiar pain (i.e., pain similar or like the patient’s pain complaint), the patients were 
asked whether they experienced any pain during the clinical tests, and if so, if this was 
the familiar pain they sought help for[17, 18]. The clinical examinations were performed 
by dentists extensively trained in the DC/TMD Axis I protocol. To that end, a DC/TMD 
training, calibration and reliability session was organized at ACTA in June 2013, provided by 
an official DC/TMD trainer. On that occasion, three members of the staff were calibrated 
in the DC/TMD, after which all dentists working in the clinic were trained in DC/TMD in 
order to achieve reliable and comparable diagnostic results.
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At the time the data was collected at the specialty University Clinic of ACTA, all patients 
were informed through the ACTA website that their data could be used anonymously 
for research that is not regulated by the Dutch law Medical Research Involving Human 
Subjects Act (WMO) i.e. medical interventions for research purposes. If a patient did not 
wish their data to be used, it was clearly indicated that they could inform their dentist that 
they wanted their data not to be used for research purposes; this would not influence the 
care of that patient in any way. Furthermore, the internal ethical committee pronounced 
the study to comply with the ethical research code of conduct at ACTA, and that the 
patient data could be used in this retrospective medical file study.

Outcome Variable
TMD Pain. The potential moderating effects of psychological variables were tested on the 
relationship between bruxism and TMD pain. TMD pain was defined when any of the DC/
TMD Axis I diagnoses requiring pain of a type and location specified by the DC/TMD, to be 
present (i.e., different types of myalgia and TMJ arthralgia)[16]. To that end, a distinction 
was made between patients who were clinically diagnosed with TMD pain (case group) and 
patients without any pain in the orofacial area as reported in the questionnaire (control 
group). Within both groups, no exclusion criteria were applied except that all patients had 
to be at least 18 years of age. 

Independent Variable
Bruxism. For measuring bruxism, the Dutch version of the Oral Behaviors Checklist (OBC) 
was used[19]. The OBC is a 21-item scale for identifying and quantifying the frequency of 
jaw-overuse behaviors (such as clenching the teeth or bracing the jaw), and is implemented 
in the new DC/TMD Axis II instruments[16, 20]. For this study, the sum score of the 
following four bruxism-related questions was employed: 1. clenching or grinding the teeth 
when asleep; 2. grinding the teeth together during waking hours; 3. clenching the teeth 
together during waking hours; and 4. pressing, touching or holding the teeth together other 
than while eating. For all questions, the possible response ranges between 0 (“none of the 
time”) and 4 (“4-7 nights per week” for question 1., or “all of the time” for the other three 
questions). The total sum score lies between 0 and 16.

Moderator Variables
Depression. The Patient Health Questionnaire (PHQ)-9 is a valid and reliable screening 
instrument for detecting psychological distress due to depression[21], and is implemented 
in the DC/TMD Axis II instruments[16]. This 9-item instrument can grade depressive 
symptom severity. As a depression severity measure, the PHQ-9 score is calculated by 
assigning scores from 0 (“not at all”) to 3 (“nearly every day”) to the nine items (range 
between 0 and 27). 
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Somatic Symptoms. The PHQ-15, which is included in the DC/TMD[16], is a self-
administered diagnostic instrument developed for detection of somatoform disorders[22]. 
The PHQ-15 consists of a list of 15 somatic symptom clusters that  account  for  more  than 
90% of all physical complaints. Each symptom is scored from 0 (“not bothered at all”) to 2 
(“bothered a lot”), and the total score ranges from 0 to 30. 

Anxiety. Generalized Anxiety Disorder-7 (GAD-7) is a brief self-reported questionnaire 
for screening and severity measuring of generalized anxiety[23]. This instrument is also 
implemented in the DC/TMD.[16] Assessment is indicated by the total score (range 0 – 
21), which is made up by adding together the scores for all seven items (0 = “not at all” to 
3 = “nearly every day”).

Optimism. Optimism was measured with the Life Orientation Test-Revised (LOT-R) 
questionnaire[24]. This is a self-report measure that assesses individual differences in 
generalized optimism versus pessimism. The LOT-R contains 10 items scored 0 (“strongly 
disagree”) to 4 (“strongly agree”). Of the 10 items, 3 items measure optimism, 3 items 
measure pessimism, and 4 items serve as fillers. The possible range of total scores is the 
sum of all 6 (non-filler) items and lies between 0 and 24, with a higher score implying more 
optimism. As for the PHQ-9, PHQ-15 and the GAD-7, also the LOT-R was translated into 
Dutch using a forward/backward translation protocol according to guidelines set out by the 
International RDC/TMD Consortium.

Psychological Stress. The amount of stress was measured using a single question: “What 
was the overall amount of stress experienced during the past month?”[25]. Patients could 
choose between “none” (0) and “a lot” (4).

Psychological Treatment. All patients were asked whether they had received psychological 
treatment before, using a single question: “In the past or at present, did (or do) you receive 
any psychological treatment? (no or yes)”.

Confounders
Since the relationship between bruxism and TMD pain might be confounded by age and 
gender, the possible confounding role of these factors on this relationship was assessed. 
Since prevalence rates of TMD pain are reported to be lower among people aged 45+ as 
compared to 18 – 44 year old[1, 6], age was treated as a binary variable (age between 18 – 
45 yr. = 0; age ≥45 yr. = 1).
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Data Analysis
For both the case group and the control group, summary statistics were performed to examine 
the median and interquartile range (i.e., 25th and 75th percentiles) for the ordinal variables 
depression, somatic symptoms, anxiety, optimism, and bruxism. For the dichotomous variables 
age, gender, and received psychological treatment, frequency counts are given. Group 
comparisons were made using chi-square tests for dichotomous variables, and Mann–Whitney 
U rank tests for ordinal variables. In addition, Spearman correlation coefficients were calculated 
in order to explore the bivariate associations between the main variables in the total patient 
group.

The hypothesis that psychological distress might moderate the association between bruxism and 
TMD pain was tested using hierarchical logistic regression analyses. First, it had to be proven 
that patients with TMD pain report higher levels of bruxism as compared to patients without any 
pain in the orofacial area. Therefore, in the first step, the bivariate association between bruxism 
and the presence of TMD pain was determined using a single regression analysis. 

In the second step, it was determined whether this association was confounded by the 
presence of age or gender. To that end, the confounding variables were entered as second 
predictor (i.e., together with bruxism) in a multiple regression model with the presence 
of TMD pain as outcome variable. Confounding was considered present when the initial 
regression coefficient (b) of bruxism from the single regression model (step 1) changed by 
more than 10% after the addition of the potential confounder in the regression model[26]. 

