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1 General introduction

Dentists are frequently confronted with patients who suffer from pain in the orofacial area. 

Upon exclusion of ‘true’ dental causes, like endodontic and periodontic problems, disorders 

of the musculoskeletal structures of the masticatory system (i.e., the jaw muscles and  

temporomandibular joints) are commonly suspected. Such disorders are known by different 

names, of which temporomandibular disorders (TMD) is currently the commonest. In this 

thesis, several studies on muscle-related (myogenous) TMD pain are described. Below, the 

specific topics that were studied are being introduced briefly. First of all, the phenomenon 

‘pain’ will be presented, thereby gradually focusing the attention on chronic myogenous  

TMD pain. Thereafter, several aspects of the diagnosis, etiology, motor consequences, and 

treatment outcome of this latter condition will be introduced. This chapter concludes with a 

synopsis of the general aims of this thesis.

1.1 Pain

Pain is defined as an unpleasant sensory and emotional experience associated with actual or 

potential tissue damage, or described in terms of such damage (Merskey and Bogduk, 1994). 

The word ‘pain’ comes from the Latin word ‘poena’, which means ‘punishment’ or ‘penalty’. 

Although pain is only a single word, this does not mean that it is a uniform entity. In fact, the 

perception of painful stimuli can differ enormously among individual patients, even between 

those who appear to have identical injuries (see monograph by Berry et al., 2001). 

Pain can have an acute or chronic nature. In many cases, acute pain has an easily 

identifiable cause, such as an injury. Acute pain has a useful protective function, because it 

forces the body to rest the injured part and warns against further tissue damage (Merskey and 

Bogduk, 1994; Berry et al., 2001). In some cases, however, the pain becomes chronic, i.e., 

the pain duration extends beyond the normal period of tissue repair. In chronic pain patients, 

the levels of identified pathology are often low and insufficient to explain the presence and/ 

or the extent of the pain. Thereby, the characteristic protective function of acute pain is lost, 

while as yet, the function of chronic pain remains largely unknown (Berry et al., 2001). In 

earlier times, chronic pain was often regarded as a nonspecific symptom of an underlying 

disease (Shorter, 1997; Macfarlane, 2005). However, evidence accumulates to suggest that 

chronic pain is a disease entity in its own right (Siddall and Cousins, 2004). Recent studies 

have shown that in the absence of any actual tissue damage, several neurophysiological 

mechanisms may lead to an experience of pain (Ren and Dubner, 1999; Woolf and Mannion, 

1999; Pace et al., 2006). Similarly, also psychological and social factors may contribute to 

Chapter 1

9

vSelms_proefschrift.indd   8 23-03-2007   14:35:07



8

the perception and expression of chronic pain (Gamsa, 1994; Pincus et al., 2002; Siddall and 

Cousins, 2004). A consequence of pain that persists for months, or even years, is its impact 

on many aspects of a patient’s daily life. Besides limitations in physical functioning, chronic 

pain patients may also experience a wide array of psychological problems, such as elevated 

levels of depression and/ or somatization, and difficulties in coping with life events  

(Berry et al., 2001; Turk and Okifuji, 2002; Keefe et al., 2004). This stresses the importance 

of a proper assessment and management of both the physical aspects and the psychological 

aspects of chronic pain.

TMD pain is the most frequently occurring, non-dental, chronic pain condition in the 

orofacial area (Lipton et al., 1993; Dworkin, 1995). In the general adult population, the 

prevalence of TMD pain has been reported to range from about 4% for its point prevalence 

(i.e., the proportion of a population with the disease or condition at a given point in time) to 

about 34% for its lifetime prevalence (Dworkin et al., 1990; LeResche, 1997; Carlsson, 1999; 

Drangsholt and LeResche, 1999). The proportion of women among patients with TMD pain 

typically comprises about 80-90% of clinical populations (Okeson, 1996; LeResche, 1997; 

Stohler, 1999b). TMD pain can originate from the temporomandibular joint (arthrogenous 

TMD pain) and/ or from the jaw muscles (myogenous TMD pain; Schwartz, 1958; McNeill et 

al., 1990; NIH, 1996; Okeson, 1996; Lobbezoo et al., 2004). While arthrogenous TMD pain 

may be due to inflammation, disease, or degeneration of the hard or soft tissues within the joint 

(Fricton et al., 1988b; Okeson, 1996), myogenous TMD pain is suggested to be the consequence 

of muscle overuse (e.g., oral parafunctions like bruxism) or psychological dysfunction (e.g., 

psychological stress; Schwartz, 1958; Laskin, 1969; Suvinen et al., 2005). Several recent 

studies indicated that, of the two types of TMD pain, the prevalence of myogenous TMD pain 

is approx. twice of that of the pain-related temporomandibular joint disorders arthralgia and 

osteoarthritis (List and Dworkin, 1996; Yap et al., 2003; Plesh et al., 2005). 

Myogenous TMD pain patients typically complain of a relatively mild, dull pain in the jaw 

muscles that fluctuates over time and is aggravated by normal daily muscle activities (Solberg, 

1986; McNeill et al., 1990; Okeson, 1996). Myogenous TMD pain is to some degree a  

self-limiting condition (Dworkin, 1994; NIH, 1996; Okeson, 1996). Further, patients with 

myogenous TMD pain frequently report sensations of muscle fatigue (Laskin, 1969; Wanman 

and Agerberg, 1986; Bakke and Möller, 1992; Kroon and Naeije, 1992; Carlson et al., 1998). 

Since most patients with myogenous TMD pain report to their dentist when their pain already 

has a chronic nature, the typically encountered myogenous TMD pain shares characteristics 

with other chronic pain conditions (e.g., low-back pain, widespread pain;  McKinney et al., 

1990; Rollman and Gillespie, 2000; Turk and Okifuji, 2002). Moreover, patients with myogenous 

TMD pain more often have pain complaints in other parts of the body (e.g., in the neck;  

de Wijer et al., 1996; Visscher et al., 2001) than individuals without myogenous TMD pain.
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1.2  Diagnosis

Similar to other chronic pain conditions, no objective clinical findings are available for the 

establishment of a chronic myogenous TMD pain diagnosis (Widmer, 1995; Drangsholt and 

LeResche, 1999; Stohler, 1999b). Therefore, the best current approach to distinguish 

myogenous TMD pain from other orofacial pain conditions is an evaluation of the outcome 

of both a comprehensive patient history and a carefully performed clinical examination. 

Examples of other orofacial pain conditions are: intra-oral pain disorders (e.g., pathologies of 

the dental pulp and of the periodontal tissues), pain of associated structures (e.g., the tem-

poromandibular joints, ears, sinuses, salivary glands, and neck), primary headache disorders 

(e.g., tension-type headache, migraine, and cluster headache), neurogenic pain disorders 

(e.g., neuralgias and deafferentiation pain), and intra-cranial pain disorders (e.g., neoplasms 

and abscesses; Fricton et al., 1988a; McNeill and Dubner, 2001; Zakrewska, 2002).

During the past decades, several diagnostic systems have claimed to be successful in 

distinguishing non-TMD pain from TMD pain, or in distinguishing myogenous TMD pain 

from other TMD pain conditions (e.g., Schwartz and Chayes, 1966; Bell, 1982; Naeije and 

Hansson, 1986; Fricton et al., 1988; Lobbezoo-Scholte et al., 1993). However, only seldom, 

detailed information on the exact use of such systems was provided, and information on their 

reliability and validity was often lacking (Clark et al., 1993). On top of that, the diversity in 

diagnostic systems significantly hampered the comparability of study results. Therefore, in 

order to redress the lack of standardized criteria for the various TMD diagnoses, a group of 

experts developed the Research Diagnostic Criteria for Temporomandibular Disorders  

(RDC/TMD; Dworkin and LeResche, 1992). 

The RDC/TMD is a dual-axial system that uses a step-by-step approach to come to a 

physical diagnosis on the system’s so-called ‘Axis I’. In addition, the psychological 

dimensions of pain, including pain intensity, pain-related disability, and the presence of 

depression and non-specific symptoms, can be put on the system’s ‘Axis II’. The RDC/TMD 

allows for two possible types of jaw muscle pain diagnoses, viz., ‘myofascial pain’ and 

‘myofascial pain with limited opening’. In this thesis, both diagnoses are indicated as 

‘myogenous TMD pain’.

Using the RDC/TMD system, international multi-site research is currently being 

performed in order to advance our knowledge of TMD. To that end, it is necessary that all 

participating centers use properly conducted and culturally adapted translations of the  

RDC/TMD. Such a translation was not yet available in the Dutch language, and was therefore 

conducted in preparation of the other studies that are part of this thesis. The entire translation 

procedure of the original (English language) version of the RDC/TMD history questionnaire, 

clinical examination form, and verbal instructions to the patients into the Dutch language is 
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described in Chapter 2. In addition, since agreement between different clinicians when 

making observations of the same clinical variable using the same diagnostic criteria is 

essential, the training, calibration, and reliability assessment that were carried out for 

standardizing experienced clinicians in the conduct of the clinical examination part of the 

RDC/TMD are outlined in this chapter as well.

1.3  Etiology

Many theories have been proposed for the etiology of myogenous TMD pain. In the thirties 

of the last century, James Costen proposed his ideas about structural disharmonies (i.e., 

deviations in the anatomy of the jaw complex and dental occlusion) as forming the basis for 

all kinds of pain of undetermined origin in the pre-auricular area, temporal area, and face 

(Costen, 1934). However, the validity of this theory was heavily challenged and finally, 

Costen’s concept was abandoned. It then took a period of about two decades before a more 

psychophysiological model was proposed that emphasized the role of stress in the etiology of 

jaw muscle pain (e.g., Schwartz, 1955; Schwartz, 1958; Laskin, 1969). Thus, the rather 

limited mechanical concept of an anatomical etiology was finally abandoned in favor of a 

broader concept that also included the psychophysiological characteristics of the patient. 

Until now, however, it is still not fully understood what causes myogenous TMD pain, nor 

is it exactly known which risk factors are responsible for the transition from acute to chronic 

pain. There seems to be no single cause for chronic myogenous TMD pain, which is in line with 

other chronic pain conditions (e.g., low back pain; van Tulder et al., 2002). In the current 

multifactorial etiological models, variables that are commonly suggested in association with 

myogenous TMD pain are, amongst others, of psychosocial and neuromuscular nature (Dworkin 

and Burgess, 1987; McNeill et al., 1990; Okeson, 1996; LeResche, 1997; Drangsholt and 

LeResche, 1999; Suvinen et al., 2005). More specifically, studies have indicated that patients 

with chronic myogenous TMD pain show elevated levels of depression, somatic concern, anxiety, 

and perceived psychological stress as compared to healthy individuals (see, for example, the 

review by Rollman and Gillespie, 2000). Furthermore, abnormal oral habits (e.g., gum chewing 

and nail biting) and parafunctional activities (e.g., bruxism: sleep-related and/or wake tooth 

grinding and/or clenching) have been suggested as important etiological factors for myogenous 

TMD pain (Bader and Lavigne, 2000; Magnusson et al., 2005; Sato et al., 2006). In Chapters 3 

and 4, the relationships between myogenous TMD pain and the risk indicators ‘psychological 

stress’ and ‘nocturnal masticatory muscle activity’ (NMMA, which is considered indicative  

of nocturnal bruxism; Bowley et al., 1993; Gallo et al., 1997) are investigated, using both 

questionnaires and single-channel electromyography (EMG) in a longitudinal study design. 

Chapter 1
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1.4  Motor Consequences

In the early nineties of the last century, a model for the interaction between muscle pain and 

muscle co-ordination was proposed by James Lund and colleagues (Lund et al., 1989; Lund et 

al., 1991; Lund, 1995). This so-called ‘pain-adaptation model’ describes that in the presence of 

nociceptive stimuli, a decrease in muscle output can be expected during concentric muscle 

activities (e.g., masseter muscle activity during jaw-closing), along with a reduced range of 

motion and slowing of movement due to antagonistic co-contractions during eccentric muscle 

activities (e.g., digastric muscle activity during jaw-closing; see the review by Stohler, 1999a). 

These pain-related changes in motor behaviour can be regarded as serving an  

adaptive-protective function: it prevents further damage of the painful muscle tissues and 

promotes healing and restitution. In Chapter 5, an overview is provided of the motor 

consequences of myogenous TMD pain in relation to the pain-adaptation model, using studies 

that were published during the past ten years (i.e., ten years after the publications by Lund et 

al., 1989, 1991, 1995).

The pain-adaptation model is mainly based on an analysis of the relevant clinical literature 

that was available at that time (e.g., Molin, 1972; Møller et al., 1984; Hagberg, 1987; Dworkin 

et al., 1990). However, clinical studies on chronic pain are often confounded by a heterogeneity 

in the clinical material, as reflected in differences in etiology, pain distribution, gender effects, 

and psychosocial factors that may affect the pain (Stohler, 1999a; Svensson and  

Graven-Nielsen, 2001; Suvinen et al., 2005). To reduce the influence of such confounders, 

Lund et al. (1991) also included some preliminary results from an experimental muscle pain 

study in their model. In that study, chronic myogenous TMD pain was mimicked by injections 

of hypertonic saline in the masseter muscle of healthy subjects. The resulting pain was present 

for a sufficiently long duration to perform some experiments. Amongst others, these 

experiments showed that mandibular open-close movements are altered (viz., smaller and 

slower) due to the chemically induced jaw muscle pain. However, one should keep in mind that 

chemically induced, acute jaw muscle pain cannot readily be compared with chronic myogenous 

TMD pain. Besides differences in, amongst others, neuronal excitability and psychological 

status (Stohler, 2001), patients with chronic myogenous TMD pain frequently report 

accompanying sensations in the jaw muscles, such as the sensation of fatigue. It is not unlikely 

that besides pain, a factor like muscle fatigue may have contributed to the observed alterations 

in mandibular movement patterns. Consequently, studies that only use chemically induced 

experimental pain might not be conclusive when exploring the interrelationship between 

chronic myogenous TMD pain and jaw-motor function.

Several experimental studies have investigated the influence of muscle fatigue on the 

motor system by assessing fatigue-related changes in reflex activity (e.g., in the patellar tendon  
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and in the soleus muscle; Kaufman et al., 2001; Moore et al., 2002; Kuchinad et al., 2004; 

Tanino et al., 2004). So far, however, the possible influence of fatigue in the masticatory 

muscles on jaw reflex activity is unknown. Therefore, in Chapter 6, the effects of muscle 

fatigue, without and with TMD-like pain, on the short-latency jaw-stretch reflex in healthy 

human subjects are examined. To that end, an intense chewing test is used to provoke sensations 

of muscle fatigue, whereas a chemical pain provocation technique (i.e., injections of hypertonic 

saline) is used to provoke a several-minutes-lasting jaw muscle pain sensation.

1.5  Management

The most important objectives for the management of chronic myogenous TMD pain are to 

relieve or diminish the pain, to restore normal jaw movement and function, and to improve 

quality of life (Dworkin et al., 1990; NIH, 1996; Okeson, 1996; Okeson, 2003). Several 

conservative management techniques such as counseling, physical therapy, orthopedic 

appliances (viz., occlusal stabilization appliances), medication, and cognitive behavior 

therapy have proven to be safe and effective (NIH, 1996; Okeson, 1996; McNeill, 1997; 

Carlsson, 1999; Okeson, 2003). Interestingly, regardless of the therapy received, the majority 

of patients with myogenous TMD pain achieve a good relief of their pain complaints with 

such conservative and reversible treatment strategies (NIH, 1996; Okeson, 1996; McNeill, 

1997; Stohler and Zarb, 1999; Harrison, 2002; Okeson, 2003). However, a small proportion 

of patients does not benefit fully from the received treatments: symptoms may persist, recur, 

or even worsen. Several studies have attempted to identify potential risk factors that  

are associated with a negative treatment outcome, but large differences in study designs  

and analysis techniques yield a variety of (sometimes contradictory) results. The aim of 

Chapter 7 is therefore two-fold: (1) to establish the short-term effects of individually tailored 

treatments to alleviate chronic myogenous TMD pain and related mandibular function 

impairment; and (2) to identify prognostic factors that are associated with the short-term 

treatment effects. 
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1.6.  Synopsis

The central theme of this thesis is chronic myogenous TMD pain. In several chapters, the 

diagnosis, etiology, effects on motor function, and the prediction of treatment result of this 

condition will be investigated. The aim of this thesis is four-fold: (1) to make the most widely 

used diagnostic system for TMD available for use in the Netherlands (Chapter 2); (2) to 

investigate the possible role of factors like bruxism and psychological stress in the etiology 

of chronic myogenous TMD pain (Chapters 3 and 4); (3) to explore the mandibular motor 

effects of (experimental) jaw-muscle pain and to clarify the contribution of muscle fatigue 

(Chapters 5 and 6); and (4) to study treatment results and prognostic factors in relation to 

treatment outcome in patients with chronic myogenous TMD pain (Chapter 7). 
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Abstract

Aims: To outline the steps taken to conduct and to culturally adapt Dutch translations of the 

Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) history 

questionnaire, clinical examination form, and verbal instructions to the patients, and to assess 

the reliability of the clinical examinations. Methods: For the linguistic translation from 

English into Dutch, the forward and back-translation approach was followed. For cultural 

adaptation, an expert panel reviewed the translation, and a pretest was performed on a small 

clinical sample. Examiner training and calibration were carried out, and the clinical reliability 

of a ‘gold standard examiner’ and three clinicians was assessed on 18 symptomatic TMD 

patients and 6 asymptomatic controls. The order of examinations was based on a quasi-

random Latin square design. Intraclass correlation coefficients (ICCs) were calculated to 

assess the overall interexaminer reliability of the clinical examination. Results: A linguistically 

valid and culturally equivalent translation of the RDC/TMD into Dutch resulted from the 

above-outlined procedure. As for the clinical reliability, the ICC values obtained could mostly 

be considered ‘excellent’ or, less frequently, as ‘fair to good’. Poor reliability was found only 

for some of the palpation tests. For uncommon diagnoses (disc displacement without 

reduction and without limited mouth opening; osteoarthritis), no reliable ICC value could be 

calculated. Conclusion: The mode described by the authors for preparing clinical sites for 

RDC/TMD-based research is a feasible one.

Chapter 2

This chapter is an edited version of the article: Lobbezoo F, van Selms MKA, John MT, Huggins K, Ohrbach R, Visscher CM, 
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Introduction

In 1992, an expert panel published the Research Diagnostic Criteria for Temporomandibular 

Disorders (RDC/TMD) in order to redress the lack of standardized diagnostic criteria for 

defining clinical subtypes of TMD (Dworkin and LeResche, 1992). Since then, these criteria 

have been widely used in epidemiological and clinical research. Several research groups are 

currently participating in the International Consortium for RDC/TMD-based Research 

(‘International RDC/TMD Consortium’), which was founded in 2000. One of this 

consortium’s goals is to establish an association of multinational centers that have the 

capability to conduct clinical and basic research, on an international and collaborative level, 

into the etiology and management of TMD. Prerequisites for a working multinational 

consortium are the availability of (1) properly conducted and culturally adapted translations 

of relevant parts of the RDC/TMD publications, questionnaires, forms, and specifications for 

every participating culture and language and (2) reliable examiners using the RDC/TMD 

in all participating clinical centers.

The aim of this article is to outline the steps taken by the Clinic for Temporomandibular 

Disorders of the Department of Oral Function, Section of Oral Kinesiology, of the Academic 

Centre for Dentistry Amsterdam (ACTA) in the Netherlands to meet the 2 prerequisites 

formulated by the International RDC/TMD Consortium, particularly the translation of the 

English language version of the RDC/TMD history questionnaire, clinical examination form, 

and verbal instructions to the patients into the target language (viz., Dutch), and to assess the 

reliability of the clinical examination.

Materials and Methods

RDC/TMD

The RDC/TMD consist of 4 parts: (1) a history questionnaire; (2) a clinical examination 

form; (3) specifications for the clinical examination, including a set of verbal instructions to 

the patients during the physical examination; and (4) an algorithmic protocol for scoring the 

RDC/TMD Axes I and II (Dworkin and LeResche, 1992). A detailed description of all four 

parts of the RDC/TMD can be found at www.rdc-tmdinternational.org. For use in 

multinational studies, the history questionnaire, the clinical examination form, and the verbal 

instructions to patients especially need to be translated; the remainder of the specifications 

for the clinical examination and the scoring protocol are for the use of the clinical examiner 

only. In the Netherlands, most dental professionals have a thorough command of the English 

language, so there is no need for an official translation of these parts of the RDC/TMD. 
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However, the self-administered history questionnaire, which is completed by the patient, 

needs to be translated officially to ensure equivalence with the source language. Where 

cultural equivalence (defined as the outcome of cross-cultural adaptation, i.e., the process 

that considers both language and cultural issues in an attempt to prepare a questionnaire for 

use in another setting; Guillemin et al., 1993) is a general goal for translations, this holds 

especially true for the demographic questions of the history questionnaire. The clinical 

examination form should be understandable not only for the examiner but also for the possible 

chair-side scorer, who may not be fluent in English. Since the verbal commands are used to 

direct the patient during the clinical examination, equivalence with the source language, and 

thus an official translation, is required for that part of the RDC/TMD as well.

RDC/TMD History Questionnaire. In the source language (i.e., English), the history 

questionnaire consists of 31 questions. Briefly, questions 1 through 6 deal with the patients’ 

perception of their general oral health (rated on 5-point ordinal scales ranging from  

1 = excellent to 5 = poor), the presence or absence of facial pain in the past month (yes/no), 

time elapsed since onset (in years or months), its stability over time (3-point ordinal scale:  

1 = persistent, 2 = recurrent, and 3 = one-time), and any previous treatment of the facial pain. 

Questions 7 through 13 aim to quantify the patients’ graded chronic facial pain on 11-point 

numerical scales, where 0 represents ‘No pain’ or ‘No interference’ [with daily activities] and 

10 represents ‘Pain as bad as could be’ or ‘Unable to carry on any activities’ (Von Korff et al., 

1992). Questions 14 through 18 are yes/no questions that give an impression of the presence or 

absence of joint problems such as clicking, locking, and rheumatoid arthritis. Further, they deal 

with injuries to the jaw or face and with headaches. Question 19 addresses the amount of jaw 

disability, also by means of yes/no questions. Question 20 is used to check for depression and 

non-specific physical symptoms (both with ‘pain items included’ and with ‘pain items 

excluded’), using the relevant scales of the Symptom Checklist 90 (SCL-90; Derogatis and 

Cleary, 1977). The answers to all SCL-90 questions are scored on a 5-point ordinal scale, 

ranging from 0 (not at all) to 4 (extremely). With questions 21 and 22, an impression can  

be obtained of the patients’ opinion about their ability to take care of their own oral health  

(5-point ordinal scales, ranging from 1 = excellent to 5 = poor). Gender and age are documented 

in questions 23 and 24. Finally, questions 25 through 31 provide insight into the patients’ 

demographic characteristics, including ancestry, level of education, marital status, income, and 

residential area. The examiner can use the Axis II scoring protocol for calculating the graded 

chronic pain score as well as the mood and psychosocial functioning scale items (SCL-90).

RDC/TMD Examination Form. In brief, the clinical examination form includes two 

questions about the patients’ pain complaint (side and area). The examination of the active 
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movements includes the opening pattern (e.g., straight or uncorrected or corrected lateral 

deviation), the vertical range of motion (maximum unassisted opening without pain; 

maximum unassisted opening), excursions in the transverse plane, and the presence or 

absence of joint sounds. The patient’s pain report is recorded for both vertical and transverse 

mandibular movements. In addition, 12 sites are palpated on both sides; 8 extraoral muscle 

sites, 2 intraoral muscle sites, and two temporomandibular joint (TMJ) sites. Diagnostic 

scoring algorithms are available for use by the examiner to establish the Axis I clinical 

diagnoses by combining several clinical signs and patient-reported symptoms. Multiple 

diagnoses per patient and per side are possible, with a maximum of five per patient. Diagnoses 

are classified as belonging to one of the following groups: Group I - myofascial pain (with or 

without limited opening); Group II - disc displacement (with or without reduction; and, in  

the latter case, with or without limited opening) on the left and/or right side; or Group  

III - arthralgia, osteoarthritis, or osteoarthrosis on the left and/or right side.

Verbal Instruction. As part of the specifications for the clinical examination, a set of verbal 

instructions to the patients during the physical examination has been formulated as to ensure 

a standardized way of communication. For example, to determine the vertical range of motion 

regardless of the presence or absence of pain, the examiner instructs the patient as follows:  

‘I would like you to open your mouth as wide as you can, even if it’s painful.’ 

Translation into Dutch. The history questionnaire, clinical examination form, and verbal 

instructions were translated from English into Dutch through the use of the forward and 

back-translation approach (Guillemin et al., 1993). The Orofacial Pain Research Group of the 

University at Buffalo provided the Amsterdam group with a set of translation guidelines. 

Following these guidelines, two independently working persons translated the source 

documents into the target language. Both bilingual translators had Dutch as their native 

language. One of them (MS) was an expert in the orofacial pain area; for the other translator, 

a person with no specific experience in that field was intentionally selected to provide better 

generalization for the typical user of the patient questionnaires. Both translators and a 

coordinator (FL) then conducted a synthesis of the two translations, thus producing one 

common translation for further use. The common forward translation was translated back 

into the original language by an independent, professional translator from The International 

Institute of Buffalo, whose native language was English, who was blind to the source 

documents, and who was not an expert in the orofacial pain area. The resulting back-

translation was then reviewed against the source document by a second coordinator  

(the reviewer, RO), who constructed a translation summary document (independent review) 

describing all areas of discrepancy between the back-translation and the source document. 
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Among others, discrepancies concerned the translation of the following questions of  

the history questionnaire: 

• Questions 1 and 2: ‘Fair’ and ‘poor’ were back-translated as ‘adequate’ and ‘just so-so’

• Question 5: ‘Recurrent’ was back-translated as ‘intermittent’

• Question 14a: ‘Lock or catch’ was back-translated as ‘stuck’

• Question 15a: ‘Click or pop’ was back-translated as ‘crack or snap’

• Question 15b: ‘Grating or grinding’ was back-translated as ‘grating or scraping’

• Question 15e: ‘Ache’ was back-translated as ‘hurt’

• Question 18: ‘Have you had’ was back-translated as ‘have you suffered’

• Question 20.l: ‘Feeling blue’ was back-translated as ‘feeling of depression’. 

No important discrepancies were present regarding the clinical examination form and 

the verbal instructions. The independent review was sent to the translators, who, in case  

of agreement with the recommendations, made the necessary corrections to the translation. 

All changes and disagreements were documented and explained in the summary document, 

which was sent back to the reviewer and the back-translator for evaluation. No repetition of 

the above procedure was needed, indicating a successful back-translation of the changes.  

In addition, an expert panel comprising a linguist, two epidemiologists/ methodologists,  

a psychologist, and three TMD specialists, reviewed the resulting translation with respect to 

semantic, idiomatic, experiential, and conceptual equivalences. A few recommendations for 

minor (mainly idiomatic) revisions of the Dutch translation were made. Further, because of 

the presence of norm scores for use within The Netherlands, the newly translated SCL-90 

scales were substituted by the formerly translated and validated SCL-90 scales by Arrindell 

& Ettema (1986). Finally, small-scale pre-testing in the Clinic for Temporomandibular 

Disorders at ACTA, for which about 30 TMD patients were interviewed about their opinion 

of the new questionnaire, did not result in any recommendations for revision. The final  

Dutch version was then posted on the website of the International RDC/TMD Consortium 

(www.rdc-tmdinternational.org/booklet/frmBooklet.htm).

As outlined above, questions 23-31 of the RDC/TMD history questionnaire are 

concerned with the patients’ demographic characteristics. To take into account societal 

differences between the United States and The Netherlands with respect to demographic 

factors such as level of education, marital status, income, and residential area, Statistics 

Netherlands (Centraal Bureau voor de Statistiek [CBS], a Dutch organization responsible  

for collecting, processing, and publishing statistics to be used in practice, by policymakers, 

and for scientific research) was approached for assistance. The resulting items can be found 

at the website of the International RDC/TMD Consortium.
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Training, Calibration, and Reliability Assessment

Since the reliability assessment needs to be preceded by a training and calibration session 

(www.rdc-tmdinternational.org/booklet/frmBooklet.htm), the University of Washington 

Orofacial Pain and Disorders Clinic and Research Group provided the Department of  

Oral Function of the Academic Centre for Dentistry Amsterdam (ACTA) with a gold standard 

examiner (GSE) (KH) to train and calibrate three examiners (FL, CV, and JZ) to become 

reliable in the conduct of the RDC/TMD Axis I examination and diagnosis methods.  

