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ChapterChapter 1

Generall introduction
Craniomandibularr disorders (CMD) is a collective term that comprises a number of
clinicall problems that involve the musculoskeletal structures of the masticatory system.
Althoughh already in the fourth decade BC Hippocrates reported a patient suffering
fromm 'a condition of temporomandibular joint dislocation', it was not until 1934 that
thee first definition of what is now called CMD, was published. The otolaryngologist
Costenn described in his legendary treatise pain in and around the jaw and 'related ear
symptoms',, and suggested that the pain improved with alteration of the bite (Costen,
1934).. Throughout the following decades, the definition of CMD has changed much.
Inn brief, in the sixties of the previous century, attention was especially concentrated on
disorderss of the temporomandibular joint (Ireland, 1952; Christie, 1953) and occlusal
factorss were seen as the primary etiological factor. Later, Laskin (1969) drew the
attentionn to a specific subgroup of CMD patients with pain from the masticatory
muscles,, and other etiological factors, like oral habits and psychological factors, were
alsoo recognised (Laskin, 1969; Rugh and Solberg, 1976; Scott and Gregg, 1980;
Greenee et ai, 1982). Nowadays, muscle pain is considered the most common source of
CMDD pain (Dimitroulis, 1998) and occlusal factors are only attributed a minor (if any)
rolee in the development of CMD (Seligman and Pullinger, 1991).
Inn several ways, chronic CMD resembles other chronic musculoskeletal disorders,
likee spinal disorders, fibromyalgia, or myofascial pain. For instance, the pain
complaintss are often difficult to attribute to a specific derangement in the anatomy or
physiology,, and psychosocial factors seem to play an important role in their
development.. For CMD patients with chronic pain complaints, in particular an
associationn with cervical spine disorders (CSD) has frequently been suggested (e.g.,
Alanenn and Kirveskari, 1985; De Wijer et a/., 1996; De Laat et ai, 1998). In the light
off diagnosis and treatment of CMD, a better insight into this association is important.
Sincee pain is the dominant symptom of disorders of the craniomandibular system and
off the cervical spine, this thesis focuses on the association between craniomandibular
andd cervical spinal pain.
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CrCran iomandib ular pain
Painn originating from the musculoskeletal structures of the masticatory system is the
mostt frequently reported symptom of CMD (Solberg, 1986; McNeill et al., 1990;
Okeson,, 1996) and is the main reason to seek treatment (AI-Hasson et al., 1986). The
painn usually fluctuates over time and exacerbates by chewing or other jaw function
(Solberg,, 1986; McNeil et al., 1990; Mersky and Bogduk, 1994; Okeson, 1996).
Craniomandibularr pain has been identified as the major cause of nondental pain in the
orofaciall region: about 2-7% of the adult population reports to suffer from pain
originatingg from the musculoskeletal structures of the masticatory system (De Kanter,
1993;; Lipton et al., 1993; Goulet et al., 1995). Fortunately, in most cases, CMD is a
mildd and self-limiting disorder (Okeson, 1996) and the treatment need is estimated to
bee 2-5% of the adult population (De Kanter, 1992; Goulet et al., 1995). Other signs of
CMDD are limited or asymmetric mandibular movements and temporomandibular joint
sounds,, like crepitation or clicking. The prevalence of CMD generally increases in
frequencyy and intensity from the second through the fourth decade of life, whereafter it
slowlyy declines with age. In addition, female patients outnumber male patients by at
leastt four to one (Okeson, 1996).
CervicalCervical spinal pain
Painn arising from the musculoskeletal structures of the cervical spine is the main
characteristicc of CSD (Spitzer et al., 1987). The pain can be felt locally or may be
referredd to the head, shoulders, or arms (Spitzer et al., 1987; Dwijer et al., 1990;
Merskyy and Bogduk, 1994). Moving the neck or adopting certain head postures usually
aggravatess the pain and limited cervical spinal movements may occur (Grant and
McKenzie,, 1994). Diagnosis and treatment of CSD have usually been scattered over
manyy

clinical

disciplines,

like

orthopedics,

rheumatology,

neurology,

and

physiotherapyy (Hagberg, 1984; Spitzer et al., 1987). As a result, many diagnostic terms
havee been applied, depending on whether the examiner focused on the main symptom
(cervicall

spinal pain), on the radiological aspect {e.g., arthrosis), or on a

pathophysiologicc hypothesis {e.g., disc degeneration) (Spitzer et al., 1987). Some
Scandinaviann investigations showed that about 10-19% of the adult general population
sufferss from chronic neck pain. Also for cervical spinal pain, the prevalence increases
33
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withh age up to the fifth decade, and is higher among women than among men (Makela
etai,etai,

1991; Andersson, 1994; Bovim etai. 1994).

RelationshipRelationship between the craniomandibular system and the cervical spine
Thee craniomandibular system and the cervical spine are often considered a functional
entity..

Already

in

1950, Brodie described

a biomechanical

model

of

the

musculoskeletall structures of the head and the neck. A change in position of the neck
orr in the activity of its muscles would influence the function of the masticatory system,
andd vice versa, experimental studies later corroborated this hypothesis. For example.
Forsbergg et al. (1985) recorded increased masseter EMG activity during neck
extension,, and Browne et al. (1993) showed, under specific conditions, a co-inhibition
off masticatory and cervical muscles by trigeminal nerve stimulation. In addition,
Erikssonn et al. (1998) have shown that opening movements of the mandible are always
accompaniedd by head-neck extension and closing movements by head-neck flexion.
However,, several aspects of the functional coupling between the craniomandibular
systemm and the cervical spine remain unclear. For instance, the relationship between
headd posture and the delicate movements of the condyle-disc complex within the
temporomandibularr joint is still unknown, just as the association between head posture
andd the curvature of the cervical spine.
Clinicall studies also frequently report a relationship between the craniomandibular
systemm and the cervical spine. De Wijer et al. (1996) found considerable overlap in the
prevalencee of signs and symptoms of the cervical spine between CMD and CSD
patients.. Other studies have indicated that patients seeking care for CMD more often
showw signs and symptoms of CSD than non-CMD patients (Clark et al., 1987;
Cacchiottii et al., 1991; De Laat et al, 1998; Ciancaglini et al, 1999). For example.
CMD-patientss rated more pain on palpation of neck musculature (De Laat et al., 1998;
Clarkk et al.. 1987) and showed more segmental limitations at the high cervical region
(Dee Laat et al., 1998). However, the methodology used to recognise the two disorders
variedd considerably between (and sometimes within) the studies, which makes it
difficultt to compare the results. Since CMD and CSD are both disorders of the
musculoskeletall system, in studies to their relationship it is better to use similar
diagnosticc criteria for their recognition.
44

GeneralGeneral introduction

RecognitionRecognition of craniomandibular and cervical spinal pain
Modernn classification schemes for CMD are the Research Diagnostic Criteria (RDC;
Dworkinn and LeResche, 1992), and the Guidelines for Assessment, Diagnosis, and
Managementt of the American Academy of Orofacial Pain (AAOP; Okeson, 1996). The
RDC,, as its name already suggests, is mainly designed for research purposes, whereas
thee classification scheme proposed by the AAOP is primarily intended for clinical use.
Bothh classification schemes look for subtypes of CMD based upon a combination of
symptomss described by the patient and signs found in a clinical examination of the
masticatoryy system. In these schemes, CMD is subdivided into disorders of the
muscularr or joint structures. However, pain does not play a prominent role in all of
thesee subtypes of CMD, see for example the subgroup of CMD patients with only a
discc displacement with reduction.
Forr cervical spinal pain, often used classification schemes are the ones proposed
byy the International Association for the Study of Pain (IASP; Merskey and Bogduk,
1994)) and by the Quebec Task Force on Spinal Disorders (Spitzer et al., 1987). The
IASPP expresses the diagnosis of cervical spinal pain along two axes: an anatomic axis,
specifyingg the structure that is the source of the pain, and a pathologic axis, specifying
thee pathological basis for the pain. Imaging techniques and diagnostic nerve blocks
playy an important role in many of the subdiagnoses of cervical spinal pain, although
thee IASP admits that for some of the subdiagnoses there is only weak evidence that the
cervicall spinal pain is causally associated with the condition as diagnosed by the
imagingg techniques. The Quebec Task Force emphasises that the cause of cervical
spinall pain often cannot be attributed to a specific derangement of the anatomy or
physiology.. They therefore recommend a classification based upon the most frequent
clinicall entities and their stage of development. Moreover, they indicate that an oral
historyy and a physical examination are usually sufficient to identify the majority of
patientss that require a specific treatment. The two classifications have in common that
painn plays a prominent role in the recognition of the cervical spine disorder.
Thee choice of classification is an important one, because the technique used to
recognisee a musculoskeletal disorder may influence the outcome of the study. For
CMD,, this is illustrated in a study of Clark et al. (1987) to the prevalence of CSD in
CMDD patients and controls: differences were only found when the results were based
55

ChapterChapter I

uponn both a questionnaire and a clinical examination, and not when these items were
consideredd independently. The examination techniques of the earlier-described
classificationn schemes for CMD and CSD are partly different, and it is also not
possiblee to translate all the subtypes of CMD to those of CSD, and vice versa. So, there
iss no universal diagnostic system that can be applied for the recognition of both
craniomandibularr and cervical spinal pain.
Inn most classification schemes the recognition of musculoskeletal pain is based
uponn the symptoms reported in an oral history, and the signs found in a physical
examination.. In this physical examination, tests like active or passive movements,
palpationn of the muscles and joints, and resisted movements play an important role
(Dworkinn and LeResche, 1992; Cyriax and Cyriax, 1998). These tests, however, may
yieldd contradictory results and then the relative importance of the tests in the
recognitionn of the musculoskeletal pain is important. One of the few studies evaluating
thiss topic is the study by Lobbezoo-Scholte et al. (1993). They evaluated to what
extentt six orthopedic tests could be used to distinguish between (subgroups of) CMD
patientss and controls. However, their subgroups were not solely based upon the
presencee of pain, but also included non-painful

conditions such as internal

derangementss within the temporomandibular joint. This makes it difficult

to

extrapolatee their results to the recognition of patients with especially craniomandibular
pain.. For the recognition of cervical spinal pain, Cyriax and Cyriax (1998) suggested
thatt function tests, like active or resisted movement tests, better discriminate between
patientss and non-patients than palpation. However, scientific evidence to support this
suggestionn is lacking. So. the relative importance of the various orthopedic tests in the
recognitionn of craniomandibular and cervical spinal pain needs further investigation.
Sincee isolated signs of CMD and CSD are quite common in the general population,
cut-offf values for the orthopedic tests need to be established as well. This is illustrated
byy Dworkin et al. (1990a), who showed that the prevalence of pain on palpation of
intraorall muscle sites in community controls varied from 8- 45%, and by Kirveskari et
al.al. (1988). who reported tenderness on palpation of the neck and shoulder muscles in
moree than half of a group of participants without neck complaints.

66

GeneralGeneral introduction
RiskRisk indicators of craniomandibular and cervical spinal pain.
Itt is generally agreed upon that the etiology of craniomandibular and cervical spinal
painn is multifactorial (Grant, 1994; Okeson, 1996). The ideas on the factors
contributingg to their development or perpetuation, however, have changed much over
thee last decades. This is illustrated by the fact that disturbances in occlusion and
articulationn of the masticatory system have long been considered a primary factor in
thee etiology of CMD. However, extensive research has shown that these disturbances
onlyy play a minor (if any) role (Seligman and Pullinger, 1991).
Inn general, it is believed that overload plays an important role in the etiology of
musculoskeletall disorders. Apart from parafunctional habits such as clenching and
grinding,, which are frequently reported in CMD patients and are therefore often held
responsiblee for the chronic pain in the musculoskeletal structures of the masticatory
systemm (Okeson, 1996), abnormal head posture is sometimes mentioned as a possible
overloadingg factor. Specifically, an anteroposition of the head would increase the
activityy of the dorsal neck musculature (Grant, 1994; Haughie, 1995) and of the
masticatoryy muscles (Okeson, 1996). However, studies on the relationship between
headd posture and CMD or CSD yield contradictory results. Some authors claim to have
foundd a positive relationship between an anteroposition and CMD (Huggare and
Raustia,, 1992; Lee et al., 1995), whereas others did not (Darlow et al., 1987; Hackney
etet al., 1993; Refshauge et al., 1995; Grimmer, 1996). These contradictory results may
partlyy be due to difficulties in measuring head posture. Some studies use reference
pointss of the head and the cervical spine, as seen on lateral photographs; others use
anatomicc reference points on lateral radiographs. However, these reference points are
sensitivee to the soft tissues overlying the head and the cervical spine, or to the
morphologyy of the head and the cervical spine, respectively. Thus, so far, no consensus
iss reached on the role of head posture as a possible risk indicator for craniomandibular
andd cervical spinal pain.
Anotherr risk indicator frequently associated with chronic musculoskeletal pain is
psychologicall distress, such as depression or anxiety. Patients with widespread pain,
suchh as fibromyalgia (Boissevain and McCain, 1991), or with regional soft tissue pain
(Inanicii et al., 1999) often show signs of psychological distress. A longitudinal study
too chronic musculoskeletal pain has shown that psychological distress may promote
77
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chronicc pain and that chronic pain may promote distress (Magni et al., 1994).
Moreover,, the level of psychological distress seems positively related to the number of
painfull body areas (Dworkin et al., 1990b; Von Korff et al., 1992; Ektor-Andersen et
al.,al., 1999). This suggests that craniomandibular pain patients with a coexistent cervical
spinall pain would show higher levels of psychological distress than patients with only
locall craniomandibular pain. However, for CMD, most studies have focused on
psychologicall differences between subgroups of CMD patients, with equivocal results.
Somee studies concluded that CMD patients with a myogenous disorder suffer from
increasedd levels of psychological distress (Eversole and Machado, 1985; Lundeen et
al.,al., 1987; De Leeuw et al., 1994; Kight et al., 1999), whereas others did not find
differencess between subgroups of CMD patients (Marbach and Lund, 1981; Michelotti
etet al., 1998). Although it has been suggested that many CMD patients suffer from
cervicall spinal pain as well, it is still unknown whether patients with both pain
disorderss suffer from higher levels of psychological distress than patients with only
craniomandibularr pain.
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Summaryy of the aims
Thee aim of this thesis is twofold. The first aim is to increase insight in the functional
relationshipp between the craniomandibular system and the cervical spine. The second
aimaim is to determine the relationship between craniomandibular and cervical spinal pain,
andd to evaluate some of the risk indicators associated with this relationship. In
summary,, the following questions are addressed:
Partt I: Experimental studies
-- Does head posture influence the movements of the temporomandibular condyle
withinn the joint?
-- How can head posture be measured on lateral radiographs?
-- Is there a relationship between head posture and curvature of the cervical spine?
Partt II: Clinical studies
-- Which orthopedic test, or combination of orthopedic tests, can best be used in the
recognitionn of craniomandibular and cervical spinal pain?
-- What are the cut-off values of the orthopedic tests to optimally discriminate between
personss with or without craniomandibular or cervical spinal pain complaints?
-- What is the prevalence of cervical spinal pain in persons with or without
craniomandibularr pain?
-- Is there a difference in the prevalence of cervical spinal pain between subgroups of
craniomandibularr pain patients with the pain originating from the muscular or joint
structures? ?
-- Is head posture a risk indicator for chronic craniomandibular pain patients with or
withoutt cervical spinal pain, or with a myogenous or arthrogenous origin of pain?
-- Is the level of psychological distress a risk indicator for chronic craniomandibular
painn patients with or without cervical spinal pain, or with a myogenous or
arthrogenouss origin of pain?
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Outlinee of the thesis
Inn Chapter 2 (Part I), the influence of head posture on the kinematics of the
temporomandibularr condyle is measured in healthy subjects by an opto-electronic jaw
movementt recording system, which can record mandibular movements with 6 degrees
off freedom. In Chapter 3 (Part I), a new method to quantify head posture on lateral
radiographss is presented, and the relationship between head posture and the curvature
off the cervical spine in healthy subjects is investigated.
InIn Chapters 4 to 7 (Part II), the results of a large clinical study, using a controlled,
singlee blind design, to the relationship between craniomandibular and cervical spinal
painn are described. In this study, 250 persons with or without craniomandibular pain
participated.. In Chapter 4, it is investigated which orthopedic test, or combination of
tests,, best discriminates between persons with or without craniomandibular or cervical
spinall pain complaints. Also the cut-off values for the various tests are determined. In
Chapterr 5, the prevalence of cervical spinal pain in craniomandibular pain patients is
studiedd and compared to persons without craniomandibular pain. The prevalence of
cervicall spinal pain is also established in subgroups of craniomandibular pain patients
{i.e.,{i.e., patients with myogenous and/or arthrogenous pain). Chapters 6 and 7 deal with
somee of the possible risk indicators for craniomandibular and cervical spinal pain, i.e.,
abnormall head posture and psychological distress. In Chapter 6, differences in head
posturee between craniomandibular pain patients with or without cervical spinal pain,
andd also in subgroups of CMD patients, are studied. In Chapter 7, the level of
psychologicall distress in craniomandibular pain patients with or without cervical spinal
painn and healthy controls is compared. Furthermore, differences in psychological
distresss between subgroups of CMD patients are analysed.
AA summary and the conclusions of the research findings in English and in Dutch
aree found in Chapter 8.
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Experimentall studies