In the third step, it was examined whether the clinical presence of TMD pain is the 
product of an interaction between physical and psychological factors. This was done 
using moderation analysis, which is just a different term for the statistical concept of 
investigating interaction effects. Moderation analysis is a methodology that statistically 
defines the relationship between two variables as a function of a third variable. Moderation 
is considered present in case a relationship between an independent variable and an outcome 
variable is different at different levels of a so-called moderator variable[27, 28]. Following 
previous recommendations[28, 29], the independent variable (viz., bruxism), the potential 
moderator variables (viz., depression, somatic symptoms, anxiety, optimism, stress, or 
prior psychological treatment), and the interaction term between the moderator and the 
independent variable were added simultaneously to the multiple regression model, while 
adjusting for any of the variables that confounded the association between bruxism and the 
presence of TMD pain (step 2). Moderation was considered present when the interaction 
term in the multiple regression model was significant. In that case, stratified analyses were 
performed examining the association between bruxism and TMD pain for various categories 
of the moderator. 
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Data were analyzed with the IBM SPSS Statistics 23 software package. Probability levels of 
less than 0.05 were considered statistically significant. 

Results 

A total of 618 patients, who consecutively visited the specialized clinic for Orofacial Pain 
and Dysfunction of ACTA, participated in this study (see Figure 1). Of these patients, 254 
reported no pain in the orofacial area in their questionnaire (control group; 50.8% women; 
mean age ± SD = 46.9 ± 13.6 years). In 268 of the 364 patients who reported pain in the 
orofacial region, a diagnosis of TMD pain was established (case group; 85.8% women; mean 
age ± SD = 40.1 ± 14.4 years). The remaining 96 patients, who had a positive score on the 
question about orofacial pain, but in whom subsequently no diagnosis of TMD pain was 
established, were removed from the dataset. In these cases, the orofacial pain may have its 
origin in neurological or vascular causes, but equally well may be dental in origin.

Figure 1. Flow-chart of the study participants. Two patient groups were included in the study: a case group 
(patients who were clinically diagnosed with TMD pain), and a control group (patients who visited the clinic 
for Orofacial Pain and Dysfunction without reporting any pain in the orofacial area in the questionnaire).

In Table 1, the descriptive statistics are presented for the patients without any pain in the 
orofacial area (control group), and for the patients who were clinically diagnosed with TMD 
pain (case group). There were significant differences between the two groups regarding 
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depression, somatic symptoms, anxiety, optimism, bruxism, age, gender, and received 
psychological treatment.

Table 1. Descriptive statistics of the main study variables in relation to both study groups.
Controls (n=254) Cases (n=268) P-value

Bruxism (0 – 16) 4 [1 – 8] 7 [4 – 10] <0.001

Depression (0 – 27) 3 [1 – 6] 5 [2 – 9] <0.001

Somatic symptoms (0 – 30) 4 [2 – 8] 9 [6 – 13] <0.001

Anxiety disorder (0 – 21) 2 [0 – 5] 3 [1 – 6] <0.001

Generalized optimism (0 – 24) 17 [14 – 19] 16 [12 – 19] 0.033

Amount of stress (0 – 4) 1 [1 – 2] 1 [1 – 2] <0.001

Psychological treatment: % received 22.8% (58) 36.9% (99) 0.001

Age: % 45 yrs and older 60.2% (153) 40.7% (109) <0.001

Gender: % women 50.8% (129) 85.8% (230) <0.001

Comparisons of the ordinal variables with non-normal distribution, appearing as median [interquartile range], 
were made with the Mann-Whitney U test; Chi-squared testing was used for the dichotomous variables 
presented as percentage (count).

For all ordinal variables of interest, the Spearman’s rank-order correlations are presented 
in Table 2. As shown in the results, all variables were significantly correlated with one 
another. Except for generalized optimism, that had an inverse relationship with the scoring 
(a high score implies less pessimism), all showed significant positive associations. This also 
accounted for the associations with bruxism: higher rates of bruxism were related to higher 
levels of depression, somatic symptoms, anxiety, and stress.

Table 2. Overview of the Spearman correlations among the ordinal study variables for the total study 
sample (n=522).

Variable 1 2 3 4 5 6

1. Depression (0 – 27) –

2. Somatic symptoms (0 – 30) 0.643** –

3. Anxiety disorder (0 – 21) 0.716** 0.497** –

4. Generalized optimism (0 –24) -0.355** -0.256** -0.355** –

5. Amount of stress (0 – 4) 0.559** 0.384** 0.678** -0.257** –

6. Bruxism (0 – 16) 0.236** 0.246** 0.258** -0.101* 0.232** –
*P-value < 0.05; ** P-value < 0.01
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Table 3 presents the outcomes of the tests for confounding and moderation. According 
to the single regression (step 1), patients with TMD pain reported higher levels of bruxism 
as compared to patients without any pain in the orofacial area. Inclusion of gender to this 
model (step 2) produced a more than 10% change in the initial regression coefficient (b) of 
‘bruxism’; for ‘age’, this confounding effect was absent. Therefore, the subsequent multiple 
regression analyses in step 3 were adjusted for gender; not for age. 

Table 3. Single (step 1) and multiple logistic regression analysis for the presence of TMD pain. Tests for 
confounding (step 2) and moderation (step 3).

b OR 95% CI P-value Adjusted R2

Step 1 Bruxism 0.124 1.132 1.082 – 1.183 <0.001 0.078

Step 2 Bruxism 0.138 1.148 1.094 – 1.206 <0.001

Gender (female = 1) 1.860 6.423 4.129 – 9.992 <0.001 0.25

Bruxism 0.113 1.120 1.070 – 1.172 <0.001

Age (≥45 years = 1) -0.685 0.504 0.352 – 0.723 <0.001 0.13

Step 3 Bruxism 0.128 1.14 1.08 – 1.20 <0.001

Depression 0.075 1.08 1.04 – 1.13 0.001

Bruxism × depression 0.001 1.00 0.99 – 1.01 0.833 0.28

Bruxism 0.116 1.12 1.06 – 1.18 <0.001

Somatic symptoms 0.157 1.17 1.17 – 1.23 <0.001

Bruxism × somatic symp. 0.006 1.01 0.99 – 1.02 0.321 0.36

Bruxism 0.137 1.15 1.09 – 1.21 <0.001

Anxiety 0.048 1.06 1.05 – 1.10 0.064

Bruxism × anxiety 0.012 1.01 1.00 – 1.03 0.059 0.28

Bruxism 0.135 1.15 1.08 – 1.21 <0.001

Optimism -0.051 0.95 0.90 – 1.00 0.051

Bruxism × optimism -0.011 0.99 0.98 – 1.00 0.110 0.29

Bruxism 0.125 1.13 1.08 – 1.19 <0.001

Stress 0.162 1.18 0.97 – 1.42 0.094

Bruxism × stress 0.027 1.03 0.98 – 1.08 0.259 0.27

Bruxism 0.126 1.14 1.07 – 1.20 <0.001

Psychological treatment 0.442 1.56 1.01 – 2.39 0.044

Bruxism × psychol. tr. 0.016 1.02 0.91 – 1.13 0.780 0.26

Legend: b=regression coefficient; OR=Odds Ratio; CI=Confidence Interval. A bold regression coefficient 
(b) in step 2 (analysis of confounders) indicates that the regression coefficient for bruxism changed by more 
than 10% as compared to its coefficient in the single logistic regression model (step 1). 