The scientific and ethical aspects of the protocol were reviewed and approved by the board of 

the Netherlands Institute for Dental Sciences.

Pre-training. Prior to the GSE’s visit to ACTA, the examiners-in-training (EXTs) memorized 

the specifications for the clinical examination, including the exact verbal instructions to the 

patients. Further, the EXTs watched the RDC/TMD examination training videotape, provided 

by the University of Washington Research Group, until they felt comfortable with the 

protocol. Finally, the EXTs mastered the delivery of 1 lb and 2 lbs of pressure on a postage 

scale, which is needed for the standardized palpation of structures of the masticatory system 

as part of the clinical examination.

Training. The 3-hour training session started with the GSE’s overview of the examination 

procedures. Subsequently, the GSE conducted the clinical examination on the three EXTs 

who, in turn, practiced on the GSE. The GSE provided the EXTs with the necessary feedback 

and clarifications. The EXTs then practiced the examination on each other. This procedure 

was repeated until the GSE determined the EXTs to be competent in the RDC/TMD clinical 

examination protocol.

Calibration. During the 3-hour calibration session, the GSE as well as the three EXTs 

individually conducted the entire clinical examination on two pre-selected, symptomatic 

TMD patients. A recorder assigned to each chair kept record of observed variations among 

the EXTs in examination technique and verbal instructions, besides recording the examination 

itself. The examinations were then reviewed and, when necessary (i.e., in case of 

discrepancies), re-examination of the patients was performed.

Reliability Assessment. A total of 24 subjects (5 men and 19 women from 19 to 62 years 

old; mean age ± SD 39.5 ± 14.5 years; 18 symptomatic TMD patients and 6 asymptomatic 

controls) participated in the 6-hour reliability assessment. The TMD patients were  

pre-selected so as to present a broad range of symptoms. Using a quasi-random Latin square 
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design to control for order effects, the GSE and the three EXTs individually examined all  

24 participants, blinded from each other’s findings. The examiners moved from chair to chair, 

while the participant remained seated in the same place. The recorder translated the verbal 

instructions of the GSE into Dutch.

Data Analyses

Descriptive statistics were computed for all outcome measures, based on the number of 

observations–either 96 (24 participants × 4 examiners) or 192 (24 participants × 4 examiners 

× 2 sides). To facilitate interpretation, bilateral measures (e.g., joint sounds) were combined 

into single variables. Further, for palpation, the 4-point ordinal scale was dichotomized into 

‘no pain’ versus ‘any pain’ (i.e., pain, regardless of intensity) categories. Similarly, joint 

sounds were dichotomized into ‘click’ and ‘other/no joint noises’ categories. For continuous 

measures (i.e., the mandibular range of motion variables), mean, standard deviation, and 

range were calculated, while for dichotomous measures, the proportion of positive ratings 

was calculated.

Overall inter-examiner reliability was assessed by calculating intraclass correlation 

coefficients (ICCs; Shrout and Fleiss, 1979). ICCs were used for both continuous variables and 

dichotomous variables, following the recommendations of John et al. (2001). In addition, the 

agreement between all possible pairs of examiners was calculated for the dichotomous measures. 

ICC values were interpreted according to Fleiss (1986): ICC < 0.4 = poor reliability; ICC ≥ 0.4 

but ICC ≤ 0.75 = fair to good reliability; and ICC > 0.75 = excellent reliability. All statistical 

analyses were performed using STATA, release 7.0 (Stata Statistical Software).

Results

The outcomes of the reliability assessment are shown in Tables 1 through 4. The mandibular 

range of motion measures are presented in Table 1. For most of these measures, ICCs were 

larger than 0.75, which indicates excellent reliability. Only for laterotrusion was an ICC value 

found that could be considered only fair to good.
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Variable 

Range of motion (mm)

N Mean SD Min – Max ICC

Unassisted opening without pain 96 43.3 11.2 19-62 0.86

Maximum unassisted opening 95 50.2 9.4 32-66 0.94

Maximum assisted opening 94 52.6 8.8 35-66 0.93

Laterotrusion 190 9.7 2.3 4-14 0.71

Protrusion 96 5.3 2.9 0-16 0.88

Table 1. Mandibular range of motion variables: descriptive statistics and ICCs.

Table 2 shows the reliability assessment for joint sounds. Clicking during opening, 

closing, and protrusion could be assessed reliably, as indicated by their high ICC values. 

Interestingly, these measures also had the highest proportions of positive ratings. However, 

even though the elimination of a click was found possible in a similar number of cases as 

clicking during protrusion was found (n = about 190 and percent positive ratings = 13% for 

both variables), the ICC value for the elimination of a click was relatively low. For clicking 

during laterotrusion on the contralateral side, a relatively low proportion of positive ratings 

went with an only ‘fair-to-good’ ICC value. Clicking on the ipsilateral side during laterotrusion 

was so rare that no reliable ICC could be calculated for this measure.

Variable N

Positive 

Ratings

(%) ICC

Agreement 

between  

examiner pairs

(%)

Clicking during opening 183 26 0.82 93

Clicking during closing 183 25 0.75 91

Clicking during laterotrusion (contralateral side) 191 10 0.62 93

Clicking during laterotrusion (ipsilateral side) 189 1 * 99

Clicking during protrusion 189 13 0.74 94

Eliminated click 188 13 0.49 88

* Prevalence too low to calculate a reliable ICC

Table 2. Joint sounds: percent positive ratings, ICCs, and examiner agreement.
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The reliability assessment of the scores that were recorded during the palpation of  

the masticatory muscles and TMJs is presented in Table 3. Only the ICC value of the superior 

masseter muscle was found to be excellent; the other ICC values were either poor or fair  

to good.

Variable N

Proportion  

positive ratings  

(%) ICC

Agreement 

between 

examiner pairs 

(%)

Temporalis posterior 192 5 0.10 91

Temporalis middle 192 17 0.44 84

Temporalis anterior 192 17 0.56 87

Masseter superior 192 27 0.75 90

Masseter body 192 36 0.63 83

Masseter inferior 192 31 0.58 82

Posterior mandibular region 192 18 0.35 81

Submandibular region 192 10 0.29 87

Lateral pterygoid area 187 56 0.61 80

Tendon of temporalis 189 40 0.44 73

TMJ Lateral 192 22 0.38 78

TMJ Posterior 188 7 0.59 94

Table 3. TMJ and masticatory muscle palpation: percent positive ratings, ICCs, and examiner agreement.

Variable N

Proportion 

positive ratings  

(%) ICC

Agreement  

between  

examiner pairs 

(%)

Myofascial pain 95 26 0.74 89

Myofascial pain with limited mouth opening 95 24 0.57 83

Disc displacement with reduction 183 20 0.62 88

Disc displacement without reduction 192 4 0.56 97

Disc displacement without reduction and 

without limited mouth opening

191 1 * 99

Arthralgia 189 16 0.45 86

Osteoarthritis 190 0 * 100

Osteoarthrosis 187 3 0.79 99

* Prevalence too low to calculate a reliable ICC

Table 4. RDC/TMD diagnoses: percent positive ratings, ICCs, and examiner agreement.
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With the examination outcome measures that are shown in Tables 1 through 3, clinical 

diagnoses were established using the RDC/TMD Axis I scoring protocol. The reliability 

assessment thereof is presented in Table 4. The proportion of positive ratings indicates that in 

50% of the participants, a diagnosis of myofascial pain (without or with limited mouth 

opening) was established. In 20% of the participants, a disc displacement with reduction was 

found, while 16% of them suffered from arthralgia. 

The other clinical diagnoses were less prevalent. Reliability was fair to good for both 

myofascial pain diagnoses, for disc displacement with and without reduction, and for 

arthralgia. Despite its low prevalence in this sample, osteoarthrosis had an ICC value that 

could be qualified as excellent. For the rarest conditions, disc displacement without reduction 

without limited mouth opening (found in only 1% of the examinations) and osteoarthritis 

(not found at all), a proper reliability assessment could not be performed.

Discussion

This paper shows that preparing a clinical site for multinational research using the RDC/

TMD (Dworkin and LeResche, 1992) is an intensive process. It involves a thorough and 

time-consuming translation of the relevant parts of the RDC/TMD publications, 

questionnaires, forms, and specifications, in which many persons at different sites play 

important roles. Further, careful training, calibration, and reliability assessment of examiners 

at the clinical site is part of the preparation process. The fact that no iteration of (parts of) the 

translation process was necessary at ACTA and that, in general, the reliability of the examiners 

was good suggests that this mode of preparing clinical sites is a feasible one, and that ACTA 

is a reliable centre for RDC/TMD-based research.

Translation

For the translation process, the guidelines compiled by the Orofacial Pain Research Group of 

the University at Buffalo were used. These guidelines are adapted from various published 

recommendations (e.g., Guillemin et al., 1993). The Buffalo guidelines carefully advise the 

use of two translators; Guillemin et al. consider two translators (one of them being an expert 

in the field of interest and the other having no specific experience there) as an essential 

prerequisite for a properly performed translation process. Since at ACTA, two translators 

whose results were synthesized into a single translation were used, the Dutch translation  

of the RDC/TMD fulfils the ‘two-translator criterion’. Although Guillemin et al. suggested 

the use of two back-translators as to increase the likelihood of highlighting any imperfections, 
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only one ‘naive’ professional back-translator was used for the Dutch translation. This may be 

considered a weakness of the translation process. However, according to the guidelines 

compiled by the Orofacial Pain Research Group of the University at Buffalo, the use  

of a single back-translator is sufficient. The procedure following the completion of the  

back-translation (viz., review, corrections, and evaluation), on the other hand, is again in line 

with the criteria described by Guillemin et al. (1993). Thus, despite the possible weakness of  

a single back-translator, the resulting translation fully fulfils the criteria of the University at 

Buffalo and thereby, of the International RDC/TMD Consortium.

The linguistically valid translation of the RDC/TMD into Dutch, as described here, can 

be considered as the first step in the necessary cultural adaptation process: it cannot be 

assumed a priori that the original (English) version and the translated (Dutch) version are 

culturally invariant. For cultural adaptation of the Dutch version, an expert panel therefore 

reviewed the translation, and a small-scale pretest was performed. Apart from the suggested 

final field-testing, which will be performed in a future, large-scale, multinational study to 

cultural influences on TMD pain, cultural equivalence of the Dutch version was thus verified. 

Pending the outcome of this field test, the Dutch translation of the RDC/TMD was considered 

ready for use within The Netherlands. Other Dutch-speaking countries or regions  

(e.g., Flanders in Belgium) should be aware of possible cultural differences and that the 

demographic questions, 25 through 30, need to be adapted to the local situation before  

the Dutch translation can be used in full.

Reliability Assessment

In this study, ICCs were used not only for continuous variables but also for categorical 

(dichotomous) data. In most reliability assessments, Kappa statistics are being used for 

categorical data (Fleiss, 1986). According to John et al. (2001), however, the distinction 

between the two approaches is only arbitrary: they are mathematically equivalent, except for 

a term in the denominator that becomes negligible when the number of subjects increases to 

that used in the present study. Indeed, when both ICC and Kappa are being calculated for the 

same variable, the differences were negligible. For example, palpation of the superior, middle, 

and inferior parts of the masseter muscle yielded respective Kappa values of 0.74, 0.63,  

and 0.57, while respective ICC values of 0.75, 0.63, and 0.58 were obtained (Table 3). Besides 

being equivalent, ICC analysis offers some additional information beyond that obtained with 

Kappa statistics. It enables a more in-depth analysis of, for example, order effects, and 

uncovers areas for potential improvement (John et al., 2001). Therefore, ICC analysis was 

chosen over Kappa analysis in the present study.
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Range of Motion. Wide ranges of values were found for the mandibular range of motion 

variables. It is noteworthy that the lowest ICC values were found for the laterotrusion. This is 

in line with the results of Goulet et al. (1993) and of John & Zwijnenburg (2001), who also 

found the lowest, albeit still acceptable, ICC values for the laterotrusions in their respective 

study samples. Apparently, subjects have more difficulties in performing maximal mandibular 

excursions to the sides than in making open and protrusion excursions in a reproducible 

manner. It is common clinical experience that patients frequently have difficulties in 

performing (maximum) laterotrusions. Alternatively, laterotrusions may have been relatively 

difficult to measure reliably for the examiners. Since the magnitude of lateral excursions is 

part of the RDC/TMD diagnoses of disc displacement without reduction, with or without 

limited opening, the TMD subtyping (Dworkin and LeResche, 1992) may have been affected 

by the lower ICC value for laterotrusion. More explicitly, since reliability sets the upper limit 

of validity, the reliability problem associated with laterotrusive measurements may have a 

significant impact on the validity of these specific diagnoses.

Joint Sounds. TMJ sounds are frequently occurring phenomena, both in TMD populations 

(e.g., Lobbezoo-Scholte et al., 1995) and in non-TMD populations (e.g., Huddleston Slater  

et al., 2004). Several types of joint sounds can be distinguished. The most common types are 

sounds related to internal derangements, such as anterior disc displacement with reduction 

and hypermobility, while crepitus is found less frequently (Okeson, 1996; Huddleston Slater 

et al., 2004). In the present study, clicking sounds were found in one fifth of the observations 

(disc displacement with reduction in Table 4). Contrary to this relatively common 

phenomenon, ‘coarse’ crepitus was found in only 3% of the observations (Osteoarthrosis in 

Table 4). Since this latter prevalence was too low to be considered on its own in the present 

reliability assessment, the joint sound measures were dichotomised into ‘clicking sounds’ 

and ‘other/no sounds’.

A high reliability was found for the observation of clicks during mandibular opening, 

closing, protrusion, and, to a slightly lesser extent, during laterotrusion to the contralateral 

side. In part, these findings are in line with previous studies (e.g., Wabeke et al., 1994;  

De Wijer et al., 1995). The fact that no reliability assessment could be performed for clicking 

on the ipsilateral side during lateral excursive movements is most likely related to the rarity 

of that phenomenon. In turn, this rarity is undoubtedly related to the fact that the condyle 

only makes a very small (mostly lateral) movement on the ipsilateral side, which is known as 

the ‘immediate side shift’ or ‘Bennet movement’ (Davies and Gray, 2002). The smaller the 

condylar movement, the more unlikely it is for a joint sound to occur. Moreover, clicking 

sounds during such small movements may or may not be caused by displaced disks, this 

awaits further study.
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Relatively low ICC values were found for the elimination test (‘protrusive opening’) 

(Dworkin and LeResche, 1992; Huddleston Slater et al., 2004), a technique that can be used 

to differentiate between clicking sounds on the basis of an anterior disc displacement and 

those with another underlying mechanism (e.g., hypermobility). Since clicking sounds upon 

opening, closing, and protrusion could be established reliably, it is difficult to explain these 

low ICC values. Perhaps clicks are not stable in terms of ‘always occurring at the same 

amount of mouth opening’, even though the occurrence of clicking was found to be stable 

over a period of 10 days (Gallo et al., 2000). If closing clicks sometimes occur farther away 

from maximal occlusion than they typically do (Huddleston Slater et al., 2002), elimination 

upon protrusive opening may be prevented in such occurrences and thus may be an unreliable 

confirmation test.

Palpation. The scores for palpation were dichotomised into ‘no pain’ and ‘any pain’ groups, 

because the measures are used as such to establish the RDC/TMD diagnoses. As for the joint 

sounds, a large-enough prevalence of a certain score yielded acceptable reliability values, 

although they were generally lower than those obtained for range of motion measurements 

and for the detection of joint sounds. This corroborates the results of several previous studies 

(e.g., Goulet et al., 1993; De Wijer et al., 1995). It is noteworthy that palpation of the  

intra-oral sites (of which the lateral pterygoid area is especially difficult in terms of technical 

performance of the palpation and the possibility of provocation of surrounding tissues instead 

of the muscle itself) yielded relatively high proportions of positive ratings. This means that 

because of the difficulties attached to the palpation of these sites, they may have contributed 

disproportionally to the TMD subtyping process, which raises the question whether such 

palpation sites should be included in a diagnostic approach such as the RDC/TMD (Johnstone 

and Templeton, 1980; Türp and Minage, 2001).

Diagnoses. For the common diagnoses, i.e., myofascial pain, disc displacement with 

reduction, and arthralgia, acceptable reliability values were found. Again, the more uncommon 

a diagnosis was, the lower the reliability. However, the uncommon condition ‘osteoarthrosis’ 

had very high ICC values. This illustrates another possible consequence of a low prevalence: 

by chance, ICC values can also be very high. The results, however, cannot be interpreted. 

This stresses the need for a meta-analysis of the data of multiple clinics that participate in the 

International RDC/TMD Consortium. In the present study sample, about half of the eighteen 

TMD patients had myofascial pain, which is about three times more than the number of 

patients with arthralgia. This relative distribution (3:1) is a corroboration of the Swedish and 

US data published by List & Dworkin (1996), as well as of the Asian data published by  

Yap et al. (2003). In addition, a previous clinical study in the authors’ department revealed a 
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similar distribution of myogenous and arthrogenous TMD pain as well (Visscher et al., 2001). 

This suggests that the present study sample is representative of the TMD pain patient 

population of the Clinic for Temporomandibular Disorders of ACTA. 
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Patiëntnummer: _________________

Datum: __ __ / __ __ / __ __

Lees alstublieft telkens eerst de vraag en vul daarna uw antwoord in. Geef per vraag slechts één 
antwoord en doe dat door uw keuze (het vakje) te omcirkelen.

1. Bent u van mening dat uw gezondheid in het algemeen uitstekend, zeer goed, goed, matig of slecht is? 

❏    Uitstekend 
❏  Zeer goed 
❏  Goed
❏  Matig
❏  Slecht

2. Bent u van mening dat de gezondheid van uw mond in het algemeen uitstekend, zeer goed, goed, matig 
of slecht is? 

❏  Uitstekend
❏  Zeer goed 
❏  Goed
❏  Matig
❏  Slecht

3. Heeft u in de afgelopen maand aangezichtspijn gehad (dat wil zeggen: pijn in het gezicht, de kaak,  
de slaapstreek, voor het oor, of in het oor)? 

❏  Nee
❏  Ja 

[Indien u geen aangezichtspijn heeft gehad in de afgelopen maand, GA DOOR naar vraag 14]

Zo ja, 
4.a. Hoeveel jaar geleden kreeg u voor het eerst aangezichtspijn? 

 __ __ JAAR

[Indien dit een jaar of langer geleden is, GA DOOR naar vraag 5]
[Indien dit korter dan een jaar geleden is, noteer 00]

4.b. Hoeveel maanden geleden kreeg u voor het eerst aangezichtspijn?
 
 __ __ MAANDEN

5. Is uw aangezichtspijn aanhoudend of periodiek, of was het een éénmalig probleem?

❏  Aanhoudend
❏  Periodiek 
❏  Éénmalig

6. Bent u ooit naar een arts, tandarts, chiropractor, of  andere gezondheidsdeskundige gegaan voor 
aangezichtspijn?  

❏ Nee
❏ Ja, in de afgelopen zes maanden 
❏ Ja, meer dan zes maanden geleden
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7. Hoe zou u de aangezichtspijn die u op dit moment voelt beoordelen op een schaal van 0 tot 10, waarbij 
0 “geen pijn” betekent en 10 “ergst mogelijke pijn”?  

 

Geen pijn Ergst mogelijke pijn

❏  0 ❏  1 ❏  2 ❏  3 ❏  4 ❏  5 ❏  6 ❏  7 ❏  8 ❏  9 ❏  10
 
8. Hoe beoordeelt u de intensiteit van de ergste pijn die u in de afgelopen 6 maanden ondervond op een 

schaal van 0 tot 10, waarbij 0 “geen pijn” betekent en 10 “ergst mogelijke pijn”?
 

Geen pijn Ergst mogelijke pijn

❏  0 ❏  1 ❏  2 ❏  3 ❏  4 ❏  5 ❏  6 ❏  7 ❏  8 ❏  9 ❏  10

9. Hoe beoordeelt u de gemiddelde intensiteit van de pijn die u in de afgelopen 6 maanden ondervond op 
een schaal van 0 tot 10, waarbij 0 “geen pijn” betekent en 10 “ergst mogelijke pijn”? [Dat wil zeggen, 
de gebruikelijke pijn die u op pijnmomenten ondervond].

Geen pijn Ergst mogelijke pijn

❏  0 ❏  1 ❏  2 ❏  3 ❏  4 ❏  5 ❏  6 ❏  7 ❏  8 ❏  9 ❏  10

10. Geef bij benadering het aantal dagen in de afgelopen 6 maanden aan waarop u vanwege aangezicht-
spijn uw normale activiteiten (werk, school, huishoudelijk werk) niet heeft kunnen uitvoeren?

 __ __ DAGEN  
     
11. Geef aan, op een schaal van 0 tot 10, in welke mate aangezichtspijn in de afgelopen 6 maanden van 

invloed is geweest op uw dagelijkse activiteiten, waarbij 0 “geen belemmering” betekent en 10 “niet in 
staat tot enigerlei activiteiten”?

Geen belemmering Niet in staat tot enigerlei activiteiten 

❏  0 ❏  1 ❏  2 ❏  3 ❏  4 ❏  5 ❏  6 ❏  7 ❏  8 ❏  9 ❏  10

12. Geef aan, op een schaal van 0 tot 10, in welke mate aangezichtspijn in de afgelopen 6 maanden van 
invloed is geweest op uw deelname aan recreatieve, sociale en familie activiteiten, waarbij 0 “geen 
belemmering” betekent en 10 “niet in staat tot enigerlei activiteiten”?

Geen belemmering Niet in staat tot enigerlei activiteiten 

❏  0 ❏  1 ❏  2 ❏  3 ❏  4 ❏  5 ❏  6 ❏  7 ❏  8 ❏  9 ❏  10

13. Geef aan, op een schaal van 0 tot 10, in welke mate aangezichtspijn in de afgelopen 6 maanden van 
invloed is geweest op uw werk (inclusief huishoudelijk werk), waarbij 0 “geen belemmering” betekent 
en 10 “niet in staat tot enigerlei activiteiten”?

Geen belemmering Niet in staat tot enigerlei activiteiten 

❏  0 ❏  1 ❏  2 ❏  3 ❏  4 ❏  5 ❏  6 ❏  7 ❏  8 ❏  9 ❏  10

14.a. Heeft uw kaak ooit op slot of vastgezeten, waardoor uw mond niet helemaal open kon?
 
 ❏ Nee
 ❏ Ja

[Indien u nooit problemen heeft gehad met het helemaal openen van de mond, GA DOOR naar 
vraag 15.a.]
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Zo ja,

14.b. Was deze beperking van de beweging zodanig dat u daardoor moeite had met eten?

 ❏ Nee
 ❏ Ja

15.a. Maakt uw kaak een klikkend of knappend geluid wanneer u uw mond opent of sluit, of terwijl u kauwt?
 
 ❏ Nee
 ❏ Ja

15.b. Maakt uw kaak een schrapend of schurend geluid wanneer u uw mond opent of sluit, of wanneer  
u kauwt?

 ❏ Nee
 ❏ Ja

15.c. Is u verteld, of heeft u zelf gemerkt, dat u met uw tanden knarst of uw kaken op elkaar klemt terwijl  
u ’s nachts slaapt?

 ❏ Nee
 ❏ Ja

15.d. Knarst u met uw tanden of klemt u uw kaken op elkaar gedurende de dag?

 ❏ Nee
 ❏ Ja

15.e. Heeft u pijn aan uw kaak of is deze stijf als u ’s ochtends wakker wordt?

 ❏ Nee
 ❏ Ja

15.f. Hoort u geluiden of gesuis in uw oren?

 ❏ Nee
 ❏ Ja

15.g. Voelt uw beet ongemakkelijk of anders dan normaal?

 ❏ Nee
 ❏ Ja

16.a. Heeft u reumatoïde artritis, lupus erythematodes, of een andere vorm van systemische  
gewrichtsaandoening?

 
 ❏ Nee
 ❏ Ja

16.b. Weet u of iemand in uw familie één van deze ziekten heeft (gehad)?

 ❏ Nee
 ❏ Ja
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16.c. Had of heeft u opgezette of pijnlijke gewricht(-en) in andere gewrichten dan die vlakbij uw  
oren (kaakgewrichten)?

 ❏ Nee
 ❏ Ja

[Indien u geen opgezette of pijnlijke gewrichten heeft (gehad), GA DOOR naar vraag 17.a.]

Zo ja,
16.d. Was of is dit een aanhoudende pijn die u tenminste een jaar heeft (gehad)? 

 ❏ Nee
 ❏ Ja

17.a. Heeft u recent een letsel aan uw aangezicht gehad?

 ❏ Nee
 ❏ Ja

[Indien u geen recent letsel heeft gehad, GA DOOR naar vraag 18]

Zo ja,
17.b. Had u al aangezichtspijn voorafgaand aan het letsel?

 ❏ Nee
 ❏ Ja

18. Heeft u in de afgelopen zes maanden hoofdpijn of migraine gehad?

 ❏ Nee
 ❏ Ja

19. Bij welke activiteiten wordt u gehinderd of belemmerd door uw huidige probleem met de kaak?

Appendix - Vragenlijst

a. Kauwen
 ❏  Nee
 ❏  Ja

b. Drinken 
 ❏  Nee
 ❏  Ja

c. Lichaamsbeweging uitvoeren
 ❏  Nee
 ❏  Ja

d. Hard voedsel eten
 ❏  Nee
 ❏  Ja

e. Zacht voedsel eten
 ❏  Nee
 ❏  Ja

f. (Glim-)lachen
 ❏  Nee
 ❏  Ja

g. Seksuele activiteiten 
 ❏  Nee
 ❏  Ja

h. Tandenpoetsen of gezicht reinigen
 ❏  Nee
 ❏  Ja

i. Gapen 
 ❏  Nee
 ❏  Ja

j. Slikken
 ❏  Nee
 ❏  Ja

k. Praten 
 ❏  Nee
 ❏  Ja

l. Uw gebruikelijke gelaatsuitdrukking hanteren
 ❏  Nee
 ❏  Ja
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20. In welke mate werd u gedurende de afgelopen week, met vandaag erbij, gehinderd door: *

 Helemaal 

niet

Een 

beetje 

Nogal Tamelijk 

veel

Heel 

erg

a. Hoofdpijn 1 2 3 4 5

b. Pijn in borst of hartstreek 1 2 3 4 5

c. Pijn onder in de rug 1 2 3 4 5

d. Pijnlijke spieren 1 2 3 4 5

e. Moeilijk adem kunnen krijgen 1 2 3 4 5

f. Duizeligheid 1 2 3 4 5

g. Misselijkheid of een maag die van streek is 1 2 3 4 5

h. Je soms erg warm, dan weer erg koud voelen 1 2 3 4 5

i. Een verdoofd of tintelend gevoel ergens in je lichaam 1 2 3 4 5

j. Een brok in je keel 1 2 3 4 5

k. Je lichamelijk ergens slap voelen 1 2 3 4 5

l. Zwaar voelen in armen en benen 1 2 3 4 5

m. Moeilijk in slaap komen 1 2 3 4 5

n. Te vroeg wakker worden 1 2 3 4 5

o. Een onrustige of gestoorde slaap 1 2 3 4 5

p. Nare gedachten of ideeën niet kwijt kunnen raken 1 2 3 4 5

q. Geen seksuele interesse meer hebben of er geen 

plezier aan beleven

1 2 3 4 5

r. Weinig puf (energie) hebben 1 2 3 4 5

s. Denken om er maar een eind aan te maken 1 2 3 4 5

t. Weinig eetlust hebben 1 2 3 4 5

u. Gauw huilen 1 2 3 4 5

v. Verstrikt zijn of gevangen voelen 1 2 3 4 5

w. Jezelf van allerlei dingen de schuld geven 1 2 3 4 5

x. Je eenzaam voelen 1 2 3 4 5

y. Het gevoel in de put te zitten 1 2 3 4 5

z. Te veel over de dingen piekeren 1 2 3 4 5

aa. Nergens meer belangstelling voor hebben 1 2 3 4 5

bb. Een gevoel van leegte 1 2 3 4 5

cc. Je wanhopig over de toekomst voelen 1 2 3 4 5

dd. Denken aan dood of sterven 1 2 3 4 5

ee. Gevoelens dat je niets waard bent 1 2 3 4 5

*  Onderdeel van de SCL-90 – Arrindell & Ettema; copyrightr Swets & Zeitlinger B.V. (toestemming uitgever 18.04.’00)
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21. Hoe goed vindt u dat u zorg draagt voor uw algemene gezondheid?