Chapterr 2
Kinematicss of the human mandible
forr different head postures

CM.. Visscher, J.J.R. Huddleston Slater, F. Lobbezoo, M. Naeije.
editedd from: / Oral Rehab 2000;27:299-305
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Abstract t
Thee influence of head posture on movement paths of the incisal point (IP) and of the
mandibularr condyles during free open-close movements was studied. Ten persons,
withoutt craniomandibular or cervical spinal pain, participated in the study. Open close
mandibularr movements were recorded with the head in five postures, i.e., natural head
posture,, forward head posture, military posture, and lateroflexion to the right and to
thee left side, using the Oral Kinesiologic Analysis System (OKAS-3D). In military
posture,, the opening movement path of the incisal point shifted anteriorly relative to
thee path with the head in the natural head posture. In a forward head posture, the
movementt path shifted posteriorly, whereas during lateroflexion, it deviated to the side
thee

head

had

moved

to.

Moreover,

the

intra-articular

distance

in

the

temporomandibularr joint during closing was smaller with the head in military posture
andd greater in forward head posture, as compared to the natural head posture. During
lateroflexion,, the intra-articular distance on the ipsilateral side was smaller. The
influencee of head posture upon the kinematics of the mandible is probably a
manifestationn of differences in mandibular loading in the different head postures.
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Introduction n
Alreadyy for decades, the kinematics of the human mandible have been the topic of
investigationn (Uhlrich, 1959; Gibbs et ai, 1971; Goodson and Johansen, 1975; Gibbs
andd Lundeen, 1982). Until recently, with most of the available mandibular movement
recordingg instruments it was only possible to study the movements of a single point of
thee mandible, usually the lower incisal point. The movement paths of this point during
freee open-close and laterotrusive movements as well as during chewing are well
documentedd (Posselt, 1952). More recently, six degrees of freedom jaw movement
recordingg systems have become available. They make it possible to reconstruct the
movementt paths of any point of the lower jaw with respect to the upper jaw (Gibbs et
aL,aL, 1971; Merlini and Palla, 1988; Proschel et aL, 1993; Yatabe et at., 1995). This
offerss

the possibility

to study the movements of the condyle within

the

temporomandibularr joint as well. One of the interesting suggestions which has come
upp from these condylar movement studies was that during free open-close movements,
thee kinematic centre of the condyle/disc complex would move closer to the articular
eminencee during opening than during closing. Yatabe et al. (1997) concluded that
duringg opening, the condyle-disc complex moves along the articular eminence,
whereass during closing there is a small distance between the condyle-disc complex and
thee articular eminence: the intra-articular distance. This intra-articular distance appears
too be dependent upon the mechanical load imposed upon the mandible during closure
(Naeijee and Lobbezoo, 1997; Huddleston Slater et ai. 2000). A small mechanical
resistancee counteracting mandibular closure makes the intra-articular distance smaller,
indicatingg that the condyle-disc complex is then also slightly pressed against the
articularr eminence.
Sincee it is likely that different head postures also alter the mechanical loading
uponn the mandible, the kinematics of the mandible may be different in different head
postures.. Despite speculations about it, the influence of head posture upon the
kinematicss of the human mandible has not been extensively investigated. With the
headd in an extended posture, the movement paths of the lower incisal point are
suggestedd to run posteriorly to the path with the head in the so-called natural head
posture.. With the head in a flexed posture, as during eating, the opposite would occur
17 7
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(Okeson,, 1993). However, there is not much experimental evidence that supports these
suggestions..

The

influence

of

head

posture

upon

the

kinematics

of

the

temporomandibularr condyle within the joint has not been speculated upon so far and
hass also not been investigated yet. Therefore, the aim of this study was to determine
thee influence of head posture on the kinematics of the human mandible. To that end.
mandibularr movement recordings were made with the head in five postures, i.e..
naturall head posture, forward head posture, military posture, and lateroflexion of the
headd to the right side and to the left side. The movement tracings of the lower incisal
pointt and of the mandibular condyle kinematic centre were analysed.

Materialss and methods
Participants Participants
Tenn persons. 4 men and 6 women, with a mean age of 24 years (SD ~ 3.1; range = 2032),, without a history of craniomandibular or cervical spinal pain, participated in the
study,, after giving informed consent. Clinical examination revealed no pain during
activee movements or during dynamic/static tests of the masticatory system and neck.
Alll participants had an Angle Class 1 molar relationship, uninterrupted dental arches
untill second molars and no sounds in the temporomandibular joints.
RecordingRecording system
Thee Oral Kinesiologic Analysis System (OKAS-3D) was used to record mandibular
movementss (Naeije et ai, 1995). OKAS-3D is an opto-electronic system capable of
recordingg mandibular movements with six degrees of freedom at a sampling frequency
off 300 Hz. Lightweight frames (12 g) were attached to the upper and lower incisors
andd canines by means of individually adapted clutches. On each frame, three pairs of
photocellss

were

located.

Two

cathode

ray

tubes

(CRT)

displays,

oriented

perpendicularr to each other, tracked the movements of these photocells (Figure 1).
Offline,, the movement path of any mandibular point relative to the maxilla can then be
calculatedd by means of the formulas of the rigid body mathematics. The x-y plane of
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Figuree 1. Set-up of the OKAS-3D recording system. CRT = cathode ray
tube.. For more explanation, see text (Recording system).

thee OKAS co-ordinate system runs parallel to the occlusal plane and its x-z plane runs
perpendicularr to the x-y plane.
ExperimentalExperimental procedure
Beforee the experiment started, the co-ordinates of the lower incisal point and of the
laterall pole of both condyles were recorded using a specially developed pointer. To
determinee the location of the condylar kinematic centre, several 20-second recordings
off free maximal open-close and protrusive-retrusive movements were obtained.
Subsequently,, 20-second recordings of free maximal open-close movements in five
differentt head postures were made. First, recordings were made with the head in its
naturall head posture (NHP). In NHP, the participant was sitting upright, without head
restraints,, and looking into the pupils of his eyes in a mirror placed in front of him
(Figuree 1; Solow and Tallgren, 1971). Second, recordings with the head in the military
posturee (MP; Juhl et al, 1962) were made. To that end, the participant moved his head
100 degrees backward with respect to NHP, while looking into his eyes and keeping the
Frankfortt plane horizontally. The angle between the line through the tragus of the left
earr and the seventh cervical spinal process with the horizontal plane was measured
usingg a goniometer. One goniometer arm was kept horizontally using a fluid level
19 9
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device.. In order to maintain MP during the experiment, a small extensible bar was
placedd between the person's forehead and the mirror (Figure 1). Third, recordings were
madee with the head in the forward head posture (FHP) (Griegel-Morris et al., 1992).
Thee participant moved his head 20 degrees forward in regard to NHP, while looking
intoo his eyes and keeping the Frankfort plane horizontally. FHP was similarly
maintainedd as described for MP. Finally, recordings with the head held in 20 degrees
off lateroflexion (LF) to the right and to the left were made. This was achieved by
placingg another goniometer on the participant's forehead. The participant could control
thee amount of lateroflexion by looking at the goniometer in the mirror. In each head
posture,, 20-second recordings were made while performing open-close movements to
andd from the intercuspal position.
DataData Analysis
Forr each participant, the location of the right and left condylar kinematic centre was
determinedd according to the software procedure described by Yatabe et al. (1995). The
kinematicc centre was chosen as reference point for tracking condylar movements,
sincee it is the only condylar point, which translates along the articular eminence. For
eachh head posture, the 3D-movement paths of the kinematic centres and of the incisal
pointt (IP) were constructed.
Too quantify the influence of head posture on the movement path of the incisal
point,, the mean y co-ordinate for the head held in MP and FHP, and the mean x coordinatee for the head held in lateroflexion to the right and to the left, were compared
withh their corresponding values with the head held in NHP. Comparisons were made at
thee z co-ordinate of the opening movement path of 2.5 cm. The value of 2.5 cm for the
zz co-ordinate was chosen, because this was the smallest maximum mouth opening
recordedd during movements with the head in MP. Figure 2 shows typical examples of
incisall point movement paths.
Too study the influence of head posture upon the kinematics of the condyle within
thee temporomandibular joint, the average distance (intra-articular distance) between
thee opening and closing kinematic tracings was calculated for the movement
recordingss in the different head postures, as suggested by Visscher et al. (1998) and
Huddlestonn Slater et al. (2000). The opening movement path of the kinematic centre
20 0
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wass divided into 100 horizontal increments of equal length. At each increment, the
verticall distance between the opening and closing movement path was determined.
Thee intra-articular distance during the closing phase of an open-close movement is
definedd as the mean value of these one hundred vertical distances.
ANOVA,, followed by post-hoc paired /-tests, was used to test the null-hypothesis
thatt head posture does not influence the mandibular movement path. When ANOVA
showedd no difference between the right and the left kinematic centre tracings, their
pooledd data were used in the further analysis. Statistical analysis was performed with
significancee set at the 0.05 probability level.
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Results s
IncisalIncisal point
Figuree 2 shows an example of the opening movement path of an incisal point with the
headd held in the forward head posture, natural head posture, and military posture
(Figuree 2a), and in natural head posture and lateroflexion to the right side, and to the
leftt side (Figure 2b).
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Figuree 2. Example of an open movement path of the incisal point with the head held in forward head
posturee (FHP), natural head posture (NHP) and military posture (MP; Figure 2a) and in NHP and
lateroflexionn to the right (LF, right) and to the left (LF, left; Figure 2b). ICP = intercuspal position.

Headd posture significantly influenced the opening movement path of the incisal
point,, both in the sagittal plane (Table 1, p=0.000) and in the frontal plane (Table 2.
p=0.008),, at a mouth opening of 2.5 cm.
Tablee 1. ANOVA: effect of head posture (forward head posture, military posture and
naturall head posture) and gender on the y co-ordinate (antero-posterior co-ordinate) of
thee opening movement path of the incisal point, at a mouth opening of 2.5 cm. (N=I0).

Sourcee of Variation
Headd posture
Gender r

22 2

df

I-62.377

0.000

0.233

0.645
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Tablee 2. ANOVA: effect of head posture (NHP. lateroflexion to the right and to the
left)) and gender on the x co-ordinate (left-right co-ordinate) of the opening movement
pathh of the incisal point, at a mouth opening of 2.5 cm. (N=10)

Sourcee of Variation

df

Headd posture

6.666

0.008

Gender r

0.433

0.532

Withh respect to the path in the natural head posture, the movement path was
shiftedd anteriorly when the head was held in military posture and posteriorly with the
headd in forward posture (Figure 3). During lateroflexion, the opening movement path
deviatedd to the side the head had moved to in comparison to the path with the head in
NHP. .
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Figuree 3. Mean difference and standard deviation in distance between
openingg movement paths of the incisal point with the head in military
posturee and forward

head posture (y co-ordinate. Figure 3a) and in

lateroflexionn to the right and left side (x co-ordinate, Figure 3b), in respect to
naturall head posture (paired /-test. N=I0; **p<0.01, ***p<0.00l).
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CondylarCondylar kinematic centre
Figuree 4 shows an example of the sagittal movement paths of the condylar kinematic
centree with the head held in natural head posture, forward head posture, military
posture,, and in lateroflexion. For lateroflexion, the side the head moved to (ipsilateral
side)) was distinguished from the other, contralateral side.
ICP P

Naturall (lead Posture

Forwardd Head Posture

Lateroflexion^ ^
contralaterall side

Figuree 4. Example of 20-second recordings of open-close movements of the
kinematicc centre of the mandibular condyle with the head held in natural
headd posture, military posture, forward head posture and lateroflexion.