Note: Each model included in step 3 was adjusted for gender.
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According to the tests for moderation, none of the interactions between any of the six 
potential moderator variables and bruxism were significant. Only the model that tested the 
interaction of anxiety with bruxism on TMD pain was close to the predefined threshold for 
significance, having a P-value of 0.059. The percentage of explained variance was highest 
(36%) for the model that included gender, bruxism, somatic symptoms, and the interaction 
between the latter two variables, and lowest for the model investigating the effect of 
psychological treatment (26%).

Discussion

The purported relationship between bruxism and the presence of pain-related TMDs has 
been investigated extensively. The rationale behind this is that it is clinically plausible that 
these phenomena are causally related: clenching and grinding of the teeth may lead to 
overloading of the masticatory structures, and thus to TMD pain. Since psychological 
factors may play a profound role in the presence of bruxism activities as well[30-32], the 
present study investigated whether TMD pain is the product of an interaction between 
six different psychological factors and bruxism. In other words, it was examined if the 
association between bruxism and the clinical presence of TMD pain was moderated by 
psychological distress. 

The main finding of the present study was that the effect of bruxism on TMD pain was equal 
for patients who experience a lot of psychological distress as for those with lower levels of 
distress. With P-values that ranged between 0.059 and 0.833, none of the interaction 
terms of the six psychological variables with bruxism significantly regressed on the outcome 
variable ‘clinical presence of TMD pain’ (control group versus case group). So far, only 
experimental studies have provided evidence that the association between jaw-motor 
function and pain in the orofacial area can be moderated by psychological factors. For 
example, the level of pain catastrophizing appears to be of direct influence on the effect of 
experimentally induced jaw-muscle pain on jaw movement[33]. Likewise, from Brandini et 
al. (2011) it is known that psychological factors, manifesting in depression and stress, may 
play a moderating role in the association between facial pain and jaw-motor function[34]. 
Since clinical studies on pain-related TMDs involve a multitude of factors that cannot be 
controlled for, it remains a challenge to bridge the gap between well-controlled experimental 
pain models and the clinical practice.  

A second finding of the current study was that patients with clinically diagnosed TMD pain 
reported significantly higher levels of bruxism activities as compared to patients without any 
pain in the orofacial area. According to the odds ratio found in this single logistic regression, 
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a one unit change in bruxism score would imply that the odds of being part of the case 
group is 1.132 larger than the odds of being part of the control group. At first glance, this 
coefficient may not seem to be indicative of a high risk. However, a more clinically relevant 
change of five units would result in an odds ratio of 1.859 (viz., the exponential constant 
e of five times the corresponding b value [viz., 0.124]). When this model was adjusted for 
gender, the odds ratio for a five-unit increase became even slightly higher, namely 1.994. In 
other words, independent of the patient’s gender, a score of five points higher on the four 
bruxism questions is related to an increased odds ratio of almost two for being diagnosed 
with TMD pain. 

The third finding was that bruxism intensity among patients diagnosed with TMD pain 
appeared to be associated with a variety of psychological factors. According to the Spearman 
correlations, a higher sum score for bruxism was related with higher scores for depression, 
somatic symptoms, anxiety, and stress. Moreover, patients with low scores on the optimism 
scale reported more bruxism. Comparable associations were noticed in other studies[30]
[35]. However, one should bear in mind that such associations especially account for 
studies that adopt a self-report diagnosis of bruxism: evidence for the association between 
psychosocial disorders and bruxism only rarely comes from studies using instrumental 
techniques (e.g., polysomnographic or electromyographic recordings)[15]. In addition, it 
has also been noticed that studies that entirely rely upon self-evaluation for the diagnosis 
of bruxism seem to produce more often positive relationships with orofacial pain than those 
using instrumental recording techniques[10]. Perhaps, the observation that associations 
between bruxism and a variety of other factors seem to occur more frequently in case 
bruxism behavior is based on self-report might be due to potential bias at the diagnostic 
level. Some of the persons interviewed may have preconceived ideas about the subject 
‘bruxism’. For instance, patients who seek help for orofacial pain in the morning might 
consider this pain as a criterion for self-recognized sleep-related bruxism[31]. Likewise, 
when under stress, the awareness of bruxism behavior might be higher. Future associative 
studies on bruxism should address this concern to minimize any bias.

Another aspect that should be highlighted is the fact that the present study did not 
solely focus on the awareness of tooth grinding behavior during sleep, but also aimed to 
include awake clenching activities and other parafunctional activities indicative of bruxism 
(pressing, touching or holding the teeth together other than while eating) as well. This was 
done because the self-report of sleep bruxism (i.e., reports of tooth grinding during sleep) 
is known for its risk for over- or underscoring the condition. To assess these activities, 
four questions (out of the 21 questions) of the Oral Behaviors Checklist (OBC)[20] were 
selected that especially focus on oral behaviors that are embedded in the definition of 
bruxism (viz., a repetitive masticatory muscle activity characterized by teeth clenching or 
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grinding and/or by bracing or thrusting of the mandible)[36]. A former study by our group 
revealed an excellent test-retest reliability of the OBC, and a good concurrent validity 
between single items of the OBC and comparable items (identical or differing somewhat) 
of another oral parafunctions questionnaire[19].

Even though there is general consensus that multiple and diverse risk factors are associated 
with an increased risk of pain-related TMDs, little is known about how these factors may 
interact. In a recent article of Svensson and Kumar, the authors therefore propose a new 
conceptual model to capture the complexity of TMD pain, called stochastic variation[37]. 
The stochastical variation model is a plea to think in complex multivariate models rather 
than simple univariate models for TMD pain. A key element of this model involves the 
random variation of meaningful factors that determine whether a person becomes a pain 
patient. Depending on the person, risk factors can have different potencies, varying from 
neutral to extremely potent. If these factors just occur randomly in a given period of time, 
then they would basically just be representing ‘noise’ in the system. However, if there were 
interactions between the risk factors and if they had additive effects, then there could 
be outcomes that for some persons would just oscillate in a non-painful state, whereas in 
others the random interaction would generate pain, ranging from brief to persistent[37]. 
Even though none of the interaction terms between the six potential moderator variables 
and bruxism on TMD pain were significant in the present study, more research is needed in 
order to understand if and how these factors interact.