❏  Uitstekend
❏  Zeer goed 
❏  Goed
❏  Matig
❏  Slecht

22. Hoe goed vindt u dat u zorg draagt voor uw mondgezondheid?

❏  Uitstekend
❏  Zeer goed
❏  Goed
❏  Matig
❏  Slecht

23. Wat is uw geboortedatum?  dag __ __ maand __ __ jaar __ __

24. Wat is uw geslacht?
 
 ❏ Vrouw
 ❏ Man

25.a. In welke van de hierna genoemde landen of regio’s bent u geboren?

Nederland ❏  1 Europa (excl. Nederland) ❏  7

Indonesië ❏  2 Noord-Amerika ❏  8

Turkije ❏  3 Latijns-Amerika (excl. Suriname, Ned. Antillen, Aruba) ❏  9

Suriname ❏  4 Afrika (excl. Marokko) ❏  10

Marokko ❏  5 Azië (excl. Turkije, Indonesië)  ❏  11

Ned. Antillen, Aruba ❏  6 Oceanië (incl. Australië, Nieuw-Zeeland) ❏  12

25.b. In welke van de hierna genoemde landen of regio’s is uw vader geboren?

Nederland ❏  1 Europa (excl. Nederland) ❏  7

Indonesië ❏  2 Noord-Amerika ❏  8

Turkije ❏  3 Latijns-Amerika (excl. Suriname, Ned. Antillen, Aruba) ❏  9

Suriname ❏  4 Afrika (excl. Marokko) ❏  10

Marokko ❏  5 Azië (excl. Turkije, Indonesië)  ❏  11

Ned. Antillen, Aruba ❏  6 Oceanië (incl. Australië, Nieuw-Zeeland) ❏  12
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25.c. In welke van de hierna genoemde landen of regio’s is uw moeder geboren?

Nederland ❏  1 Europa (excl. Nederland) ❏  7

Indonesië ❏  2 Noord-Amerika ❏  8

Turkije ❏  3 Latijns-Amerika (excl. Suriname, Ned. Antillen, Aruba) ❏  9

Suriname ❏  4 Afrika (excl. Marokko) ❏  10

Marokko ❏  5 Azië (excl. Turkije, Indonesië)  ❏  11

Ned. Antillen, Aruba ❏  6 Oceanië (incl. Australië, Nieuw-Zeeland) ❏  12

26. Wat is het hoogste opleidingsniveau dat u heeft voltooid?

❏  Geen onderwijs/ basisonderwijs/ MAVO/ VBO
❏  HAVO/ VWO/ MBO 
❏  HBO/ WO 

27. Heeft u de afgelopen twee weken gedurende minstens 12 uur per week gewerkt, met inbegrip van 
onbetaald (vrijwilligers-) werk?

❏  Nee 
❏  Ja 

28. Wat is uw huidige burgerlijke staat?

❏  Ongehuwd
❏  Gehuwd
❏  Weduwe/ weduwnaar
❏  Gescheiden

29. Hoeveel bedroeg uw bruto gezinsinkomen in de afgelopen 12 maanden?

❏  7 0 – 7 12.499 ❏ 7 25.000 – 7 39.999 ❏ 7 75.000 of meer
❏  7 12.500 – 7 24.999 ❏ 7 40.000 – 7 74.999

Wat is uw postcode? _______  ____
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Patiëntnummer: _________________

Datum: __ __ / __ __ / __ __

1. Heeft u pijn aan de rechterzijde van uw gezicht, aan de linkerzijde, of aan beide zijden?

❏  Geen
❏  Rechts
❏  Links 
❏  Beiderzijds 

2. Kunt u de plekken aanwijzen waar u pijn voelt?

❏  Rechts ❏  Links
❏  Geen ❏  Geen
❏  Kaakgewricht ❏  Kaakgewricht 
❏  Spieren ❏  Spieren
❏  Beide ❏  Beide

[De onderzoeker betast de plek waarnaar de patiënt wijst indien het onduidelijk is of er sprake is 
van gewrichts- of spierpijn] 

3. Openingspatroon

❏  Recht
❏  Deviatie naar rechts (niet-gecorrigeerd)
❏  Deviatie naar rechts (gecorrigeerd; “S”)
❏  Deviatie naar links (niet-gecorrigeerd)
❏  Deviatie naar links (gecorrigeerd; “S”)
❏  Anders: (specificeer) 

4. Verticale bewegingsmogelijkheid Gebruikte bovensnijtand: ❏  11
   ❏  21

a. Actieve mondopening zonder pijn  _____mm

 SPIERPIJN GEWRICHTSPIJN 

Geen Rechts Links Beide Geen Rechts Links Beide

❏ 0 ❏ 1 ❏ 2 ❏ 3 ❏ 0 ❏ 1 ❏ 2 ❏ 3

b.  Actieve mondopening zonder pijn  _____mm

 SPIERPIJN GEWRICHTSPIJN 

Geen Rechts Links Beide Geen Rechts Links Beide

❏ 0 ❏ 1 ❏ 2 ❏ 3 ❏ 0 ❏ 1 ❏ 2 ❏ 3

Appendix - Klinisch onderzoeksformulier

vSelms_proefschrift.indd   47 23-03-2007   14:35:17



48 49

c. Actieve maximale mondopening  _____mm

 SPIERPIJN GEWRICHTSPIJN 

Geen Rechts Links Beide Geen Rechts Links Beide

❏ 0 ❏ 1 ❏ 2 ❏ 3 ❏ 0 ❏ 1 ❏ 2 ❏ 3

d. Passieve maximale mondopening  _____mm

 SPIERPIJN GEWRICHTSPIJN 

Geen Rechts Links Beide Geen Rechts Links Beide

❏ 0 ❏ 1 ❏ 2 ❏ 3 ❏ 0 ❏ 1 ❏ 2 ❏ 3

e. Verticale overbeet  _____mm

 SPIERPIJN GEWRICHTSPIJN 

Geen Rechts Links Beide Geen Rechts Links Beide

❏ 0 ❏ 1 ❏ 2 ❏ 3 ❏ 0 ❏ 1 ❏ 2 ❏ 3

5. Gewrichtsgeluiden (open - sluit)

Rechts Links

a. Openen Geen ❏  0 ❏  0

Knap ❏  1 ❏  1

Grove crepitatie ❏  2 ❏  2

Fijne crepitatie ❏  3 ❏  3

Moment van knap bij openen  ____ mm  ____ mm 

Rechts Links

a. Sluiten Geen ❏  0 ❏  0

Knap ❏  1 ❏  1

Grove crepitatie ❏  2 ❏  2

Fijne crepitatie ❏  3 ❏  3

Moment van knap bij openen  ____ mm  ____ mm 

c. Reciproque knap geëlimineerd bij proaal openen
 

Geen ❏  0 ❏  0

Knap ❏  1 ❏  1

Grove crepitatie ❏  2 ❏  2
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6. Bewegingsuitslagen

a. Bewegingsuitslag naar rechts  _____ mm

 SPIERPIJN GEWRICHTSPIJN 

Geen Rechts Links Beide Geen Rechts Links Beide

❏ 0 ❏ 1 ❏ 2 ❏ 3 ❏ 0 ❏ 1 ❏ 2 ❏ 3

b. Bewegingsuitslag naar links  _____ mm
 

 SPIERPIJN GEWRICHTSPIJN 

Geen Rechts Links Beide Geen Rechts Links Beide

❏ 0 ❏ 1 ❏ 2 ❏ 3 ❏ 0 ❏ 1 ❏ 2 ❏ 3

c. Protrusie  _____ mm 
 

 SPIERPIJN GEWRICHTSPIJN 

Geen Rechts Links Beide Geen Rechts Links Beide

❏ 0 ❏ 1 ❏ 2 ❏ 3 ❏ 0 ❏ 1 ❏ 2 ❏ 3

d. Deviatie mediaanlijn  _____ mm
 

Rechts Links n.v.t.

❏ 1 ❏ 2 ❏ 8

7. Gewrichtsgeluiden (rechts - links)

  

Geluiden rechts:

Geen Knap Grove crepitatie Fijne crepitatie

Beweging naar rechts ❏  0 ❏  1 ❏  2 ❏  3

Beweging naar links ❏  0 ❏  1 ❏  2 ❏  3

Protrusie ❏  0 ❏  1 ❏  2 ❏  3

Geluiden links:

Geen Knap Grove crepitatie Fijne crepitatie

Beweging naar rechts ❏  0 ❏  1 ❏  2 ❏  3

Beweging naar links ❏  0 ❏  1 ❏  2 ❏  3

Protrusie ❏  0 ❏  1 ❏  2 ❏  3
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Aanwijzingen voor de onderdelen 8-10

De onderzoeker zal verschillende delen van uw gezicht, hoofd en nek palperen (aanraken). 

Ik verzoek u aan te geven of u geen pijn of slechts druk voelt (0), of pijn (1-3). Kunt u de 

mate waarin u bij elke palpatie pijn voelt aangeven aan de hand van onderstaande schaal? 

Plaats een cirkel om het nummer dat overeenkomt met de mate van pijn die u voelt. 

Ik verzoek u dit apart aan te geven voor zowel de rechter als de linker palpaties.

0 = geen pijn/ slechts druk

1 = milde pijn

2 = matige pijn

3 = ernstige pijn

8. Extraorale spierpijn tijdens palpatie:
a.  Temporalis (posterior) “Achterkant slaapstreek”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4

b.  Temporalis (midden) “Midden slaapstreek”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4

c.  Temporalis (anterior) “Voorkant slaapstreek”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4

d.  Masseter (superior) “Wang/ onderkant jukboog”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4

e.  Masseter (midden) “Wang/ zijkant gezicht”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4
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f.  Masseter (inferior) “Wang/ kaaklijn”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4

g.   Posteriore mandibulaire regio (Regio mm. stylohyoideus/ digastricus posterior) “kaak-/ strotregio”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4

h.   Submandibulaire regio (Regio mm. pterygoideus medialis, syprahyoïdalis, digastricus anterior) 
“Onder kin”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4

9. Gewrichtspijn tijdens palpatie:
a.  Laterale pool “Buitenkant”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4

b.  Posteriore aanhechting “In het oor”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4

10. Intraorale spierpijn tijdens palpatie:
a.  Regio m. pterygoideus lateralis “Achter bovenmolaren”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4

b.  Pees van de m. temporalis “Pees”

Rechts Links

❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4 ❏ 0  ❏ 1  ❏ 2  ❏ 3  ❏ 4
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ANAMNESE

“ Had u in de afgelopen maand pijn aan de rechterzijde van uw gezicht, aan de linkerzijde,  

of aan beide zijden?”

“Heeft u nu pijn aan de rechterzijde van uw gezicht, aan de linkerzijde, of aan beide zijden?”

“Kunt u de plekken aanwijzen waar u pijn voelt?”

OPENINGSPATROON

“Kunt u uw mond zo ver mogelijk open doen, zelfs als het pijn doet?”

VERTICALE BEWEGINGSMOGELIJKHEID

“Houdt uw mond in een comfortabele stand.”

“ Kunt u uw mond zo ver mogelijk open doen, zonder dat het pijnlijk wordt, of zonder dat uw 

huidige pijn toeneemt?”

ACTIEVE MAXIMALE MONDOPENING

“Houdt uw mond weer in een comfortabele stand.”

“Kunt u uw mond zo ver mogelijk open doen, zelfs als het pijn doet?”

PASSIEVE MAXIMALE MONDOPENING

“ Ik ga kijken of ik uw mond nog iets verder open kan duwen; ik stop daarmee zodra u  

uw hand optilt.”

“Ontspan uw kaken.”

“Voelde u ergens pijn toen ik met mijn vingers uw mond verder probeerde te openen?”

BEWEGING NAAR RECHTS 

“ Probeer uw onderkaak zover mogelijk naar rechts te bewegen, zelfs als het pijn doet,  

en beweeg uw kaak daarna terug naar de normale stand.”

“Voelde u ergens pijn toen u naar rechts bewoog?”

BEWEGING NAAR LINKS 

“ Beweeg uw kaak zo ver mogelijk naar de andere kant [links], zelfs als het pijn doet,  

en beweeg uw kaak daarna terug naar de normale stand.” 

“Voelde u ergens pijn toen u naar links bewoog?”

PROTRUSIE

“Beweeg uw kaak zo ver mogelijk recht naar voren, zelfs als het pijn doet.” 

“Voelde u ergens pijn toen u uw kaak naar voren bewoog?”
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Appendix - Instructies aan patiënten gedurende het klinisch onderzoek

AANWEZIGHEID VAN KNAPPEN: VERTICALE BEWEGINGSMOGELIJKHEID

“ Terwijl ik mijn vingers op uw gewricht houd, verzoek ik u uw mond langzaam zo ver 

mogelijk te openen (zelfs als dit pijn veroorzaakt) en daarna uw mond langzaam dicht te 

doen totdat uw kiezen op elkaar staan.”

POSITIE VAN DE KNAP:  

[Indien de knap aanwezig is tijdens tenminste 2 van de 3 bewegingscycli]

“ Ik ga de positie bepalen waar de knappen optreden als u uw mond opent en sluit.  

Ik ga u vragen te openen tot de eerste knap en dan te stoppen, zodat ik het kan opmeten. 

Daarna wil ik dat u helemaal opent, even wacht, en vervolgens sluit tot de knap. Als u op dat 

moment stopt, dan meet ik het weer op. Ik zal de stappen aangeven terwijl wij bezig zijn.”

“  Open uw mond langzaam tot u de knap voelt, en stop daar.”

“Ga verder met openen totdat het niet verder gaat.”

“Sluit langzaam uw mond tot u de knap voelt en stop dan.”

“ Beweeg uw onderkaak zo ver mogelijk naar voren. Doe nu vanuit deze stand uw mond open 

en dicht.”

SPIER- EN GEWRICHTSPALPATIE VOOR GEVOELIGHEID

“ In het volgende onderdeel van het onderzoek verzoek ik u aan te geven of u pijn voelt 

wanneer ik op bepaalde delen van uw hoofd en gezicht druk uitoefen. Indien het pijn doet, 

kunt u dan aangeven of de pijn mild, matig of ernstig is?”

“ Ik ga druk uitoefenen op een aantal spieren. Ik zal u af en toe vragen uw kiezen zachtjes op 

elkaar te zetten en dan te ontspannen. Uw kiezen moeten elkaar net niet raken als ik bezig 

ben met druk uitoefenen.”

“ Nu ga ik aan de binnenkant van de mond op bepaalde plaatsen druk uitoefenen. Kunt u uw 

kaken ontspannen terwijl ik daarmee bezig ben?”
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Abstract

In a single case study, the most frequently suggested contributing factors to myogenous TMD 

pain, viz., oral parafunctions and psychological stress, were studied in more detail. During a 

13-week study period, questionnaires were completed, in which, among others, jaw muscle 

pain, bruxism behaviour, and experienced/anticipated stress were noted. During about  

40% of the nights, nocturnal masticatory muscle activity (NMMA) was recorded, using 

single-channel electromyography (EMG). The number of NMMA events per recorded hour 

was scored, using a detection threshold of 10% of the maximum voluntary contraction (MVC) 

level. This threshold was established in a separate study, in which EMG was compared with 

polysomnography (PSG). Stepwise regression analyses indicated, that morning jaw muscle 

pain could be explained by evening jaw muscle pain for 64% and by alcohol intake  

for another 2%. In turn, evening jaw muscle pain was explained by daytime clenching for 

56% and by vacuum sucking of the tongue for an additional 6%. Finally, daytime clenching 

was significantly explained by experienced stress for 30%. Data of the recorded nights 

showed, that variations in NMMA did not contribute to variations in morning jaw muscle 

pain. This case study corroborates the paradigm that experienced stress may be related to 

daytime clenching and, in turn, to evening and morning jaw muscle pain. 

Chapter 3

This chapter is an edited version of the article: van Selms MKA, Lobbezoo F, Wicks DJ, Hamburger HL, Naeije M (2004). 

Craniomandibular pain, oral parafunctions, and psychological stress in a longitudinal case study. Journal of  

Oral Rehabilitation. 
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Introduction

During the past few decades, many studies have been performed on the etiology of myogenous 

TMD pain. Often, the outcome of these studies corroborated the paradigm that myogenous 

TMD pain is caused by parafunctional activities like sleep-related bruxism that, in turn,  

are related to psychological stress (Mercuri et al., 1979; Solberg, 1986; Rudy et al., 1989; 

Lobbezoo et al., 1996; Bader and Lavigne, 2000). However, conflicting evidence exists 

regarding the causality of the relationships described in this paradigm (Lobbezoo and 

Lavigne, 1997; Lobbezoo and Naeije, 2001a). Several methodological differences between 

studies may prevent an unequivocal establishment of the possible causal relationships 

between myogenous TMD pain, bruxism, and stress. 

First, in studies in which the possible role of bruxism is examined, divergent techniques 

have been used for the identification of this motor phenomenon. Sometimes, the determination 

of bruxism is based on the patient’s self-report (Glass et al., 1993; Goulet et al., 1995; Ahlberg 

et al., 2002). Self-reports of any behaviour, however, run the risk of bias towards either 

overreporting or underreporting (Lobbezoo and Lavigne, 1997). Also when a more accurate 

establishment of bruxism by means of instrumental recordings takes place, some studies use 

polysomnography (PSG) in combination with audiovisual recordings in a sleep laboratory 

milieu (Reding et al., 1968; Velly-Miguel, 1992; Lavigne et al., 1996), while others use 

(single-channel) electromyography (EMG) as an ambulatory (take-home) technique, which 

enables patients to sleep in their natural environment (Rugh and Solberg, 1975; Rugh and 

Robbins, 1982; Bowley et al., 1993; Gallo and Palla, 1995; Pierce et al., 1995; Ikeda et al., 

1996; Gallo et al., 1999). Until now, however, it is unknown whether these two recording 

techniques yield comparable outcomes.

A second reason for the above-described ambiguity is, that independent of the use of 

PSG or EMG, most studies use different criteria (e.g., different cut-off thresholds) to decide 

whether or not a diagnosis of bruxism can be established (Ikeda et al., 1996; Lavigne et al., 

1996; Lavigne et al., 2001b). 

A third reason for the ambiguity is, that bruxism is known to fluctuate over time, 

sometimes even on a day-by-day basis (Okeson, 1996; Drangsholt and LeResche, 1999; 

Lavigne et al., 2001a). To strengthen the case for cause-and-effect relationships between 

myogenous TMD pain, bruxism, and stress, one should therefore collect data at multiple time 

points that are associated with the conditions under examination (Spilker, 1991). PSG seems 

most appropriate to use for studies to the role of bruxism, because it enables discrimination 

between bruxism and other orofacial motor activities. However, PSG is costly and time 

consuming; ambulatory EMG might be a good alternative for use in longitudinal studies 

(Lobbezoo and Lavigne, 1997). 

Chapter 3
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The aim of the present study was to assess, in a longitudinal case study, the contribution 

of bruxism and (experienced and anticipated) stress to myogenous TMD pain. To that end, 

questionnaires and an ambulatory EMG technique were used. Further, this EMG technique 

was compared with a frequently used PSG technique, as to determine the best detection 

threshold for scoring nocturnal bruxism. 

Methods 

Case study

In July 2002, a 53-year-old woman was examined in the clinic for Oral Kinesiology of  

the Academic Centre for Dentistry Amsterdam (ACTA) for a complaint of moderate jaw muscle 

pain, from which she suffered for about two years, especially upon awakening and during 

chewing. According to the clinic’s protocol, she was examined by one of us (FL) by means of a 

set of questionnaires, a structured oral history, and a standardized clinical examination. 

A diagnosis of myogenous TMD pain (Visscher et al., 2000) was established; likewise, the 

axis I diagnosis according to the research diagnostic criteria for temporomandibular disorders 

(RDC/TMD; Dworkin and LeResche, 1992) was myofascial pain without limited mouth opening 

(Group Ia). The RDC/TMD axis II diagnosis can be summarized as follows: Graded chronic 

pain score = I (low disability – low pain intensity); depression score = 6 (qualified as ‘high’); 

somatization score = 5 (qualified as ‘above average’). In other words, the patient suffered from 

masticatory muscle pain and had a moderate to high psychosocial load.

As possible etiological factors, daytime and sleep-related tooth clenching and grinding 

were suggested, on the basis of both the oral history (frequent grinding sounds) and the 

clinical examination (hyperkeratosis of the tongue and cheek mucosa; tooth attrition score 2, 

i.e. visible wear with dentine exposure and loss of clinical crown height of ≤ 1/3 (Lobbezoo 

and Naeije, 2001b). Further, her high stress level was suggested to play a role in this patient’s 

pain complaint. 

As the patient fulfilled our inclusion criteria (viz., myogenous TMD pain, bruxism, and 

stress) and exclusion criteria (e.g., no previous or ongoing treatment for any of the conditions), 

she was enrolled in a 13-week study protocol after informed consent was obtained. The first 

two weeks were without any therapy and served for the collection of baseline data; for the 

remaining 11 weeks, she was instructed to wear an occlusal stabilization appliance for  

24 hours per day. The appliance was regularly checked, i.e. in the weeks 3, 5, 9 and 13, for  

fit and compliance according to the clinic’s protocol. During the weeks 1, 3, 5, 9 and 13, 

EMG recordings were obtained from the right masseter muscle for seven consecutive nights, 

using a single-channel ambulatory recording device (Bio Signal Recorder®, BSR, University 
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of Zürich, Switzerland; Gallo and Palla, 1995). The hardware of this microprocessor-

controlled solid-state portable recorder consisted of an analogue signal processing and 

amplification (5-70 times) circuitry, and it band-pass filtered the EMG signal above 50 Hz 

and below 500 Hz. The analogue signal was sampled with 1 kHz and was 8-bit digitally 

converted. The data acquisition software rectified and averaged the data points with an 

integration time of 0·5 s. 

The patient was trained on how to use the recording device before it was issued. Prior to 

the onset of the sleep recordings, the patient applied a pair of disposable surface electrodes 

(Blue Sensor®, Medicotest A/S, Ølstykke, Denmark) over her right cheek in the area of  

the greatest distension of the masseter muscle, with the line connecting the centres of  

the electrodes parallel to the main direction of the muscle fibres. The ground electrode was 

placed over the right mastoid bone. In addition, she performed three maximum voluntary 

contractions (MVC). These contractions, performed in the intercuspal jaw position, lasted 

about 3 s per effort and were separated by 10-s intervals of rest. 

For off-line analysis of the EMG recordings, the specific BSR Software (Version 1.0; 

Gallo and Palla, 1995; Gallo et al., 1997) was used. As with EMG alone, sleep cannot be 

scored and confounding activities like swallowing and sleep talking cannot be recognized 

(Velly-Miguel, 1992; Lavigne and Manzini, 2000; Lavigne et al., 2003), this technique cannot 

be interpreted in terms of sleep bruxism behaviour or non-bruxism behaviour. Therefore, the 

term nocturnal masticatory muscle activity (NMMA) was used. The number of NMMA 

events per recorded hour (Ev/H) was used as outcome variable. An NMMA event was defined 

as a supra-threshold EMG signal portion, lasting longer than 0·25 s and delineated by a 

quiescent interval of at least 3 s from the next supra-threshold period (Ware and Rugh, 1988; 

Okeson et al., 1990; Velly-Miguel, 1992; Lobbezoo et al., 1996). The height of the detection 

threshold was established, in a separate study, as a percentage of the highest MVC effort  

(see: EMG – PSG comparison).

During the entire study period, evening and morning questionnaires were completed on 

a day-by-day basis. Questions concerned jaw muscle pain during function, viz., during a  

10-s maximal clench, and experienced (evening) and anticipated (morning) stress (scored on 

11-point scales); parafunctional activities and habits (scored on 5-point scales); and  

sleep-influencing factors, like caffeine intake, alcohol use, and smoking (scored as the 

number of consumptions). 

For data analysis, box-and-whisker plots were created for a description of the 

development of the morning pain scores, Ev/H scores, and both stress scores, all of them 

collapsed per week. For each outcome variable and using Pearson’s correlation coefficient 

(r), the trend over time was determined for the period during which the stabilization appliance 

was worn, both including (i.e. as of week 3) and excluding (i.e. as of week 5) a 2-week period 
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for habituation to wearing the appliance. In addition, stepwise regression analyses were 

performed to analyse the influence of the non-collapsed values of several independent 

variables (probability of F to enter = 0.05) on the dependent variables ‘morning jaw muscle 

pain’, ‘evening jaw muscle pain’ and ‘daytime parafunctional activities’, as collected during 

the total treatment phase as well as after the 2-week habituation period. Further, a stepwise 

regression analysis was performed solely on the data, obtained during the EMG recording 

weeks as to enable the inclusion of Ev/H in the data analysis.

EMG – PSG comparison

In order to determine the best detection threshold for scoring NMMA events using the  

above-described EMG device, a separate study was performed. For this, the EMG signal was 

compared with that of a frequently used PSG device. Three individuals with self-acknowledged 

symptoms of sleep bruxism, one man of 30 years and two women of 40 and 45 years, were 

recruited from among the patient population of the clinic for Oral Kinesiology of ACTA. 

They all satisfied the following inclusion and exclusion criteria (Rugh and Harlan, 1988; 

Thorpy, 1990): (1) frequent occurrence of grinding sounds as noted by a bed partner;  

(2) presence of abnormal tooth attrition (at least a score 2; see: Case study); and (3) absence 

of any medical or psychiatric disorder that might produce abnormal sleep movements 

(e.g., sleep-related epilepsy). Before the study, all participants gave informed consent to 

procedures approved by the local human subjects ethics committee.

From each participant, two full-night sleep recordings were obtained with an interval  

of about 4 weeks. All recordings were performed in a dark, sound-attenuated, and temperature-

controlled room in the sleep laboratory of the Slotervaart General Hospital in Amsterdam. 

They started at about 11:00 pm and terminated at 07:00 am or upon the participant’s 

spontaneous awakening. 

To record a full set of bioelectrical signals, a PSG device with a 16-bit analogue/digital 

converter (Biosaca®, Ortivus AB, Täby, Sweden) was used. This device bilaterally recorded the 

electroencephalogram, the electro-oculogram, the electrocardiogram, grinding sounds, body 

movements, and electromyograms (EMG) of the masseter, mentalis, and anterior tibialis muscles. 

Since for this study, only the EMG signal of the right masseter muscle was used, the description 

will further be confined to this channel. Bipolar silver amalgam surface disc electrodes were 

placed over the participant’s right cheek. The ground electrode was placed over the right mastoid 

bone. The impedance between the electrodes and the ground electrode was always <5 kΩ.  

The EMG signal was filtered with a 50/60-notch filter, a 3·0 Hz high-pass filter, and a 100 Hz 

low-pass filter, and sampled at 256 Hz (Mabuana v1·1©, Aalborg University, Aalborg, Denmark). 

After that, the EMG signal was filtered at 10Hz, rectified (Rectify & Average©, Aalborg 

University, Aalborg, Denmark), and filtered again at 3Hz, using a custom-made program  

(Jaws v1·441+©, Aalborg University, Aalborg, Denmark; Rasmussen et al., 1998).
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The EMG signal of the right masseter muscle was simultaneously recorded with the 

previously described Bio Signal Recorder® (BSR; see: Case study), using the same pair of 

electrodes. As outcome measure, the number of NMMA events per recorded hour (Ev/H) was 

calculated, using the specific software of both devices. As detection thresholds for an NMMA 

event, six different percentages of the MVC level were used, viz., 5, 10, 15, 20, 25, and 30% 

MVC. Five per cent MVC is only slightly higher than the lowest threshold reported in the 

literature, viz., 3% MVC (Ikeda et al., 1996), while 30% is representative for the higher 

thresholds that can be found in previous studies (e.g., 40% MVC; Okeson et al., 1990).
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% MVC r P-value

5 0.87  0.024

10 0.89  0.019

15 0.57  0.241

20 0.34  0.517

25 0.58  0.229

30 0.35  0.500

Table 1. Pearson correlation coefficients (r) for the relationships per detection threshold [% maximum 

voluntary contraction (MVC)] between the Ev/H scores as obtained with the polysomnographic device and 

with the electromyographic device.