Thee intra-articular distance within the temporomandibular joint during closure was
significantlyy influenced by head posture ('Fable 3. p=0.000). Since no effects of the
condylarr side were found, the pooled data were used in the further analysis.
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Tablee 3. ANOVA: effect of head posture (NHP, MP. FHP, Lateroflexion to
thee right and to the left), left or right condyle, and gender on the mean intraarticularr distance of the temporomandibular joint. (N=I0)

Sourcee of Variation

df

F

p

Headd posture

2

25.31 1

0.000 0

Left/rightt

1

0.00 0

0.967 7

Genderr

I

0.61 1

0.458 8

Inn comparison to the value with the head in natural head posture, the intra-articular
distancee during closure was smaller when the head was held in military posture and in
lateroflexionn to the ipsilateral side (Figure 5). No change was found for the
contralaterall side. With the head held in forward head posture, the intra-articular
distancee was larger.
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Figuree 5. Mean intra-articular distance and standard deviation of the
temporomandibularr joint with the head held in natural head posture (NHP),
militaryy posture (MP), forward head posture (FHP), and lateroflexion (LF,
ipsilaterall and contralateral side) (paired /-test: N=10; ** p<0.0l. ***
p O . 0 0 1 ,, NS=not significant)
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Discussion n
Thiss study has shown that head posture influences the kinematics of the human
mandible.. This influence is apparent both in the movement paths of the lower incisal
pointt and in those of the condyles within the temporomandibular joint. According to
thiss study, the opening movement path of the incisal point with the head held in a
militaryy posture is shifted anteriorly relative to its path in a natural head posture. In a
forwardd head posture its path is shifted posteriorly. During lateroflexion. the
movementt path of the incisal point deviates to the side the head has moved to. The
suggestionn that movements of the incisal point depend upon head posture, has been
madee before (Okeson. 1993). but needed further experimental verification. Until now.
onlyy the effects of head posture on the movements from rest position to maximal
occlusionn have been studied quantitatively. Goldstein et al. (1984) showed, that head
posturee influences the rest position of the mandible. In addition, our study has shown
thatt head posture also influenced its position 2.5-em away from occlusion.
Too our knowledge, it was shown for the first time that head posture also influences
thee movements of the condyle within the temporomandibular joint. Yatabe et al.
(1995;; 1997) showed that the condyle-disk complex has closer contact with the
articularr eminence during opening than during closing, which indicates that, during
closing,, there is a small intra-articular distance in the temporomandibular joint. This
intra-articularr distance during closure is smaller when, during closing, the mandible is
loadedd by applying a small, downward directed force on the chin (Naeije and
Lobbezoo.. 1997; Huddleston Slater et al.. 2000). That the intra-articular distance is
alsoo smaller with the head in military posture and in the ipsilateral joint during
lateroflexion.. and larger with the head in a forward posture, may be regarded as a
consequencee of differences in mechanical loads put on the mandible in the various
headd postures. The intra-articular distance is also influenced by experimental factors
suchh as the accuracy with which the location of the condylar kinematic centre is
determinedd and the noise in the condylar movement tracings, for the OKAS-3D
recordingg device, the noise in the co-ordinates in the condylar region is about 0.27 mm
(Naeijee et al, 1995). Due to these experimental factors, the intra-articular distance still
hass a value of at least 0.20-mm in case the opening and closing condylar tracings
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overlapp (Huddleston Slater et ai. 2000). This indicates that in particular in the
militaryy condition, the opening and closing condylar tracings coincide (Figure 4).
Thee influence of head posture upon the kinematics of the mandible is probably
relatedd to stretching and/or elongation of the opening and closing muscles of the
mandiblee and of other soft tissues that are attached to the mandible, and to the varying
influencee of the force of gravity upon the mandible. This study has shown that head
posturee influences intra-articular distance in the temporomandibular joint. However, it
shouldd be realised that, in absolute terms, these changes are relatively small (maximum
decreasee in intra-articular distance is about 0.19 mm). Therefore, it remains uncertain
whetherr abnormal head posture is related to the development of craniomandibular
pain.. On the other hand, these results do suggest that in studies to the delicate
movementss of the mandible, it is important to standardise head posture.
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Abstract t
Thee relationship between posture and curvature of the cervical spine was studied in 54
subjectss (29 women, 25 men, mean age 24 years, range 20-31 years), who were free of
craniomandibularr and/or cervical spinal pain. Lateral radiographs of the head and
cervicall spine were taken while the participants were standing in a neutral position.
Cervicall spine posture was quantified by the angle of a reference line that was
composedd of reference points of the upper six cervical vertebrae, and the horizontal
axis.. The curvature of the cervical spine was classified visually as lordotic, straight or
reversed.. A relationship was found between posture and curvature of the cervical spine
(p=0.006):: a more forward posture was related to a partly reversed curvature; and a
moree upright posture to a lordotic curvature. Moreover, men more often exhibited a
straightt curvature, whereas women more often showed a partly reversed curvature.
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Introduction n
Patientss with pain originating from the musculoskeletal structures of the masticatory
system,,

usually

aggravated

by

chewing

or jaw

function,

suffer

from

a

craniomandibularr dysfunction (CMD) (Okeson, 1996). Some studies indicate that
patientss suffering from a CMD also more often show a cervical spine disorder (CSD,
painn on cervical spine function and sometimes limited range of motion) than healthy
individualss (Clark et al, 1987; Lobbezoo-Scholte, et al, 1995; De Laat et al, 1998). A
forwardd head posture (FHP) is one of the suggested risk indicators a CMD and a CSD
wouldd have in common (Mannheimer and Rosenthal, 1991; Hackney et al, 1993;
Haughiee et al, 1995; Lee et al, 1995; Grimmer, 1996). A forward head posture may
causee stress on the structures of the masticatory system and of the cervical spine,
includingg the muscles and joints. It is also suggested that FHP is not only associated
withh the posture of the cervical spine but also with its curvature (Darnell, 1983;
Rocabado,, 1984; Braun and Amundson, 1989; Mannheimer and Rosenthal, 1991).
However,, whether a relationship between posture and curvature exists, was only
describedd in these studies but not investigated. To investigate whether the reported
increasedd prevalence of a cervical spinal pain in craniomandibular pain patients is
associatedd with a deviant posture, curvature or both, it is important to know whether a
relationshipp between curvature and posture exists. Therefore a study was started to the
relationshipp

between

posture and curvature of the cervical

spine, both

in

craniomandibularr and/or cervical spinal pain patients and in healthy individuals. Since
moree women than men seek help for a CMD the influence of gender upon posture and
curvaturee was also investigated. In the present study the results for the healthy
individualss are presented.
Thee posture of the cervical spine was mathematically derived from the positions of
thee corpora of the individual cervical vertebrae on lateral radiographs taken from the
headd and the cervical spine. The curvature of the cervical spine was visually classified
ass lordotic, straight or reversed. Then the hypothesis was tested that different cervical
spinee curvatures correspond to different cervical spine postures.
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Materialss and Methods
Participants Participants
Eighty-sixx healthy students of the Academic Centre for Dentistry Amsterdam (ACTA)
weree invited to participate in the study. They had no history of craniomandibular or
cervicall spinal pain. After giving informed consent, they were screened for signs and
symptomss of a craniomandibular disorder, using the protocol suggested by Bezuur et
al.al. (1989). In addition, a physician examined the cervical spine for cervical spinal pain.
Whenn pain in the cervical spine upon movements, or an obvious hypomobility of the
cervicall spine was observed, the student was excluded from further participation. As a
resultt of this clinical examination 3 participants were omitted from the study.
Procedure Procedure
Off the remaining 83 students a lateral radiograph of the head and cervical spine was
taken,, while they were standing in a neutral position. This position is defined as the
positionn in which the subject is standing on bare feet in front of a vertically placed
mirrorr while looking into the pupils of his/her eyes (Solow and Tallgren, 1971). To
avoidd lateroflexion or rotation of the head, a vertical light visor was projected on the
subject'ss face and the subject was asked to orient his head in such a way, that the light
visorr was projected upon the midline of the face. A Kodak T-mat Blue Base film was
usedd in a cassette with image intensifier. The distance between the radiographic
apparatuss and the cassette was 3.96 meters. A plumb line was mounted in front of the
cassettee to indicate the true vertical on the X-ray film.
Thee upper six cervical vertebrae were used in this study. The seventh cervical
vertebraa was not included in the analysis, because this vertebra was missing on most of
thee radiographs. Twenty-nine radiographs were excluded because of over-exposure or
becausee the sixth cervical vertebra was not completely visible. Thus, the radiographs of
544 subjects, 25 men and 29 women, were used in this study. The 54 subjects had a
meann age of 24 years with a range of 20 to 31 years. Forty-nine of them were
Caucasian,, 5 were non-caucasian.
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Measurements Measurements
Cervicall spine posture. The position of each vertebra was characterised by four of the
fivefive reference points earlier described by Van Mameren et al. (1990) (Figure 1). The
referencee points for the first cervical vertebra were the most cranial and caudal points
off the anterior arcus of the atlas and the most ventro-cranial and ventro-caudal points
off the ventral side of the posterior arcus of the atlas. The second cervical vertebra was
characterisedd by the ventral and dorsal transition points of the dens axis and the corpus
off the axis and by the most ventro-caudal and dorso-caudal points of the corpus of the
axis.. The third to sixth cervical vertebrae were characterised by the most ventrocranial,, ventro-caudal, dorso-cranial and dorso-caudal points of the corpus of the
vertebrae.. The co-ordinates of the reference points were digitised by means of an x,ytablett (Scriptel RDT). The centre of the four reference points of each cervical vertebra
wass regarded as the centre of the vertebral body. Based upon the least squares method,
thee linear equation of the line running as closely as possible along the centres of the six
vertebraee was calculated; the Cervical Posture Line (CPL), see Figure 1. The angle betweenn this line and the horizontal was used as a measure of the cervical spine posture
(CPL/Hor). .

HOR R

Figuree 1. Reference points and reference lines on a lateral radiograph. The
referencee points for the first to the sixth cervical vertebra, the Cervical
Posturee line (CPL) and the true vertical (Ver) and horizontal (Hor) are shown.
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Cervicall spine curvature. The curvature of the cervical spine was visually classified
intoo three categories; a lordotic curvature, a predominantly straight one with an
occasionall small upper lordosis, and a partly reversed curvature (i.e., a high cervical
lordosiss and a low cervical kyphosis) (Figure 2).

Figuree 2. Examples of a lordotic (left), predominantly straight (middle) and partly reversed (right)
cervicall spine.

TracingTracing of the radiographs
Twoo well-trained investigators independently traced each radiograph. The mean value
off the two angles of the CPL/Hor was used for further analysis. Two investigators also
independentlyy classified the cervical spine curvature. In case the investigators did not
agree,, they discussed their classification and came to an agreement.
Statistics Statistics
Analysiss of Variance (ANOVA) and Students t tests were used to analyse the effects of
thee curvature and gender on the posture of the cervical spine. The x

test and

binominall test were used to test gender distribution differences between the three
subgroupss of cervical spine curvatures. All statistical analyses were performed with
significancee set at the 0.05 probability level.
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Results s
Thee results of the classification of the curvature of the cervical spine into lordotic,
predominantlyy straight and partly reversed spines are shown in Table 1 and the results
off the Analysis of Variance are shown in Table 2.
Tablee 1. Visual classification of the cervical spine. For each subgroup of cervical spines, the number
off subjects within that group, the sex distribution, the mean age and the mean value, standard
deviationn and range of the cervical spine posture (CPL/Hor) are given.
Gender r

CPL/Hor r

Age e

Curvature e

NN

Female e

Male e

Mean n

Mean n

SD D

Range e

Lordotic c

21 1

11 1

10 0

24.9 9

89.0 0

4.9 9

81.7-- 99.0

Reversed d

15 5

13 3

22

24.3 3

83.0 0

3.0 0

76.44 - 87.5

Straight t

18 8

55

13 3

24.7 7

86.4 4

6.7 7

7 4 . 5 -- 100.9

Tablee 2. ANOVA: effect of the curvature of the cervical
spinee and of gender on cervical spine posture (CPL/Hor).
Sourcee of variation

df f

FF

PP

Curvature e

22

5.81 1

0.006 6

Gender r

11

0.24 4

0.626 6

Curvaturee * Gender

22

0.66 6

0.522 2

ANOVAA showed a relationship between cervical spine curvature and posture
(p=0.006).. This relationship was independent of the gender. Also the cervical spine
posturee (CPL/Hor) was independent of gender (p>0.05). Its mean value for the
completee sample was 86.4 degrees with a standard deviation of 5.6 degrees. The
reversedd curvatures showed a significantly smaller CPL/Hor than the lordotic
curvaturess (Table 1, Student's / test, p< 0.01) whereas the posture of the straight
curvaturess did not differ from the posture of the other two groups.
Thee gender distribution was different for the three subgroups {y?- test; p< 0.01): in
thee partly reversed group there were more women (binominal test, p< 0.01), in the
straightt group more men (p< 0.05) and in the lordotic group no difference was found
betweenn the number of men and women.
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Discussion n
Inn this study the relationship between the cervical spine posture and its curvature was
studiedd in a group of healthy participants, standing in a neutral position. Posture and
curvaturee were quantified by means of a lateral radiograph taken from the head and the
cervicall spine. In the literature, several methods are suggested to describe cervical
posturee and curvature with the use of these radiographs. Cervical posture has been
measuredd by using reference lines of anatomical points of only a small part of the
cervicall spine; two or three vertebrae (Solow and Tallgren, 1971; Hellsing et al.,
1987).. In our study the cervical spine posture was measured using the positions of the
centress of all of the corpora of the upper six cervical vertebrae. Since usually the
degreee of anteroposition of the head is expressed as the position of the head in respect
too the lower part of the cervical spine, the CPL can also be used as a measure for the
amountt of forward head posture. Cervical spine curvature has been quantified using
measurementss of the depth of the cervical lordosis (Borden et al., 1960) or of the angle
betweenn a reference line of the upper and of the lower part of the cervical spine (Gore
etet al.,

1986; Hellsing et al,

1987; Plaugher et al,

1990). However, these

quantificationss cannot discriminate a reversed cervical spine from a lordotic or straight
one.. That's why we preferred to use a visual classification which is in accordance with
classificationss earlier described (Borden et al. 1960; Juhl et al, 1962; Fineman et al.,
1963). .
Thee results of our study have shown, for the first time, a statistical relationship
betweenn cervical spine curvature and posture. A partly reversed cervical spine showed,
onn the average, a more forward bending of the cervical spine whereas a lordotic
curvaturee is related to a more upward cervical posture. This relationship proved to be
independentt of gender. These results are in agreement with earlier suggestions made
byy Darnell (1983) and Rocabado (1984) that subjects with a forward head position
showw a backward bending of the upper cervical spine and occiput and a forward
bendingg of the lower cervical and upper thoracic spine. Juhl et al. (1962) studied the
changess in the cervical spine curvature when subjects attained different cervical spine
postures.. When they changed their neutral position into a military' one (thus probably
withh a greater CPL/Hor), many lordotic cervical spines changed into reversed or
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straightt ones. This relationship between curvature and posture was different from the
onee we have found. However, Juhl et al. (1962) studied changes in cervical spine
curvaturee within subjects, whereas in our study the curvatures between subjects, all
standingg in a neutral position, were compared. Moreover, a military' position is
maintainedd by voluntary muscle contraction, which may have its effects on the cervical
curvature,, whereas a neutral position is a position with much less muscle activity.
Itt is, to our knowledge, also for the first time that a statistical relationship was
foundd between the curvature of the cervical spine and gender (Table 1). That the partly
reversedd group consisted of mainly women, the lordotic group of men as well as
womenn and the straight group mainly of men is striking and needs

further

investigation.. No difference in cervical spine posture was found between men and
women. .
Thiss study has shown that lordotic, straight and reversed spines as well as a wide
rangee of cervical spine postures can be found in healthy people without a history of
cervicall spinal or craniomandibular pain. Whether individuals with pain complaints in
thee neck or the masticatory system show a different cervical spine posture, curvature or
relationshipp between these two characteristics is now being investigated within our
department.. In conclusion, this study has shown that, in healthy individuals, different
cervicall spine curvatures are associated with a different cervical spine posture and
gender. .
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Abstract t
Thee recognition of a craniomandibular or cervical spinal pain is usually based upon the
painn complaint of the patient, reported during an oral history, and the pain responses
provokedd in a clinical examination. Often used clinical tests are palpation, and function
testss like dynamic/static tests or active movements. The relative importance of these
testss for the recognition of the musculoskeletal pain is important. Therefore, it was the
aimm of the present study to determine which test, or combination of tests, best
discriminatess between persons with or without craniomandibular and/or cervical spinal
painn complaints. Two hundred and fifty persons participated. From each person, a
standardisedd oral history was taken. Then, in a randomised order, and using a blind
design,, physical examinations of the craniomandibular system and of the neck were
performed..