Conclusion
Even though the current study revealed that patients with TMD pain reported significantly 
more bruxism as compared to patients without any report of orofacial pain, while at the 
same time a variety of psychological factors were associated with bruxism intensity as 
well, these psychological factors appeared to have no influence on the strength of the 
relationship between bruxism and TMD pain. It was therefore concluded that the clinical 
presence of TMD pain was not the result of an interaction between psychological factors 
and self-reported bruxism activities. 
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In this thesis, five papers have been included, all aiming at narrowing the gap in the 
knowledge regarding the relation between sleep bruxism (SB) and temporomandibular 
disorder (TMD) pain.

SB has been considered as a possible etiological factor for TMD pain for decades[1, 2]. 
The peak in the popularity of this clear and therefore highly tempting etiological model 
was in the second half of the twentieth century, when several “mechanical” models were 
introduced to explain the presence of TMD pain. Schwartz[3] was one of the first to 
propose the importance of muscle spasm as a primary etiological factor in initiating pain 
and dysfunction in the temporomandibular region. He also suggested the importance of 
psychological characteristics of the patient. As a result, these beliefs were formulated in 
the so called “psychophysiological theory”. According to the psychophysiological theory, 
masticatory muscle spasm is responsible for the symptoms of pain and dysfunction[4]. This 
muscle spasm in the form of oral behaviors, such as SB, is thought to result in relief of 
psychological tension. At the same time, occlusal disturbances were thought to increase 
the chance of muscle damage due to parafunctional activity[5]. These beliefs found great 
support among dentists, who historically played a leading role as the healthcare providers 
for TMD patients. The support was mainly based on the clinical observation that indeed in 
some patients changes in the occlusal condition seemed to be associated with a reduction 
in TMD pain[6].

Unfortunately, at that time, very little was understood about the scientific methods that 
could be used to better study the association between TMD pain, altered occlusion, and 
oral behaviors, such as SB. The studies that provided support for a simple “one-cause-one 
disease” etiological model, in which jaw-muscle hyperactivity, sometimes in combination 
with occlusion, led to chronic jaw-muscle pain, had several methodological shortcomings. 
These studies mainly had cross-sectional designs, which used self-report to establish the 
diagnosis of TMD pain and SB[7]. Nowadays, however, it is clearly understood that  cross-
sectional studies are not an appropriate approach to establish a cause-and-effect relation 
between two entities[8], nor is self-report a reliable tool to establish a diagnosis of TMD 
pain or SB[9, 10]. It seems therefore that the earlier conclusions were not drawn according 
to the current insights in evidence-based practice. The current perspective on the etiology 
of myogenous TMD pain is based on a multi-etiological concept, in which a combination of 
physical, psychological, and social factors are thought to play a role in the provocation and 
the maintenance of this condition[11].
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With the introduction of more advanced and precise diagnostic tools, such as sleep 
registrations (polysomnography; PSG), a new pool of evidence regarding the TMD pain – 
SB association has emerged. Studies that used PSG to diagnose SB yielded contradictory 
results, in that most of them detected either no relation[12] or even a negative relation with 
TMD pain[13, 14].

Polysomnography not only objectively records the jaw-muscle activity during sleep, but 
also makes it possible to study jaw-muscle contractions in more detail. In Chapter 3, we 
introduced a novel approach of analyzing jaw-muscle activity during sleep. In addition to 
the usual number of SB episodes per hour of sleep and the duration of SB episodes, we also 
studied the length of the inter-episode intervals between subsequent muscle contraction. 
We assumed that patients with jaw-muscle pain might show a skewed distribution of their 
SB episodes over the night, with most of the muscle contractions concentrated in a short 
period of time. This could lead to more load and possible muscle injury than in cases where 
the SB episodes are more equally distributed over the night. The most important finding of 
this study was that there was no significant difference between patients with and without 
jaw-muscle pain in the distribution of SB episodes over the night. Moreover, participants 
with and without jaw-muscle pain also showed a similar number of SB episodes per hour of 
sleep and a similar duration of the SB episodes. Therefore, on the basis of these results, the 
simple load-damage model of the SB-TMD pain association cannot be justified. 

In the study described in Chapter 2, we recorded the association between SB and TMD 
pain as well as between psychological stress experience and TMD pain in two TMD-pain 
patients, using a longitudinal study design. The results of this study again suggest that jaw-
muscle pain cannot be explained by a simple linear model which takes only psychological 
stress or SB into account. It is noteworthy that psychological stress seemed to be a more 
important contributing factor for chronic jaw-muscle pain than SB. In general, since the pain 
experience is essentially subjective and has a multidimensional nature, involving sensory, 
cognitive, and emotional features, one cannot expect that all patients will experience 
identical pain reactions as a response to a mechanical load, such as SB. The same applies 
to psychological stress experiences: one cannot expect that everyone will identically react 
to the same stress experience. Therefore, taking into account the complexity of both TMD 
pain and its possible etiological factors, an individualized treatment approach for every 
TMD patient can be recommended.

The importance of psychological factors was again highlighted in the study described in 
Chapter 5. In this study, we examined whether a dose-response relationship exists between 
the amount of self-reported bruxism and the intensity of self-reported TMD pain in a group 
of TMD-pain patients. As a result, a positive correlation was found between the amount 
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of awake bruxism activities and the intensity of self-reported TMD pain. The correlation 
remained significant when confounding effects of somatic symptoms and anxiety were 
included in the model. However, the positive dose-response correlation between bruxism 
while awake and pain was lost when depression was included in the model. This highlights 
the importance of psychological factors with regard to the presence and intensity of TMD 
pain. Depression was shown to be a powerful emotional condition that affects the patient’s 
pain experience. Therefore, it is highly recommended to include psychological factors like 
depression as confounders in future studies of the etiology of TMD pain.

Further, in the study described in Chapter 6, we investigated whether TMD pain is the 
product of an interaction between psychological factors and bruxism. We checked whether 
depression, somatic symptoms, anxiety, optimism, psychological stress, and a history of 
psychological treatment may influence the strength of the relationship between bruxism and 
TMD pain. The main outcome of this study was that there were no differences in the effect 
of self-reported bruxism on TMD pain in patients with high psychological distress experience 
compared with those with lower levels of distress. It was therefore concluded that the clinical 
presence of TMD pain was not the result of an interaction between psychological factors and 
self-reported bruxism activities. These findings again highlight the complexity of myogenous 
TMD pain. Although the risk factors for developing of TMD pain are well documented 
nowadays[11], the question why some patients develop jaw-muscle pain and some do not 
remains, and prompts the development of new etiological models and concepts[15].