Figure 1.  Box-and-whisker plots of the Ev/H scores of the polysomnography (PSG) recordings (closed bars) 

and of the electromyography (EMG) recordings (open bars) for each detection threshold. To prevent an 

overlap in display between the plots of both recording techniques, the PSG plots are positioned just right of 

their respective threshold values; the EMG plots, just left.
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A sleep technician (DW) analysed the sleep from the six PSG recordings according to 

the standard methods (Rechtschaffen et al., 1968); a neurologist (HH) judged them all as 

being normal (Carskadon and Dement, 1994). The mean (± SD) recording time for the  

six nocturnal recordings was 7·57 (± 0·11) h. Figure 1 shows box-and-whisker plots of the 

Ev/H values of the six recordings, depicted per detection threshold and given for both 

recording techniques separately (viz., the EMG device and the PSG device). The graph shows 

an almost parallel decline of the scores, obtained with both techniques, towards the higher 

detection thresholds. The Pearson correlation coefficients (r), that characterize the degree of 

linear association between the six Ev/H values of both recording techniques for each detection 

threshold, are given in Table 1. Significant relationships were found for the threshold values 

5% and 10% MVC; linear associations were absent for the threshold values of 15% MVC 

and higher. Ten per cent MVC was chosen as detection threshold for quantifying NMMA in 

the reported case study.

Results  

In total, nine of the 35 EMG recordings of the case study could not be used because of  

both technical (e.g., empty batteries, loose electrodes) and human (e.g., mistakes during the 

downloading procedure, privacy reasons) problems. Of the 26 records scored, the mean  

(± SD) recording time was 5.38 (± 1·02) hours. 

Figure 2.  Box-and-whisker plots of the self-reported morning jaw muscle pain during function of the reported 

case, as scored on 11-point scales and collapsed per week. 
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Figure 2 illustrates, as box-and-whisker plots, the decrease of the morning pain scores 

over the 13-week period. From the onset of the therapy phase (i.e. as of week 3), as well  

as with omission of a 2-week period for habituation to wearing the stabilization appliance 

(i.e. as of week 5), the evening and morning pain scores as well as the experienced and 

anticipated stress scores showed a significant decrease over time (Table 2; Week 3-13 and 

Week 5-13). The decrease in jaw muscle pain was in line with the clinical findings obtained 

during the control visits in the weeks 3, 5, 9 and 13. The collapsed Ev/H scores, however,  

did not decrease significantly during the treatment phase of the study period (Figure 3). 

                                                       Week 3 - 13    Week 5 - 15

Outcome measure r P-value r P-value

Evening jaw muscle pain - 0.826 0.000 - 0.781 0.000

Morning jaw muscle pain - 0.866 0.000 - 0.777 0.000

Experienced stress - 0.354 0.001 - 0.339 0.005

Anticipated stress - 0.360 0.001 - 0.381 0.001

Ev/h - 0.226 0.325    0.331 0.225

Table 2.  Pearson correlation coefficients (r) for the trends over time of morning jaw muscle pain, experienced 

stress, anticipated stress and Ev/H.

Figure 3.  Box-and-whisker plots of the Ev/H scores of the reported case, collapsed per recording week.
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Using the questionnaire data (for the therapy phase only; n = 82), stepwise regression 

analyses indicated the following sequence of events. Variations in morning jaw muscle pain 

could be explained by variations in evening jaw muscle pain for about 64%, and by alcohol 

intake for another 2%. In turn, evening jaw muscle pain could be explained by variations in 

daytime clenching for about 56% and by vacuum sucking of the tongue for an additional 6%. 

Finally, variations in the parafunctional activities ‘daytime clenching’ and ‘vacuum sucking 

of the tongue’ could be explained by variations in experienced stress (30% and 23%, 

respectively).

When a stepwise regression analysis was performed solely on data, obtained during the 

EMG recording weeks of the therapy phase (n = 21 of 26), variations in morning jaw muscle 

pain could not be explained by fluctuations in electromyographically established NMMA.

Discussion

EMG - PSG comparison

The present study has shown that the EMG device under study yields scores of NMMA 

events per hour that are comparable with scores obtained with a PSG device. So far, only one 

such comparison study is available from the literature (Gallo et al., 1997). In that study, 

100% of the events detected with PSG could be recognized from the EMG tracings, in a 

single-patient recording.

The EMG technique showed the best relationship with the PSG technique when the 

lower NMMA detection threshold values (5% and 10% MVC) were used. The choice  

of detection thresholds for NMMA events is still a matter of debate. The reason for using 

thresholds is, amongst others, to enable a differentiation between parafunctional activities on 

the one hand and a variety of nocturnal jaw motor functions with relatively low intensities, 

like swallowing and sleep talking, on the other. In studies to sleep bruxism, these latter 

functions are considered confounders. To eliminate the influence of these confounders, 

various thresholds have been recommended, varying from 10% MVC (Ikeda et al., 1996; 

Lavigne et al., 2001b; Gallo et al., 2002) and 20% MVC (Lavigne et al., 1996) up to threshold 

values of 40% MVC (Okeson et al., 1990; Velly-Miguel, 1992). The fact that the range of 

recommended values is so broad indicates that it is probably impossible to distinguish 

between bruxism and other jaw motor functions on the basis of a threshold value alone.  

Other techniques, like audio/video monitoring (Velly-Miguel, 1992; Lavigne et al., 1996), 

are attractive additions to the experimental set-up if one is really interested in the elimination 

of the confounders. However, one might argue that for studies to the possible relationship 

between jaw muscle activity and pain, the sum of all activities is more relevant for  
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the research question than the possibility that a part of the total activity is caused by  

non-bruxism activities, like swallowing. On the basis of our current findings, we suggest the 

use of the lower detection thresholds, i.e. 5% and 10% MVC. At 5% MVC, however, the 

probability that noise events have polluted the outcome is higher than at 10% MVC, while 

the latter percentage is in line with most of the recent recommendations (Ikeda et al., 1996; 

Lavigne et al., 2001b; Gallo et al., 2002). As a consequence, the single-channel EMG device 

used in the present study may be applied validly in longitudinal studies, provided that 10% 

MVC is used as detection threshold.

Case study

In the presented case study, a statistically significant and clinically relevant relief in jaw muscle 

pain was obtained in a patient who suffered from myogenous TMD pain, after the insertion  

of an occlusal stabilization appliance. As the stabilization appliance was present during the 

entire treatment phase of this case report, the investigated relationships between myogenous 

TMD pain, bruxism, and stress were considered independent from this treatment modality. 

According to Dao, Lund & Lavigne (1994), sleep bruxers tend to have their highest 

pain intensities in the morning. They suggested that this pain is possibly a form of  

post-exercise muscle soreness. Interestingly, however, some recent PSG-controlled studies to 

the relationship between bruxism and myogenous TMD pain suggest that the presence of 

myogenous TMD pain is associated with a decrease rather than an increase in NMMA 

(Lavigne et al., 1997; Arima et al., 2001). Hence, the causal relationship between nocturnal 

bruxism and morning jaw muscle pain is less obvious than previously assumed. In our case 

study, the performed nocturnal masticatory muscle activity was of no influence on the 

reported morning jaw muscle pain. Rather, the presence of morning jaw muscle pain was 

largely explained by the reported evening jaw muscle pain, which, in turn was highly related 

to the performed daytime parafunctional activities. This suggests, that the possible influence 

of daytime parafunctional activities on subsequent morning jaw muscle pain should not be 

disregarded, neither by clinicians nor by researchers.

In 1975, Rugh & Solberg observed a relationship between stressful events and nocturnal 

bruxism. They suggested that reducing stress levels might, as a consequence, reduce nocturnal 

bruxism activity. However, in the presented case study, no significant relationship was found 

between experienced or anticipated stress and NMMA. This is partly corroborated by the 

findings of Pierce et al. (1995), who found no significant stress-bruxism relationships in 

about 90% of their nocturnal bruxist population. On the other hand, in our study, variations 

in experienced stress were significantly related to variations in reported daytime clenching 

activity. However, since this is only a case study, more research is needed to unravel  

the relationships between bruxism and psychological stress. 
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In our case study, about 25% of the ambulatory EMG recordings failed, because of  

both technical problems and human factors. This percentage, although high, is similar to  

the failure rate as recently reported by Watanabe et al. (2003) who lost more than 20% of  

their recordings, mainly due to subject-related factors and equipment problems. Probably, 

such high failure rates may be inherent to this type of research, thereby stressing the fact that 

large-scale research with a design related to our case study requires a lot of effort from both 

the patients and the researchers/ clinicians. Most importantly, participants should be willing 

to adapt their daily routine to the imposed protocol, in order to reduce the subject-related 

causes for failure. 

In conclusion, the presented case study corroborates the paradigm, that experienced 

stress may be related to daytime clenching and, in turn, to evening and morning jaw muscle 

pain. Data of the recorded nights showed, that fluctuations in electromyographically 

established nocturnal masticatory muscle activity did not contribute to variations in morning 

jaw muscle pain.
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Abstract

Associations of evening and morning masticatory muscle pain and nocturnal EMG activity 

with psycho-behavioral factors and occlusal splint therapy were studied. Participants enrolled 

in a 20-week protocol, during which pain-related, psychosocial, and behavioral questionnaire 

responses were collected, along with nocturnal EMG recordings of the right masseter muscle. 

Given the complex nature of the protocol, it was decided to perform a feasibility pilot trial 

first. Over a period of almost two years, only eight out of the approx. 120 eligible patients 

were willing to enroll the study protocol. Further, a high dropout rate (50%) was encountered, 

and approx. 20 to 30% of the EMG recordings failed. The study protocol thus turned out  

to be impractical and unworkable. It was therefore decided to prematurely terminate  

the feasibility pilot trial and to report the results of the four remaining individuals as 

single-patient clinical trials. Individually performed univariate and multiple regression 

analyses revealed that in some, but not all individuals, splint therapy was associated with  

a reduction in nocturnal EMG activity as well as in evening and morning muscle pain.  

This  study shows that even in this small number of participants, large differences between 

individual patients exits. Overall, the results of the individually performed analyses suggest 

that parafunctional activities may be less important in the maintenance of masticatory muscle 

pain than psychological stress.

Chapter 4
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Introduction

Many studies have addressed the etiology of myogenous temporomandibular disorder (TMD) 

pain. The results of these studies often supported the proposition that myogenous TMD pain is, 

at least in part, caused by oral parafunctions and psychosocial factors (Lobbezoo et al., 1996; 

Bader and Lavigne, 2000; Suvinen et al., 2005). For example, sleep bruxism has been suggested 

to contribute to reports of morning pain, whereas daytime clenching may be attributable to 

evening pain (Rugh and Harlan, 1988; Dao et al., 1994; Lavigne et al., 1999). Further, 

psychological stress was found to exacerbate both sleep bruxism and daytime clenching in 

individual patients (Rugh and Harlan, 1988; Pierce et al., 1995; van Selms et al., 2004).

So far, however, cause-and-effect relationships between myogenous TMD pain, bruxism, 

and stress have not been established unequivocally (Lobbezoo and Lavigne, 1997; Suvinen et 

al., 2005). Most studies on this topic employed cross-sectional study designs (for a review, 

see Drangsholt and LeResche, 1999), while prospective designs in which data are collected 

at multiple time points are better suited to demonstrate causality (Spilker, 1991). In addition, 

although self-report questionnaires are arguably the least burdening in repeated measures 

designs, self-reports of a factor like sleep bruxism may be inaccurate (Marbach et al., 1990). 

Polysomnography (PSG) is more appropriate for the quantification of sleep bruxism, because 

it is objective and enables the discrimination between bruxism and other orofacial motor 

activities during sleep (Velly-Miguel, 1992; Lavigne and Manzini, 2000; Lavigne et al., 

2003). However, using this expensive and time-consuming technique is almost impossible for 

the collection of data over longer periods. In longitudinal studies with multiple-night 

recordings, ambulatory electromyography (EMG) may be more suitable for the measurement 

of nocturnal masticatory muscle activity (NMMA; Rugh and Solberg, 1975; Dahlström, 

1989; Lobbezoo et al., 1996; Gallo et al., 1999).

In order to study the relationships between jaw muscle pain, parafunctional activities 

and psychological stress, a large-scale longitudinal study was therefore planned in which 

both questionnaires and EMG recordings of NMMA would be used for the collection of data. 

However, given the rather complex nature of this study design, it was decided to perform a 

feasibility pilot trial first (Spilker, 1991). Feasibility trials are commonly conducted for  

the determination of details that are required to finalize plans for the conduct of complex, 

large-scale trials. Further, they provide insight into the actual availability of participants for 

enrolment in large-scale trials. Finally, feasibility trials yield information that can be used for 

an accurate estimation of the required sample size. It was hoped that the feasibility pilot 

would not lead to necessary changes of the protocol, nor that the pilot would demonstrate 

insufficient numbers of available participants or a required sample size that was too large  

to handle. The pilot trial could then be combined with the large-scale longitudinal trial 

Chapter 4

vSelms_proefschrift.indd   71 23-03-2007   14:35:25



72 73

(Spilker, 1991). If, however, large problems were encountered during the performance of  

the pilot trial, the study would be terminated. Possible reasons for early termination were, 

amongst others: an impractical or unworkable protocol, failure of the participants to comply 

with the protocol, an inability to recruit an adequate number of participants, and the 

determination that no statistically significant results could be expected (Spilker, 1991).

Thus, the aim of the present study was to establish the feasibility of a complex,  

large-scale, longitudinal protocol, designed to study the associations of evening and morning 

jaw muscle pain and nocturnal masticatory muscle activity with behavioral factors, 

psychological factors, and splint therapy. 

Material and Methods

Participants

Patients attending the clinic for Oral Kinesiology of the Academic Centre for Dentistry 

Amsterdam (ACTA) with complaints of jaw muscle pain were selected for participation  

in the present pilot trial. In line with previously used criteria (van Selms et al., 2004),  

the inclusion criteria were: (1) chronic myofascial pain (Group I) according to the research 

diagnostic criteria for temporomandibular disorders (RDC/TMD; Dworkin and LeResche, 

1992); (2) presence of sleep-related bruxism, based on both an oral history (frequent grinding 

sounds reported by a bed partner) and an intra-oral inspection (hyperkeratosis of the cheek 

mucosa and tooth wear to at least the degree of exposed dentine); (3) absence of prior occlusal 

splint therapy; (4) no usage of any medicine that can interfere with sleep or motor function; 

(5) absence of substantial dental or periodontal disease; (6) no neurological disorder; (7) no 

abuse of alcohol or illicit drugs; and (8) age between 18 and 45 years. The experimental 

procedures were explained in detail to all participants. This study was approved by the local 

medical ethics committee, and all eligible participants signed a written informed consent 

before entering the study. The participants received vouchers with a total value of 7160 upon 

completion of the study as a reimbursement for, amongst others, traveling costs.

Protocol

The participants enrolled in a longitudinal, 20-week study protocol. During the first seven 

weeks, baseline data were collected in the absence of any treatment (see below). During the 

remaining 13 weeks, the participants underwent occlusal splint therapy (Fig. 1). During the 

initial clinical visit (C1), trained examiners established an accurate diagnosis of the pain 

complaint, using the Dutch version of the Research Diagnostic Criteria for Temporomandibular 

Disorders (Lobbezoo et al., 2005). The RDC/TMD uses a dual-axis approach in order to 
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establish a physical diagnosis on axis I, as well as a psychological and pain evaluation placed 

on axis II. During the baseline study period, two more visits to the clinic were scheduled: 

besides physical examinations, dental impressions were made during the second visit (C2), and 

an occlusal splint was inserted during the third (C3; i.e., at the end of week 7). The occlusal 

splint was a hard acrylic stabilization splint with full coverage of the occlusal surfaces that was 

worn in the maxilla. The splint was provided free of charge. The examiner emphasized  

the necessity of wearing the splint 24 h per day during the first week, except during meals. 

After this habituation period, the participants were instructed to wear the splint only in bed at 

night. The splint was checked for fit according to the clinic’s protocol (C4, C5), and the 

importance of wearing the splint was re-emphasized. During the final clinical visit (C6),  

the participants were asked how often they had worn the occlusal splint during the previous  

13 weeks (i.e., every night, more than half the time, less than half the time, or not at all). 

Figure 1. Time schedule of the clinical protocol including the clinical visits (C1-C6), and of the recording 

protocol including the EMG-recording weeks (in gray). 

Questionnaires

During the entire study period, evening and morning questionnaires were completed on a  

daily basis. Evening questions concerned jaw muscle pain during function (viz., during a  

10-s maximal clench) and experienced stress during the day (both scored on 11-point scales), 

daytime parafunctional activities and oral habits (scored on 5-point scales), and possible  

pain-influencing factors, like caffeine intake and alcohol use (scored as the number of 

consumptions). Morning questions concerned anticipated stress (i.e., stress expectancy for  

the day) and jaw muscle pain during function (viz., during a 10-s maximal clench), both scored 

on 11-point scales.

EMG recordings

During the weeks 1, 3, 5, and 7 (baseline period), and 9, 11, 15, and 20 (treatment period), 

nocturnal EMG recordings were obtained from the right masseter muscle, using a  

ENG ENG ENG ENG ENG ENG ENG

Clinical visit:

Recording:

weeks: 1 3 5 7 9 11 15 20

C6C5C4C3C2C1

Study period: Baseline period Treatment period

ENG
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single-channel ambulatory recording device (Bio Signal Recorder, BSR-98, University of 

Zurich, Switzerland; Gallo and Palla, 1995; Gallo et al., 1999). As it was essential to acquire 

as many consecutive recordings as possible, the participants were asked to strive towards 

achieving full-week recordings. They were trained on how to use the recording device before 

it was issued. Prior to each nocturnal recording, the participants applied a pair of disposable 

surface electrodes (Blue Sensor, Medicotest A/S, Ølstykke, Denmark) over the skin of  

the right masseter muscle, and a ground electrode over the right mastoid bone. Just before to 

going to bed, the participants performed three maximum voluntary clenches (MVC) in the 

intercuspal jaw position, lasting about 3 s per effort, and separated by 10-s intervals of rest. 

During the day following the registration, the participants downloaded the recorded data, 

changed the batteries, and programmed the device for the next recording (i.e., set-up start 

time and stop time with a maximum acquisition capacity of 8 hrs and 15 min). In order  

to ensure that the participants did not experience problems with the recording device or  

the study protocol, they were regularly contacted by telephone or by e-mail. 

Dedicated BSR Software was used to analyze the EMG recordings off-line. Because 

sleep variables were not scored and confounding activities like swallowing and sleep talking 

cannot be identified on the basis of EMG alone (Lavigne et al., 2003), the data cannot be 

interpreted strictly in terms of sleep bruxism behavior. Therefore, the term nocturnal 

masticatory muscle activity (NMMA) was used. On the basis of each individual participant’s 

nocturnal recording, the mean time recorded and the mean number of NMMA events per 

recorded hour (ev/hr) were calculated. An NMMA event was defined as a supra-threshold 

EMG signal portion, lasting longer than 0.25 s, and delineated by a quiescent interval of  

at least 3 s from the next supra-threshold period (Ware and Rugh, 1988; Velly-Miguel, 1992). 

In line with most recent recommendations concerning this recording device, the height of  

the detection threshold was set at 10% of the highest MVC effort (van Selms et al.,  

2004; Michelotti et al., 2005). From the recordings of each night, the first 15 minutes and  

the last 5 minutes of data were removed to avoid artifacts (Watanabe et al., 2003).

Feasibility pilot trial

Over a period of almost two years, only eight out of the approx. 120 eligible myogenous 

TMD pain patients were willing to enroll the 20-week study protocol. The most common 

reason for not participating was the rather complex, strict, and time-consuming nature of 

the protocol. The eight enrolled participants were all women, aged between 23 and 43 years. 

Descriptive data of these participants, including their Axis II scores obtained at the time of 

inclusion (see above), are displayed in Table 1. Some participants had a moderate to high 

psychosocial load, as indicated by the somatization and depression classifications. 

Unfortunately, four out of the eight participants dropped out of the protocol. One participant 
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was no longer able to meet its time demand after completion of the baseline study period; one 

withdrew after falling seriously ill due to a systemic disease; and one was unable to work 

with a computer, partly due to a vision disorder. The fourth dropout failed to maintain regular 

contact (see above) due to a very busy social and working life. On top of the encountered 

recruitment problems and the high dropout rate, approx. 20 to 30% of the NMMA recordings 

failed. Both subject-related factors (e.g., an incorrect set-up of the device) and equipment 

problems (e.g., loosening of the electrodes during the night, battery problems, or a defective 

recording device) resulted in blank registrations.

Age

(years)

Pain

duration

Axis II scores

CPI a SOM b DEP c

Patient 1 27 3 years 60 Normal Normal

Patient 2 29 2 years 50 Normal Normal

Patient 3 34 7 months 53 Moderate Moderate

Patient 4 41 8 months 77 Severe Severe

Patient 5* 30 1 year 50 Normal Normal

Patient 6* 43 6 months 53 Severe Moderate

Patient 7* 23 4 years 67 Severe Severe

Patient 8* 37 2 years 20 Normal Normal

*Patients who dropped-out during the study.

Table 1. Individual descriptive data for age and pain duration, and the Axis II scores for the Characteristic  

Pain Intensity a, somatization b, and depression c according to the RDC/ TMD (Dworkin and LeResche, 1992).

The study protocol thus turned out to be impractical and unworkable. In combination 

with the encountered difficulty to recruit an adequate number of participants, it was therefore 

decided to prematurely terminate the feasibility pilot trial.

Single-patient clinical trials

Four out of the eight originally enrolled myogenous TMD pain patients completed the entire 

20-week study protocol. Given the unique character of the collected data and the fact that 

most previous studies on this topic rely upon group-level analyses at the expense of the great 

inter-individual variability in the variables under study (Dahlström, 1993; Drangsholt and 

LeResche, 1999; Bader and Lavigne, 2000; Suvinen et al., 2005), it was decided to report  

the results of these four individuals as single-patient clinical trials, for which, amongst others, 

a prospective orientation of the protocol is required (Spilker, 1991).
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Data analysis

For each of the four remaining participants individually, three separate analyses were applied to 

identify the contributions of independent factors to the dependent variables NMMA, morning 

jaw muscle pain, and evening jaw muscle pain. The choice of factors to be included in  

the analyses was based on current insights into the possible causal relationships under study 

(see: Introduction). Hence, the following factors were analyzed for the variable NMMA: 

alcohol consumption, coffee and tea consumption, experienced stress, anticipated stress, and 

therapy effect (coded as 0 and 1 for baseline and splint treatment, respectively). For morning 

jaw muscle pain, the factors were: alcohol consumption, coffee and tea consumption, 

experienced stress, anticipated stress, NMMA, and therapy effect. For evening jaw muscle 

pain, the factors were: alcohol consumption, coffee and tea consumption, self-reported daytime 

clenching, experienced stress, anticipated stress, and therapy effect. As a first step, univariate 

regression analyses were performed to examine which factors were significantly (P < 0.05) 

related to the outcome variable under study (Field, 2005). If the univariate analyses yielded two 

or more significant factors, these factors were entered into a stepwise multiple regression 

(backward selection, P-value to remove = 0.1) to identify the subset of factors that was best 

associated with the outcome variable (Field, 2005). All regression analyses were conducted 

using the autoregression technique incorporated in the time-series analysis module of the SPSS 

software package, version 12.0 (SPSS, Chicago, USA). This technique takes into account  

a possible dependency of subsequent measurements within a patient (i.e., autocorrelation; 

Armitage et al., 2002). Furthermore, the algorithm implemented in this module can handle 

missing data (i.e., it makes optimal use of all available data).

Results

The individual diary ratings of evening and morning jaw muscle pain, experienced and 

anticipated stress, self-reported daytime clenching activities, alcohol consumptions,  

and coffee/tea consumptions, as reported during both study periods, are presented in Table 2. 

The baseline anticipated stress scores of patient 4 are not displayed; during the first weeks of 

the baseline period, this participant was unaware of the anticipated-stress question, which 

was included on the back of her morning questionnaire. 
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Table 3 shows the total number of nocturnal recording attempts, the failure rate  

(i.e., number of failed recordings divided by the total number of attempts ×100%), the mean 

recording time, and the mean NMMA of the remaining four participants. The periods before 

and during splint therapy revealed comparable scores with respect to the number of recordings 

and the mean recording time.

Baseline period (i.e. recording weeks 1, 3, 5, 7)

Patient Attempts Failure rate Recording time (hrs) NMMA (ev/hr)

1 24 25% 5:05 ± 1:25 20.1 ± 7.6

2 19 16% 7:03 ± 1:21 16.8 ± 3.9

3 22 23% 6:49 ± 1:16 12.6 ± 3.4

4 27 19% 5:37 ± 1:26 14.2 ± 2.5

Treatment period (i.e. recording weeks 9, 11, 15, 20)

Patient Attempts Failure rate Recording time (hrs) NMMA (ev/hr)

1 22 9% 5:57 ± 1:13 6.8 ± 4.1

2 20 30% 6:05 ± 1:13 8.6 ± 2.2

3 26 19% 6:13 ± 1:44 14.0 ± 2.2

4 27 15% 6:06 ± 0:51 10.4 ± 3.4

Table 3. Total number of recording attempts, the failure rate, and the mean (± SD) for recording time (hr) 

and the number of NMMA (ev/hr). Data from the baseline period recordings are situated on the left, data 

from the treatment period recordings on the right.

Table 4 shows the results of the univariate and multiple regression analyses for the 

dependent variable ‘NMMA’. The univariate analyses indicated that in three out of the four 

patients, the period of splint therapy was associated with a decrease in NMMA when 

compared to the pretreatment period. In patient 1, the NMMA was also positively associated 

with the experienced stress. In the multiple regression analysis for this patient, only the 

therapy effect preserved its association with the NMMA. The alcohol consumption of patient 

3 was so constantly low that its association with NMMA and with the morning and evening 

jaw muscle pain could not be estimated.
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Patient Alcohol Coffee/ tea Exp. stress Ant. stress Therapy effect

1 Univariate 0.73  
[-1.19 to 2.64]

P=0.78

0.92  
[-1.54 to 3.37]

P=0.47

1.85  
[1.13 to 2.57]

P=0.006*

0.63  
[-1.61 to 2.86]

P=0.58

-13.13  
[-16.69 to -9.43]

P<0.0001*

Multiple

– –
0.88  

[-0.91 to 2.67]
P=0.34

–
-11.62  

[-16.30 to -6.92]
P<0.0001*

2 Univariate 1.51  
[-0.21 to 3.23]

P=0.097

0.86  
[0.79 to 2.52]

P=0.32

0.03  
[-0.45 to 0.52]

P=0.90

0.19  
[-0.55 to 0.92]

P=0.62

-8.92  
[-11.84 to -6.00]

P<0.0001*

3 Univariate

–

0.90  
[-0.77 to 2.58]

P=0.30

-0.02  
[-0.32 to 0.28]

P=0.89

0.20  
[0.18 to 0.57]

P=0.31

1.00  
[-1.67 to 3.67]

P=0.47

4 Univariate -1.21  
[-2.91 to 0.48]

P=0.17

-0.26  
[-2.03 to 1.52]

P=0.78

0.33  
[-0.16 to 0.82] 

P=0.19

1.39  
[-2.97 to 5.75]

P=0.55

-3.77  
[-5.69 to -1.846]

P<0.0001*

*Indicates statistical significance.

Table 4. Univariate and multiple regression analyses for the NMMA. Presented are the regression coefficients B, 

the 95% confidence intervals within brackets, and the corresponding P-values.
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Experienced stress, anticipated stress and therapy effect were significantly associated 

with morning jaw muscle pain in the patients 2 and 4 (univariate analysis; Table 5). Alcohol 

consumption, coffee and tea consumption, and NMMA showed no association with morning 

jaw muscle pain. The association of anticipated stress with morning jaw muscle pain in 

patient 4 was no longer significant in the multiple regression analysis.