Forward

stepwise

logistic

regression

analyses

showed

that

the

dynamic/staticc tests discriminated better between persons with or without pain
complaintss than the other tests did. In conclusion, in studies to craniomandibular and
cervicall spinal pain, it may be a good choice to base the recognition of these disorders
onn the pain complaints reported in the oral history, which are verified by the pain
responsee of the dynamic/static tests.
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Introduction n
Craniomandibularr disorders (CMD) and cervical spine disorders (CSD) are collective
termss embracing a number of clinical problems of the musculoskeletal structures of the
masticatoryy system and of the cervical spine. The most frequent symptom, that these
disorderss have in common, is pain originating from the musculoskeletal structures,
whichh usually aggravates by chewing or other jaw function (Solberg, 1986; McNeill et
al,al, 1990; Okeson, 1996), or by moving the head or adopting certain working positions
(Grantt and McKenzie. 1994). The craniomandibular system and the cervical spine are
oftenn regarded a functional biomechanical entity (Brodie. 1950) which has led to the
suggestionn that patients with a CMD are more likely to suffer from a cervical spine
disorderr than persons without a CMD (Clark et al, 1987; Cachiotti et al., 1991; De
Laatt et al., 1998; Ciancaglini et al, 1999). However, often different signs and/or
symptomss were used to describe the prevalence of the CMD and the CSD, and also
differentt examination techniques were employed, such as questionnaires (Clark et al.,
1987;; Cachiotti et al, 1991; Ciancaglini et al, 1999) or various clinical tests (Clark et
al,al, 1987; Cachiotti et al, 1991; De Laat et al, 1998). The choice of the investigation
techniquee is an important one since the technique used to recognise a CMD or CSD
influencess the outcome of the study. This is illustrated in a study by Clark et al (1987)
thatt showed a statistically significant difference in CSD signs and symptoms between
CMDD patients and controls when the scores were based on both a questionnaire and a
clinicall examination. This difference was not significant any more when these items
weree considered independently. Therefore, in studies to the coexistence between CSD
andd CMD it is to be preferred that similar diagnostic criteria are used for the
recognitionn of these musculoskeletal disorders. For CMD. the Research Diagnostic
Criteriaa have been introduced in 1992 and these criteria are now widely used for
researchh purposes (Dworkin and LeResche, 1992). They allow standardisation and
replicationn of research into the most common forms of 3 categories of muscle- and
jointt related craniomandibular disorders. The International Association for the Study of
Painn has proposed a classification for chronic pain, which, among others, also includes
aa classification of cervical spinal and radicular pain syndromes into 17 subcategories
(Merskyy and Bogduk, 1994). However, the examination techniques of the I ASP
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classificationn system are partly different from those of the RDC and their subcategories
cannott be translated to the craniomandibular system or vice versa. So. there is no
universall diagnostic system that can be applied for the recognition of a CMD as well as
aa CSD. Since pain is the dominant symptom of disorders of the craniomandibular
systemm

and

the

cervical

spine, this

study

focuses

on

the

recognition

of

craniomandibularr and cervical spinal pain.
Inn common clinical practice, the recognition of a musculoskeletal pain is usually
basedd upon the symptoms of the patients, reported during an oral history, and the signs
foundd in a physical examination. In the physical examination, the pain responses
provokedd during active movements, palpation of the muscles and joints, and resisted
movementss play an important role (Dworkin and LeResche, 1992; Cyriax and Cyriax.
1998).. However, in individual patients, these tests sometimes yield contradictor}'
resultss and then the relative importance of these tests in the recognition of the
musculoskeletall pain is important. Therefore, it was the aim of the present study to
determinee which test, or combination of tests, best discriminates between persons with
orr without craniomandibular or cervical spinal pain complaints, as reported in the oral
history,, using a controlled, single-blind design.

Materialss and methods
Participants Participants
Thiss paper is part of a study to the relationship between craniomandibular pain and
cervicall spinal pain. In this study. 250 persons (179 women. 71 men, mean age 34
years,, SD=13.3) participated. One hundred and forty seven participants were
consecutivelyy recruited from persons referred to the Academic Centre for Dentistry
Amsterdamm (ACTA) for CMD complaints and 103 participants were friends or
relativess of the recruited persons, or were friends or relatives of co-workers from the
departmentt of Oral Function of ACTA, exclusion criteria were the presence of general
jointt disorders that might involve the head and neck region {e.g.. rheumatoid arthritis),
aa history of jaw fractures or orthognathic surgery, or active treatment for CMD.
Inclusionn criterion was a good understanding of the Dutch language.
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Fromm each participant an oral history was taken and a physical examination of the
masticatoryy system and the neck was performed. The scientific and ethical aspects of
thee protocol were reviewed and approved by the review board of the Netherlands
Institutee for Dental Sciences, and written informed consent was obtained from all
participants. .
OralOral history taking and instructions
Thee oral history taking mainly included questions on pain in the orofacial region and
thee neck. When pain was present, its location, nature, duration, and radiation were
determined.. Moreover, aggravation of pain on function of the masticatory- system or
thee neck was noted. Joint sounds, limited movements, parafunctional habits, and
traumaa were also asked for. This oral history was always taken by the same examiner
(CV). .
Afterr the history taking, each participant was instructed on how to use the pain
scaless in the forthcoming physical examinations of the craniomandibular system and
thee neck. They were told to rate their pain intensity during the different tests on a 5pointt (verbal) ordinal scale and. for some of the tests, also on a visual analogue scale
(VAS).. The English equivalents of the Dutch reference words for the verbal scale were
'none'' (assigned as a value of 0), "sensitive' (1). 'painful' (2), "very painful' (3). or
'unbearablyy painful' (4). The VAS consisted of a 100-mm line with ends defined as
'noo pain' (left end) and 'worst pain imaginable' (right end) (Seymour et al., 1985). The
participantt was asked to mark the pain intensity with a pencil on this line. Pain
intensityy was then expressed as the distance in millimetres from the left end point to
thee pencil mark.
PhysicalPhysical examination of the craniomandibular system and of the cervical spine
Thee physical examination of the craniomandibular system was performed by one of
threee calibrated dentists, and that of the cervical spine was performed by one of two
calibratedd physical therapists or by one of four last year physical therapy students.
Theyy were all trained to give the same standardised instructions to the participants, to
performm all tests likewise, and in accordance with the protocol. On a regular basis, the
examinerss were re-calibrated. At the time of the examination, the examiner was blind
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too the presence or absence of the participant's craniomandibular or neck complaints.
Ann assistant observed whether the protocol was followed and wrote down the results.
Thee physical examinations consisted of active and passive movements, dynamic/static
tests,, palpation, algometry, joint play, and, for the examination of the craniomandibular
system,, of an intra-oral inspection and the recognition of joints sounds.
Inn the present study, the ability of the function tests (active and passive movement
testss and dynamic/static tests) and of palpation to discriminate between persons with or
withoutt pain complaints were analysed. Therefore, these tests are described in more
detaill in the next paragraphs.
ActiveActive and passive movements of the craniomandibular

system

Thee participant was asked to open the mouth, to move the mandible to the right side
andd to the left side, and to protrude the mandible. When necessary, the dentist
encouragedd the participant to maximally move the mandible. To test the passive
maximall mouth opening, the dentist's thumb and index finger were placed on the
participant'ss frontal teeth, while the mandible was gently moved to its border position.
Afterr each test, the pain intensity was rated on the verbal scale, and its location was
noted.. Results of a reliability study from our department, involving 30 CMD patients,
showedd that the agreement between two investigators ranged from 0.59 to 0.73 (Kappa
values). .
Dynamic/staticDynamic/static tests of the craniomandibular

system

Forr each type of movement (opening, closing, laterotrusion to the right and the left
side,, and protrusion) the dynamic test was performed first, followed by the static test.
Forr the dynamic tests, each of the movements was performed under the guidance of the
examinerr by applying a small manual resistance to the mandible. For the static tests,
thee manual resistance applied by the examiner was so high that no movement of the
mandiblee could occur: the mandible was motionless in a position approximately 5
millimetress in the direction of the intended movement. Pain intensities were scored on
thee verbal scale and on the visual analogue scale, and the locations of the pain were
alsoo noted. The interrater reliability ranged from 0.43 to 0.89 (Kappa values) for the
verball scores and from 0.46 to 0.91 (Pearson's correlation) for the VAS scores.
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PalpationPalpation of the craniomandibular system
Palpationn was performed using the index and middle finger, at a force of
approximatelyy 10 N. Test sites were: the temporomandibular joint (laterally and
posteriorly);; the anterior, middle and posterior part of the temporalis muscle; the upper,
middle,, and lower part of the masseter muscle (palpated bimanually, one finger placed
intraorallyy and two fingers of the other hand placed extraorally), and the deep part of
thee masseter muscle (extraorally). During palpation, the participant was asked to relax
thee muscles. Pain intensities were scored on the verbal scale and on the visual analogue
scale.. The interrater reliability ranged from 0.42 to 0.74 (Kappa values) for the verbal
scoress and from 0.58 to 0.90 (Pearson's correlation) for the VAS scores.
ActiveActive and passive movements of the cervical spine
Thee participant was asked to bend the head forward, backward, sideward to the right
andd the left, and to rotate the head to the right and the left side. Then, movement tests
off the high cervical region (C0C1) were performed; the participant was asked to rotate
thee head to the right side, and, while keeping the head maximally rotated, to bend the
headd forward and backward. First, each movement was performed actively; when
necessary,, the participant was encouraged to maximally move the head. Second, after
thee participant was asked to relax the neck musculature, the according passive
movementt was performed. After each combination of active and passive movements,
thee pain intensity was scored on the verbal scale, and its location was noted. Kappa
valuess for interrater agreement ranged from 0.56 to 0.89.
Dynamic/staticDynamic/static tests of the cervical spine
Duringg the dynamic tests the participant was asked to bend the head forward,
backward,, sideward to the right and the left, and to rotate the head to the right and the
leftt side, under the guidance of the examiner who applied a light manual resistance to
thee head. For the static tests, the manual resistance applied by the examiner in the
beforee described directions was so high that no movement of the head could occur. The
positionn of the head was standardised using the so-called mirror position; the
participantt looked into his own eyes in a mirror placed in front of him (Solow and
Tallgren,, 1976). Pain intensities were scored on the verbal scale (Kappa values ranged
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fromm 0.43 to 0.80) as well as on the visual analogue scale (Pearson's correlation
coefficientss ranged from 0.60 to 0.97). and the pain locations were noted.
PalpationPalpation of the muscles of the cervical spine
Palpationn was performed using the index and middle finger, at a force of
approximatelyy 10 N. Only those parts of the neck muscles were palpated that are not
coveredd by other muscles. The descending part of the trapezius muscle was divided in
quadrants:: the middle of each quadrant was palpated. The splenius capitis muscle was
palpatedd approximately 2 cm below its insertion, between the lateral border of the
trapeziuss muscle and the posterior border of the sternocleidomastoid muscle. The
sternocleidomastoidd muscle was palpated on 3 sites, approximately 5 cm below its
insertion,, 2 cm above its origin at the clavicle, and 2 cm above its origin at the
sternum.. The levator scapulae muscle was palpated in its middle part. After each
palpation,, pain was scored on the verbal scale (Kappa values ranged from 0.46 to 0.73)
andd on the visual analogue scale (Pearson's correlation coefficients ranged from 0.61
too 0.92).
Classification Classification
Twoo investigators evaluated the oral histories, and independently determined whether
orr not persons were suffering from a craniomandibular or cervical spinal pain. They
weree blind to the outcome of the physical examinations. The criterion for a
craniomandibularr pain was the presence of pain or tenderness in the area of the
masticatoryy muscles, the preauricular area, or the temporomandibular area, during the
previouss

month

(n=148). Persons were classified

as not

suffering

from

a

craniomandibularr pain, when no pain complaints in the orofacial area were present
(n=102).. As a result of this procedure, five persons recruited from our CMD clinic
weree placed in the non-pain group, and six persons recruited from the friends and
relativess were placed in the craniomandibular pain group.
Personss were classified as having a cervical spinal pain when they complained of
painn or tenderness in the neck/shoulder area during the previous month (n=135). When
noo pain complaints in the neck/shoulder region were present, that person was classified
ass not suffering from a cervical spinal pain (n=115). According to the oral history.
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91%% of the persons classified as having craniomandibular and/or cervical spinal pain
hadd chronic pain complaints (>6 months). 6% had subacute complaints (3-6 months),
andd 3% had acute complaints (<3 months).
StatisticalStatistical analysis
Forr the dynamic/static tests and for palpation, the maximal VAS scores were
determinedd and used in the subsequent analyses. For the dynamic/static tests, for
palpation,, and for the active movements (craniomandibular system) or the combination
off active and passive movements (cervical spinal system), the maximal verbal scores
weree also determined. Non-patients seldom rated their pain as "very painful* or
'unbearablyy painful". This led to empty cells in the Loglinear test and hampered the
statisticall analyses. Therefore, the scores 'painful', 'very painful' and 'unbearably
painful'' were pooled and given the verbal score 'painful* (2).
Analysiss of variance (ANOVA), preceded by logit transformation to approach
normality,, and followed by contrast analysis, was used to compare maximal VAS
valuess between the groups and the tests, and to determine their interaction. Loglinear
analysiss and standardised residuals were used to compare the maximal verbal pain
scoress between the groups and the tests, and to determine their interaction. To
determinee the ability of the active/passive movements, the dynamic/static tests and of
palpationn to discriminate between persons with or without pain complaints, single
logisticc regressions, with the maximal pain score of each test as predictor, were
performed.. The Nagelkerke R.2 results of the logistic regression were used as indicator
off the proportion of explained variation. The maximal pain scores of the tests were also
enteredd as predictors into a forward stepwise logistic regression analysis to determine
whichh (combination of) test(s) best explained the presence or absence of a pain
complaint.. The p-value to enter the model was set at 0.05. Moreover, sensitivity and
specificityy were determined. Sensitivity and specificity depend upon the cut-off value
chosen.. For this study, that cut-off value was chosen for which the sensitivity and
specificityy were as much as possible the same. Levels of p<0.05 were considered
statisticallyy significant. For all statistical analyses, the SPSS 9.0 package (SPSS Inc..
1998)) was used.
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Results s
Figuress 1 and 2 show box-and-whisker plots of the maximal VAS scores for palpation
andd for the dvnamic/static tests.
Palpation n

Dynamic.'' static

oo

§§

55
OO
OO

Noo pain

Craniomandibular pain

No pain

Craniomandibular pain

Figuree 1. Box-and-whisker plots of the maximal VAS scores of palpation and
dynamic/staticc tests, for the groups with or without craniomandibular pain.
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Figuree 2. Box-and-whisker plots of the maximal VAS scores of palpation and
dvnamic/staticc tests, for the groups with or without cervical spinal pain.