In Chapter 4, we aimed to explain the negative relation between SB and TMD pain, which 
was reported by a number of PSG-based studies[14, 16], by examining the effect of 
experimentally-induced TMD pain on the jaw-muscle activity. The results of this study showed 
that TMD-like jaw-muscle pain causes a reduction in jaw muscle activity. This decrease is in 
line with the so-called Pain-Adaptation model[17]. This model suggests that the reduction 
in muscle activity protects the muscle system from further injury and promotes healing. 
Interestingly enough, individual reactions to the presence of pain showed a high variation. 
Some participants presented a significant decrease (up to 90%) in nocturnal jaw-muscle 
activity, while for instance one individual demonstrated almost no changes in jaw-muscle 
activity in the presence of pain. It can be hypothesized that this variation is, at least in part, 
an explanation of why some patients develop chronic pain while others do not. For example, 
a decrease of 90% in SB activity as a response to muscle overloading can be considered as 
an adequate protection from further injury. On the contrary, a reduction in muscle activity 
of, for instance, 15% may be considered as a failure to decrease muscle activity to a level 
that would prevent overloading. This type of patients therefore may further damage their jaw 
muscles and consequently develop chronic pain. It would be very interesting to try to verify 
this theory in further research.
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Overall, the studies included in this thesis suggest that SB cannot be considered as a primary 
etiological factor for chronic jaw-muscle pain. TMD pain is too complex to be explained by 
simple linear models that take SB and/or psychological distress into account. SB and TMD pain 
have a complex interaction with each other and with psychological factors, such as depression 
and anxiety. Moreover, other factors, such as genetics, general health, and demographic 
elements quite possibly contribute to the presence of persistent jaw-muscle pain.

Unlike the definitions of other disorders, such as tumor or hepatitis, the diagnoses of chronic 
TMD pain and SB are based on a consensus about clusters of clinical symptoms (e.g., a three 
months’ duration makes the pain chronic, or four SB episodes per hour of sleep make a patient 
a sleep bruxer), but not on any objective laboratory findings.  In this case one should keep 
in mind that a diagnosis is not yet a disease. For instance, some participants in this thesis 
experience a very high number of SB events per hour of sleep and based on the current 
definition of SB could be defined as bruxers. Yet these participants do not have any adverse 
effects of SB on oral health. Moreover, there is a growing pool of evidence that SB may 
have a number of beneficial health effects, such as increasing the salivary flow or preventing 
collapse of the upper airway during sleep, thereby stopping occurrences of obstructive sleep 
apnea[18]. Therefore, considering SB as a disorder and routinely treating it in the dental 
practice has to be regarded with caution.

Regarding chronic jaw-muscle pain, one should keep in mind that this is a very personal, 
subjective, and complex experience. It lacks the protective function which is attributed to 
acute muscle pain and has to be considered as a separate disease. Currently, there is no 
assessment that can measure and locate chronic pain with precision. Moreover, it is rarely, 
if ever, possible to establish the biological basis for this pain. Therefore, an individualized 
approach is required for every patient with chronic pain. One then should consider the 
interplay between numerous physical and psychological factors which may be responsible for 
the provocation and perpetuation of the chronic condition.

Further research on SB would require a diagnostic tool which would be as reliable as PSG, 
supplemented by audio/video recording, but at the same time would be affordable and feasible 
enough to allow large-scale studies. Nowadays, all diagnostic alternatives to PSG with audio/
video recordings fail to record SB activity at sensitivity and specificity levels comparable to 
the “golden standard” approach with PSG. The lack of simple and reliable diagnostic tools 
hampers large-scale studies on SB and precludes drawing the conclusion whether the SB is 
disease, a risk factor, or just a behaviour which carries health benefit functions.
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Temporomandibular disorder (TMD) pain is the most prevalent non-dental pain condition 
in the orofacial area. TMD pain most often originates from the masticatory muscles and 
aggravates during function. Over the years, several etiological models were proposed to 
explain the pathophysiology of myogenous TMD pain. In the everyday dental practice, 
myogenous TMD pain is often suggested to be the consequence of muscle overload (e.g., 
due to oral behaviors like sleep bruxism), sometimes in combination with psychological 
dysfunctions (e.g., psychological stress). These beliefs are mainly based on cross-sectional 
studies which used self-report to establish the diagnosis of TMD pain and oral behaviours 
like sleep bruxism.

Sleep bruxism (SB) is defined as a repetitive jaw-muscle activity characterized by clenching 
or grinding of the teeth and/or by bracing or thrusting of the mandible. It is a common 
condition with a reported prevalence of around 7% when based on polysomnographic (PSG) 
studies. When self-report of SB is used, the estimates of its prevalence can be as high as 
41%.

While studies that used self-report as diagnostic approach for SB repeatedly link TMD 
pain with SB, studies using PSG, which is the current “gold standard” diagnostic approach, 
suggest otherwise. They demonstrate either no or even a negative association between 
TMD pain and SB. Therefore, there is still little understanding of the role of SB in the 
provocation of TMD pain.

In Chapter 2, we investigated the possible contribution of SB and psychological distress to 
TMD pain in a longitudinal study of two clinical TMD-pain cases. Two female volunteers 
with clinically diagnosed myalgia, based on the Diagnostic Criteria for Temporomandibular 
Disorders (DC/TMD), participated in this study. Questionnaires were used to record jaw-
muscle pain and psychological stress experience, while an ambulatory polysomnography 
technique was used to record SB intensity. Visual analysis of the data revealed that the 
intensity of TMD pain was not hardwired, neither with psychological stress experience nor 
with increased SB activity. Therefore, within the limitations of a single-patient clinical trial 
design, we concluded that the presence of TMD pain cannot be explained by a simple linear 
model which takes psychological stress or SB into account.

In Chapter 3, we considered a possible weakness of the current scoring rules for SB 
that could prevent correctly establishing a correlation between objectively measured SB 
and TMD pain. The scoring rules for SB do not consider the resting intervals between 
subsequent muscle contractions during sleep, focusing only on the number of SB events per 
hour and sometimes on the total duration of SB per night. To check if the intervals between 
SB events differ between patients with and without TMD pain, we performed a sleep-
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laboratory-based PSG study. We recruited two groups of female volunteers: a myofascial 
TMD-pain group (n=124) and a non-TMD-control group (n=46), who underwent two 
nights of laboratory-based PSG registrations. A linear mixed model was used to compare 
the repeated observations of SB inter-episode intervals between cases and controls. The 
results of this study showed that the duration of inter-episode intervals was similar in the 
case and control groups. There was also a similar number of SB episodes per hour and a 
similar total duration of SB episodes in both groups. Therefore, this study failed to support 
the idea that TMD pain is associated with an increased number of SB episodes per hour of 
sleep or decreased resting time between SB events.