Patient Alcohol Coffee/ tea Exp. stress

1 Univariate
-0.03 [-0.21 to 0.15]

P=0.76
0.01 [-0.06 to 0.08]

P=0.80
0.01 [-0.04 to 0.06]

P=0.73

2 Univariate
0.07 [-0.06 to 0.19]

P=0.31
0.06 [-0.15 to 0.26]

P=0.56
0.06 [0.02 to 0.11]

P=0.01*

Multiple – –
0.056 [0.01 to 0.10]

P=0.021*

3 Univariate
N.A. (she only scarcely 

drank alcohol)
0.12 [-2.07 to 2.30]

P=0.92
-0.02 [-0.14 to 0.09]

P=0.68

4 Univariate
-0.01 [-0.21 to 0.11]

P=0.88
-0.03 [-0.18 to 0.11]

P=0.64
0.09 [0.01 to 0.16]

P=0.02*

Multiple – –
0.09 [0.01 to 0.15]

P=0.03*

Patient NMMA Ant. stress Splint

1 Univariate
0.01 [-0.01 to 0.02]

P=0.44
0.03 [-0.03 to 0.09]

P=0.34
-0.29 [-0.74 to 0.17]

P=0.22

2 Univariate
0.003 [-0.04 to 0.05]

P=0.91
0.10 [0.04 to 0.16]

P=0.002*
-0.34 [-0.68 to -0.01]

P=0.046*

Multiple –
0.97 [0.04 to 0.09]

P=0.002*
-0.41 [-0.72 to -0.10]

P=0.010*

3 Univariate
0.003 [-0.13 to 0.16]

P=0.97
-0.06 [-0.18 to 0.06]

P=0.35
0.02 [-0.62 to 0.67]

P=0.94

4 Univariate
0.03 [-0.02 to 0.07]

P=0.28
0.18 [0.01 to 0.36]

P=0.048*
-0.38 [-0.79 to -0.01]

P=0.047*

Multiple –
0.10 [-0.03 to 0.22]

P=0.11
-0.28 [-0.69 to –0.14]

P=0.093*

*Indicates statistical significance.

Table 5. Univariate and multiple regression analyses for the morning jaw muscle pain. Presented are the 

regression coefficients B, the 95% confidence intervals within brackets, and the corresponding P-values.
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Experienced stress and therapy effect were significantly associated with evening jaw 

muscle pain in patients 2 and 4 (univariate analysis; Table 6). In patient 2, anticipated stress 

and daytime clenching were also associated with evening pain. The association of anticipated 

stress with the evening jaw muscle pain in patient 2 was no longer significant in the multiple 

regression analysis.

Patient Alcohol Coffee/tea Daytime clench.

1 Univariate
0.06 [-0.14 to 0.27]

P=0.54
0.06 [-0.05 to 0.17]

P=0.17
0.06 [-0.25 to 0.13]

P=0.54

2 Univariate
0.09 [-0.06 to 0.23]

P=0.26
0.09 [-0.17 to 0.35]

P=0.51
0.52 [0.30 to 0.73]

P<0.0001*

Multiple – –
0.23 [-0.03 to 0.49]

P=0.09*

3 Univariate
N.A. (she only scarcely 

drank alcohol)
0.29 [-1.99 to 2.56]

P=0.81
0.46 [-0.22 to 1.15]

P=0.19

4 Univariate
0.01 [-0.03 to 0.13]

P=0.89
-0.03 [-0.17 to 0.12]

P=0.73
0.06 [-0.22 to 0.33]

P=0.67

Multiple – – –

Patient Exp. stress Ant. stress Splint

1 Univariate
0.23 [-0.03 to 0.08]

P=0.43
0.03 [-0.03 to 0.09]

P=0.34
-0.33 [-0.74 to 0.08]

P=0.12

2 Univariate
0.12 [0.07 to 0.17]

P<0.0001*
0.10 [0.04 to 0.16]

P=0.002*
-0.64 [-0.94 to -0.34]

P<0.0001*

Multiple
0.09 [0.03 to 0.15]

P=0.007*
0.05 [-0.02 to 0.12]

P=0.14
-0.53 [-0.84 to -0.22]

P=0.001*

3 Univariate
0.11 [-0.03 to 0.24]

P=0.12
-0.09 [-0.25 to 0.06]

P=0.24
0.51 [-0.22 to 1.24]

P=0.18

4 Univariate
0.11 [0.04 to 0.19]

P=0.004*
0.03 [-0.12 to 0.18]

P=0.72
-0.96 [-1.31 to -0.61]

P<0.0001*

Multiple
0.09 [0.01 to 0.17]

P=0.020*
–

-0.80 [-1.14 to -0.46]
P<0.0001*

*Indicates statistical significance. 

Table 6. Univariate and multiple regression analyses for the evening jaw muscle pain. Presented are the 

regression coefficients B, the 95% confidence intervals within brackets, and the corresponding P-values.
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Discussion

Feasibility pilot trial

A large-scale, 20-week longitudinal study was planned to the associations of evening and 

morning jaw muscle pain and nocturnal masticatory muscle activity with behavioral 

factors, psychological factors, and splint therapy. Given the rather complex nature of the 

study protocol, it was decided to perform a feasibility pilot trial first. Mainly due to the 

time-consuming nature of the study protocol, less than 10% of the eligible myofascial 

TMD patients were willing to enroll the study. Further, it turned out that the study protocol 

had imposed a high load upon the enrolled participants. They were asked to adapt their 

daily routine to the protocol and failures to meet these high demands have accounted for 

two of the four patients who dropped out of the study. Also, despite the thorough 

instructions given to the participants, 20 to 30% of the NMMA recordings failed  

(see: Feasibility pilot trial). These high failure rates are comparable to the rates reported by 

Watanabe et al. (2003), who also lost more than 20% of their nocturnal recordings due to 

subject-related factors and equipment problems. In order to reduce the failure rate, it is 

important that ambulatory recording devices are as easy to handle as possible and also 

reliable to use.

The encountered recruitment problems, the high drop-out rate, and the high number 

of recording failures were all reasons to prematurely terminate the study. The high dropout 

rate of 50% limits the possibilities to generalize the results of this study to the group of 

chronic myogenous TMD pain patients as a whole. Even so, it was deemed important to 

share the results of this feasibility pilot trial with the community as to avoid duplication of 

effort in future trials. The description of the four patients who completed their participation 

may be considered reports of single-patient clinical trials rather than case report, because 

they were all evaluated in a prospective and carefully controlled manner (Spilker, 1991).

Single-patient clinical trials

The smaller number of NMMA recordings in comparison to the higher number of daily 

questionnaire recordings has probably limited the statistical power to detect relationships 

within the four individual patients. However, more NMMA recordings would have further 

increased the load imposed upon the patients. Apart from the NMMA recordings, the data 

collection entirely relied upon self-reported data. It is possible that during the study period, 

the patients may have become increasingly aware of possible associations between,  

for instance, their experienced or anticipated stress and the muscle pain they experienced. 

This may have introduced bias in the way they have rated their scores and may thus have 

influenced the associations found in this study.
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The sensations of evening and morning jaw muscle pain were assessed by scoring  

the responses of the patients to 10-s maximal clenching efforts. Since myofascial pain is 

characterized by, amongst others, its provocation or exacerbation by muscle function  

(Okeson, 1996; Drangsholt and LeResche, 1999), this provocation technique mimics the  

way this condition is diagnosed in previous studies using the static pain test technique 

(Lobbezoo-Scholte et al., 1993; Visscher et al., 2000).

Experiments with successive observations of the same individual require a specific 

analytical approach that takes into account the possible dependency of successive measurements 

within the individual. Indeed, autocorrelations across successive days were present in the scores 

of the evening and morning jaw muscle pain and in the NMMA data, revealing that the scores 

on one day tended to be associated with scores on the following day (data not presented).  

The autocorrelation of the reported pain between successive days may be in line with the 

episodic character of myogenous TMD pain: longer periods of pain are usually followed by 

longer periods of low pain or no pain at all (Von Korff et al., 1988; Drangsholt and LeResche, 

1999). So far, the presence of autocorrelation has only seldom been taken into account in 

longitudinal studies on myogenous TMD pain (e.g., Aaron et al., 2004; Aaron et al., 2006).  

In the present study, possible autocorrelations were accommodated for by simultaneously 

fitting a first-order autoregressive to the regression residuals, which ensures that the statistical 

results (e.g., standard error and P-value) are correct (Armitage et al., 2002).

The period of splint therapy was associated with a significant reduction in NMMA in 

three out of the four patients. That splint therapy can reduce nocturnal bruxing activity  

in some patients and not in others has been demonstrated before. Both short-term  

polysomnographic studies (Dubé et al., 2004; van der Zaag et al., 2005) and long-term  

non-polysomnographic studies (Clark et al., 1979; Harada et al., 2006) revealed the highly 

individual response of the activity of the masticatory muscles of TMD patients to an occlusal 

splint therapy. This stresses the importance of monitoring the effects of splint therapy at an 

individual level.

Two out of the three patients with a reduction of NMMA during the splint therapy also 

reported an improvement in jaw muscle pain, both in the morning and in the evening. 

Interestingly, however, the univariate and multiple regression analyses showed that the changes 

in muscle pain were not associated with the observed changes in NMMA, as has also been 

demostrated before in a single case study (van Selms et al., 2004), but with the period of splint 

therapy itself. Apparently, the positive effect of splint therapy was not due to the reduction of 

nocturnal parafunctions, but must have been related to other factors. The results of this study 

are in line with the conclusion by Dao and Lavigne (1998), namely that most patients benefit 

from splint therapy, even though the true therapeutic value (efficacy) of the splint  

has not been established beyond doubt. The present results further support the outcomes  
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of randomized controlled trials, which lend support to the effectiveness of splint therapy  

(i.e., the patient’s appreciation of the positive changes which are perceived to have occurred 

during the treatment; Forssell et al., 1999). However, it cannot be excluded that study 

participation itself already influences the outcome of studies like these (Kreiner et al., 2001).

Only in patient 2, a weak association was found between the changes in evening jaw 

muscle pain and daytime clenching activity. This, in combination with the absence of any 

association of NMMA with the morning jaw muscle pain, questions the causal relationship 

between parafunctional activities and chronic jaw muscle pain. The influence of experienced 

and anticipated stress upon the chronic jaw muscle pain as observed in this study is in line 

with the suggestion that psychological stress plays an important role in the perception of 

chronic myogenous TMD pain (Drangsholt and LeResche, 1999; Suvinen et al., 2005).

In conclusion, the four single-patient clinical trials show that even in this small number 

of participants, large differences between individual patients exist. Overall, the results of the 

individually performed analyses suggest that parafunctional activities may be less important 

in the maintenance of masticatory muscle pain that psychological stress.
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Chapter 5

Abstract

The clinically important relationship between myogenous TMD pain and disordered jaw motor 

behavior is subject of this concise, evidence-based review of the literature that was published 

during the past ten years. Mainly based on studies that used some sort of experimental 

masticatory muscle pain (e.g., the intramuscular injection of noxious substances like hypertonic 

saline), it was concluded that myogenous TMD pain has pronounced effects on jaw motor 

functions like maximal clenching and mastication. The pain-related modulation of oral reflexes 

further illustrated the effects of myogenous TMD pain on masticatory motor control. Protecting 

the painful muscle tissues against further damage and allowing for time to heal the damaged 

tissues by immobilization of the masticatory system seem to be the key outcomes of these 

effects. Further, myogenous TMD pain was shown to influence the cervical motor system, 

which may partly explain the mechanism behind the frequently observed co-occurrence of pain 

in the neck and the jaw. Finally, it was concluded that, even though the evidence is not yet 

conclusive, also remote pain (non-myogenous TMD pain) can modulate jaw motor behavior, 

which indicates the involvement of central mechanisms in this modulation.

This chapter is an edited version of the article: Lobbezoo F, van selms MKA, Naeije M (2006). Masticatory muscle pain and 

disordered jaw motor behaviour: Literature review over the past decade. Archives of Oral Biology
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Introduction

Many patients with musculoskeletal pain in the orofacial region present themselves to their 

dentist not only with a pain complaint but also with complaints of disordered jaw function, 

like a limitation in their mandibular movements (Okeson, 1996). For the dentist, it is 

important to understand the nature of the relationship between these two types of clinical 

problems. Among others, a proper understanding will yield a more accurate clinical diagnosis 

for both types of problems and will improve the dentist’s insight into the etiology. In turn,  

this will enable better treatment choices (Dworkin and LeResche, 1992; Okeson, 1996; 

Stohler, 1999; Harrison, 2002).

Most pain complaints in the orofacial region are due to dental causes (e.g., pulpitis, 

periodontal pain) and trauma (Aghabeigi, 2002; Zakrewska, 2002). These pains usually have 

an acute nature at the time when patients present themselves to their dentist, and are 

relatively easy to diagnose and to treat. Of the chronic pain conditions in the orofacial 

region, temporomandibular pains constitute the most common diagnostic group (LeResche, 

2001). Among this group of musculoskeletal pain conditions, the most frequently occurring 

diagnosis is pain originating from the masticatory muscles (i.e. myogenous TMD pain; 

LeResche, 1995).

During the past decades, the relationship between myogenous TMD pain and disordered 

jaw motor behavior has been studied and reviewed extensively; see, for example, the reviews 

by Lund et al. (1991), Lund (1995), Stohler (1999), and Svensson and Graven-Nielsen (2001). 

Unfortunately, previous reviews only seldom give the literature search strategy that was used. 

In a time where evidence-based dentistry is the norm, see the Evidence-Based Dentistry Series 

(2000), the selection of eligible papers should be controllable for the reader. The purpose of the 

present paper therefore was to provide a concise, evidence-based review of studies to the 

functional consequences of myogenous TMD pain that were published during the past ten 

years, i.e. in the decade after the appearance of the landmark publications by Lund et al. (1991) 

and Lund (1995) on the motor function of patients suffering from temporomandibular pain.

Literature search

As a first step, a MEDLINE search was performed on April 5, 2005, using the National 

Library of Medicine’s Medical Subject Headings (MeSH) Database and PubMed. As MeSH 

terms/subheadings, ‘Masticatory Muscles’ and ‘Pain/physiopathology’ (the subheading 

‘physiopathology’ having the following scope: ‘Used with organs and diseases for disordered 

function in disease states’) were used. Both terms were exploded as to include terms found 
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below these terms in the MeSH tree. When MEDLINE was searched with these terms,  

371 papers were found, the oldest of them being published in 1975. Thirty-two out of the 

371 papers were reviews; 182 were published during the past ten years, indicating a growing 

interest in this topic: about half of the papers were published during the final third of the 

three involved decades. When the search was restricted to ‘Major Topic headings only’ 

(option to be checked onscreen), 119 papers were found, seven of them being reviews and 

59 of them being published during the past decade. The results of the restricted search over 

the past ten years (56 research papers and three review papers) were used as the basis for 

this review.

As a second step, the abstracts of the selected papers were read as to establish the 

papers’ applicability to this review. Twenty-two papers were omitted from the review. Two of 

them described case studies. Another eight papers mainly dealt with methodological issues, 

like the reproducibility of visual analogue scales and clinical and instrumental pressure pain, 

the contribution of cutaneous tissues to the pressure pain sensation in jaw muscles, and the 

area of self-reported pain in relation to controlled pain stimuli. Finally, despite the restriction 

of the search to major topic headings only, the subject of twelve papers was only indirectly 

related to that of this review (e.g., a radiographic study to a myogenous or arthrogenous 

origin of temporomandibular pain). The remaining 35 research papers and two review papers 

yielded an interesting view on the functional consequences of myogenous TMD pain, which 

is outlined below. The section on myogenous TMD pain and disordered jaw motor behavior 

is preceded by some issues related to clinical and experimental masticatory muscle pain, 

and is followed by an overview of the effects of remote pain (i.e. pain that does not originate 

from the masticatory muscles) on jaw motor behavior.

Clinical and experimental masticatory muscle pain

Classically, clinical myogenous TMD pain is divided into two subgroups based on the 

duration of the painful condition: (sub-) acute pain (  6 months) and chronic (persisting) 

pain (> 6 months; Okeson, 1996). Like other musculoskeletal pain problems, chronic 

myogenous TMD pain is clinically characterized by its usually mild intensity, its provocation 

or exacerbation by voluntary muscle contraction, and its fluctuating nature (Okeson, 1996; 

Harrison, 2002). This fluctuating nature of chronic myogenous TMD pain, however, renders 

several studies to the relationship between myogenous TMD pain and disordered jaw motor 

behavior difficult to interpret: the pain may sometimes have been absent during the 

assessment of the motor behavior of interest. To ascertain that sensations of myogenous 

TMD pain are actually present at the time of the assessment of its functional consequences, 

many researchers use techniques to experimentally elicit masticatory muscle pain in healthy 

subjects.
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Experimental masticatory muscle pain can be elicited by excessive jaw functions like 

intense and prolonged clenching and chewing (Svensson and Graven-Nielsen, 2001). This will 

lead to hemodynamic changes, viz., a reduced blood flow in the masticatory muscles. In many 

instances, the resulting localized hypoxia causes immediate, ischaemic muscle pain. 

Accumulation of metabolites is, at least partly, responsible for this muscle pain (Newham et al., 

1994). As an example, gum chewing was shown to induce ischaemic muscle pain in male and 

female myogenous TMD pain patients as well as in healthy women, the thus provoked muscle 

pain persisting longer in females than in males (Karibe et al., 2003). In another study, prolonged 

gum chewing was shown to aggravate subsequent ischaemic masticatory muscle pain elicited 

through maximal voluntary clenching (MVC; Christensen et al., 1996). Unfortunately, 

ischaemic masticatory muscle pain generally has a fast-transient character, lasting only for a 

few minutes (Svensson and Graven-Nielsen, 2001). This makes it difficult to apply this 

provocation technique in studies to the functional consequences of myogenous TMD pain.

Another way to elicit experimental masticatory muscle pain may be the provocation of 

delayed onset muscle soreness (DOMS). It is known from limb muscles that repeated episodes 

of heavy skeletal muscle contractions may elicit DOMS, especially when eccentric 

contractions (i.e. stretching of contracting muscles) are part of the exercise (Byrnes et al., 

1985; Kroon and Naeije, 1991; Proske and Allen, 2005). DOMS is characterized by pain  

that appears approx. 24 hours after the exercise and lasts for several days (Newham et al., 

1994; Svensson and Graven-Nielsen, 2001). The words that are commonly used to qualify 

DOMS (e.g., ‘tense’, ‘taut’) resemble those, used to qualify chronic myogenous TMD pain 

(Stohler and Kowalski, 1999). These characteristics make DOMS very suitable for studies to 

the functional consequences of myogenous TMD pain. However, there is a lack of studies in 

which DOMS was successfully elicited in human masticatory muscles. This may be due to 

difficulties in performing eccentric contractions of the jaw-closing muscles. Likewise, 

repeated submaximal clenching at 25% MVC failed to induce a progressive increase in 

masticatory muscle pain during a 5-day study period (Svensson and Arendt-Nielsen, 1996). 

Apparently, other pain provocation techniques are needed to further explore this subject.

Hence, to be certain of pain being present in the masticatory muscles when assessing its 

functional consequences, many researchers nowadays use chemical provocation techniques, 

like the intramuscular injection (bolus or continuous infusion) of hypertonic saline, glutamate, 

or capsaicin (Svensson and Graven-Nielsen, 2001). The resulting pain is present for a 

sufficiently long duration to perform the experiments that are needed to test its functional 

consequences. However, one should keep in mind that chemically induced, acute myogenous 

TMD pain cannot readily be compared with clinical, usually chronic myogenous TMD pain, 

even though the subjective descriptions of chemically induced pain resemble those of clinical 

myogenous TMD pain (Stohler and Kowalski, 1999).
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Myogenous TMD pain and disordered jaw motor behavior

Below, the following jaw motor functions will be dealt with in relation to myogenous TMD pain: 

bruxism, postural EMG activity, maximal clenching, and mastication. In addition, the effects of 

myogenous TMD pain on masticatory motor control will be assessed by reviewing relevant  

oral reflex studies. Both subjects will be preceded by a brief description of some myogenous 

TMD pain-related changes in vegetative functions like respiration and blood circulation. 

Vegetative functions 

There is a scarcity of studies to the vegetative consequences of myogenous TMD pain. 

Experimental masticatory muscle pain (viz., a bolus infusion of hypertonic saline) caused 

elevated values of many standard respiration variables (e.g., respiration rate, minute 

ventilation volume, and inspiratory and expiratory flow rates) during the first five minutes 

following the infusion, while sustained masticatory muscle pain, assessed between five and 

ten minutes after the infusion, still yielded an elevated respiratory rate (Kato et al., 2001).  

In addition, the autonomic regulation of intramuscular blood flow yielded a lower re-perfusion 

during the recovery phase after submaximal clenching in chronic myogenous TMD pain 

patients than in healthy control subjects (Delcanho et al., 1996).

Bruxism 

The possibility of a causal relationship between myogenous TMD pain and bruxing habits 

during sleep has been the subject of a previous review (Lobbezoo and Lavigne, 1997). It was 

concluded that there is insufficient evidence to confirm or refute the existence of such 

relationship. Recent studies now suggest that bruxing habits during sleep do not cause 

myogenous TMD pain. Rather, the presence of clinical or experimental myogenous TMD 

pain seems to be associated with less masticatory muscle activity during sleep than the 

absence of myogenous TMD pain (Lavigne et al., 1997; Arima et al., 2001). However, these 

findings are not conclusive: the relationship between myogenous TMD pain and sleep 

bruxism needs further attention. In addition, more research is needed to clarify the purported 

causal relationship between myogenous TMD pain and daytime clenching.

Postural activity

Classically, the onset and maintenance of myogenous TMD pain was understood in terms of 

the so-called vicious cycle pain model: increased postural activity would cause myogenous 

TMD pain, which in turn yielded a further increase in postural activity, etcetera, thus setting 

up a vicious cycle (Laskin, 1969). Experimental pain, induced by hypertonic saline or 

mustard oil injections in rat masseter muscles (Ro et al., 2002) as well as by hypertonic saline 

Chapter 5

vSelms_proefschrift.indd   94 23-03-2007   14:35:32



94 95

injections in human jaw-closing muscles (Stohler et al., 1996; Svensson et al., 1998b), indeed 

caused an increase in postural activity. However, the induced hyperactivity did not last longer 

than the pain response of the infusion itself, viz., maximally ten minutes. Likewise, a study 

in myogenous TMD pain patients and healthy control subjects provided only little support for 

the use of postural EMG data to accurately distinguish myogenous TMD pain patients from 

controls, even though for some muscle sites higher postural activities were found in the 

myogenous TMD pain patient group (Glaros et al., 1997). Chandu et al. (2004) and Bodéré et 

al. (2005) confirmed this latter finding. In short, the above-cited studies only partly support 

the classical point of view that the onset and maintenance of clinical myogenous TMD pain 

may result from a vicious cycle mechanism.

Maximal clenching 

Experimental masticatory muscle pain, induced by hypertonic saline, has been shown to 

cause a reduction in maximal voluntary clenching (MVC) capacity, as measured both in the 

EMG output and in the force output (Wang et al., 2000). This finding is in line with the  

so-called pain-adaptation model, as formulated by Lund et al. (1991) and Lund (1995). In 

short, this model states that in the presence of pain (e.g., myogenous TMD pain), agonist 

muscle activity is decreased (e.g., jaw-closing muscle activity during clenching) while 

antagonist muscle activity is increased (e.g., jaw-closing muscle activity during mouth 

opening). These immobilizing effects may have the consequences of preventing further 

damage of the painful muscle tissues and of promoting healing and restitution. This model 

can explain not only the pain-related behavior of entire muscles or muscle groups but also 

that of single motor units: with a constant force output of the masseter muscle with 

experimentally induced pain (capsaicin injection), a decreased firing rate of single motor 

units was found (Sohn et al., 2000). The constant force was probably maintained by a 

significant increase in the twitch force amplitude that was observed during capsaicin-induced 

pain; the twitch force amplitude being a measure of the mechanical properties of the single 

motor units (Sohn et al., 2004).

Mastication 

In line with the pain-adaptation model (Lund et al., 1991; Lund, 1995), experimental 

masticatory muscle pain, caused by hypertonic saline injections in both masseter muscles, 

yielded an increased EMG activity of the jaw-closing muscles in the antagonist phases of 

mastication, and a reduced EMG activity of these muscles during the agonist phases 

(Svensson et al., 1997; Svensson et al., 1998). Interestingly, using fine-wire electrodes, the 

reduction in jaw-closing muscle activity during the agonist phase was less pronounced when 

measurements were taken at a larger distance from the location of the hypertonic saline 
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infusion (Türp et al., 2002). The functional consequence of these findings may be a reduction 

in the mobility of the jaw during mastication. Surprisingly, no significant changes in jaw 

movement characteristics (i.e. the kinematic parameters displacement, velocity, and duration) 

due to hypertonic saline-induced experimental masticatory muscle pain could be observed 

(Svensson et al., 1998), although it was shown that breaking of hard food with painful 

muscles of myogenous TMD pain patients took longer than with pain-free muscles of healthy 

controls (Shiau et al., 2003).

Reflexes

Oral reflexes play an important role in masticatory motor control (Orchardson and Cadden, 

1998). Since oral reflexes are well-suited for controlled experimental studies, the modulation 

of these reflexes by myogenous TMD pain has been studied extensively (for reviews, see 

Göbel and Dworschak (1996) and Svensson (2002)). Most reflex studies dealt with the early 

and late exteroceptive suppression periods (‘ES1’ and ‘ES2’) in isometrically and 

submaximally contracting masseter and temporalis muscles. The exteroceptive suppression 

periods can be evoked by external stimuli, like the electrical or mechanical stimulation  

of peri-oral and intra-oral tissues (Orchardson and Cadden, 1998). Also, the proprioceptive 

jaw-stretch (‘jaw-jerk’) reflex was studied frequently. Jaw-stretch reflexes can be evoked 

from the muscle spindles within the jaw closers by mechanical displacement of the mandible 

(Orchardson and Cadden, 1998).

Experimental masticatory muscle pain, caused by injections of hypertonic saline into 

the jaw-closing muscles, reduced the size of the second (late) inhibitory period of the 

exteroceptive inhibitory reflex in these muscles that was peri-orally evoked by non-painful 

electrical stimulation of the skin over the mental nerve (Wang et al., 1999). The amplitude 

of the short-latency excitatory part of the jaw-stretch reflex did not differ significantly 

between myogenous TMD pain patients and healthy controls (Kitagawa et al., 2000).  

On the other hand, continuous hypertonic saline infusion caused a significant increase in 

both the early (onset after 9-10 ms post-stimulus) and the late (duration from 25-40 ms 

post-stimulus) excitatory jaw-stretch reflex responses (Svensson et al., 2000; Wang et al., 

2001). Taken this evidence together, it can be concluded that during isometric, submaximal 

contractions of the jaw-closing muscles, experimental masticatory muscle pain may cause 

a reduced inhibition of the jaw-closing muscles’ inhibitory reflex and an increased excitation 

of the jaw-stretch reflex in these muscles. Both effects contribute to an increased stiffness 

of the masticatory muscles while in pain, which results in a reduced mobility of the jaw. 

This fits, at least in part, the pain-adaptation model (Lund et al., 1991; Lund, 1995),  

because jaw opening is thus being hampered in the presence of jaw-closing masticatory 

muscle pain.
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Remote pain and disordered jaw motor behavior

From the above paragraph, it can be gathered that myogenous TMD pain influences jaw 

motor behavior. The question that remains is whether or not it is a prerequisite that the pain, 

that modulates this behavior, originates from the jaw muscles themselves, or whether it is 

merely the presence of any pain (including remote pain; non-myogenous TMD pain) that may 

cause this modulation.