Personss with a craniomandibular or cervical spinal pain complaint rated their
maximall VAS pain intensities higher than persons without a pain complaint, and the
maximall pain scores of the palpation tests were higher than those of the dynamic/static
testss (Table 1, and contrast analyses. p=0.000). Moreover, there was less overlap in
painn scores between persons with and without a pain complaint for the dynamic/static
testss than for palpation (Table 1 interaction term, and contrast analysis. p=0.000).
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Tablee 1. Results of ANOVA for data shown in Figures 1 and 2, with
thee maximal VAS score as dependent variable (n=247; there were 3
missingg values in the data).
Sourcee of variation

df f

FF

PP

Painn group vs. non-pain group

1.245 5

141.96 6

0.000 0

Dynamic/staticc vs. palpation

1,245 5

80.81 1

0.000 0

Groupss by tests

1,245 5

22.53 3

0.000 0

Painn group vs. non-pain group

1,245

56.46

0.000

Dynamic/staticc vs. palpation

1,245

51.43

0.000

Groupss by tests

1,245

12.22

0.001

Craniomandibularr system

Cervicall spinal system

Tablee 2 shows frequencies of the maximum verbal pain intensities on palpation,
dynamic/staticc tests and active/passive movements for the non-pain and pain groups.

Tablee 2. Frequency (%) of maximum verbal scores for the non-pain group vs. the pain
groupp (in parentheses).
Craniomandibular rsystemm a

Cerv vcall spinalsystemb b

00

11

22

00

11

22

Palpation n

21(1) )

46(25) )

34(74) )

21(4) )

55(44) )

24(52) )

Dynamic/static c

555 (6)

38(32) )

7(62) )

48(8) )

411 (49)

11(43) )

Activee movements

67(13) ) 28(38) )

5(49) )

__

__

__

Passivee opening

633 (20) 27(29) )

10(51) )

__

__

--

12(0) )

48(24) )

Max.. verbal score

Act/pass movements
aa

--

--

40(76) )

n=245; there were 5 missing values in the data

bb n=244; there were 6 missing values in the data
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Personss with a craniomandibular or cervical spinal pain complaint showed higher
maximumm verbal pain intensities than persons without pain complaints (Table 3.
p<0.000).. Moreover. 'Fable 3 shows a difference in pain scores between the various
testss (p<0.000). For the craniomandibular system, the maximal pain intensity rated on
palpationn was highest, followed by pain on dynamic/static tests, then pain on passive opening
andd finally pain on active movements (standardised residuals). For the cervical spinal system,
thee maximal pain intensity on combined active and passive movements was rated highest,
followedd by pain on palpation, and then pain on dynamic/static tests (standardised residuals).

Tablee 3. Results of Loglinear-tests for maximal verbal pain data.
Sourcee of variation

df

%"

p

Painn group vs. non-pain group

2

325.67

0.000

Dynamic/static,, palpation, active

6

83.04

0.000

Painn group vs. non-pain group

22

134.05

0.000

Dynamic/static,, palpation,

66

72.57

0.000

Craniomandibularr system

a

movements,, passive opening

Cervicall spinal system "

active/passivee movements
aa

n=245

hh n=244
Tablee 4 shows the results of the single logistic regressions with the maximal VAS
scoress of dynamic/static tests or of palpation as predictor. The dynamic/static tests
discriminatedd better between persons with or without a craniomandibular or cervical
spinall pain complaint than palpation did. Moreover, the VAS cut-off value (the value
discriminatingg best between persons with or without a pain complaint) was higher for
palpationn than for the dynamic/static tests. Only the maximal VAS scores of the
dynamic/staticc tests were selected in the forward stepwise logistic regression analysis.
Palpationn did not significantly improve the ability of the model to discriminate
betweenn persons with or without a craniomandibular or cervical spinal pain complaint.
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Tablee 4. Results of the single logistic regressions, the sensitivity (%), specificity (%), and cut-off
valuess (mm) for the maximal VAS-scores. R.2; explained variance,
Craniomandibularr system
R22

: p<0.001, n=247.
Cervical spinal system

sensitivity specificity cut-off

R^

sensitivity specificity

cut-off

Palpationn

0.21***

71.4

72.0

24

0.11***

61.7

57.9

21

Dynamic/staticc

0.46***

78.8

77.0

12

0.24***

70.7

69.3

13

Tablee 5 shows the results of the single logistic regression analyses with the
maximall verbal pain scores as predictor. The dynamic/static tests discriminated best
betweenn persons with or without craniomandibular or cervical spinal pain.
Tablee 5. Results of the single logistic regressions, the sensitivity (%), specificity (%), and cut-off
valuess for the maximal verbal scores. R2; explained variance,
uarr system
C raniomandibu
C

: p<0.001.

3

Cervicall spinal lsystem" "

R2 R2 sensitivityy specificity cul-off f

R2 2 Sensitivit t specificitt

cut-off

Palpation n

0.28*** *

74.5 5

67.0 0

22

0.16*** *

52.3 3

yy
76.33

2

Dynamic/static c

0.50*** *

62.8 8

93.0 0

22

0.30*** *

91.5 5

47.44

1

Activee movements 0.44*** *

86.9 9

67.0 0

11

0.32*** *

80.0 0

64.0 0

11

--

--

--

0.21*** *

75.4 4

60.00

2

Passivee opening
Act/pass movements
a

n=245 5

b

n=244 4

--

Inn the forward stepwise logistic regression, the dynamic/static tests were selected
ass the first predictor. For the craniomandibular pain, pain on active movements was
selectedd as second predictor and pain on palpation as the third one (Table 6). Passive
openingg did not further improve the prediction of the model. Also for cervical spinal
pain,, the dynamic/static tests were selected as first predictor. The combined active and
passivee movements of the cervical spine further improved the model. The cut-off
valuess of the (combination of) tests are given in Table 6.
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Tablee 6. Results of the forward stepwise logistic regression, sensitivity (%), specificity (%). and cutofff values for the maximal verbal scores.
R*-:: explained variance, dy/st: dynamic/static tests, ***: p<0.001.
Craniomandibularr system3
Stepp

Variables

II

Dynamic/static

0.50****

0.000

62.8

93.0

2

III

Dy/st + active movements

0.56****

0.000

86.2

77.0

2C

IIII

Dy/st + active movements + 0.59****

0.020

81.4

82.0

d

R22

p (of the step) sensitivity specificity

cut-off

palpation n
Cervicall spinal system^
II

Dynamic/static

0.30***

0.000

91.55

47.4

I

III

Dy/st + active/passive

0.35***

0.002

75.44

66.7

]<

movements s
aa

n=245

bb

n=244

cc

sum score of the dynamic/static tests and of the active movements >2.

""

cut-off: sum score of dynamic/static tests and active movements >3, and >! on palpation.

ee

sum score of the dynamic/static tests and of the active/passive movements >1.
Inn none of the regressions used, a significant interaction was found between the

predictorr and gender or age. Moreover, none of the predictors for craniomandibular
painn showed an interaction with the presence or absence of cervical spinal pain, and
vicee versa.
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Discussion n
Thiss paper is part of a study to the prevalence of cervical spinal pain in
craniomandibularr pain patients. To study the prevalence of a musculoskeletal pain,
well-definedd criteria are needed to separate patients from non-patients. Unfortunately,
forr chronic musculoskeletal disorders, such as CMD and CSD, there are usually no
specificc tissue changes that can objectively diagnose its presence, and the recognition
iss usually based upon a selection of signs and symptoms. Since pain is the main reason
forr a patient to seek treatment for a musculoskeletal disorder, we have focused our
studyy on the pain complaints of the patients and on the signs, which best confirm the
presencee of these pain complaints. In particular, this study investigated the ability of
functionn tests {i.e., active and passive movements and dynamic/static tests) and of
palpationn to discriminate between patients with or without craniomandibular or
cervicall spinal pain complaints. In order to avoid bias, the physical examinations of the
craniomandibularr system and the cervical spine were performed under blind conditions
withh regard to the pain complaints of the persons involved.
Thee comparison of the results of the dynamic/static tests with those of palpation
showed,, that the maximal pain scores of the palpation tests were higher than those of
thee dynamic/static tests, and that there was less overlap in pain scores between persons
withh and without pain complaints for the dynamic/static tests than for palpation.
Consequently,, the cut-off value to discriminate between pain patients and non-patients
wass lower for the dynamic/static tests than for palpation, see Table 4. For this analysis,
thosee cut-off values were chosen for which the sensitivity and the specificity were as
muchh as possible the same. The choice for a cut-off value is not a statistical decision,
butt a decision based upon the nature of the disease (Dworkin et a!., 1990). In this
respect,, it was considered to be equally important to be able to identify those persons
whoo are suffering from musculoskeletal pain (sensitivity) and those who are not
(specificity).. The relatively high cut-off value for palpation stresses that persons
withoutt pain complaints may rate their pain intensity on palpation already quite high.
Forr example, in this study about 25%-40% of the persons without craniomandibular or
cervicall spinal pain complaints rated their maximal pain on palpation higher than the
correspondingg cut-off value (derived from Table 4 and 5). Dworkin et al. (1990)
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reportedd that the prevalence of pain on palpation of the masticatory system in a group
off community controls varied from 2% - 45%, and Kirveskari et al. (1988) showed that
moree than half of a group of participants without neck complaints reported tenderness
onn palpation of the neck-shoulder muscles.
Thee results of the single logistic regressions suggest, that the maximal pain
experiencedd during the dynamic/static tests better discriminates between persons with
orr without craniomandibular or cervical spinal pain complaints than the pain responses
onn the other tests. This is not surprising in the light of the clinical observation that the
craniomandibularr and cervical spinal pain usually aggravate during function, e.g., by
chewingg or yawning (Solberg, 1986; McNeill et al., 1990; Okeson, 1996), or by
movingg the head or adopting certain working positions (Grant and McKenzie, 1994).
Thee dynamic/static tests of the masticatory system and the cervical spine imitate joint
andd muscle function. During the dynamic tests, the joint structures are tested for pain
onn articulation, whereas during the static tests the muscles are tested for pain on
isometricc contraction.
Thee forward stepwise logistic regression analysis for the maximal VAS scores,
withh the maximal pain on the dynamic/static tests and on palpation as predictors,
showedd that palpation did not improve the discriminative power of the dynamic/static
testss alone. For the verbal pain scores the results showed that the active (and passive)
movementss did improve the discriminative power of the dynamic/static tests. In
addition,, for the craniomandibular system, also palpation slightly improved the
regressionn model. However, the use of the verbal pain scores of the individual tests has
thee disadvantage that the sensitivity and specificity are rather skewed, whereas the
inclusionn of more tests in the regression model only leads to relatively small
improvementss of the model at the expense of more complicated and impractical
combinationss of verbal pain cut-off values (see Table 6). Moreover, the sensitivity and
specificityy of the combinations are comparable to those of the VAS scores of the
dynamic/staticc tests alone: about 70% to 80%. Either way. still for 20%-3O% of the
personss the results of the tests did not coincide with those of the oral history. This may
partlyy be due to the fact that clinical tests give only a momentary impression of the
statuss of the musculoskeletal structures whereas musculoskeletal pain complaints may
varyy over time. Moreover, it is also possible that the pain complaints from the orofacial
56 6

TheThe recognition of craniomandibular and cervical spinal pain
orr neck region did not originate from the musculoskeletal structures but that they were
duee to other problems, such as pulpitis. The results of our study are partly in
accordancee with those of Lobbezoo-Scholte et al. (1993). These authors concluded that
thee combination of pain on active movements, passive opening, and palpation, rated on
aa verbal scale, discriminated best between CMD patients and controls. However, the
dynamic/staticc tests were not included in their protocol, only static pain tests were.
Moreover,, their CMD group was not based upon the outcome of an independently
performedd oral history, but consisted of persons with signs and/or symptoms of CMD
referredd to their department, and the physical examination of the masticatory system
wass not performed under blind conditions.
Inn conclusion; the results of this study indicate that the dynamic/static tests best
discriminatee between persons with or without craniomandibular or cervical spinal pain
complaints.. Since the recognition of these disorders is usually based upon a
combinationn of signs and symptoms, the use of reported pain complaints and the
resultss of the dynamic/static tests may be a good suggestion. Further longitudinal
studiess on samples of the population at large are needed to verify this suggestion.
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Abstract t
Thee craniomandibular system and the cervical spine are often considered a functional
entity,, and it has been suggested that patients with a craniomandibular disorder (CMD)
moree often suffer from a cervical spine disorder (CSD) than persons without a CMD.
However,, in most studies, no controlled, blind design was used, and conclusions were
basedd on differing signs and symptoms. Since pain, experienced during normal daily
activities,, is the most important reason to seek treatment for a CMD or CSD, in this
studyy it played a prominent role in the recognition of a CMD or CSD. So, the aim of
thiss study was to determine the prevalence of a cervical spinal pain in persons with or
withoutt craniomandibular pain, using a controlled, single blind design. The prevalence
off cervical spinal pain was also determined in subgroups of craniomandibular pain
patients.. From 250 persons, a standardised oral history was taken, and a physical
examinationn of the masticatory system and the neck was performed. To recognise the
presencee of the two disorders, three classification models were used: one based on
symptomss only, a second on signs only, and a third one based on a combination of
symptomss and signs. The CMD patients were also subdivided in three subgroups:
patientss with mainly myogenous pain, mainly arthrogenous pain, and both myogenous
andd arthrogenous pain. Craniomandibular pain patients more often showed cervical
spinall pain than persons without craniomandibular pain, independent of the
classificationn model used (p=0.000). No difference in the prevalence of cervical spinal
painn was found between the three subgroups of craniomandibular pain patients
(p=0.948). .