In Chapter 4, we aimed to explain another contradiction in the evidence regarding the 
relation between SB and TMD pain. Despite common believes that more bruxism leads to 
more overloading and pain, recent PSG studies have suggested overwise. This contradiction 
can, at least in part, be explained by a possible influence of TMD pain on SB activity. The 
aim of the experimental study described in Chapter 4 was to assess the effect of TMD pain 
on SB. In this study, nine pain-free male participants with clinical signs of SB underwent 
baseline ambulatory PSG recordings before undergoing an experimental pain provocation 
protocol. 32 hours after the pain provocation part, a third ambulatory PSG recording was 
obtained to study the effect of pain on SB. As a result, a decrease for all bruxism parameters 
was found in the recording after the pain provocation as compared to the baseline recording. 
Therefore, we concluded that experimentally induced TMD pain causes a reduction in SB 
activity in healthy individuals. This finding helps to understand a negative relation between 
SB and TMD pain reported by numerous PSG studies. It is noteworthy that the results of 
this experimental study are not supported by the clinical study described in Chapters 3, 
because no differences in SB activity were found when patients with and without myofascial 
pain were compared.

In Chapter 5, we investigated whether the common belief that more bruxism causes more 
muscle pain is supported by patients’ reports. 768 patients referred to a specialized clinic for 
complaints of orofacial pain and dysfunction were initially enrolled in this study. From them, 
we selected 293 patients diagnosed with at least one type of pain-related TMDs according 
to the DC/TMD. The questionnaire-based reports of TMD-pain intensity, assessed by an 
11-point NRS scale, were subsequently compared with the reports of SB (single question; 
5-point Likert scale) and of awake bruxism (average of six questions; 5-point Likert 
scale). Moreover, the possible confounding effects of depression, somatic symptoms, and 
anxiety were taken into account. The Spearman’s correlation tests provided no significant 
correlation between the amount of self-reported SB and TMD pain intensity. On the other 
hand, the amount of awake bruxism was positively correlated with the intensity of TMD 
pain. However, this correlation disappeared when the model was controlled for the effects 
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of depression. These findings highlight again the importance of psychological factors in the 
presence of chronic TMD pain, since participants who reported high depression scores also 
reported higher scores for pain and awake bruxism.

Since the outcome of study described in Chapter 5 suggested a complex relation between 
TMD pain, bruxism, and depression, we investigated in Chapter 6 whether pain-related 
TMDs are the product of an interaction between psychological factors and self-reported 
bruxism activities. The patient sample consisted of a case group (268 patients diagnosed 
with TMD pain according to the DC/TMD) and a control group (254 patients without 
any pain in the orofacial area). The possible moderating roles of six psychological factors 
(depression, somatic symptoms, anxiety, stress, optimism, and prior psychological 
treatment) on the relationship between self-reported bruxism and the clinical presence of 
TMD pain were examined. As a result, patients with TMD pain reported significantly more 
bruxism than patients without pain. Furthermore, bruxism intensity was associated with a 
variety of psychological factors. However, there were no significant interactions between 
any of the psychological factors and bruxism with respect to the clinical presence of TMD 
pain. Therefore, these findings do not support the view that the effect of bruxism on TMD 
pain is stronger in patients who experience higher levels of psychological distress compared 
to those with lower levels of distress.

To summarize, the findings from this thesis suggest that myogenous TMD pain is too complex 
to be explained by simple linear models that solely rely on SB and/or psychological distress 
as etiological factors. Other factors, such as genetics, general health, and demographic 
elements, quite possibly contribute to the presence of chronic jaw-muscle pain and should 
be incorporated in prediction models to better understand the association between TMD 
pain and SB.
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Samenvatting

Temporomandibulaire disfunctie (TMD)-pijn is de meest voorkomende niet-dentogene 
pijnaandoening in het orofaciale gebied. TMD-pijn komt meestal voort uit de kauwspieren 
(myogene pijn) en verergert tijdens functie. In de loop van de jaren zijn diverse etiologische 
modellen voorgesteld om de pathofysiologie van myogene TMD-pijn te verklaren. In 
de dagelijkse tandartspraktijk wordt vaak gesuggereerd dat myogene TMD-pijn het 
gevolg is van spieroverbelasting (bijv. als gevolg van slaapbruxisme), soms in combinatie 
met psychologische stoornissen (bijv. psychologische stress). Deze overtuigingen zijn 
voornamelijk gebaseerd op cross-sectionele studies waarbij gebruik werd gemaakt van 
zelfrapportage om de diagnose van TMD-pijn en slaapbruxisme vast te stellen.

Slaapbruxisme (SB) wordt gedefinieerd als een repetitieve kaakspieractiviteit die wordt 
gekenmerkt door klemmen of knarsen van de tanden/kiezen en/of door het fixeren van, of 
duwen met de onderkaak. Het is een veel voorkomende aandoening, met een prevalentie 
van ongeveer 7% indien dit is gebaseerd op polysomnografische (PSG) studies. Wanneer 
zelfrapportage van SB wordt gebruikt, kunnen de schattingen van de prevalentie zelfs 
oplopen tot 41%.

Terwijl studies die zelfrapportage als diagnostische benadering voor SB gebruiken 
herhaaldelijk TMD-pijn koppelen aan SB, suggereren studies die gebruik maken van PSG, 
wat de “gouden standaard” diagnostische benadering voor SB is, iets anders: daarin wordt 
doorgaans geen, of zelfs een negatieve associatie gevonden tussen SB en TMD-pijn. Het 
gevolg hiervan is dat de precieze rol van SB bij het provoceren van TMD-pijn nog steeds 
niet wordt begrepen.