Many studies, but not all, show modulatory effects of remote pain on masticatory motor 

control. Topically applied capsaicin to the skin over the masseter muscle did not influence the 

masseter inhibitory reflex evoked by non-painful electrical tooth pulp stimulation (Kemppainen 

et al., 1997). Further, the size of the second inhibitory period, as evoked by peri-oral electrical 

stimulation, was found to be normal in patients with chronic tension-type headache (Zwart and 

Sand, 1995; Bendtsen et al., 1996). Also Wang et al. (1999) did not observe any significant 

changes in the characteristics of the exteroceptive inhibitory reflex in the jaw-closing muscles 

during painful infusion of hypertonic saline into the anterior tibialis muscle. On the other hand, 

however, carefully controlled studies showed that remote experimental pain in the arm or hand, 

as caused by an inflated pneumatic cuff or an immersion in cold water, respectively, does cause 

a significant reduction of the size of the second inhibitory period of the exteroceptive inhibitory 

reflex in the jaw-closing muscles, as evoked by non-painful electrical stimulation of the upper 

lip (Maillou and Cadden, 1997), by non-painful mechanical taps on a central incisor (Cadden 

et al., 1999; van der Glas et al., 2000), or by non-painful ‘ramp and hold’ (push) stimuli against 

a central incisor (Mason et al., 2002). These latter studies reinforce the possibility of modulatory 

effects of remote pain on masticatory motor control.

Some interesting studies illustrate the functional connections between the muscles of 

the jaw and those of the neck/shoulder region. For example, the second inhibitory period was 

reduced in the electrically-evoked exteroceptive inhibitory reflex in both the temporalis 

muscle and the trapezius muscle by hypertonic saline-induced experimental pain in one of 

these muscles, reflecting a pain-mediated functional connection between the trigeminal and 

upper cervical neural systems (Ge et al., 2004). Likewise, the amplitude of the short-latency 

excitatory response of the proprioceptive jaw-stretch reflex increased not only after painful 

glutamate injections in the masseter muscle, but also after such injections in the splenius 

muscle (Wang et al., 2004). Functionally, neck injury patients (e.g., whiplash-associated 

disorder) showed derangements in the control of mandibular opening-closing movements 

(Eriksson et al., 2004).

Conversely, myogenous TMD pain can also influence the motor behavior of the  

cervical system. Painful bradykinin injections in the masseter muscle of the cat caused an 

increased static fusimotor drive to the muscle spindle system in the dorsal neck muscles 
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(Hellström et al., 2000). Besides demonstrating the existence of a reflex connection between 

the trigeminal and cervical systems, this observation may, at least in part, explain the 

mechanism behind the frequently observed co-occurrence of pain in the neck and the jaw. 

Finally, in myogenous TMD pain patients, increased postural activities were observed in  

the sternocleidomastoid and trapezius muscles (Pallegama et al., 2004), which also suggests 

that pain in the jaw muscles may have functional consequences for the muscles in the  

neck/shoulder region.

Taken all evidence together, it can be hypothesized that, even though the evidence is not 

conclusive, also non-myogenous TMD pain (remote pain) can modulate jaw motor behavior. 

The fact that remote pain can influence jaw motor behavior suggests, that central mechanisms 

may be involved in this modulation.

Discussion

Both myogenous TMD pain and non-myogenous TMD pain have effects on jaw motor 

behavior as well as on vegetative functions like respiration and blood circulation. As far as 

the effects of pain on jaw motor behavior are concerned, protecting the painful muscle tissues 

against further damage and allowing for time to heal the damaged tissues by immobilization 

of the masticatory system seem to be the key outcomes of these effects. Most findings thereby 

corroborate, at least in part, the pain-adaptation model, as formulated by Lund et al. (1991) 

and Lund (1995). The clinical consequence of these pain-dysfunction relationships is that 

when treating patients with both myogenous TMD pain and a disordered jaw function, like a 

muscle-determined limited maximum mouth opening, the treatment of myogenous TMD 

pain may also yield an improved jaw function. In everyday clinical practice, this is a frequent 

observation indeed.

It should be noted that in myogenous TMD pain patients, the above reasoning is 

especially feasible in the presence of acute muscle pain conditions, where injury-inflicted 

tissue damage constitutes the actual disease state (Ready and Edwards, 1992). However, for 

chronic muscle pain conditions, where the pain itself rather than the tissue damage constitutes 

the disease (Ready and Edwards, 1992), this explanation is less applicable. Indeed, many of 

the studies on chronic myogenous TMD pain patients that were included in the present review 

yielded different findings than the studies to the same jaw motor function that used 

experimental masticatory muscle pain, like the absence of a change in the amplitude of the 

short-latency excitatory part of the jaw-stretch reflex in the study by Kitagawa et al. (2000). 

More research is needed to fully explain the observed motor behavior in chronically  

painful muscles.
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Another issue that should be pointed out is recent evidence suggesting that the classical 

method of quantifying reflexes (i.e. counting the number of neuron discharges following 

stimulation) may generate significant errors (Türker and Powers, 2005). Instead, Türker and 

Powers (2005) recommend that the rate of discharge of a neuron be used to accurately display 

the neuron’s excitability at the time of discharge. Future studies to the effects of myogenous 

TMD pain on masticatory motor control should consider this recommendation as to avoid 

erroneous outcomes that cannot be interpreted.

Most evidence for the relationship between myogenous TMD pain and disordered jaw 

motor behavior comes from studies in which the pain was elicited chemically in otherwise 

healthy individuals. The main advantage of this approach is the certainty that masticatory 

muscle pain is actually present when the physiopathological measurements are being taken. 

Further, using initially pain-free subjects yields study samples in which psychological 

disorders are less likely to be present than in chronic pain patients (Gündel et al., 2002).  

The earlier-mentioned main disadvantage (viz., that chemically induced, acute masticatory 

muscle pain cannot readily be compared with clinical, usually chronic myogenous  

temporomandibular pain), however, should always be kept in mind when interpreting such 

experimental studies.
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Abstract

Objective: To examine the effects of experimentally evoked masticatory muscle fatigue, 

without and with experimental muscle pain, on the short-latency jaw-stretch reflex, using a 

randomised crossover design. Methods: Reflexes were evoked in both the masseter and 

temporalis muscles in 15 men and 13 women. The study was performed in two blocks, both 

containing three experimental conditions (before, directly after, and 15 min after provocation). 

Provocation consisted of a fatiguing chewing test, followed by an intramuscular injection of 

either isotonic saline (IS; non-painful) or hypertonic saline (HS; painful). Results:  

No significant effects of the experimental condition ‘fatigue + IS’ were found for any of the 

reflex outcome variables. For each muscle, the ‘fatigue + HS’ condition yielded significantly 

higher normalized reflex amplitudes than the other conditions. Several muscles displayed 

gender differences regarding both onset latency and normalized amplitude. Conclusions: 

Experimentally evoked, mild-to-moderate muscle fatigue does not modulate the human  

jaw-stretch reflex. On the other hand, experimental muscle pain, evoked after the performance 

of a fatiguing chewing test, does yield a facilitation of this reflex. The several gender 

differences in both onset latency and peak-to-peak amplitude stress the need to take gender 

into consideration in future jaw reflex studies. 

Chapter 6

This chapter is an edited version of the article: van Selms MKA, Wang K, Lobbezoo F, Svensson P, Arendt-Nielsen L,  

Naeije M (2005). Effects of masticatory muscle fatigue without and with experimental pain on jaw-stretch reflexes in healthy 

men and women. Clinical Neurophysiology.
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Introduction

Temporomandibular disorders (TMD) are a group of conditions that involve pain and/ or 

functional problems of the masticatory muscles and/ or the TM joints (Laskin, 1969; Dworkin 

and LeResche, 1992; Okeson, 1996). Furthermore, a feeling of fatigue in the jaw muscles is a 

frequent symptom of patients with TMD (Laskin, 1969; Bakke and Möller, 1992; Kroon and 

Naeije, 1992). Clinically, muscle-related temporomandibular pain (myogenous TMD pain) is 

known to impose significant changes on natural motor tasks (see Lund, 1995, for a review). 

However, several factors may confound clinical research on myogenous TMD pain, like the 

time-variant nature of the pain complaint (Okeson, 1996). Therefore, experimental pain models 

have been suggested to be better suitable for a direct assessment of the effects of pain on 

masticatory motor control (Svensson and Arendt-Nielsen, 1995). 

The short-latency jaw-stretch reflex is commonly used as a model to study the 

consequences of trigeminal pain on the control of jaw movements. Although this reflex circuit 

principally involves a monosynaptic arc, several experimental pain studies have revealed that 

injections of painful solutions into the masseter muscle, like hypertonic saline (HS; Svensson 

et al., 2000; Wang et al., 2000; Svensson et al., 2001; Wang et al., 2001), capsaicin (Wang et 

al., 2002), and glutamate (Cairns et al., 2003), enhance the amplitude of the reflex response in 

humans. Of these solutions, the intramuscular injection of HS exhibits a good perceptual 

similarity to clinical myogenous TMD pain (Stohler and Lund, 1994; Svensson et al., 1995; 

Stohler and Kowalski, 1999) and has been suggested to be a useful model to study the complex 

interaction between TMD-like pain and motor control (Svensson and Graven-Nielsen, 2001; 

Matre and Svensson, 2004).

Although the facilitatory effect of pain on the jaw-stretch reflex has already been 

demonstrated in the above-mentioned studies, the contribution of muscle fatigue to this 

modulation is still unknown. Therefore, the aim of this study was to examine the effects of 

experimentally evoked muscle fatigue, without and with HS-induced muscle pain, on the 

short-latency jaw-stretch reflex in healthy men and women.

Materials and Methods

Participants

Fifteen men (mean age ± SD = 24.0 ± 4.1 years) and thirteen women (24.8 ± 2.3 years) 

participated in this experiment, which was carried out in the Orofacial Pain Laboratory at 

Aalborg University. All participants were healthy, unmedicated students at the University of 

Aalborg, and they were free from periodontal and endodontic diseases, and distinct 
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orthodontic abnormalities. With the exception of four participants, who had a soft, pain-free 

TMJ click, they were free from signs and symptoms of TMD (Dworkin and LeResche, 1992). 

The study was conducted in accordance with the Helsinki Declaration, and all participants 

gave written informed consent to the procedures approved by the local Ethics Committee.

Jaw-Stretch Reflex Recordings 

The jaw-stretch reflexes were evoked in the left and right masseter and anterior temporalis muscles 

with a custom-made muscle stretcher, based on the one described by Miles et al. (1993), and used 

extensively in the Orofacial Pain Laboratory (Svensson et al., 2000; Wang et al., 2000; Svensson 

et al., 2001; Wang and Svensson, 2001; Wang et al., 2001; Svensson, 2002; Wang et al., 2002; 

Cairns et al., 2003; Wang et al., 2004). In short, a stainless-steel bite-bar was mounted on a frame 

attached to the floor. A powerful electromagnetic vibrator (Model 406, Ling Dynamic Systems, 

Royston, UK) imposed servo-controlled displacements of the lower jaw bar. The displacement of 

the probe was measured with a linear potentiometer (Sakae Type 20 FLP 30A-5K, Sakae, 

Kawasaki, Japan) mounted parallel to the vibrator. Vertical acceleration was measured by an 

accelerometer (Delta Tron Accelerometer Type 4399, Bruel & Kjær, Nærum, Denmark), mounted 

on the lower jaw bar. The jaw-stretch reflexes were evoked by a 1 mm downward displacement 

with a ramp time of 10 ms, lasting about 230 ms. The initial jaw gape, determined by the distance 

between the outer surfaces of the upper and lower jaw bars, was 4 mm.

During the experiment, the participant was seated upright in front of the muscle stretcher, 

while biting with the incisors on the two jaw bars. The jaw bars were covered with a thin piece 

of rubber to protect the teeth. Surface EMG activity was recorded from both left masseter 

(MAL) and right masseter (MAR) muscles and left anterior temporalis (TAL) and right anterior 

temporalis (TAR) muscles, using disposable bipolar surface electrodes (4 x 7 mm recording 

area, 720-01-k, Neuroline, Medicotest, Ølstykke, Denmark). The surface electrodes were 

placed along the muscle bellies, after having cleaned the skin over the recording positions with 

alcohol. A ground electrode, soaked with saline, was attached to the right wrist. The EMG 

signal was amplified (2,000-5,000 times; Counterpoint MK2, Skovlunde, Denmark), filtered 

(bandwidth 20 Hz to 1 kHz), sampled (4 kHz), and stored for off-line analysis.

Each participant initially performed three, 3-s maximal clenches with their incisor teeth 

on the jaw bars, from which the highest effort was selected as maximum voluntary contraction 

(MVC) level. During the experiment, the participants were instructed to contract their muscles 

at a steady, pre-set clenching level of 15% MVC through visual feedback of their left masseter 

EMG activity.  To help them achieve this level, they were shown a screen display of 200-ms 

intervals of the root-mean-squared (RMS) value of their EMG activity. The screen also 

displayed an EMG-activity window between 13.5% and 16.5% MVC, which changed from 

green to red upon crossing the upper and lower limits of this window. The program automatically 
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triggered the jaw-muscle stretcher when the EMG activity remained within the pre-set window 

for more than 400 ms. In total, 300 ms of peri-stimulus EMG activity was recorded, with 100 

ms pre-stimulus and 200 ms post-stimulus. 

Experimental Procedure

From each participant, the individual chewing pace was established preceding the 

experimental session. To this, the participants were asked to chew on one piece of chewing 

gum (2 g, Sorbits®, Leaf, Turku, Finland) for approximately 30 s to reduce its initial hardness. 

Hereafter, they were asked to chew at their own, natural chewing pace, and at their own site 

(sites) of preference, for approximately 20 s. During this period, the examiner compared 

the frequency of the chewing strokes with that of a moving pendulum on a silent metronome 

(M-30, Korg, Tokyo, Japan), and adjusted the metronome’s frequency until an identical 

frequency was attained. This frequency was then considered the individual chewing pace.

The experimental procedure consisted of two blocks, both containing three experimental 

conditions, viz., before, directly after, and 15 min after provocation. During each of these six 

experimental conditions, reflex stimulations were applied 20 times. Per experimental 

condition, the recording phase lasted about two to three minutes. Provocation consisted of a 

fatiguing chewing test, almost immediately (5-10 s later) followed by an intramuscular 

injection (see below). The fatiguing chewing test yielded intense chewing on 7 pieces of 

chewing gum for 6 minutes at a frequency of 1.5 × the individually determined chewing 

pace. The subsequent injection was either painful hypertonic saline (HS; 6%) or non-painful 

isotonic saline (IS; 0.9%; placebo). The fluid (0.1 ml) was injected into the posterior part of 

the left masseter muscle at a distance of approx. 1 cm away from the surface EMG recording 

site. The sequence of the two blocks, i.e., a ‘block IS’ and a ‘block HS’, was randomised in a 

balanced manner, and the participants were, at prior, unaware of the injection sequence. As a 

result, seven male and seven female participants received, after the first fatiguing chewing 

test, an HS injection followed by IS about 45 min later, whereas for the other participants,  

the opposite order was followed.

Prior to the reflex recording phase of each experimental condition, the participants scored 

their fatigue intensity on an 11-point numerical rating scale (NRS), with ‘0’ marking ‘not at all 

fatigued’ and ‘10’ marking ‘as fatigued as I could be’. In case of provocation, fatigue was 

reported immediately following the fatiguing chewing test and prior to the injection. Pain 

intensity was scored continuously, using a 10-cm electronic visual analogue scale (VAS), in 

order to follow its course over time. The left anchor of the VAS marked ‘no pain at all’;  

the right anchor, ‘most pain imaginable’. The maximum VAS score was used as a measure of 

the peak pain during the reflex recordings; the area under the VAS curve (VASAUC) as a measure 

of the overall amount of pain. During the 15-min washout period following both provocation 
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conditions, the participants described the quality of their pain on a validated, Danish version of 

the McGill Pain Questionnaire (Drewes et al., 1993). In addition, they drew their perceived 

pain distribution on drawings of the face and intraoral structures.

Off-line, a special-purpose computer program (Aalborg University, Denmark) processed 

the reflex EMG responses evoked in the jaw muscles. First, the pre-stimulus EMG activity 

(mV) was rectified and the average wave amplitude was calculated over the 100 ms  

pre-stimulus period. Second, the onset latency (ms) and the peak-to-peak amplitude (mV) of 

the early reflex component, which appeared as a biphasic potential in the averaged-only 

recordings, were determined for each experimental condition. Finally, the peak-to-peak 

amplitude was normalized with respect to the mean pre-stimulus EMG activity.

Analysis

In order to investigate whether the two fatiguing chewing tests yielded comparable NRS 

fatigue scores, paired t-tests were performed. The NRS fatigue scores and the VAS pain 

scores were tested for gender differences using independent t-tests. 

To test both baseline conditions for sequence effects, independent t-tests were used to 

investigate whether the randomisation of the two blocks (‘IS’ and ‘HS’) was of influence on 

the outcome variables ‘onset latency’ and ‘normalized peak-to-peak amplitude’. In addition, 

for these two variables, the two baseline conditions were compared with each other by means 

of paired t-tests, as to assess whether they yielded comparable group means.

ANOVAs for repeated measures were used to test the effects of provocation on onset 

latency and normalized peak-to-peak amplitude. The four muscles (viz., MAL, MAR,  

TAL, and TAR) were analysed separately, with gender as between-subjects factor. The within-

subject factor ‘experimental condition’ consisted of six levels, viz., Baseline, Fatigue + IS, 

and Post-provocation for ‘block IS’; and Baseline, Fatigue + HS, and Post-provocation for 

‘block HS’. When sphericity was violated (i.e., a non-equal level of dependence between 

experimental conditions was present), conservative Greenhouse-Geisser corrected values of 

the degrees of freedom were used (Mauchly, 1940; Greenhouse and Geisser, 1959). Pairwise 

comparisons of the experimental conditions were performed using Dunn-Sidak post-hoc 

correction for multiple comparisons. The level of significance was set at P < 0.05.

Results

Fatigue and Pain

The reported fatigue scores (‘NRS fatigue’) per experimental condition and per gender are 

shown in Figure 1. As shown in this figure, a consequence of the randomisation procedure 
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was that, although none of the participants reported fatigue at their first baseline condition, 

some carry-over fatigue resulted in the presence of fatigue in both baseline conditions.  

The two fatiguing chewing tests yielded comparable NRS fatigue scores (P = 0.663; paired 

t-test), and there were no gender differences in the NRS fatigue scores after the two chewing 

tests (P = 0.513 and P = 0.910, respectively; independent t-tests). 

Figure 1. NRS fatigue scores (mean ± SD) for men and women separately. Experimental conditions of ‘block 

IS’: 1 = Baseline, 2 = Fatigue (prior to IS injection; see Experimental Procedure), and 3 = Post-provocation. 

Experimental conditions of ‘block HS’: 4 = Baseline, 5 = Fatigue (prior to HS injection), and  

6 = Post-provocation. Note: the sequence of the two blocks was randomised.

In most cases, no or very low levels of pain were reported after injection of 0.1 ml 

isotonic saline (IS; Figure. 2; top part). There were no gender differences regarding the 

maximum VAS ratings, nor for the VASAUC after IS injection (P = 0.535 and P = 0.556, 

respectively; independent t-tests). However, after injection of 0.1 ml hypertonic saline (HS), 

all participants reported pain during the stretch-reflex recordings (range 3-10; mean VAS 

score of 5.2 ± 2.2 cm; Fig. 2; bottom part). The pain was always located in the masseter 

muscle, but also irradiations towards the lower and/or upper teeth (4/28), the temple (3/28), 

and the temporomandibular joint (1/28) were indicated on the drawings of the face and of  

the intraoral structures. The pain was mostly qualified as ‘aching’ (14/28), ‘taut’ (13/28), 

‘pressing’ (13/28), ‘nagging’ (11/28), and ‘tight’ (11/28). None of the participants reported 

pain 12 min after the injection. Again, gender differences regarding maximum VAS ratings 

and VASAUC were absent (P = 0.910 and P = 0.650, respectively; independent t-tests).
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Figure 2. Left: time profile of VAS pain scores as induced by injection of isotonic saline (IS; top), and 

hypertonic saline (HS; bottom). Right: superimposed drawings of the distribution of perceived pain, following 

injection of IS (top) and HS (bottom) into the masseter muscle of the 28 participants.
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Provocation Order

For both baseline conditions, no sequence effects due to randomisation were found for any 

of the four muscles regarding the outcome variables ‘onset latency’ and ‘normalized  

peak-to-peak amplitude’ (P > 0.086 and P > 0.383, respectively; independent t-tests). 

Furthermore, both baseline conditions yielded comparable outcome scores for these  

two variables (P > 0.218 and P > 0.161, respectively; paired t-tests).

Onset Latency

The mean onset latencies of the reflex responses for each of the four muscles are shown in 

Figure 3. ANOVA indicated no significant main effect of experimental condition for any of the 

four muscles (Table 1). However, men showed significantly longer onset latencies than women 

for the left-side muscles, and tendencies towards significance for the right-side muscles.

Chapter 6

Figure 3. Effects of fatigue, combined with injections of either isotonic saline (IS) or hypertonic saline (HS), 

on the onset latency of the jaw-stretch reflex (mean ± SD) for left and right masseter and temporalis muscles 

(MAL, MAR, TAL, and TAR). Surface EMG activity from MAL (painful side; underlined) was used for visual 

feedback. Experimental conditions of ‘block IS’: 1 = Baseline, 2 = Fatigue + IS, and 3 = Post-provocation. 

Experimental conditions of ‘block HS’: 4 = Baseline, 5 = Fatigue + HS, and 6 = Post-provocation.
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Reflex outcome variable Muscle
Condition effect Gender effect

F P F P

Onset latency (ms) MAL 0.071 0.908 4.85 0.037*

MAR 1.252 0.296 3.78 0.063

TAL 2.282 0.113 8.51 0.007*

TAR 0.869 0.418 3.79 0.063

Normalized P-P amplitude MAL 18.100 <0.001* 2.55 0.123

MAR 3.897 0.020 * 1.90 0.180

TAL 5.131 0.001* 4.54 0.043*

TAR 10.394 <0.001* 7.58 0.011*

Table 1. Effects of experimental condition and of gender on onset latency reflex (ms) and normalized  

peak-to-peak (P-P) amplitude for left and right masseter and temporalis muscles (MAL, MAR, TAL, and 

TAR). Surface EMG activity from MAL (painful side; underlined) was used for visual feedback. Asterisks 

indicate significant difference between conditions or between genders (ANOVA, P < 0.05).

Reflex Amplitude

Statistical evaluation of the peak-to-peak amplitude, normalized to the pre-stimulus EMG 

activity, demonstrated for all muscles a significant main effect of experimental condition  

(F > 3.90; P < 0.02; ANOVA; Table 1). Subsequent post-hoc contrast analyses (Dunn-Sidak) 

demonstrated that, for each muscle, the main effect predominantly referred to a difference 

between the painful provocation condition relative to the other conditions: significantly 

higher values were found for the experimental condition ‘fatigue + HS’ (Figure 4).  

The non-painful experimental condition ‘fatigue + IS’ was of no influence on the outcome 

scores. For both temporalis muscles, a gender difference was found: women demonstrated 

significantly higher values of normalised peak-to-peak amplitudes than men (Table 1).  

An interaction effect between experimental condition and gender was absent. 
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Figure 4. Effects of fatigue, combined with injections of either isotonic saline (IS) or hypertonic saline (HS), 

on the normalized peak-to-peak amplitude (mean ± SD) for left and right masseter and temporalis muscles 

(MAL, MAR, TAL, and TAR). Surface EMG activity from MAL (painful side; underlined) was used for visual 

feedback. Experimental conditions of ‘block IS’: 1 = Baseline, 2 = Fatigue + IS, and 3 = Post-provocation. 

Experimental conditions of ‘block HS’: 4 = Baseline, 5 = Fatigue + HS, and 6 = Post-provocation. Asterisks 

indicate significant differences between experimental conditions (ANOVA; P < 0.05). 
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Discussion

Fatigue and Pain

It is well accepted that chronic overloading or overuse of the masticatory muscles  

(e.g., parafunctional activities like tooth grinding and clenching) may cause myogenous TMD 

pain (Lobbezoo et al., 1996). Several endogenous experimental techniques, using excessive 

jaw muscle motor tasks, have been used to provoke TMD-like pain in healthy subjects. 

Unfortunately, such techniques are not always successful in the provocation of muscle pain; 

and if they are, the pain is often rather short-lasting (Svensson and Graven-Nielsen, 2001).  

On the other hand, techniques like intense chewing tests do provoke muscle fatigue (Dao et 

al., 1994; Christensen et al., 1996; Farella et al., 2001; Karibe et al., 2003). Therefore, in the 

present study, such tests were used to provoke sensations of muscle fatigue, whereas an 

exogenous pain provocation technique (i.e., injection of a noxious substance) was used to 

provoke a several-minutes-lasting pain sensation.

The six-minute chewing protocol, as used in the present study, is comparable to  

that used by Karibe et al. (2003), although different chewing times have been used as well 

(Dao et al., 1994; Christensen et al., 1996; Farella et al., 2001). For the sake of effect, it was 

tried to aggravate the chewing test by chewing on a large bolus of chewing gum (viz., seven 

pieces) at an increased frequency of 1.5 times the participant’s own, natural chewing pace. 

Although the reported fatigue following the chewing tests was generally qualified as mild to 

moderate, some participants experienced only little fatigue, if at all. Several factors might 

have caused this inter-subject variability, like differences in muscle fatigability. Since little  

or no fatigue after chewing was a rare finding (only 1 out of the 28 participants reported  

no fatigue after the chewing tests), this occurrence is expected to have had no, or only a 

negligible, influence on the presented data.

No gender differences were found in the subjective reports of pain. This is in contrast 

with previous studies, in which women appear to respond more strongly to experimental, 

glutamate-evoked pain stimuli than do men (Cairns et al., 2001; Cairns et al., 2003; Svensson 

et al., 2003). A possible explanation for this disparity may be the fact that gender differences 

in subjective reports are especially apparent in longer lasting pain conditions (e.g., glutamate-

evoked), and less in shorter-lasting ones, like HS-induced experimental pain (for a review, 

see Dao and LeResche, 2000).

The subjective descriptions of the HS-induced pain resemble those obtained from 

myogenous TMD pain patients (Svensson et al., 1995; Stohler and Kowalski, 1999).  

In general, the dominant sensation caused by intramuscular HS injection is a deep, diffuse 

pain (Svensson and Graven-Nielsen, 2001). However, affective-motivational differences exist 

between a short-lasting, acute pain condition like HS-induced pain and a chronic pain 
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condition like clinical myogenous TMD pain. Further, contrary to acute pain, sensitisation is 

a frequently occurring phenomenon in chronic pain, which may have several consequences 

for the neuromuscular system, including possible effects on jaw reflexes (for a review, see  

De Laat et al., 1998). Nevertheless, the experimental pain provocation technique, as used in 

the present study, still allows for an exploration of the effects of a brief and spatially limited 

noxious stimulus on the motor function of healthy participants.  

Provocation Conditions

Onset Latency  The observed onset latencies, with a range of 8-9 ms, were in close 

accordance with those of previous studies that used the same experimental equipment 

(Svensson et al., 2000; Wang et al., 2000; Svensson et al., 2001; Wang et al., 2001). Both 

provocation conditions, i.e., fatigue without and with experimental muscle pain, were of no 

influence on the onset latency of the jaw-stretch reflex. This finding was to be expected, 

because so far, only patients with conditions like trigeminal neuropathy and multiple sclerosis 

are known to have delayed jaw reflex responses (Ongerboer de Visser and Goor, 1974; Yates 

and Brown, 1981). Although asymmetries of onset latencies in TMD patients have been 

reported, others have questioned these results because of large intra-individual variabilities 

and various methodological problems (Cruccu et al., 1997).

Reflex Amplitude  The jaw-stretch reflex is elicited mechanically by a fast muscle stretch.  

As a consequence, muscle spindle afferents respond with an afferent burst that, if powerful 

enough, leads to depolarisation of the corresponding alpha-motoneurons. Subsequently, a 

synchronised depolarisation of the muscle fibres occurs, resulting in a reflex potential that can 

be visualized on a surface EMG (for a review, see Matre and Svensson, 2004). An important 

factor known to be positively related with the amplitude of the jaw-stretch reflex is the  

pre-stimulus EMG activity (Lund et al., 1983; Lobbezoo et al., 1993; Svensson et al., 2000; 

Wang and Svensson, 2001). In order to correct for this influence, the evoked reflex activity was 

normalized relative to the pre-stimulus EMG activity. As a result, the reflex amplitudes could 

be compared between different individuals, muscles, and conditions (Wang et al., 2001).