60 0

PrevalencePrevalence of cervical spinal pain
Introduction n
Craniomandibularr disorders (CMD) and cervical spine disorders (CSD) are collective
termss embracing a number of clinical problems of the musculoskeletal structures of the
masticatoryy system and of the cervical spine. The most frequent symptom, that both
disorderss have in common, is pain originating from the musculoskeletal structures,
whichh usually aggravates by chewing or other jaw function (Okeson, 1996). or by
movingg the head or adopting certain head positions (Grant and McKenzie, 1994).
Studiess on chronic musculoskeletal disorders, such as CMD and CSD, are hampered
byy the fact that there usually are no specific tissue changes that can objectively
diagnosee the presence or absence of the disorder. Their recognition mainly relies upon
thee presence of isolated signs or symptoms of the disorders (Lobbezoo-Scholtc et ai,
1995;; De Wijer etal., 1996). However, isolated signs and symptoms of CMD and CSD
aree quite common in the general population. For example, the prevalence of pain on
palpationn of intraoral muscle sites in a group of community controls varied from 8% 45%% (Dworkin et ai, 1990a) and more than half of a group of participants without
neckk complaints reported tenderness on palpation of the neck-shoulder muscles
(Kirveskarii et ai, 1988). These examples confirm the need for the inclusion of a nonpatientt group in studies on CMD and CSD.
Thee craniomandibular system and the cervical spine are often considered a
functionall entity, and it has been suggested that patients with a craniomandibular
disorderr (CMD) more often suffer from a cervical spine disorder (CSD) than persons
withoutt a CMD. Previous studies to the coexistence between CMD and CSD. that
includedd a non-patient group, indicated that CMD patients more often show signs
and/orr symptoms of CSD than non-CMD patients (Clark et ai, 1987; Cacchiotti et ai,
1991;; De Laat et ai, 1998; Ciancaglini et ai, 1999). However, the results of these
studiess are difficult to interpret. Different signs and/or symptoms are used to describe
thee prevalence of a CMD or CSD. Moreover, different examination techniques, such as
questionnairess (Clark etal., 1987; Cacchiotti et ai, 1991; Ciancaglini et ai, 1999) and
variouss clinical tests (Clark et ai, 1987; Cacchiotti et ai, 1991; De Laat et ai, 1998)
weree employed to establish the presence of the disorders. The study by Clark et al.
(1987)) clearly showed that the method used to recognise a CMD or CSD is of
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importancee for the outcome of the investigation. A statistically significant difference in
CSDD signs and symptoms between their CMD patients and controls was found when
thee scores were based upon both a questionnaire and a clinical examination. However,
thiss difference was not quite significant any more when these items were considered
independently. .
Inn order to avoid bias, studies on the prevalence of CSD signs and/or symptoms in
CMDD patients should preferably be performed under blind conditions with regard to
thee classification of the participants. Until nowr, the study by De Laat et al. (1998) is
thee only study on this subject performed in a controlled, single blind design. However,
onee of their inclusion criteria for the CMD patients was that no evaluation or treatment
forr cervical problems had been performed in the past, whereas the control subjects
weree not only free from CMD but also from subjective complaints of cervical
dysfunction.. This hampers the answer to the question whether participants with CMD
complaintss more often show signs and/or symptoms of CSD than participants without
CMDD complaints.
Sincee pain, experienced during normal daily activities, is the most important
reasonn to seek treatment for a CMD or CSD, in this study it played a prominent role in
thee recognition of a CMD or CSD. Therefore, the aim of the present study was to
determinee the prevalence of cervical spinal pain in persons with or without
craniomandibularr pain, using a controlled, single blind design. To study the influence
off the examination methods used, the presence of the two disorders was established in
threee different ways. It was based on the presence of well-described pain complaints
reportedd in the oral history, upon pain which was provoked in well-defined clinical
tests,, or upon the combination of pain reported in the oral history and that provoked in
thee clinical examination. The presence of cervical spinal pain was also established in
subgroupss of craniomandibular pain patients.
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Materialss and methods
Participants Participants
Thiss investigation is part of a study on the relationship between craniomandibular and
cervicall spinal pain. In total, 250 persons, 179 women and 71 men, with a mean age of
344

13.3 years, participated. These participants were consecutively recruited from

personss referred to the Academic Centre for Dentistry Amsterdam (ACTA) for CMD
complaints,, were friends or relatives of the recruited persons, or were friends or
relativess of co-workers from the department. Exclusion criteria were the presence of
generall joint disorders that might involve the head and neck region (e.g., rheumatoid
arthritis),, a history of jaw fractures or orthognathic surgery, or active treatment for a
CMD.. Inclusion criterion was a good understanding of the Dutch language.
Fromm each participant an oral history was taken and a physical examination of
thee masticatory system and of the neck was performed. The scientific and ethical
aspectss of the protocol were reviewed and approved by the review board of the
Netherlandss Institute for Dental Sciences, and written informed consent was obtained
fromm all participants.
OralOral history taking
Alll oral histories were taken by the same examiner (CV) and included questions on
painn in the orofacial region and neck. When pain was present, its location, nature,
duration,, and radiation were determined. Moreover, aggravation of pain on function of
thee masticatory system or the neck was noted.
PhysicalPhysical examination of the craniomandibular system and the neck
Thee physical examination of the craniomandibular system was performed by one of
threee calibrated dentists; that of the neck, by one of two calibrated physical therapists
orr by one of four calibrated last year physical therapy students. The examiners were
blindd to the presence or absence of the participant's CMD or neck complaints. In the
examinations,, pain was provoked by palpation, by performing active and passive
movementt tests and by dynamic/static tests. During palpation, the muscular and joint
structuress of the masticatory system and the neck were examined. During active
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movementss the participant was asked to move the mandible or the head in several
directions;; during passive tests the examiner passively prolonged these movements.
Forr the dynamic tests, each of the movements was performed under the guidance of the
examinerr by applying a small manual resistance to the mandible or to the head. For the
staticc tests, the manual resistance applied by the examiner was so high that no
movementt of the mandible or the neck could occur. The pain responses provoked by
thee different tests were scored on a 5 point verbal scale whereas the pain responses to
thee palpation tests and to the dynamic/static tests were also rated on a 100-mm visual
analoguee scale (VAS). Details of these procedures are given elsewhere (Visscher et ai.
Chapterr 4).
RecognitionRecognition of craniomandibular and cervical spinal pain
Thee presence of the two disorders was established in three different ways. First, all
participantss were classified based upon the symptoms they reported in the oral history
('symptomss model'). The participant was classified as having a craniomandibular or
cervicall spinal pain, when there were complaints of pain or tenderness in the orofacial
regionn or the neck, during the previous month. Otherwise, the oral history was
consideredd negative. Two investigators independently evaluated the oral histories, and
decidedd whether pain was present. The investigators were blind to the outcome of the
physicall examinations. They initially disagreed on two persons, discussed the oral
histories,, and came to an agreement.
Second,, the participants were classified according to their pain signs, recorded
duringg the physical examination of the masticatory system and the neck ('signs
model').. As reported in a previous study (Visscher et ai. Chapter 4) the maximum
painn scores of the active/passive movement tests, palpation, and dynamic/static tests
havee been entered into a forward stepwise logistic regression analysis to determine
whichh (combination of) test(s) best discriminated between persons with or without
craniomandibularr or cervical spinal pain, as reported in the oral history. This was done
twice,, for the verbal scores and for the VAS scores. For both analyses, the pain
experiencedd during the dynamic/static tests best discriminated between persons with or
withoutt a pain complaint in the masticatory system or in the neck. Incorporation of the
scoress of the other tests into the regression model did not or only slightly improve the
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outcomee of the regression model and resulted in rather complicated combinations of
painn cut-off values. Therefore, only the maximum VAS scores from among the
dynamic/staticc tests were used in the signs model. The VAS cut-off value, which
discriminatedd best between persons with or without a pain complaint, was 12 mm for
thee masticatory system and 13 mm for the neck. So, the physical examination of the
masticatoryy system or the neck was considered positive when the participant rated the
painn intensity of at least one of the dynamic/static tests equal to or higher than the VAS
cut-offf value. Otherwise, the physical examination of the masticatory system or neck
wass considered negative.
Third,, the participants were classified according to the combined presence of
symptomss and signs ('symptoms & signs model'). They were classified as having
craniomandibularr or cervical spinal pain, when both the 'symptoms model" and the
"signss model' were positive. When both models were negative, the participant was
classifiedd as not having the pain disorder. When either the 'signs model' or the
'symptomss model' was positive, it was considered questionable whether or not the
participantt had the disorder and the person was assigned to a group with equivocal
craniomandibularr or cervical spinal complaints.
RecognitionRecognition of myogenous and arthrogenous craniomandibular pain
Thee craniomandibular pain patients, classified according to the 'symptoms & signs
model',, were also subdivided into three craniomandibular pain subgroups: patients
withh mainly myogenous pain, mainly arthrogenous pain, and both myogenous and
arthrogenouss pain. Two highly experienced investigators independently classified all
craniomandibularr pain patients. When a person reported pain complaints in the area of
thee masseter muscle and/or the temporalis muscle, which were confirmed by pain in
thee same area on dynamic/static tests or active movements, the person was assigned to
thee myogenous group. Pain complaints localised in the pre-auricular area can have an
arthrogenouss as well as a myogenous origin. In that case, the following signs were
regardedd indicative for arthrogenous pain: more pain on dynamic than on static tests,
painn on lateral or posterior palpation of the temporomandibular joint area, and pain
duringg the joint play tests. Indications for myogenous pain were then: more pain on
staticc than on dynamic tests, no pain on palpation of the joint area, and no pain on the
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jointt play tests. When a person had substantial signs and symptoms of a myogenous
andd an arthrogenous character, the person was assigned to a group with myogenous
andd arthrogenous pain. After the first, independent classification, the percentage of
agreementt between the two investigators was 79%. When the investigators disagreed,
theyy discussed it. and came to an agreement.
Statistics Statistics
Cohen'ss Kappa was used to assess agreement between the 'symptoms model' and the
'signss model', x^-tests were used to compare the prevalence of CSD in the non-CMD
group,, the CMD-patient group, and the CMD subgroups. In the same analyses, the
influencee of gender upon the possible relationship between CMD and CSD was
verified.. Levels of p<0.05 were considered statistically significant. For all statistical
analyses,, the SPSS 9.0 package (SPSS Inc., 1998) was used.

Results s
Tablee 1 shows the results of the classification of the participants into persons with or
withoutt craniomandibular or cervical spinal pain, based on the 'symptoms model', the
"signss model' and the "symptoms & signs model'. According to the oral history, 9 1 %
off the patients had chronic pain complaints (>6 months), 6% had subacute complaints
(3-66 months), and 3% had acute complaints (<3 months). The agreement between the
'symptomss model' and the "signs model' was moderate for the craniomandibular pain
classificationn
( K = 0 . 3 8 ) ..

(K=0.53).

and only fair for the cervical spinal pain classification

For the 'symptoms & signs model'. 57 and 77 persons respectively could not

bee classified unequivocally as having craniomandibular or cervical spinal pain.
Independentt of the classification used, the prevalence of cervical spinal pain in the
craniomandibularr pain group was higher than in the group without craniomandibular
painn (Table 2). No influence of gender upon the relationship between CMD and CSD
wass found (p=0.437-0.905).
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Tablee

1.

Results of f the e classification n of f thee

participantss

of cervical spinal

into persons s with h orr

without

craniomandibularr or cervical lspinall pain basedd on the three cassificationn models.
Craniomandibularr pain

Symptomss model
Signss model

3

Symptomss & Signsmodel
a

33

Cervicall spinal lpain n

no o

yes s

equivoca a11

no

yes s

equivocal l

102 2

148 8

--

115 5

135 5

--

113 3

136 6

--

127 7

120 0

--

79 9

113 3

57 7

82 2

88 8

77 7

onee value was missing for the craniomandibular classification, and three values were missing for the

cervicall spinal classification.

Tablee 2. The prevalence of cervical spinal pain (%) in the persons without craniomandibular pain and
inn the craniomandibular pain patients, classified according to the three classification models, and the
resultss of the % 2 -tests. *** p < Q.QQi
Symptomss model

Signss model

Symptomss & Signs model

Noo craniomandibular pain

31 1

25 5

13 3

Craniomandibularr pain

70 0

67 7

58 8

--

--

21 1

Equivocal l
22

35.51*** *

XX

43.40*** *

65.30*** *

Thee craniomandibular pain patients, classified according to the * symptoms &
signss model', were also divided in three subgroups. Eighty-two of these patients had
mainlyy myogenous pain, 14 had mainly arthrogenous pain, and 15 had both
myogenouss and arthrogenous pain. Two craniomandibular pain patients were not
classified,, because the results of the oral history suggested another classification than
thosee of the physical examination. The prevalence of cervical spinal pain in the
myogenouss group was 58%, in the arthrogenous group it was 64% and in the group
withh both myogenous and arthrogenous pain it was 53%. The prevalence of cervical
spinall pain was not significantly different between the three subgroups (x^=0.73;
p=0.948). .

67 7

pain

ChapterChapter 5

Discussion n
Thee aim of this study was to determine the prevalence of cervical spinal pain in
personss with or without craniomandibular pain. To determine the prevalence of a
disorder,, one needs well-defined criteria to separate patients from non-patients.
However,, for chronic musculoskeletal disorders such as CMD and CSD, there often
aree no specific tissue changes that can objectively diagnose their presence, and their
recognitionn is usually based upon a selection of signs and/or symptoms. To investigate
thee importance of the selection of signs and/or symptoms, the prevalence of a cervical
spinall pain in (non-)craniomandibular

pain patients was analysed

for three

classificationn models: the "symptoms model', the 'signs model' and the 'symptoms &
signss modef. The symptoms model

is likely to include all persons with

craniomandibularr or cervical spinal pain. However, it cannot be excluded that persons
withh pain complaints in the orofacial region or neck that do not originate from the
muscless or joints are also included in the patient groups. During the dynamic/static
testss the musculoskeletal structures of the masticatory system and the neck are loaded,
andd therefore the signs model is likely to include persons with craniomandibular or
cervicall spinal pain into the respective patient groups. However, this model only gives
aa momentary impression of the status of the musculoskeletal structures, whereas the
presencee of pain can fluctuate over time. Despite the fact that the dynamic/static tests
discriminatedd best between persons with or without pain complaints (Visscher et ai.
Chapterr 4), some of the non-patients will still be included into the patient groups, and
vicee versa. For this reason, we also used the 'signs and symptoms' model. This is in
accordancee with common clinical practice, that the recognition of a musculoskeletal
disorderr is usually based upon the combination of the symptoms of the patient and the
signss found in a physical examination (Spitzer et ai, 1987; Dworkin and LeResche,
1992;; Mersky and Bogduk, 1994; Okeson, 1996). In the Research Diagnostic Criteria
forr CMD (Dworkin and LeResche, 1992), palpation tests play an important role in the
physicall examination. Since previous results showed that the pain intensity during
dynamic/staticc tests is more closely related to the CMD or CSD pain complaints than
palpation,, we preferred the use of dynamic/static tests instead of palpation (Visscher et
al.al. Chapter 4). The persons who were included in the patient and non-patient groups
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veryy likely had or did not have craniomandibular or cervical spinal pain. Participants
whoo were assigned to the equivocal groups may have experienced pain in the previous
month,, which could not be provoked at the time of the physical examination. However,
itt is also possible that their pain complaints did not originate from the musculoskeletal
structures,, but for example were based on a dental problem.
Thee results of this study suggest that the choice for criteria to recognise
craniomandibularr or cervical spinal pain is an important one: dependent upon the
classificationn model used, the percentage of a cervical spinal pain in persons without
craniomandibularr pain ranged from 13% to 31%, and in craniomandibular pain
patientss it ranged from 58% to 70%. This is in accordance with our finding that the
agreementt between the 'symptoms model' and the 'signs model' was moderate for the
craniomandibularr pain classification and only fair for the cervical spinal pain
classification,, and confirms earlier findings of Clark et al. (1987). Forty percent of
theirr CMD patients rated positive on a craniocervical questionnaire (symptom) or on a
physicall examination (sign), whereas only 22.5%» rated positive on both items. The
presentt study clearly showed that, irrespective of the classification model used, chronic
craniomandibularr pain patients more often suffer from a cervical spinal pain than
personss

without

craniomandibular

pain.