In hoofdstuk 2 onderzochten we, in een longitudinale studie van twee patiënten met klinische 
TMD-pijn, de mogelijke bijdrage van SB en psychologische problemen aan TMD-pijn. Twee 
vrouwelijke vrijwilligers met klinisch gediagnosticeerde myogene TMD-pijn, gebaseerd op 
de ‘Diagnostic Criteria for Temporomandibular Disorders’ (DC/TMD), namen deel aan deze 
studie. Vragenlijsten werden gebruikt om kaakspierpijn en psychologische stressbeleving 
vast te leggen, terwijl een ambulante polysomnografietechniek werd gebruikt om de SB-
intensiteit vast te leggen. Visuele analyse van de gegevens toonde aan dat de intensiteit 
van TMD-pijn noch met psychologische stresservaring noch met verhoogde SB-activiteit 
één-op-één samenhing. Daarom concludeerden we, binnen de beperkingen gerelateerd aan 
dit type onderzoek, dat de aanwezigheid van TMD-pijn niet kan worden verklaard door een 
eenvoudig lineair model dat rekening houdt met psychologische stress of SB.
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In hoofdstuk 3 onderzochten we een mogelijk zwak punt van het huidige scoresysteem 
voor SB, waardoor een correlatie tussen objectief gemeten SB en TMD-pijn niet zou 
kunnen worden vastgesteld. Dit scoresysteem voor SB houdt namelijk geen rekening 
met de rustintervallen tussen opeenvolgende spiercontracties tijdens de slaap. Er wordt 
enkel gekeken naar het aantal SB-episodes per uur en soms naar de totale duur van SB 
gedurende de nacht. Om te bepalen of de intervallen tussen SB-episodes verschillen 
tussen patiënten met en zonder TMD-pijn, hebben we een slaaplaboratorium-gebaseerde 
PSG-studie uitgevoerd. We rekruteerden twee groepen vrouwelijke vrijwilligers: een 
myogene TMD-pijngroep (n = 124) en een niet-TMD-controlegroep (n = 46), die twee 
nachten laboratorium-gebaseerde PSG-registraties ondergingen. Een ‘linear mixed model’ 
werd gebruikt om de herhaalde waarnemingen van SB inter-episode-intervallen tussen 
beide groepen te vergelijken. De resultaten van deze studie toonden aan dat de duur van 
inter-episode-intervallen vergelijkbaar was in de pijngroep en controlegroep. Er was ook 
een vergelijkbaar aantal SB-episodes per uur en een vergelijkbare totale duur van SB-
episodes in beide groepen. Deze studie kan niet de hypothese ondersteunen dat TMD-pijn 
geassocieerd is met een verhoogd aantal SB-episodes per uur slaap, of met een verminderde 
rusttijd tussen SB-episodes.

In hoofdstuk 4 hebben we geprobeerd om een andere tegenstrijdigheid in de bewijsvoering 
met betrekking tot de relatie tussen SB en TMD-pijn te verklaren. Hoewel veel mensen 
denken dat meer bruxisme leidt tot meer overbelasting en pijn, suggereren recente PSG-
studies wat anders. Deze tegenstrijdigheid kan, tenminste gedeeltelijk, worden verklaard 
door een mogelijke invloed van TMD-pijn op SB-activiteit. Het doel van de experimentele 
studie beschreven in Hoofdstuk 4 was om het effect van TMD-pijn op SB te beoordelen. 
In deze studie werd bij negen pijnvrije mannelijke deelnemers met klinische symptomen 
van SB een ambulante PSG-registratie vervaardigd, waarna ze een experimenteel 
pijnprovocatieprotocol ondergingen. 32 uur na het onderdeel pijnprovocatie werd een 
derde ambulante PSG-registratie vervaardigd om het effect van pijn op SB te bestuderen. 
Als resultaat werd een afname in alle bruxismeparameters gevonden in de PSG-registratie 
na de pijnprovocatie in vergelijking met de baselineregistratie. Daarom concludeerden we 
dat experimenteel geïnduceerde TMD-pijn een verlaging van SB-activiteit bij gezonde 
individuen veroorzaakt. Deze bevinding helpt om een negatieve relatie tussen SB en TMD-
pijn te begrijpen, zoals gerapporteerd door talrijke PSG-studies.

Het is opmerkelijk dat de resultaten van deze experimentele studie niet worden ondersteund 
door de klinische studie die in hoofdstuk 3 wordt beschreven, omdat er in die studie geen 
verschillen in SB-activiteit werden gevonden wanneer patiënten met en zonder myogene 
TMD-pijn werden vergeleken.
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In hoofdstuk 5 hebben we onderzocht of de algemene overtuiging dat meer bruxisme meer 
spierpijn veroorzaakt, wordt ondersteund door de rapportage van patiënten. 768 patiënten 
die waren verwezen naar een gespecialiseerde kliniek voor klachten van orofaciale pijn 
en disfunctie werden aanvankelijk geïncludeerd in deze studie. Van hen hebben we 293 
patiënten geselecteerd met ten minste één type pijngerelateerde TMD volgens de DC/
TMD. De op vragenlijsten gebaseerde rapportages van TMD-pijnintensiteit, beoordeeld 
met een NRS-schaal van 11 punten, werden vervolgens vergeleken met de mate van SB (één 
vraag; 5-punts Likert-schaal) en de mate van waakbruxisme (gemiddelde van zes vragen; 
5-punts Likert schaal). Bovendien werd rekening gehouden met de mogelijke verstorende 
effecten van depressie, somatische symptomen en angst. De Spearman correlatietesten 
verschaften geen significante correlatie tussen de hoeveelheid zelfgerapporteerde SB 
en TMD-pijnintensiteit. Aan de andere kant was de hoeveelheid waakbruxisme positief 
gecorreleerd met de intensiteit van TMD-pijn. Deze correlatie verdween echter toen het 
model werd gecorrigeerd voor de effecten van depressie. Deze bevindingen benadrukken 
nogmaals het belang van psychologische factoren in de aanwezigheid van chronische TMD-
pijn, aangezien deelnemers die hoge depressiescores rapporteerden ook hogere scores 
rapporteerden voor pijn en waakbruxisme.

Aangezien de uitkomst van de studie beschreven in hoofdstuk 5 een complexe relatie tussen 
TMD-pijn, bruxisme en depressie suggereerde, hebben we in hoofdstuk 6 onderzocht of 
pijngerelateerde TMD’s het product zijn van een interactie tussen psychologische factoren 
en zelfgerapporteerde bruxismeactiviteiten. De patiëntengroep bestond uit een case-
groep (268 patiënten gediagnosticeerd met TMD-pijn volgens de DC/TMD) en een 
controlegroep (254 patiënten zonder enige pijn in het orofaciale gebied). De mogelijke 
effectmodificerende rollen van zes psychologische factoren (depressie, somatische 
symptomen, angst, stress, optimisme en eerdere psychologische behandeling) op de relatie 
tussen zelfgerapporteerd bruxisme en de klinische aanwezigheid van TMD-pijn werden 
onderzocht. De resultaten toonden aan dat patiënten met TMD-pijn significant meer 
bruxisme rapporteerden dan patiënten zonder pijn. Bovendien was de bruxisme-intensiteit 
geassocieerd met een verscheidenheid aan psychologische factoren. Er waren echter 
geen significante interacties tussen de verschillende psychologische factoren en bruxisme 
met betrekking tot de klinische aanwezigheid van TMD-pijn. Daarom ondersteunen deze 
bevindingen niet de opvatting dat het effect van bruxisme op TMD-pijn sterker is bij 
patiënten die een hogere mate van psychologische problematiek ervaren in vergelijking met 
patiënten met minder psychologische problematiek.

Samengevat suggereren de bevindingen van dit proefschrift dat myogene TMD-pijn te 
complex is om te worden verklaard door eenvoudige lineaire modellen die uitsluitend berusten 
op SB en/of psychologische problematiek als etiologische factoren. Andere factoren, zoals 
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genetica, algemene gezondheid en demografische kenmerken, dragen mogelijk bij aan de 
aanwezigheid van chronische kaakspierpijn en zouden daarom moeten worden opgenomen 
in voorspellingsmodellen om de associatie tussen TMD-pijn en SB beter te begrijpen. 