The essential observation of our study was that experimentally evoked mild-to-moderate 

muscle fatigue only, i.e., without a subsequent painful HS injection, does not change the 

normalised peak-to-peak amplitude of the jaw-stretch reflex. From this, it can be concluded 

that muscle fatigue, caused by intense chewing, does not change the sensitivity of the 

fusimotor system. Although it is as yet unknown whether masticatory muscle pain of 

ischaemic nature can cause a modulation of the jaw-stretch reflex, a truly ischaemic condition, 

which goes with the liberation of many metabolites and pain modulators, might be needed to 

change the stretch sensitivity of muscle spindle afferents (for a review, see Capra and Ro, 
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2000). The ischaemic status in the fatigued jaw muscles in the present study may simply not 

have reached such a level.

The increased jaw-stretch reflex amplitude, as observed during HS-induced muscle 

pain, corroborates the findings of former studies (Svensson et al., 2000; Wang et al., 2000; 

Svensson et al., 2001; Wang et al., 2001). Matre and Svensson (2004) have described possible 

underlying mechanisms for this pain-related facilitation. Amongst others, these authors 

suggested that the facilitation is not likely to be caused by a tonically reduced pre-synaptic 

inhibition of the alpha-motoneuron excitability, but instead by a pain-induced modulation of 

the fusimotor system. In addition, animal studies suggest a role for a reduced recurrent 

inhibition of the alpha-motoneuron pool and for a decreased afterhyperpolarization 

(Windhorst et al., 1997 a, b). The fact that in the present study, the jaw-stretch reflex was not 

only facilitated in the ipsilateral muscles but also in the (non-painful) contralateral muscles, 

can be explained by the presence of bilateral brainstem connections (Capra and Ro, 2000).

A clinical consequence of the increased jaw-stretch reflex in the presence of muscle pain may 

be a protection of the painful (damaged) tissues due to reflex-mediated muscle stiffness.  

This results in a reduced mobility, thereby preventing further tissue damage (Matre and 

Svensson, 2004). This protective mechanism is in line with the pain-adaptation model as 

described by Lund (1995) and has also been observed more recently by Graven-Nielsen et al. 

(1997), who found a reduced leg motor function after intramuscular injections of HS in  

limb muscles.

Gender  The observed shorter onset latencies in women, as well as their higher reflex 

amplitudes, have also been reported in previous jaw reflex studies (Widmalm et al., 1979; 

Kossioni and Karkazis, 1994; Fitzek et al., 2001; Cairns et al., 2003). These gender differences 

may, at least in part, be explained by differences in motor units between men and women, 

especially regarding the constituent muscle fibres. Tuxen et al. (1999) reported that type I 

fibres in female masseter muscles have a significantly larger diameter than those in male 

ones, while for the type II fibres, the inverse was found. Since for stretch reflex responses, 

motor units are recruited in an orderly manner, which means that type I motor units are being 

recruited first (Scutter and Türker, 1998), and since muscle fibres with larger diameters 

produce faster action potentials with larger amplitudes than do fibres with smaller diameters 

(Håkansson, 1956; Gath and Stålberg, 1975; Turkawski and van Eijden, 2000), it can  

be expected that the larger circumference of the type I muscle fibres in women yields  

the above-mentioned significant effects on both the onset latency and the peak-to-peak 

amplitude.
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Conclusions

The present study indicates that experimentally evoked mild-to-moderate muscle fatigue 

does not contribute to the modulation of the short-latency jaw-stretch reflex by experimentally 

induced muscle pain. Furthermore, the several observed gender differences in both the onset 

latency and the peak-to-peak amplitude stress the need to take gender into consideration in 

future jaw reflex studies. 
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Abstract

Aim was to establish the short-term effects of individually tailored treatments to alleviate 

myofascial TMD pain and function impairment, and to identify prognostic variables 

associated with these short-term treatment effects. The study group consisted of 85 patients 

with a clinical diagnosis of myofascial TMD pain. Baseline data on the Characteristic  

Pain Intensity (CPI), Mandibular Function Impairment (MFI), parafunctional activities, pain 

elsewhere, and psychological status were collected. After treatment and at 3-month and  

6-month follow-up, CPI and MFI were re-scored. Changes in these variables with respect  

to baseline were used as treatment outcome measures. The post-treatment improvements in 

CPI and MFI were significant and stable over time. The changes in CPI and MFI were 

positively associated with their baseline values, and negatively associated with the reported 

pain elsewhere and with the interaction term between somatization and time. In conclusion, 

individually tailored TMD treatments caused significant reductions in pain and impairment, 

which persisted for at least six months. However, treatment effects were smaller in patients 

who also reported pain elsewhere, and tended to dissolve during the follow-up period in 

patients with high baseline somatization scores.
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Introduction

Temporomandibular disorders (TMDs) constitute the most common group of nondental 

chronic pain conditions in the orofacial region (Dworkin, 1995; Okeson, 1996; Drangsholt 

and LeResche, 1999). Although TMDs comprise a broad subgroup of musculoskeletal 

disorders affecting the temporomandibular joint, the muscles of mastication, and/or the 

associated structures (Okeson, 1996), in most patients the pain emanates from the muscular 

structures of the masticatory system (Dworkin et al., 1990; Kuttila et al., 1998).

Elimination or relief of pain, and the regaining of a pain-free jaw function are major 

important criteria by which patients and clinicians usually judge the outcome of treatment 

(Dworkin et al., 1990; Sarlani et al., 2005). In the majority of TMD patients, these treatment 

goals are achieved with conservative and reversible forms of therapy (Okeson, 1996; McNeill, 

1997; Stohler and Zarb, 1999). In a minority of patients, however, symptoms persist, recur, or 

worsen. Identifying potential predictors of treatment outcome before initiation of care might 

enable the clinician to develop a treatment plan that takes into account such specific patient 

characteristics. However, studies on treatment outcome yielded a variety in, sometimes 

contradictory, predictors. Amongst others, the initial level of pain (McCreary et al., 1992;  

de Leeuw et al., 1994; Auerbach et al., 2001), pretreatment psychosocial factors  

(e.g., somatization, depression, motivation; Helöe and Heiberg, 1980; Gale and Funch, 1984; 

Lipton and Marbach, 1984; McCreary et al., 1992; Dworkin, 1994; Fricton and Olsen, 1996; 

Krogstad et al., 1998), and demographic factors (e.g., age and gender; Okeson and Hayes, 

1986; Brown and Gaudet, 1994; Dworkin, 1994) have been suggested to be related with 

treatment outcome.

In this study, a prospective longitudinal study design in combination with longitudinal 

growth modeling was chosen to study the following two aims. First, to establish the  

short-term effects of individually tailored TMD treatments to alleviate pain and mandibular 

function impairment in myofascial TMD pain patients. Second, to identify prognostic factors, 

which are associated with the short-term treatment effects. To this end, patients received 

questionnaires before and immediately after treatment, and at the 3-month and 6-month 

follow-ups. 

Materials and methods

Participants

Patients, who had complaints of pain in the orofacial region lasting for at least for one month, 

and who were referred by their dentists or medical practitioners to the clinic for Oral 
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Kinesiology of the Academic Center for Dentistry Amsterdam (ACTA), were invited to 

participate. During the first visit, an oral history was taken, and trained examiners performed 

a clinical examination according to the Research Diagnostic Criteria for Temporomandibular 

Disorders RDC/TMD (Dworkin and LeResche, 1992). Patients were selected if they met the 

following criteria: (1) willing to participate in the study, after giving a written informed 

consent, (2) a clinically confirmed RDC/TMD diagnosis of myofascial pain, (3) no systemic 

disease, (4) no other orofacial disorders (e.g., trigeminal neuralgia), (5) over 18 years old,  

(6) a good understanding of the Dutch language, (7) no severe psychiatric disorders, and  

(8) no overuse of painkillers. 

Procedure

The participants received four sets of questionnaires at four predetermined points in time 

(see below). The first two sets were given at the first visit to the clinic (baseline) and at the 

final visit, directly after completion of the treatment (post treatment). During the follow-up 

phase, the other two sets of questionnaires were sent by mail at 3 and 6 months after 

completion of the treatment. If a set of questionnaires was not returned within two to three 

weeks, the participants received a reminder telephone call. If it was not possible to contact 

the participants by phone, a reminder was sent by mail. 

All participants received customary, conservative treatments provided by clinicians 

experienced in the treatment of TMD patients. Besides counseling, treatment typically included 

occlusal splint therapy, physiotherapy, cognitive behavior modification therapy, or a combination 

of these treatment modalities. The choice of therapy depended upon clinical judgment and on 

theoretical knowledge based on current evidence-based dentistry. In addition, the patients’ 

expectations as well as an estimation of their possible adherence to the treatment were taken 

into account (Zakrewska, 2002). There were no limitations in the number of visits or additional 

treatments that were provided. The decision to end the treatment was based on the assessment 

of whether further treatment would be of substantial benefit to the patient.

Outcome variables

As outcome variables, the post-treatment changes in the Characteristic Pain Intensity and 

Mandibular Function Impairment were used. Post-treatment changes were obtained by 

subtracting the post-treatment scores from the baseline scores.

1. The Characteristic Pain Intensity (CPI) as incorporated in the Dutch version of the  

RDC/TMD (Lobbezoo et al., 2005). The CPI score ranges from 0 to 100, with 100 

indicating the most intense pain. The CPI score is calculated by taking the mean score of 

three, 0 to 10 pain ratings of the current pain, and the average and worst pain in the last 

three months, and by multiplying the sum score by 10.
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2. The Mandibular Function Impairment (MFI), as assessed using the Mandibular Function 

Impairment Questionnaire (MFIQ; Stegenga et al., 1993a). This instrument was 

specifically designed to assess the patient’s appreciation of jaw function impairment, and 

has been demonstrated to be sensitive to changes with treatment for TMD (Stegenga et al., 

1993b). The MFIQ contains 17 items, and each item is scored on a 5-point Likert scale  

(0 = no difficulty, 4 = very difficult or impossible without help) on which the patient  

can indicate how much difficulty is experienced performing a particular mandibular task 

(e.g., chewing or eating hard food, a hard cookie, raw carrot, peanuts, etc.). The total  

MFI score has a score ranging from 0 to 1 and is obtained by dividing the sum of the items 

by four times the number of items. 

Prognostic variables

Beside age (years) and gender (0, ‘female’; 1, ‘male’) and the CPI and MFI baseline scores, 

the following prognostic variables collected at baseline were used as prognostic factors:

1. Parafunctional activities, using a three-scale oral parafunctions questionnaire (van der 

Meulen et al., 2006). The first scale includes four clenching and grinding items; the second 

scale includes three items about biting and chewing activities, and the third scale includes 

five tongue, lip, and cheek activities. Answers are given on a 5-point Likert scale, ranging 

from 0 (never) to 4 (always). The total parafunctional activity score was calculated by 

dividing the sum score by four times the number of items, and has a range from 0 to 1.

2. Depression and somatization, measured by two scales of the SCL-90 (Symptom Check 

List: Derogatis, 1977; Dutch translation and adaptation by Arrindell and Ettema, version 

2003). The depression scale (8 questions) assesses negative mood and vegetative symptoms 

of poor functioning. The somatization scale (16 questions) assesses distress related to 

bodily symptoms, such as faintness and stomach upset. An abridged somatization scale, 

excluding four pain-related questions, was used to avoid confounding with other questions 

assessing pain throughout the body. Each of the questions is rated on a 5-point Likert 

scale, ranging from 1 (not at all) to 5 (very much), indicating the severity of symptoms 

over the past week. The depression and somatization score were dichotomized using 

thresholds set at the 80th percentile of the depression and somatization scores obtained in 

the Dutch population (Arindell and Ettema, 2003). Scores above (below) the threshold 

were coded 1 (0). 

3. Pain elsewhere:  do you feel pain elsewhere in your body? The answer was ‘no’ (coded as 0) 

or ‘yes’ (coded as 1). 

4. Previous treatment for complaints of TMD pain. The answer was ‘no’ (coded as 0) or ‘yes’ 

(coded as 1).
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Analysis

Individual growth curve modeling was used to test the two aims of the study. In individual 

growth curve models, the change over time in the phenomenon of interest (in this study in the 

treatment effect) can be assessed at both the aggregate (i.e., sample) and the individual level 

(i.e., the study participant). To this end, growth curve models can be conceptualized at two 

levels of analysis. The level 1 model can be referred to as the within-person or intra-individual 

change model and the level 2 model as the between-person or inter-individual change model 

(Delucia and Pitts, 2005).

For the first aim (to establish the short-term effects of individually tailored TMD 

treatments to alleviate pain and mandibular function impairment), the changes over time in 

the treatment outcome variables ΔCPI and ΔMFI were analyzed using an unconditional linear 

growth model:

Level 1:  ΔCPIij, or ΔMFIij = b0i + b1i × timej + rij

Level 2:   Initial status:  b0i = b00 + ν0i

 Rate of change: b1i = b10 + ν1i

The subscripts ‘i’ and ‘j’ denote person and measurement occasion, respectively.  

Timej was coded 0 for the measurement at completion of treatment, 1 for the measurement 

after 3 months, and 2 for the measurement after 6 months. 

The level 1 model describes the individual linear growth trajectories for the change in 

pain (ΔCPIij) or in mandibular function impairment (ΔMFIij). Specifically, b0i and b1i are the 

individual i’s intercept and growth rate, and the time-specific residual term rij captures the 

deviation between individual i’s predicted and observed change at time point j. In the level 2 

model, the individual intercepts are described as a function of the mean initial status (b00) 

plus an individual deviation (ν0i) from this mean. Similarly, individual growth rates are 

expressed as a function of the mean growth rate (b10) and a residual (ν1i).

For the second aim (to identify prognostic variables that are associated with the short-term 

treatment effects), the effects of the prognostic factors were first separately analyzed using 

conditional linear growth models with one prognostic factor in the model at the time: 

Level 1: ΔCPIij, or ΔMFIij = b0i + b1i × timej + r ij
Level 2:  Initial status: b0i = b00 + b01× predictori + ν0i

 Rate of change: b1i = b10 + b11 × predictori + ν1i

Predictori denotes the value of the prognostic variable for individual ‘i’. To improve the 

interpretation of the model parameters, the continuous prognostic variables (age, 

parafunctional activities, CPIbaseline and MFIbaseline) were grand mean rescaled (‘centered’) 

to have a mean value of 0. Subsequently, all significant associations (prognostic factor, 

time, and/or interaction term with time) were entered into a final multilevel model for 

change to obtain the set of variables that was best associated with the outcome variable 

under study.
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All analyses were conducted using linear-mixed effects modeling incorporated in the 

SPSS software package, version 12.0 (SPSS, Chicago, USA), and statistical significance was 

defined at P < 0.05.

Results

Of the 100 patients, who signed a written informed consent to participate in the study, two 

patients reported no more pain at the start of treatment and two other patients suffered from an 

endodontic pain after all. These four patients were excluded from the study (see figure 1). 

Eleven patients expressed their wish to withdraw from the study at completion of treatment, or 

failed to return the post-treatment questionnaires. Consequently, the data of 85 patients (89% 

female, mean age ± SD = 41.2 ± 14.5 yr) were included in the analyses. Baseline data of the  

11 dropouts did not differ from those of the 85 patients regarding the continuous variables ‘age’ 

(P = 0.470), ‘parafunctional activities’ (P = 0.262), ‘CPI’ (P = 0.554) and ‘MFI’ (P = 0.884; 

independent t-tests), nor the dichotomous variables ‘gender’ (P = 0.357),‘pain elsewhere’ (P = 

0.267), ‘previous treatment’ (P = 0.920), ‘somatization’ (P = 0.467) and ‘depression’ (P = 0.888; 

Pearson chi-square tests). Of the 85 patients, 18 patients received splint therapy, 16 patients 

received physiotherapy, 39 patients received a combination of splint therapy and physiotherapy, 

and 12 patients received cognitive behavioral therapy with or without one of the former treatment 

modalities. The mean treatment duration ± SD was 6.1 months ± 3.5 (range: 1 – 17).

Figure 1. Flow chart of the study, including the number of participants. Dropouts = participants, who started 

the study, but dropped out before the study was finished. Censored = missing because the time since the start 

of the study was shorter than the specific period of follow up.
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Seven patients dropped out during the study follow-up due to time demands, loss of 

addresses after address change, or emigration. The post-treatment changes in CPI and MFI  

of these seven patients were not statistically different from those of the remaining 78 patients 

(P = 0.613 and P = 0.404, respectively; independent t-tests). Finally, 13 patients had yet to 

complete the 3-month and/ or 6-month questionnaires, because not enough time had passed 

since the end of treatment (censored data). 

Number of participants (n)

Gender Female 76

Male 9

Pain else No 46

Yes 39

Previous treatment No 40

Yes 45

Somatization Below cut-off 75

Above cut-off 9

Missing 1

Depression Below cut-off 62

Above cut-off 21

Missing 2

Mean (± SD)

Characteristic Pain Intensity (CPI) 48.55 (± 25.31)

Mandibular Function Impairment (MFI) 0.395 (± 0.219)

Parafunctional activities 0.238 (± 0.152)

Table 1. Descriptive baseline data of the 85 patients included in the analyses. Numbers of participants for the 

five dichotomous predictors, and the mean value (± SD) for the three continuous predictors.

Baseline descriptive data of the 85 participants, including the numbers of responses 

belonging to the five dichotomous variables and the means and standard deviations of  

the three continuous variables, are displayed in table 1. To illustrate the short-term effects 

of individually tailored TMD treatments upon the characteristic pain intensity CPI and 

mandibular function impairment MFI, their mean (± SEM) scores, as assessed during  

the entire study period, are shown in figures 2 and 3. For the two treatment outcome 

measures ΔCPI and ΔMFI, the fixed effects estimates (b00) of the intercepts of  
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the unconditional linear growth models over the 6-month follow-up period were statistically 

different from zero, while the estimates for slope (b10) were not (tables 2, 3). This means 

that the CPI and MFI scores after treatment were significantly lower (23.378 and 0.198, 

respectively) than their pretreatment scores and these improvements remained stable over 

the 6-month follow-up period.

Parameter Estimate SE P-value

Initial status b0i Intercept b00 23.378 3.071 0.000

Rate of change b1i Time b10 1.536 1.594 0.338

Table 2. Fixed effects estimates and standard errors (SE) of the initial status and rate of change of the unconditional 

linear growth models for the treatment outcome variable ΔCPI (baseline score – follow-up score).

Parameter Estimate SE P-value

Initial status b0i Intercept b00 0.198 0.024 0.000

Rate of change b1i Time b10 -0.001 0.009 0.982

Table 3. Fixed effects estimates and standard errors (SE) of the initial status and rate of change of the unconditional 

linear growth models for the treatment outcome variable ΔMFI (baseline score – follow-up score).
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Figure 2. Main outcome variable ‘characteristic 

pain intensity’ (CPI): mean ± standard error of  

the mean (SEM) at baseline, post-treatment, at  

3-month follow-up, and at 6-month follow-up.

Figure 3. Main outcome variable ‘mandibular 

function impairment’ (MFI): mean ± standard error 

of the mean (SEM) at baseline, post-treatment, at  

3-month follow-up, and at 6-month follow-up.
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To identify prognostic variables associated with the short-term treatment effects, each 

of the prognostic factors was entered separately into a conditional linear growth model,  

see tables 4 and 5. For ΔCPI, the CPI’s baseline score, time, pain elsewhere, and the interaction 

term between somatization and time were statistically significant in these growth models.  

For ΔMFI, the MFI’s baseline score, pain elsewhere, and the interaction term between 

somatization and time were significant. Subsequently, all significant associations were 

entered into a final multilevel model for change to obtain the set of variables which was best 

associated with the outcome variable under study, see tables 6, 7. The outcome measures 

ΔCPI and ΔMFI were positively associated with their baseline levels and negatively associated 

with pain elsewhere and with the interaction term between somatization and time. The latter 

indicates that patients with high somatization scores in the study (somatization coded as 1) 

had a tendency to loose their positive treatment effects during the 6-month follow-up period. 

For patients without somatization (coded as 0), ΔCPI showed a weak trend to further improve 

during the follow-up period.

Predictor: Initial status b0i Rate of change b1i

b00 (SE) 

P-value

b01 (SE) 

P-value

b10 (SE) 

P-value

b11 (SE) 

P-value

 Age 23.309 (3.075) 

0.000

0.073 (0.215) 

0.736

4.054 (5.413) 

0.456

-0.058 (0.120) 

0.627

Gender 23.959 (3.207) 

0.000

-6.236 (10.368) 

0.549

2.458 (1.620) 

0.133

-11.348 (5.625) 

0.077

CPIbaseline 23.651 (2.456) 

0.000

0.689 (0.097) 

0.000

1.189 (1.569) 

0.450

-0.040 (0.063) 

0.527

Parafunctions 23.872 (3.100) 

0.000

-17.788 (20.494) 

0.388

1.592 (1.613) 

0.327

-6.822  (10.755) 

0.528

Depression 25.256 (3.547) 

0.000

-6.434 (7.079) 

0.366

2.400 (1.823) 

0.192

-3.472 (3.622) 

0.341

Somatization 21.821 (3.235) 

0.000

15.744 (10.013) 

0.119

3.494 (1.574) 

0.029

-16.554 (4.579) 

0.001

Pain elsewhere 28.895 (4.057) 

0.000

-12.172 (6.018) 

0.046

1.734 (2.259) 

0.445

-0.260 (3.174) 

0.935

Previous treatments 20.368 (4.504) 

0.000

5.599 (6.121) 

0.363

0.683 (2.403) 

0.777

1.508 (3.202) 

0.639

Table 4. Treatment outcome variable �CPI (baseline score – follow-up score). Fixed effects estimates and 

standard errors (SE) of the 8 conditional linear growth models with the 8 prognostic factors analyzed 

separately.
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Chapter 7

To identify prognostic variables associated with the short-term treatment effects, each 

of the prognostic factors was entered separately into a conditional linear growth model,  

see tables 4 and 5. For ΔCPI, the CPI’s baseline score, time, pain elsewhere, and the interaction 

term between somatization and time were statistically significant in these growth models.  

For ΔMFI, the MFI’s baseline score, pain elsewhere, and the interaction term between 

somatization and time were significant. Subsequently, all significant associations were 

entered into a final multilevel model for change to obtain the set of variables which was best 

associated with the outcome variable under study, see tables 6, 7. The outcome measures 

ΔCPI and ΔMFI were positively associated with their baseline levels and negatively associated 

with pain elsewhere and with the interaction term between somatization and time. The latter 

indicates that patients with high somatization scores in the study (somatization coded as 1) 

had a tendency to loose their positive treatment effects during the 6-month follow-up period. 

For patients without somatization (coded as 0), ΔCPI showed a weak trend to further improve 

during the follow-up period.

Predictor: Initial status b0i Rate of change b1i

b00 (SE) 

P-value

b01 (SE) 

P-value

b10 (SE) 

P-value

b11 (SE) 

P-value

Age
0.198 (0.024) 

0.000

-0.003 (0.002) 

0.117

0.002 (0.003) 

0.610

0.001 (0.001) 

0.192

Gender
0.199 (0.026) 

0.000

-0.011 (0.080) 

0.182

0.004 (0.010) 

0.658

-0.051 (0.032) 

0.116

MFIbaseline
0.194 (0.018) 

0.000

0.664 (0.083) 

0.000

-0.001(0.009) 

0.923

-0.010 (0.042) 

0.801

Parafunctions
0.198 (0.025) 

0.000

-0.117 (0.167) 

0.846

0.002 (0.009) 

0.846

-0.006 (0.064) 

0.928

Depression
0.206 (0.028) 

0.000

-0.022 (0.056) 

0.698

0.001 (0.011) 

0.964

-0.003 (0.021) 

0.879

Somatization
0.197 (0.026) 

0.000

0.007 (0.077) 

0.923

0.007 (0.010) 

0.451

-0.058 (0.027) 

0.033

Pain elsewhere
0.218 (0.032) 

0.000

-0.112 (0.047) 

0.029

0.010 (0.013) 

0.434

-0.021 (0.018) 

0.273

Previous treatments
0.182 (0.037) 

0.000

0.028 (0.049) 

0.576

0.020 (0.049) 

0.650

-0.035 (0.018) 

0.560

Table 5. Treatment outcome variable ΔMFI (baseline score – follow-up score). Fixed effects estimates and 

standard errors (SE) of the 8 conditional linear growth models with the 8 prognostic factors analyzed 

separately.
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Parameter Estimate SE P-value

Initial status b0i Intercept b00 29.815 3.089 0.000

CPIbaseline b01 0.691 0.087 0.000

Pain elsewhere b02 -13.486 4.401 0.003

Rate of change b1i Time b10 2.861 1.538 0.066

Somatization 

× Time

b11 -13.181 4.118 0.002

Table 6. Treatment outcome variable ΔCPI (baseline score – follow-up score). Fixed effects estimates and 

standard errors (SE) of the final model.

Parameter Estimate SE P-value

Initial status b0i Intercept b00 0.249 0.022 0.000

MFIbaseline b01 0.655 0.074 0.000

Pain elsewhere b02 -0.115 0.032 0.001

Rate of change b1i Somatization 

× Time

b11 -0.048 0.024 0.049

Table 7. Treatment outcome variable ΔMFI (baseline score – follow-up score). Fixed effects estimates and 

standard errors (SE) of the final model.
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Discussion

A 6-month post treatment follow-up study was performed to establish the short-term effects 

of individually tailored TMD treatments to alleviate pain and mandibular function impairment 

in chronic myofascial TMD patients, and to identify prognostic variables associated with 

these short-term effects. 

Although much can be done to reduce the rate of dropout, a certain amount of study 

dropout is frequently encountered in longitudinal studies using questionnaires (e.g., McCreary 

et al., 1992; Dworkin et al., 2002; Turner et al., 2006). Of the 100 patients that were initially 

enrolled in the present study, four patients were excluded because they did not fit within the 

inclusion criteria anymore at the start of treatment (e.g., the pain had disappeared), and an 

additional 18 patients dropped out during the study. However, since both groups did not differ 

in any of the baseline characteristics under investigation, the loss of data due to dropout is 

unlikely to have affected the generalisability of the present findings.

Individual growth modeling was used to analyze the data in this study. The key feature 

of growth modeling is that it enables to include both fixed effects (e.g., gender and baseline 

values) and random effects (in initial status and rate of change). Mixed models thus account 

for the fact that the outcomes under study may vary between seemingly equivalent 

participants. Growth models are also especially suited to modeling repeated measurements 

since it is not necessary (as is the case in repeated measures ANOVA’s) to assume that the 

patients are measured at the same time points, and missing data can be coped with as long as 

the data are missing at random (Hox, 2002).

It is generally accepted that the majority of patients suffering from TMD will achieve 

good relief of symptoms with conservative therapy (Okeson, 1996). Various treatment 

modalities show these positive treatment results, including those modalities lacking a sound 

scientific basis. It has therefore been suggested that for TMD patients, it may not often be 

what is done for them, but how it is done, that is important (Greene and Laskin, 2000).  

For this reason it was decided in this study not to make a distinction between the different 

treatment modalities in the statistical analysis. Moreover, grouping the patients according to 

their treatment modality would have resulted in rather small numbers of patients per treatment 

group, making it unlikely to find statistical differences in treatment outcomes between 

treatment modalities.

The unconditional linear growth model analysis indicated that the scores on the 

characteristic pain intensity and the mandibular dysfunction index, as reported by the TMD 

patients in the questionnaires, were significantly reduced after TMD treatment and stayed  

so for the short-term study period of 6 months. The observed changes in average pain  

and impairment scores are comparable to those of other studies. In a longitudinal study by 

Turner et al. (2006), both the CPI-scores and the MFI-scores dropped significantly due to 
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brief cognitive-behavioral therapy in patients with chronic TMD pain: average pain scores 

dropped from 68 (± 17) at baseline to 40 (± 25) at 6-month follow-up, and the average 

impairment scores dropped from 0.51 (± 0.23) at baseline to 0.34 (± 0.23) at 6-month follow-

up. Likewise, in a study by Dworkin et al. (2002), the average CPI score decreased 

significantly from 67 to about 44 at 6-month follow-up following comprehensive care. 