Apparently,

the

coexistence

of

craniomandibularr and cervical spinal pain is so strong, that it is found regardless of the
examinationn technique used. Our results support the conclusion made by De Laat et al.
(1998).. A high prevalence of symptoms and signs of CSD in CMD patients was also
foundd in the studies by Lobbezoo-Scholte et al. (1995) and De Wijer et al. (1996), but
inn these studies, the prevalence of cervical spinal pain in controls was not assessed.
Noo further attempts were made to divide the cervical spinal pain into subgroups.
Thee International Association for the Study of Pain (Mersky and Bogduk, 1994)
suggestss a detailed classification scheme for cervical spinal pain. However, they also
indicatee that for some of their subdiagnoses, such as arthritis and congenital vertebral
anomalies,, there is only weak evidence that the cervical spinal pain is causally
associatedd with the condition as diagnosed radiologically. Moreover, for most of these
subdiagnoses,, expensive

and relatively

inaccessible

imaging

techniques, like

radiology,, computer tomography or diagnostic nerve blocks are necessary.
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Thee persons who were classified as having craniomandibular pain according to the
'symptomss & signs' mode! were further divided in three subgroups. For the diagnosis
off a painful CMD, the RDC uses self reported pain and pain reported during palpation
and/orr mandibular movements. We have added the dynamic/static tests to those
describedd in the RDC in the classification of the craniomandibular subgroups. Our
resultss showed no difference in the prevalence of cervical spinal pain between the three
subgroupss of craniomandibular pain patients. Lobbezoo-Scholte et al (1995) did find
differencess in CSD symptoms and signs between myogenous CMD patients and
patientss with a disc displacement, and myogenous CMD patients in a study by De
Wijerr et al. (1996) showed more characteristics in common with CSD patients than
arthrogenouss CMD patients. Pain, however, did not play a dominant role in their
classifications.. In the arthrogenous subgroup and in the group with disc displacements,
alsoo CMD patients without pain complaints were included. In contrast, in our study,
painn was the main feature in the classification of all three craniomandibular subgroups.
Thee coexistence found between a craniomandibular and cervical spinal pain is
mostt probably multifactorial. Overload plays an important role in the etiology of a
musculoskeletall disorder. For the masticatory system and the neck, clenching or
grindingg teeth, and sustained (working) postures, can overload the musculoskeletal
structuress and result in pain (Christensen, 1981; Larsson et al, 1998). Many patients
claimm that they hold tension in both the jaw and neck regions simultaneously (Browne
etet al, 1998). Such habits often are the result of psychological factors, like stress or
anxietyy (Eversole and Machado, 1985; Kight et ai, 1999). Another possible cause for
thee coexistence of CMD and CSD may be found in the neurophysiological principles
off convergence and sensitisation. A constant nociceptive input on second-order
neuronss may increase the sensitivity of these neurons. Then, non-nociceptive neural
impulsess from other areas within the same segment, which converge onto these
neuronss may give rise to nociceptive sensations. For the craniocervical region, a
constantt nociceptive input from, for example, the upper part of the trapezius muscle
cann lead to an increased sensitivity of the spinal trigeminal nucleus. Non-nociceptive
stimulii from the masticatory system would then lead to painful sensations from the
trigeminall region (Sessie et al, 1986; Coderre et al, 1993; Okeson, 1996). In these
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cases,, the patient will experience craniomandibular and cervical spinal pain at the same
time. .
Inn conclusion, this study has shown that chronic craniomandibular pain patients
moree often suffer from cervical spinal pain than persons without craniomandibular
pain.. No difference in the prevalence of cervical spinal pain was found between
subgroupss of craniomandibular pain patients.
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Iss there a relationship between head posture
andd craniomandibular pain?
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Abstract t
Ann often suggested factor in the etiology of craniomandibular disorders (CMD) is an
anteropositionn of the head. However, the results of clinical studies to the relationship
betweenn CMD and head posture are contradictory. Therefore, the first aim of this study
wass to determine differences in head posture between well-defined craniomandibular
painn patients with or without a cervical spinal pain, and healthy controls. The second
aimm was to determine differences

in head posture between myogenous and

arthrogenouss craniomandibular pain patients and controls. Two hundred and fifty
personss entered the study. From each person, a standardised oral history was taken, and
blindd physical examinations of the masticatory system and of the neck were performed.
Thee participants were only included in one of the subgroups when the presence or
absencee of their symptoms was confirmed by the results of the physical examination.
Headd posture was quantified using lateral photographs and a lateral radiograph of the
headd and the cervical spine. After correction for age and gender effects, no difference
inn head posture was found between any of the patient and non-patient groups
(p>0.268).. Therefore, this study does not support the suggestion that painful
craniomandibularr disorders, with or without a cervical spinal pain, are related to head
posture. .
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Introduction n
Craniomandibularr disorders (CMD) are disorders of the musculoskeletal structures of
thee masticatory system. The most frequent presenting symptom is pain in the orofacial
region,, which is usually aggravated by chewing or other jaw function (Okeson. 1996).
Moreover,, limited jaw movements and joints sounds can occur. An often suggested
factorr in the etiology of CMD is an anteroposition of the head (Rocabado, 1984;
Mannheimerr and Rosenthal, 1991; Gonzalez and Manns, 1996). Experimental studies
havee shown that a change in head posture alters the position of the mandible (Darling
elel al, 1984; Goldstein et al., 1984), the movement paths of the mandibular condyle
(Visscherr et ai, 2000), and the activity of the masticatory muscles (Forsberg et ai,
1985;; Boyd et al, 1987). However, it is not clear whether these short-term effects
remainn present with long-term alterations in head posture, and whether they lead to
chronicc pain complaints.
Thee results of clinical studies to the relationship between CMD and head posture
aree contradictory (Darlow el al., 1987; Braun, 1991; Huggare and Raustia, 1992;
Hackneyy et ai, 1993; Lee et al, 1995). Darlow et al. (1987) studied a group of
myofasciall pain patients, and Hackney et al. (1993) examined patients with preauricularr pain complaints and an internal derangement of the temporomandibular joint.
Thesee studies did not show a difference in head posture between patients and controls.
Huggaree and Raustia (1992) studied a group of unspecified CMD patients and Lee et
al.al. (1995) a group of patients with a myogenous CMD. In both studies, several
methodss to quantify head posture were used. Huggare and Raustia (1992) found that
thee CMD patients had a more elevated head posture than the controls. Moreover, they
showedd that after stomatognatic treatment, the lordosis of the cervical spine
straightened.. For one of their methods used, Lee et al. (1995) found that the head was
positionedd more forward in the group with CMD than in the control group.
CMDD patients often also suffer from a cervical spine disorder (Alanen and
Kirveskari,, 1985; De Wijer et al, 1996; De Laat et ai, 1998). Braun (1991) examined
CMDD patients who also complained of cervical spinal pain, and concluded that these
patientss showed a more forward position of the head than healthy controls. So, in
studiess to the relationship between head posture and craniomandibular pain, it is
75 5

ChapterChapter 6

importantt to take the presence of a cervical spinal pain into account. Moreover, the
abovee evaluation of the literature suggests that in studies to the relationship between
craniomandibularr pain and head posture, diagnostic subgroups of craniomandibular
painn patients should be discriminated. Therefore, the aim of this study was twofold.
Thee first aim was to determine differences in head posture between craniomandibular
painn patients with or without cervical spinal pain. The second aim was to determine
differencess in head posture between myogenous and arthrogenous craniomandibular
painn patients.

Materialss and methods
Participants Participants
Thiss study is part of a study to the relationship between craniomandibular pain and
cervicall spinal pain. In total, 250 persons. 179 women and 71 men. with a mean age of
344

13.3 years, participated in this study. Participants were consecutively recruited

fromm persons referred to the Academic Centre for Dentistry Amsterdam (ACTA) for
CMDD complaints, were friends or relatives of the recruited persons, or were friends or
relativess of co-workers from the department. Exclusion criteria were the presence of
generall joint disorders that might involve the head and neck region (e.g., rheumatoid
arthritis),, a history of jaw fractures or orthognathic surgery, or active treatment for a
CMD.. Inclusion criterion was a good understanding of the Dutch language.
Fromm each participant an oral history was taken and a physical examination of the
masticatoryy system and of the neck was performed. For the analysis of head posture,
photographss and a radiograph of the head and the cervical spine were taken. Persons
weree free not to participate in this part of the study. The scientific and ethical aspects
off the protocol were reviewed and approved by the review board of the Netherlands
Institutee for Dental Sciences, and written informed consent was obtained from all
participants. .
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RecognitionRecognition of craniomandibular and cervical spinal pain
Currentt

diagnostic criteria tor a chronic musculoskeletal

disorders

such as

craniomandibularr or cervical spinal pain are usually based on a combination of the
subjectivee patient-based information, gathered during the oral history, plus the clinical
findings,findings, gathered during the physical examination. This combination then allows the
cliniciann to come to a high probability determination of the presence or absence of the
disorder.. In the standardised oral history taken from each patient, especially the
presencee of pain in the orofacial and neck region, and its aggravation on function was
noted.. Then, in a randomised order, physical examinations of the craniomandibular
systemm and of the neck were performed by carefully calibrated dentists and
physiotherapistss or last year physical therapy students, respectively. At the time of the
examination,, the examiner was blind to the presence or absence of the participant's
painn complaints. In the examinations, pain was provoked by palpation of muscular and
jointt structures of the masticatory system and the neck, and by performing active and
passivee movement tests and dynamic/static tests. During the active tests the participant
wass asked to move the mandible or the head in several directions, during the passive
testss these movements were prolonged by the examiner. For the dynamic tests, each of
thee movements was performed under the guidance of the examiner by applying a small
manuall resistance to the mandible or to the head. For the static tests, the manual
resistancee applied by the examiner was so high that no movement of the mandible or
thee neck could occur. The pain responses provoked by the different tests were scored
onn a 5 point verbal scale whereas the pain responses to the palpation tests and to the
dynamic/staticc tests were also rated on a visual analogue scale (VAS). The highest pain
scoress of each of the tests were entered into a (forward stepwise) logistic regression
analysiss to determine which (combination of) test(s) best discriminated between
personss with and without a craniomandibular or cervical spinal pain, as reported in the
orall history. This was done separately for the verbal scores and for the VAS scores.
Forr both analyses, the maximum pain experienced during the dynamic/static tests best
discriminatedd between persons with or without a pain complaint in the masticatory
systemm or in the neck. Incorporation of the maximum scores of the other tests did not
orr only slightly improve the outcome of the regression model and resulted in rather
complicatedd combinations of cut-off values. Therefore, it was decided to use the
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maximumm VAS scores of the dynamic/static tests only, to compare the results of the
orall history with. The VAS cut-off threshold value which discriminated best between
personss with or without pain complaints was 12 mm for the masticatory system and 13
mmm for the neck. The presence of craniomandibular or cervical spinal was then
recognisedd when, in the oral history, the patient reported pain or tenderness in the
orofaciall region or the neck during the previous month (symptom), and when at least
onee of the dynamic/static tests of the masticatory system or the neck provoked a pain
responsee which exceeded the VAS cut-off value (sign). When neither the symptom nor
thee sign was present, the participant was classified as not having craniomandibular or
cervicall spinal pain. When either the sign or the symptom was present, it was
consideredd questionable whether or not the participant had the disorder and the person
wass assigned to a group with equivocal craniomandibular or cervical spinal pain
complaintss (for further details of this protocol, see Chapters 4 and 5). From the 250
participants,, 138 could unequivocally be classified into one of the four following
groups;; a non-patient group, a group with craniomandibular pain, a group with cervical
spinall pain, and a group with both craniomandibular and cervical spinal pain (Table 1).
Thee pain complaints had a chronic (>6 months) or a subacute (3-6 months) character.
Thee data of the remaining participants were not included in the forthcoming analysis.

Tablee 1. Number of participants included in the different groups.
Craniomandibularr svstem
Pain n

Equivocal l

Total l

47 7

16 6

19 9

82 2

10 0

65 5

12 2

87 7

20 0

31 1

26 6

77 7

77 7

112 2

57 7

246 a a

Noo pain

aa

1 missing value for the craniomandibular classification, and 3 missing values for the

cervicall spinal classification.
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RecognitionRecognition of myogenous and arthrogenous craniomandibular pain
Alll participants with a craniomandibular pain (n=112. see Table 1) were also
subdividedd into three subgroups: patients with mainly myogenous pain complaints,
patientss with mainly arthrogenous pain complaints and patients with both myogenous
andd arthrogenous pain complaints. Indications for myogenous craniomandibular pain
weree pain complaints in the area of the masseter and/or temporalis muscle, which were
confirmedd by pain in the same area on dynamic/static tests or active movements. Pain
complaintss localised in the pre-auricular area can have an arthrogenous as well as a
myogenouss origin. In that case, the following findings were regarded as indications for
arthrogenouss pain: more pain on dynamic than on static tests, pain on lateral or
posteriorr palpation of the temporomandibular joint area, and pain during joint play
tests.. Indications of a myogenous pain were then: more pain on static than on dynamic
tests,, no pain on palpation of the temporomandibular joint area, and no pain on joint
playy tests. When a person had substantial signs and symptoms of a myogenous and
arthrogenouss character, the person was assigned to the group with a myogenous and
arthrogenouss craniomandibular pain. Eighty-two persons were assigned to the
myogenouss group, 14 to the arthrogenous group and 15 to the group with a myogenous
andd arthrogenous pain. One patient was not classified because the results of the oral
historyy suggested another classification than those of the physical examination.
HeadHead posture
AA lateral radiograph of the head and the cervical spine with the participant in a
standingg position and two lateral photographs, with the participant in standing and in
sittingg position, were taken to quantify head posture. To standardise head posture, the
participantt looked into his eyes in a mirror placed in front of him: the mirror position
off the head (Solow and Tallgren. 1976). Some of the persons preferred not to
participatee in this part of the study and, for technical reasons, some of the radiographs
andd photographs could not be used in the analysis. For the exact number of participants
inn the several groups, see Table 2 and 4.
Forr the radiograph, a Lanex fine Tmat G screen-film (Eastman Kodak, Rochester.
NY)) was used in a cassette with image intensifier. The distance between the X-ray
machinee (Philips, medio 65 CP-H) and the film was 3.92 m (Souren and Habets, 1997).
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Thee true vertical was visible on the radiograph. In radiography of the head, often a
cephalostatt is used. However, since it cannot be excluded that its use influences head
posture,, a cephalostat was not used in the present study. Head posture was defined as
thee angle between the horizontal plane and the "Cervical Posture Line* (CPL, Figure
1).. The CPL was defined as the line running as closely as possible along the centres of
thee upper six cervical vertebral bodies (Visscher et a/.. 1998). Four reference points
characterisedd the position of each vertebral body. The co-ordinates of these reference
pointss were digitised by means of an x.y-tablet (Scriptel RDT), and the centre of each
vertebrall body was determined. Based upon the least squares method, the linear
equationn of the line running as closely as possible along the centres of the vertebrae
wass calculated: the CPL.
Forr the photographs, a 35 mm camera was placed on a tripod and positioned
approximatelyy 1.5 m from the participant's left side. A free-hanging plumb line
definedd the true vertical on the photographs. Head posture was defined as the angle
betweenn the horizontal plane and a line between the tragus of the ear and the skin
overlyingg the tip of the seventh cervical spinous process (Cureton, 1941) (Figure 1).
Thiss process was palpated and indicated by an adhesive marker.
Twoo well-trained investigators, who were blind to the presence or absence of the
participant'ss craniomandibular or cervical spinal pain, independently traced all images.
Theirr results were compared, and when there was a difference of more than 2 degrees.
thee investigators discussed the tracings and repeated the measurement. The mean
valuess of the two measurements were used for further analysis. To determine the
reliabilityy of the methods. 10 persons volunteered to get their radiograph and
photographss taken on two separate occasions. For the radiographs, the Intraclass
Correlationn Coefficient (ICC) was 0.96. For the photographs the ICC was 0.86 and
0.83,, for the sitting and standing position, respectively. Furthermore, paired / tests
showedd no significant differences between the measurements from the two separate
occasionss (/=-0.81-1.43: p=0.191-0.444). The method error (ME) of differences (d) in
headd posture between the initial and repeat series of the images was expressed with the
formula:: ME = Vld 2 /2n. For the radiograph, ME was 2.1° and for the photographs it
wass 2.5°.
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CPL L
VER R