114

Chapter 9 | Curriculum vitae, List of publications

Curriculum vitae

Konstantin Muzalev was born on July 22nd, 1980 in Izhevsk, Russia. He obtained his dentist 
degree with distinction in 2003 at the Faculty of Dentistry, Perm State Medical Academy, 
Perm, Russia. Afterwards, he began Clinical Residency in Prosthetic Dentistry at the same 
university and a Master program of Management in Medical Service at High School of 
economics, Russia. Both programs were completed in 2006.

In 2006 he moved to Moscow, Russia, where he worked as a Head of the Prosthetic 
Department and Dental Laboratory at a private dental clinic. His interest in oral function 
and temporomandibular disorders resulted in admission to Master Program at the Faculty 
of Health and Medicine of Danube University Krems, Austria, which he completed in 2011 
with the thesis on chewing efficiency. In 2011 he started a three-year orthodontic program 
at Vienna School of Interdisciplinary Dentistry, Austria. The program was completed in 
2014. His further interest in orthodontics took him to Aarhus University, Denmark where 
he completed the Short-Term Postgraduate Course in Orthodontics in 2014. In 2015 he 
passed Dutch dental qualification exams and was registered as a dentist in the Netherlands. 

Konstantin started his PhD at ACTA in 2011 as a part time project, combining it with clinical 
work first in Moscow and later in the Netherlands. Konstantin is the national representative 
of Russia at the European Academy of Craniomandibular Disorders. 



115

9

List of publications

Publications in peer-reviewed journals:

•	 Interepisode sleep bruxism intervals and myofascial face pain.
	 K Muzalev, F Lobbezoo, MN Janal, KG Raphael
	 Sleep 2017; 40 (8) 

•	 Are Pain-Related Temporomandibular Disorders the Product of an Interaction Between 
Psychological Factors and Self-Reported Bruxism?

	 MKA van Selms, K Muzalev, CM Visscher, M Koutris, M Bulut, F Lobbezoo
	 Journal of Oral & Facial Pain & Headache 2017; 31 (4), 331-338

•	 Long‐term variability of sleep bruxism and psychological stress in patients with jaw‐muscle 
pain: Report of two longitudinal clinical cases.

	 K Muzalev, CM Visscher, M Koutris, F Lobbezoo
	 Journal of oral rehabilitation 2018; 45 (2), 104-109

•	 No Dose-Response Association Between Self-Reported Bruxism and Pain-Related 
Temporomandibular Disorders: A Retrospective Study.

	 K Muzalev, MKA van Selms, F Lobbezoo
	 Journal of Oral & Facial Pain & Headache 32 (4), 375-380



116

Chapter 9 | Acknowledgments

Acknowledgments

There are many people who in one way or another helped me in writing this thesis.

My PhD supervisor, professor Lobbezoo created a perfect environment to work in. Dear 
Frank, I would like to thank you for inviting me back in 2010 to start my PhD project, 
providing an opportunity for the independent work and giving time to develop my research 
intuition and own ideas. At the same time, you have never lost sight of my progress, 
carefully monitoring and providing much needed guidance in the times of frustration 
and uncertainty. You are a wonderful supervisor who inspires with ideas, motivates, even 
disciplines when necessary. It is a great pleasure and honour to work hand in hand with you.

At my first meeting with Frank I was lucky enough to get to know professor Naeije who 
helped me a lot during the most difficult first year of my PhD. Dear Chiel, I am sincerely 
grateful for you time, expertise and effort.

Dear professor Visscher, dear Corine, the great deal of value has been created in this thesis 
thanks to your invaluable support and feedback. Through the years you were a wonderful, 
indispensable and inspiring co-promotor, co-author but most importantly you have provided 
me a feeling of a “constant support” since you always could find time in your busy agenda to 
talk and provide feedback whenever I needed. Dear Corine, thank you a lot for support and 
time you spent on my professional development.

I would also like to thank my friends and colleagues who were always there for me during 
my PhD time.  I would like to express my most sincere gratitude to dr. Michalis Koutris who 
became not only a good co-author and co-promotor but also a very good friend with whom 
I shared a lot of wonderful moments in Amsterdam and Zandvoort.

Dear dr. van Selms, dear Maurits, You have been an important part of the team that 
supported me during my PhD. Your critical approach, deep knowledge, sharp humour and 
your strength to overcome the challenges inspire me and a lot of other people around you. 
Thank you very much! I am very proud of knowing you and happy to have a chance to work 
with you.

Another person who was with me at ACTA from the very first day was our software engineer 
Bart Bervoets. I would like to thank you for your time and knowledge you shared with me. 
It was a lot of fun working with you.



117

9

My dear friends and colleagues from the department of Oral Kinesiology Annemiek, Ghizlane, 
Magdalini, Peter, Samara and Wendy, I greatly appreciate your support. Thanks a lot for making 
my stay at ACTA a very unique and positive experience.

I cannot help mentioning my friends who were always encouraging me, empathizing,

cheering up and providing much needed distraction. I thank Johannes, Phil, Matthias and 
Mohamed for sharing unforgettable moments together.

I would like to thank you my former colleagues from the Novodenta Dental Clinic in Moscow 
and in particular Victoria Makarevich for their support, understanding and patience during the 
first four years of my PhD when I combined my clinical work as a dentist in Moscow with my 
PhD project in Amsterdam. 

Also, I would like to express my deepest greatitude to a person who helped me choosing my 
profession as a dentist. Sergey Vladimirovich Kazakov, thank you very much for your guidance 
and expertise during my studies at Perm State Medical University.

Special thanks to Ben Bal for his professionalism and patience during our long and never boring 
Dutch lessons as well as for his help in making this thesis a pleasant read. Ben and Mieke, you 
became very special friends for me and my family. I also would like to thank Uliya Plyasunova for 
her wonderful work and contribution to the design and the illustration of the cover of this book. 

And most of all, to my family:

My darling Mom Tatyana, it was difficult to live thousands kilometers away from you. I wish we 
would be closer and enjoy more time together. Thank you very much for your support and much 
needed love.

My dearest brother Alexandr, Kseniya and my little nephew Maxim, thank you for your support, 
positive energy and humor!

My sweet little girl Sofia, thank you for making me the happiest person in the world. I have learned 
a lot from you since you came to this world four years ago: the real meaning of unconditional 
love and acceptance, while guarding your own borders and desires! I love you.

And last but not least my many thanks to my beloved wife Natalya. I am truly blessed to be 
with someone as beautiful, intelligent, kind, and loving as you are. Thank you for your great 
encouragement, expertise and absolute love!