The observed treatment effects may have been the result of the treatment given, but they 

may also have been the result of the fluctuating and self-limiting character of the TMD pain 

complaints. The relief in symptoms may (partly) be a manifestation of the ‘regression to the 

mean’ phenomenon (Whitney and Von Korff, 1992). Sometimes, TMD pain lingers for a 

while and then flares up, and if the flare-up is disabling, this may prompt the patient to seek 

medical care. Improvement is then likely to occur due to the returning to more moderate pain 

levels. Chronic TMD patients are also said to be strong placebo responders (Greene and 

Laskin, 2000), suggesting that placebo effects may also have had a strong influence on the 

outcome of the various treatment approaches in this study. Whether placebo responses are in 

line with the positive treatment results lasting for at least the 6 months of the follow-up 

period, is difficult to say.

The final mixed models for the two treatment outcome measures produced similar results. 

The improvements in the CPI and MFI scores after treatment were greater when the pretreatment 

scores of the variables were higher. This finding may be related to the ‘regression to the mean’ 

phenomenon, discussed in the previous paragraph. However, it may also very well be related to 

procedural aspects of the doctor-patient relationship; possibly, patients tend to report high 

pretreatment scores to convince the doctor to start a treatment, and low post-treatment scores 

not to disappoint the doctor. Of the other significant prognostic variables as collected prior to 

treatment, pain elsewhere in the body negatively influenced the treatment effect. That the 

effectiveness of treatment varies in the presence or absence of pain elsewhere is in line with the 

results found by Raphael and Marbach (2001). The post-treatment scores further improved 

slightly during the 6 months follow-up period for CPI, and remained stable for MFI for patients 

with normal scores on the baseline somatization scale. Apparently, low baseline somatization 

scores are linked to long lasting treatment effects. However, for patients with high baseline 

scores on the somatization scale, the treatment results attained immediately after treatment 

tended to resolve during the follow-up period. These results support earlier findings that those 

patients who report high scores of somatization are more likely to report more pain and 

impairment at later post-treatment time points (viz., 3 and 6 months) as compared to patients 

with lower scores (Helöe and Heiberg, 1980; McCreary et al., 1992; Dworkin, 1994). 

In conclusion: individually tailored TMD treatments have strong positive effects to alleviate 

pain and mandibular function impairment, persisting for at least 6 months. However, patients, 

who report pain elsewhere in the body, show a smaller treatment effect, and the initial positive 

treatment effects tend to dissolve within half a year in patients with high somatization scores.
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Preface

In this thesis, six studies have been described that were all focused on myogenous TMD pain, 

albeit from different points of view (viz., diagnosis, etiology, effects on motor function, and 

the prediction of treatment results). The sequence of the individual studies resembles the 

steps a dentist takes in order to come to a diagnosis, to gain more insight into possible 

etiological factors related to the pain, to improve appreciation of pain-induced changes in jaw 

motor function, and to individually tailor the treatment according to specific pre-treatment 

patient characteristics. In this chapter, the results of the performed studies will be summarized 

and their implications will be discussed.

8.1 Diagnosis

In Chapter 2, the steps are outlined that were taken to translate the Research Diagnostic 

Criteria for Temporomandibular Disorders (RDC/TMD; Dworkin and LeResche, 1992) 

history questionnaire, clinical examination form, and verbal instructions from English into 

Dutch through the use of the forward and back-translation approach (see: Appendix of 

Chapter 2). In addition, three clinicians were trained by two members of the RDC/TMD 

expert panel (viz., Samuel F. Dworkin and Kimberly H. Huggins) to become reliable in the 

conduct of the RDC/TMD Axis I examination and diagnosis methods. After training, the 

clinical reliability with respect to a ‘gold standard’ examiner (Kimberly H. Huggins), as 

assessed on 18 symptomatic TMD patients and 6 asymptomatic controls, yielded mostly 

‘excellent’ or, less frequently, ‘fair to good’ scores, except for some of the palpation tests that 

yielded poor reliability (Chapter 2).

At present, international consensus exists that in scientific studies, preferably, the 

RDC/TMD should be used for the classification of TMD. Since more and more articles  

that appear nowadays indeed use the RDC/TMD, comparison between (multi-site) study 

results is now possible. The dual-axis diagnostic and classification system is appreciated for 

its strict, operational definitions (e.g., List and Dworkin, 1996; Yap et al., 2003; Manfredini 

et al., 2004). However, the validity of the TMD tests has yet to be established. Amongst 

others, palpation tests play an important role in the classification of jaw-muscle pain. 

However, in the dental literature as well as in the fibromyalgia literature, critiques are found 

on the use of palpation tests (Croft, 2000; Türp and Minagi, 2001). It can also be questioned 

why the Axis II assesses and classifies the global severity of the pain condition only in terms 

of the psychological measures ‘depression’ and ‘somatization’, and not by means of other 

psychological measures. For example, anxiety, fear avoidance, and coping behavior have 
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found to be involved in comparable chronic musculoskeletal pain conditions (e.g., low-back 

pain; Jensen et al., 1991; Turk and Okifuji, 2002).

Therefore, there is a need for more studies to be performed to the validity of the  

RDC/TMD as a taxonomic system for patient assessment and diagnosis assignment. However, 

as for other musculoskeletal pain conditions, validity studies on the recognition of muscle or 

joint pain are often hampered by the lack of distinct pathophysiological markers. In 2001, 

Schiffman et al. started a RDC/TMD validity project in which, amongst others, muscle 

biopsies and TMJ synovial fluid are used as potential biomarkers for the different RDC 

diagnoses. In an ongoing multicenter study by Visscher et al. (started in 2004), the concurrent 

validity of two classification systems, i.e., the RDC/TMD and the dynamic/static tests,  

is being assessed. To that end, the ability of two classification systems to discriminate  

TMD-pain patients from dental-pain patients and healthy subjects is being studied.  

Studies like these should result in more validated TMD tests that can be incorporated in a 

next version of the RDC/TMD.

8.2 Etiology

The results of single-patient clinical trials (Chapters 3 and 4) indicated that large inter-

individual variability exists in the relative contributions of the investigated etiological factors 

for myogenous TMD pain. In these trials, associations of evening and morning masticatory 

muscle pain and nocturnal electromyographic (EMG) activity with psychological factors and 

occlusal splint therapy were studied at an individual level. First, in Chapter 3, single-channel 

electromyography was compared with polysomnography in order to determine the best 

detection threshold for scoring nocturnal EMG activity. This detection threshold was used 

later on to quantify the EMG activity in the single patient clinical trials. In Chapter 4, 

ultimately eight of the 120 eligible patients were found willing to enroll in a 20-week 

protocol, during which pain-related, psychosocial, and behavioral questionnaire responses 

were collected, along with nocturnal EMG recordings of the right masseter muscle. 

Unfortunately, the rather complex study design turned out to be impractical and almost 

unworkable. It was therefore decided to prematurely terminate the study and to report only 

the results of the four individuals who completed the study. These results showed that the 

period of splint therapy was associated with a significant reduction in nocturnal masticatory 

muscle activity in three of the four patients. The morning and evening jaw-muscle pain were 

associated (lower) with the period of splint therapy in two patients, but not with the observed 

reductions in nocturnal masticatory muscle activity. Associations of jaw muscle pain with 

experienced and/or anticipated stress were found in two patients. Only in one patient, the 
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evening jaw-muscle pain was weakly associated with daytime bruxing activities. The case 

report included in Chapter 3 yielded comparable results. Both studies therefore question the 

dominant role of parafunctional activities in the maintenance of masticatory muscle pain and 

underline the role of psychological stress.

The current perspective on the etiology of myogenous TMD pain is based on a  

multi-causal concept: a combination of physical, psychological and social factors contribute 

to the overall presentation of this pain condition (see, for example, the reviews by Dworkin 

and Massoth, 1994; Greene, 2001; Suvinen et al., 2005). The results of the chapters 3 and 4 

lend support to the notion that large (inter-) individual differences exist in the relative 

contributions of each of these etiological factors. It is the challenge for the TMD clinician to 

detect the factors that explain the etiology and presentation of myogenous TMD pain in their 

individual patients. 

8.3 Motor consequences

In Chapter 5, an evidence-based review is presented of the literature that was published 

during the past ten years on the relationship between masticatory muscle pain and disordered 

jaw motor behavior. This review concluded that jaw muscle pain influences the fusimotor 

system and jaw motor behavior in such a way that the masticatory system seems to be 

immobilized in order to prevent further damage to the system and to allow time for healing 

to occur. 

Many patients with myogenous TMD pain present themselves to their dentist not only 

with a pain complaint, but also with sensations of muscle fatigue (Laskin, 1969; Bakke and 

Möller, 1992; Kroon and Naeije, 1992; Carlson et al., 1998). This leaves the question open 

whether the observed alterations in jaw-motor behavior are due to the pain, the fatigue, or 

a combination of both. Studies on arm muscles have indicated that a fatiguing exercise, 

lasting as long as possible, has a prominent effect on the arm position sense, probably as 

the result of alterations in fusimotor drive (Weerakkody et al., 2003; Walsh et al., 2004). 

Likewise, electrically stimulated fatiguing contractions of hind limb muscles in 

anaesthetized cats change the firing rate of muscle spindles, again most likely through 

altered fusimotor drive (Pedersen et al., 1998). One way to assess which of the two 

phenomena, pain or fatigue, influences jaw-motor behavior is by using experimental pain 

and fatigue models. In Chapter 6, the effects of experimentally evoked masticatory muscle 

fatigue, without and with experimental muscle pain, on the short-latency jaw-stretch reflex 

were examined using a randomized crossover design. Chewing tests were used to provoke 

sensations of muscle fatigue, whereas an exogenous pain provocation technique  
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(i.e., injection of a noxious substance in the right masseter muscle) was used to provoke a 

several-minutes-lasting pain sensation. Stretch reflexes were evoked in the masticatory 

muscles by displacing the mandible quickly downwards. Following the chewing tests, none 

of the participants reported pain; fatigue was generally qualified as mild to moderate, 

although some participants experienced no or only little fatigue. The jaw-muscle fatigue 

did not change the normalized peak-to-peak reflex amplitude, whereas the experimentally 

induced jaw muscle pain did facilitate the jaw-stretch reflex significantly. These findings 

would indicate that muscle fatigue does not change the sensitivity of the jaw fusimotor 

system, whereas muscle pain does. The pain-evoked facilitation of the jaw fusimotor  

system lends support to the suggestion that the limitations in jaw movement behavior,  

often observed in myogenous TMD patients, are due to an increased reflex-induced  

jaw-muscle stiffness (Lund et al., 1991; Svensson and Graven-Nielsen, 2001; Matre and 

Svensson, 2004).

8.4 Management

In Chapter 7, a prospective study design in combination with longitudinal growth modeling 

was chosen to study the short-term effects of individually tailored treatments (viz., splint 

therapy, physiotherapy, cognitive behavioral therapy, or a combination of these treatment 

modalities) to alleviate myogenous TMD pain and function impairment, and to identify 

prognostic variables associated with these short-term treatment effects. The study group 

consisted of 85 patients with a clinical diagnosis of myogenous TMD pain according to the 

RDC/TMD (Dworkin and LeResche, 1992). Each patient received a questionnaire prior to 

treatment, immediately after treatment, and at 3-month and 6-month follow-up. Changes in 

pain and impairment with respect to baseline were used as treatment outcome measures. 

Individually tailored TMD treatments caused significant reductions in pain and impairment, 

which persisted for at least the study period of six months. The changes in pain and in 

impairment were positively associated with their baseline values. Treatment effects were 

smaller in patients who also reported pain elsewhere, and tended to dissolve during the 

follow-up period in patients with high baseline somatization scores.

The results of chapter 7 indicate that most of the time, conservative and reversible 

treatments are successful in the management of myogenous TMD pain and mandibular 

function impairment. This is in line with the conclusions given in reviews on the topic of 

treatment modalities (McNeill et al., 1990; Okeson, 1996; Stohler and Zarb, 1999). 

Unfortunately, in a minority of patients, symptoms persist, recur, or even worsen. Identifying 

potential predictors of treatment outcome before initiation of care can help the clinician to 
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determine the prognosis of individually tailored treatments. The results from chapter 7 

further indicate that high somatization scores and the presence of reported pain in other parts 

of the body are factors indicative of a worse treatment prognosis. That these two factors are 

both related to the treatment outcome may not be surprising, because patients, who report 

pain in multiple parts of the body, generally also have elevated somatization scores  

(e.g., McBeth et al., 2001; Gupta et al., 2006). Future studies should investigate whether 

patients with pain complaints elsewhere in the body and with high somatization scores gain 

a better treatment effect if these factors are being addressed during treatment as well.
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Samenvatting

In dit proefschrift worden zes studies beschreven die te maken hebben met kauwspier-

gerelateerde pijnklachten, ook wel ‘myogene TMD-pijn’ genoemd (TMD staat voor  

temporomandibulaire dysfunctie). Deze studies behandelen achtereenvolgens de diagnostiek 

en de oorzaken van myogene TMD-pijn, de invloed hiervan op de kaakbewegingen, alsmede 

het voorspellen van het effect van behandeling gericht op de myogene TMD-pijn. 

Myogene TMD-pijn

In Hoofdstuk 1 wordt een literatuuroverzicht gegeven betreffende de achtergronden van de 

verschillende onderwerpen beschreven in dit proefschrift. Temporomandibulaire dysfunctie 

(synoniem voor craniomandibulaire dysfunctie, CMD) is een verzamelnaam voor een aantal 

klinische problemen, die de kauwspieren, het kaakgewricht en de daarbij behorende 

structuren betreffen (NIH, 1996; Okeson, 1996; van Loon en Naeije, 1998). TMD wordt 

algemeen gezien als de belangrijkste oorzaak van chronische, niet-dentale pijn in het 

kauwstelsel (Lipton e.a., 1993; Dworkin, 1995). TMD-pijn komt bij ongeveer 4% van de 

volwassen bevolking voor, terwijl ongeveer 34% van de bevolking ooit TMD-pijn heeft 

ondervonden (Dworkin e.a., 1990; LeResche, 1997; Carlsson, 1999; Drangsholt en 

LeResche, 1999). Net als bij andere chronische musculoskeletale aandoeningen, zoals lage 

rugpijn, wordt TMD-pijn vaker gerapporteerd door vrouwen dan door mannen (Okeson, 

1996; LeResche, 1997; Stohler, 1999b; van Tulder e.a., 2002). TMD-pijn doet zich meestal 

voor in de kauwspieren (myogene TMD-pijn), maar kan ook zijn oorsprong hebben in  

het kaakgewricht (arthrogene TMD-pijn) (Schwartz, 1958; McNeill e.a., 1990; NIH, 1996; 

Okeson, 1996; Lobbezoo e.a., 2004). Mogelijk spelen overbelasting van de kauwspieren 

(bijv. door klemmen of knarsen) en/ of een verhoogde psychosociale belasting een rol bij 

het ontstaan van myogene TMD-pijn (Schwartz, 1958; Laskin, 1969; Suvinen e.a., 2005; 

zie: Oorzaken). In het algemeen klagen patiënten met myogene TMD-pijn over een milde, 

doffe pijn in de kauwspieren die gedurende de tijd in ernst kan fluctueren en verergerd 

wordt door orale functies, zoals het kauwen van voedsel (Solberg, 1986; McNeill e.a., 1990; 

Okeson, 1996). Ook wordt door deze patiënten geregeld een vermoeid gevoel in de 

kauwspieren gemeld (Laskin, 1969; Wänman en Agerberg, 1988; Bakke en Möller, 1992; 

Kroon en Naeije, 1992; Carlson e.a., 1998). Tenslotte hebben patiënten met myogene  

TMD-pijn vaker pijnklachten in andere delen van het lichaam, zoals de nek (de Wijer 

e.a., 1996; Visscher e.a., 2001), dan personen zonder myogene TMD-pijn.
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Diagnostiek

Evenals bij andere chronische pijnaandoeningen bestaan er geen objectieve klinische 

verschijnselen die gebruikt kunnen worden voor de diagnostiek van myogene TMD-pijn 

(Widmer, 1995; Drangsholt en LeResche, 1999; Stohler, 1999b). Het vaststellen van een 

diagnose vindt daarom plaats op basis van een anamnese èn een klinisch onderzoek. Naast 

een pijnklacht uitgaande van de kauwspieren moet men rekening houden met de mogelijkheid 

dat ook andere aandoeningen in het orofaciale gebied verantwoordelijk kunnen zijn voor de 

gerapporteerde pijn, zoals arthrogene TMD-pijn en dentale pijnaandoeningen (Fricton e.a., 

1988; McNeill en Dubner, 2001; Zakrewska, 2002). In de afgelopen decennia zijn meerdere 

diagnostische systemen geïntroduceerd ten behoeve van de diagnostiek van (myogene)  

TMD pijn (bijv. Schwartz en Chayes, 1966; Bell, 1982; Fricton e.a., 1988). Helaas zijn de 

betrouwbaarheid en validiteit (juistheid) van deze systemen veelal onbekend en ontbreken 

vaak de richtlijnen ten behoeve van de praktische toepassing van deze systemen (Clark e.a., 

1993). Door deze diversiteit in diagnostische systemen wordt bovendien de vergelijkbaarheid 

van studieresultaten bemoeilijkt. Om hieraan tegemoet te komen werd in 1992 het 

diagnostisch systeem ‘Research Diagnostic Criteria for Temporomandibular Disorders’ 

(RDC/TMD; Dworkin en LeResche, 1992) gepresenteerd, dat momenteel in toenemende 

mate over de hele wereld wordt gebruikt voor onderzoeksdoeleinden. 

Hoofdstuk 2 beschrijft de stappen die zijn genomen om de RDC/TMD- klachten-

vragenlijst, het klinische onderzoeksformulier en de bijbehorende mondelinge instructies 

vanuit het Engels in het Nederlands te vertalen (zie: Appendix). De vertaalmethode 

geschiedde volgens de ‘forward-and-backward’-aanpak. Hierbij werd eerst de originele tekst 

door twee vertalers in het Nederlands vertaald, waarna deze Nederlandse versie door een 

derde vertaler weer werd terugvertaald naar het Engels. Dankzij deze vertaling is het nu 

mogelijk geworden de RDC/TMD in de Nederlandse taalgebieden te gebruiken. Daarnaast 

beschrijft Hoofdstuk 2 de stappen die zijn ondernomen om de betrouwbaarheid te bepalen 

van drie ervaren TMD-behandelaars in het uitvoeren van de klinische handelingen die horen 

bij de RDC/TMD. Na een intensieve training door twee externe RDC/TMD-deskundigen 

werd tijdens een kalibratiesessie de klinische betrouwbaarheid van deze drie behandelaars 

bepaald ten opzichte van één van de externe deskundigen (de ‘gouden standaard’). Hierbij 

werden achttien symptomatische TMD-patiënten en zes controles onderzocht aan de hand 

van het RDC/TMD-onderzoeksformulier. Met uitzondering van enkele palpatietesten, die 

slechts een matige betrouwbaarheid vertoonden, waren de meeste betrouwbaarheidsscores 

‘redelijk tot goed’ of ‘uitstekend’. De resultaten van Hoofdstuk 2 suggereren dat ervaren  

TMD-behandelaars na een intensieve training het klinische RDC/TMD-onderzoek 

betrouwbaar kunnen uitvoeren.
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Oorzaken

Waarschijnlijk bestaat er niet één enkele oorzaak voor het ontstaan en/ of instandhouden van 

myogene TMD-pijn, maar is er sprake van een combinatie van meerdere factoren tezamen. 

Volgens de huidige inzichten spelen, onder andere, verkeerde mondgewoontes (bijv. klemmen 

en/ of knarsen gedurende slapen en/ of waken) en psychosociale factoren (bijv. stress en/ of 

bepaalde karaktereigenschappen) een belangrijke rol (Dworkin en Burgess, 1987; McKinney 

e.a., 1990; Okeson, 1996; LeResche, 1997; Drangsholt en LeResche, 1999; Suvinen e.a., 2005). 

Tevens kan de invloed van deze factoren voor iedere patiënt verschillend zijn. In Hoofdstuk 3 

werden allereerst de uitkomsten van een eenvoudige, draagbare electromyografie- (EMG-) 

recorder vergeleken met een geavanceerde polysomnograaf (PSG; meerkanaals slaapmeetin-

strument) bij het registreren van nachtelijke kauwspieractiviteit. In deze studie werd de drempel 

bepaald waarboven de gemeten spieractiviteit van de rechter musculus masseter het meest tussen 

beide apparaten overeenkwam. Significante relaties waren aanwezig indien de drempelwaarde 

was ingesteld op 5% of op 10% van de maximale kauwspieractiviteit. Aangezien bij een 

drempelwaarde van 5% relatief veel ruis werd gemeten, wordt in Hoofdstuk 3 geadviseerd de 

drempelwaarde in te stellen op 10% van de maximale kauwspieractiviteit bij het gebruiken van 

de desbetreffende eenvoudige EMG-recorder. Ook werd in deze studie bij één patiënt onderzocht 

wat de invloed was van nachtelijke kauwspieractiviteit en psychologische stress op myogene 

TMD-pijn. Daartoe werd dagelijks, gedurende 13 weken, onder meer de mate van pijn en 

psychologische stress opgetekend in een dagboek. Daarnaast werd gedurende vijf weken, 

verspreid over de totale studieperiode, de nachtelijke kauwspieractiviteit gemeten met behulp 

van de hierboven beschreven EMG-recorder. Bij deze patiënt bleek de mate van ochtendpijn 

voornamelijk gerelateerd te zijn aan de mate van pijn gedurende de avond ervoor. Deze 

avondpijn was op zijn beurt sterk gecorreleerd aan enkele zelfgerapporteerde parafunctionele 

activiteiten, die op hun beurt weer waren gecorreleerd aan de mate van ervaren stress. 

In een volgende studie, waarvan de resultaten staan beschreven in Hoofdstuk 4, werden 

het studieprotocol en het aantal deelnemers uitgebreid. Gedurende 20 weken werd wederom 

dagelijks de mate van pijn gerapporteerd. Verspreid over deze periode werd ditmaal gedurende 

acht weken de nachtelijke kauwspieractiviteit gemeten. Daarnaast ontvingen de patiënten 

stabilisatie-opbeetplaattherapie vanaf week acht. Helaas bleek de toegepaste studieopzet niet 

geschikt om een voldoende groot aantal mensen mee te onderzoeken. Door de grote individuele 

bijdrage vroeg het protocol veel tijd van de deelnemers, waardoor slechts acht van de circa 120 

geschikte patiënten bereid waren deel te nemen aan de studie. Om uiteenlopende redenen vielen 

van deze groep deelnemers ook nog eens vier patiënten uit. Dit, in combinatie met een hoog 

percentage mislukte nachtelijke registraties (tussen 17% en 23%), gaf aanleiding tot het 

voortijdig beëindigen van de studie en het enkel rapporteren van de resultaten van de vier 
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patiënten die de complete studie hadden doorlopen. Hoewel er grote verschillen waren tussen de 

vier patiënten, bleken voornamelijk het wel of niet dragen van een stabilisatieopbeetplaat en de 

mate van psychologische stress van invloed te zijn op de mate van avond- en ochtendpijn. Tevens 

bleek er bij één patiënt een matige relatie te bestaan tussen overdag uitgevoerde klemactiviteiten 

en avondpijn. Fluctuaties in nachtelijke kauwspieractiviteit waren daarentegen niet gerelateerd 

aan fluctuaties in ochtendpijn. Hoewel de gevonden resultaten door de kleine steekproefomvang 

niet generaliseerbaar zijn, benadrukken ze wel dat er tussen individuen grote verschillen in de 

relatieve bijdragen van de gerelateerde factoren kunnen bestaan. Tevens zou er geconcludeerd 

kunnen worden dat, in tegenstelling tot psychologische stress, parafunctionele activiteiten  

geen of slechts een kleine rol lijken te spelen in het onderhouden van chronische myogene 

TMD-pijn.

Bewegingsfunctie

Veel patiënten met myogene TMD-pijn hebben, naast pijn, ook last van een verstoorde  

bewegingsfunctie, zoals moeite met het openen van de mond of met kauwen (Okeson, 1996). 

Een beter inzicht in de relatie tussen pijn en dysfunctie kan onder andere leiden tot een betere 

klinische diagnose van beide typen klinische problemen en mogelijk ook tot een beter 

gefundeerde behandelkeuze (Dworkin en LeResche, 1992; Okeson, 1996; Stohler, 1999a; 

Harrison, 2002). Hoofdstuk 5 geeft een overzicht van de wetenschappelijke literatuur die in de 

afgelopen tien jaar is verschenen over deze relatie. De voornaamste conclusie is dat pijn  

in de kauwspieren van invloed is op het zogenaamde ‘fusimotorische systeem’ van het 

kauwstelsel, dat betrokken is bij de regulering van de spierspanning en aldus van de motoriek. 

Het effect van pijn is dat het kauwstelsel stijver wordt, met als resultaat een afname in mobiliteit 

van de kaak (Lund e.a., 1989; Lund e.a., 1991; Lund, 1995). Zo wordt verdere weefselschade 

waarschijnlijk voorkomen. Hoofdstuk 6 beschrijft een experimentele studie naar de effecten 

van vermoeidheid en pijn op de motoriek van het kauwstelsel. Aangezien veel patiënten  

met myogene TMD-pijn ook een vermoeid gevoel in de kauwspieren rapporteren (zie: Myogene 

TMD-pijn), werd onderzocht welke bijdrage spiervermoeidheid levert aan de motoriek.  

Bij 28 gezonde proefpersonen werd hiertoe zowel het effect van vermoeidheid als dat van pijn 

op de kaaksluitreflex onderzocht. Experimentele vermoeidheid, opgewekt door het uitvoeren 

van een intensieve kauwtest, bleek uiteindelijk niet van invloed te zijn op de grootte van de 

amplitude van de kaaksluitreflex, terwijl experimentele pijn, opgewekt door het inspuiten van 

een hypertone fysiologische zoutoplossing in de musculus masseter, de amplitude versterkte. 

Hieruit kan worden geconcludeerd dat lichte tot matige spiervermoeidheid niet van invloed is 

op de monosynaptische kaaksluitreflex, terwijl pijn dat wel is.
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Behandeleffect

De behandeling van patiënen met myogene TMD-pijn heeft veel gemeen met die van 

patiënten met andere chronische pijnaandoeningen, zoals lage rugpijn. Zo wordt er primair 

gekozen voor een niet-invasieve behandeling. Het merendeel (circa 70% – 80%) van de 

patiënten heeft met deze conservatieve benadering weinig of geen klachten meer (NIH, 1996; 

Okeson, 1996; McNeill, 1997; Stohler en Zarb, 1999; Harrison, 2002; Okeson, 2003).  

Een klein deel echter heeft minder baat bij de behandeling: de klachten blijven bestaan of 

nemen na een aanvankelijke afname later weer toe. Hoofdstuk 7 geeft de resultaten weer van 

een studie die is uitgevoerd om te achterhalen welke factoren van invloed zijn op het 

onmiddellijke behandeleffect, alsmede om te bepalen welke factoren van invloed zijn op het 

verloop van de klachten gedurende zes maanden na de behandeling. Vijfentachtig patiënten 

met een klinisch gediagnosticeerde myogene TMD-pijn kregen daartoe een individueel 

toegesneden behandeling (voornamelijk stabilisatie-opbeetplaattherapie, fysiotherapie, 

cognitieve gedragstherapie en/of een combinatie van deze therapieën). Iedere patiënt kreeg 

op vier momenten een vragenlijst, te weten: voor behandeling, direct na afbehandeling  

en drie en zes maanden na afbehandeling. De uitkomstmaten waren de veranderingen in pijn 

en mandibulaire functiebeperking op de tijdsmomenten na afbehandeling ten opzichte van de 

pijn en functiebeperking vóór behandeling. Patiënten met een aanvankelijk hoge pijnscore en 

een grote mate van functiebeperking bleken het grootste behandeleffect te vertonen. Patiënten 

die vooraf ook pijn elders in het lichaam rapporteerden vertoonden daarentegen een kleiner 

behandeleffect dan patiënten met pijn in alleen het kauwstelsel. Tevens bleek bij patiënten 

met een hoge somatisatiescore een aanvankelijk positief behandeleffect te verdwijnen 

gedurende de periode na afbehandeling. In de toekomst moeten behandelaars van myogene 

TMD-pijn rekening houden met de invloed van dergelijke factoren op de prognose van  

hun behandeling.
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Ko van der Weijden, gedurende mijn studie naar nachtelijke kauwspieractiviteit heb jij talloze 
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