Figuree 1. Schematic diagram of the Cervical Position Line (CPL), its reference points
(.)) and the angle with the horizontal plane (a); and a schematic diagram of the line
betweenn the tragus of the ear and the tip of the seventh cervical spinous process (CI)
andd its angle with the horizontal plane (b). x = mathematical centre of a vertebra.

Statistics Statistics
AA paired / test was used to determine differences in head posture between the two
photographss (i.e., standing and sitting position), and a Pearson's Correlation was
calculatedd to determine the correlation between head posture measured on the
radiographh and the photographs. Univariate Analysis of Covariance with gender and
agee as covariate and t tests were used to analyse differences in head posture between
thee various patient groups and the non-patients. Levels of p<0.05 were considered
statisticallyy significant. For all statistical analyses, the SPSS 9.0 package (SPSS Inc..
1998)) was used.
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Results s
Noo difference in head posture as measured on the photographs with the participant in a
sittingg or a standing position was found (/ =1.64, p=0.104). Therefore, the mean values
off the two photographs were used in the further analysis. A significant positive
correlationn was found between the head posture measured on the radiograph and on the
photographss (R=0.43, p=0.000).
Inn Table 2 the mean values and standard deviations of the two angles used to quantify
headd posture are shown for the non-pain group, the group with craniomandibular pain, the
groupp with cervical spinal pain and the group with both craniomandibular and cervical spinal
pain. .

Tablee 2. The mean value ( °), standard deviation (SD), and number of participants per group (N) for
thee two methods used to determine head posture.
Method d

Non-pain n

Craniomandibular r

Cervicall spinal

pain n

pain n

meann (SD) N

meann (SD) N N

meann (SD) N

meann (SD)

N

Radiograph! !

85.8(5.6))

40

88.2(4.5) )

13 3

84.6(6.4))

6

87.4(4.6))

47

Photograph^ ^

52.3(4.5))

45

53.3(7.6) )

16 6

51.1(6.5))

10

53.4(5.2))

59

Craniomandibularr &
cervicall spinal pain

'' 32 missing values; some participants preferred not to get the radiograph taken, or there were
missingg reference points on the radiograph.
22 8 missing values; all because of missing reference points

Forr both methods, no difference was found in head posture between the four
groups,, see Table 3. For the photographs, but not for the radiographs, increasing age
wass associated with a more anteroposition of the head (/=-2.39, p=0.019). No
significantt interactions between age and head posture were present.
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Tablee 3. ANOVA: effect of the 4 groups (i.e., non-pain group, craniomandibular
painn group, cervical spinal pain group, and the group with both craniomandibular
andd cervical spinal pain) on head posture, corrected for gender and age effects.
Radiographh
dff

F

p

Photograph
df

F

p

Covariate: :
Genderr

1

0.00

0.998

1 0.52

0.472

Agee

1

1.36

0.246

1 5.69

0.019

3

1.41

0.244

3 0.42 0.740

Effect: :
Groupp

Tablee 4 shows the mean values and the standard deviations of the head posture for
thee non-pain group, the group with myogenous pain, the group with arthrogenous pain
andd the group with both myogenous and arthrogenous pain.
Tablee 4. The mean value ( °), standard deviation (SD), and number of participants per group (N) for
thee two methods used to determine head posture.
Method d

Non-pain n

Myogenous s

Arthrogenous s

Myogenouss &

pain n

pain n

arthrogenous s

meann (SD) N

meann (SD) N

meann (SD) N

meann (SD)

N

Radiographh 1

85.99 (5.7) 62

87.00 (5.4)

63

88.77 (5.3)

11

88.00 (6.8)

11

Photograph^ ^

51.99 (4.9) 74

52.77 (5.7)

75

54.99 (5.3)

14

52.88 (7.4)

15

'theree were 45 missing values; some participants preferred not to get the radiograph taken, or there
weree missing reference points on the radiograph.
'-theree were 14 missing values; all because of missing reference points

Noo difference in head posture was found between the craniomandibular subgroups
andd the non-pain group. There was a positive age effect for the photographs (Table 5).
Noo interactions were present.
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Tablee 5. ANOVA: effect of the 4 groups (i.e. non- pain, myogenous
pain,, arthrogenous pain, and both myogenous and arthrogenous pain)
onn head posture, corrected for gender and age effects.
Radiographh
dff

Photograph

F

p

df

F

p

Covariate: :
Genderr

1

0.21

0.645

1

0.16

0.690

Agee

1

0.03

0.864

1 10.20

0.002

3

1.18

0.319

3

0.268

Effect: :
Groupp

1.32

Discussion n
Abnormall head posture is suggested as a possible initiating or perpetuating factor in
thee etiology of CMD (Rocabado, 1984; Mannheimer and Rosenthal, 1991; Gonzalez
andd Manns, 1996). A study to the relationship between CMD, CSD, and head posture
iss only possible when the disorders and the head posture are well defined. However,
forr chronic musculoskeletal disorders such as CMD and CSD, there often are no
specificc tissue changes that can objectively diagnose their presence. Since the most
importantt feature of CMD and CSD is chronic pain, we have based the recognition of
theirr presence in our group of participants upon that feature. In that respect much effort
hass been made to unambiguously distinguish patients from non-patients. The
participantss were only included into one of the patient groups or into the non-patient
groupp when the results of the oral history were in agreement with those of the physical
examination.. Results were considered inconsistent when either the oral history or the
physicall examination had a positive pain response. Participants with inconsistent
resultss were not included into the analyses. These patients probably suffered from only
minorr craniomandibular or cervical spinal complaints, or their complaints originated
fromm other structures than those of the masticatory system or the neck.
Headd posture is also a difficult concept to capture in a single quantity. In the
literature,, different methods have been suggested to do so through measurements made
onn lateral photographs (Cureton. 1941; Darling et ai. 1984; Braun. 1991: Hackney et
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ai,ai, 1993; Lee et ai, 1995) or on radiographs (Solovv and Tallgren, 1976; Huggare and
Raustia,, 1992; Visscher et ai, 1998). During the investigations, the participant often
attainedd the so-called mirror position of the head while either standing (Darling et ai.
1984;; Huggare and Raustia, 1992; Hackney et ai, 1993; Lee et ai, 1995) or sitting
(Braun,, 1991; Hackney et ai, 1993). The results of the present study showed no
differencee in head posture hetween these two body positions and therefore their mean
valuess were used in the analyses. Lcc et ai (1995), in a study to the relationship
betweenn forward head posture and CMD, suggested three linear distances and two
angless to measure head posture. Since the angle between the line through the ear and
thee seventh cervical vertebra and the horizontal plane was the only one that revealed a
statisticallyy significant difference between the CMD patients and controls, this angle
wass used in the present study. For the radiographs, reference lines such as the 'nasionsellaa line' and the 'cervical vertebrae tangent' (CVT) (Solow and Tallgren, 1976) are
oftenn used to describe the position of the head or of parts of the cervical spine.
However,, the angle between the nasion-sella line and the vertical is more sensitive to
flexionn and extension of the head than to its anteroposition. while the CVT is only
determinedd by the position of the second and the fourth cervical vertebra. Therefore, in
aa previous study from our department, a new reference line was proposed to measure
thee anteroposition of the head: the Cervical Posture Line (CPL) (Visscher et ai, 1998).
Thiss line is determined by the position of each of the upper six cervical vertebrae. The
seventhh cervical vertebra was not included in the analysis, because it was often not
completelyy visible due to overlap on the shoulder girdle. The reliability of the
photographicc and radiographic methods was high. The method error (2.1°- 2.5°)
betweenn two successive measurements was about 10% of the range in head posture
foundd in our study sample. This indicates that the methods are sensitive enough to
detectt possible differences in head posture between the participants. The positive
correlationn found between the photographic and radiological measures shows that the
twoo techniques have a factor in common, probably head posture. However, the
correlationn

coefficient

of

0.43

indicates

that

the

two

techniques

are

not

interchangeable. .
Thee results of our study do not support the suggestion that an anteroposition of the
headd is related to craniomandibular pain, not even when the presence of cervical spinal
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painn is taken into account or when the craniomandibular pain patients are subdivided
intoo myogenous or arthrogenous patients. The results of earlier studies to the
relationshipp between CMD and head posture are contradictory and difficult to compare
withh our results (Darlow et al, 1987; Braun, 1991; Huggare and Raustia. 1992;
Hackneyy et al, 1993; Lee et al, 1995). Often different techniques and different,
sometimess unspecified, patient groups were used. Two of the studies that used the
samee photographic technique, gave a positive relationship between head posture and
CMDD (Braun, 1991; Lee, 1995), whereas the third study with the same technique
yieldedd a negative result (Hackney et al, 1993). The higher number of participants in
ourr study, the well-defined classification of our participants and the fact that the
investigators,, measuring head posture, were blind to the status of the participants, lead
uss to the conclusion that there is no relationship between head posture and
craniomandibularr pain. In the present study a wide range of head posture was found,
bothh in the non-patient group and in the patient groups. Experimental studies have
indicatedd that differences in head posture are related to different positions of the
mandiblee relative to the head, to altered movement paths of the mandibular condyle
andd to differences in the activity of the masticatory muscles (Darling et al, 1984;
Goldsteinn et al., 1984; Forsberg et al, 1985; Boyd et al, 1987; Visscher et al, 2000).
Thee negative conclusion of the present study shows that the results of short-term
experimentall studies have to be interpreted with care before clinical consequences are
drawn. .
Inn conclusion, the results of this study do not support the suggestion that
craniomandibularr pain, with or without cervical spinal pain, is related to abnormal
headd posture.
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Psychologicall distress in chronic craniomandibular
andd cervical spinal pain patients
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Abstract t
Inn chronic craniomandibular disorders, a relationship with psychological distress has
beenn often been investigated, yielding contradictory results. Recent studies to chronic
painn have shown that especially the number of painful body areas is related to the level
off psychological distress. Therefore, the first aim of this study was to analyse
differencess in level of psychological distress between craniomandibular pain patients
withh or without cervical spinal pain. In this analysis, the number of painful body areas
beloww the cervical spine was also taken into account. The second aim was to determine
differencess in level of psychological distress between subgroups of craniomandibular
painn patients. In this study. 103 out of 250 persons with or without craniomandibular
painn were included in the final analyses. From each participant an oral history was
takenn and independently performed examinations of the masticatory system and of the
cervicall spine were performed. Patients who suffered from both craniomandibular and
cervicall spinal pain showed higher levels of psychological distress, as measured with
thee Symptom Checklist 90 (SCL-90) than patients with local craniomandibular pain
andd persons without pain (p=0.026-0.000). Further, a positive relationship was found
betweenn the number of painful body areas below the cervical spine, as measured on a
bodyy drawing, and the SCL-90 scores (p=0.045-0.000). No psychological differences
weree found between myogenous and arthrogenous craniomandibular pain patients. In
conclusion:: chronic craniomandibular pain patients with a coexistent cervical spinal
painn

show

more

psychological

distress

than

craniomandibularr pain and asymptomatic persons.
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Introduction n
Inn chronic pain, the role of psychological distress has gained much attention (e.g.,
Romanoo and Turner, 1985; Dyrehag et al., 1998), and the majority of published
reportss have suggested that chronic pain patients show increased levels of distress, like
depressionn or anxiety. Psychological distress may be a consequence of pain and the
limitationss it imposes on the patient's life, but on the other hand chronic pain may also
bee a sign of an underlying psychological disturbance (Magni et al., 1994). Therefore,
diagnosticc classification systems, such as the 'Classification of Chronic Pain' by the
Internationall Association for the Study of Pain (Mersky and Bogduk, 1994), have
includedd psychological factors in the assessment of chronic pain. Recent studies have
indicatedd that in chronic pain patients, the level of psychological distress is also related
too the number of painful body areas. A large-scale epidemiologic survey (Dworkin et
al,al,

1990b) showed that patients with more than one pain site (e.g., back pain,

headache,, and craniomandibular pain) had higher levels of anxiety, depression, and
somatizationn than persons with only one pain site and non-patients. Moreover, studies
onn patients with widespread pain, such as fibromyalgia, also suggest that these patients
showw increased levels of psychological distress (Boissevain and McCain, 1991).
Craniomandibularr disorders (CMD) are disorders of the musculoskeletal structures
off the masticatory system. The most frequent presenting symptom is pain originating
fromm its musculoskeletal structures, which usually aggravates by chewing or other jaw
functionn (Mersky and Bogduk, 1994; Okeson, 1996). Moreover, symptoms like limited
jaww movements and joint sounds can occur. Like for other chronic musculoskeletal
disorders,, also for chronic CMD a relationship with psychological distress has been
suggestedd (e,g, Rugh and Solberg, 1976; Mersky and Bogduk, 1994; Turk, 1997;
Dohrenwendd et al,

1999), and the Research Diagnostic Criteria for CMD have

stressedd that psychosocial variables should be included in the classification of CMD
patientss (Dworkin and LeResche, 1992). This is expressed by their dual-axis approach:
thee first axis describes the physical diagnosis of a CMD and provides three categories
forr the most common forms of muscle- and joint related craniomandibular disorders,
whereass the second axis relates to the patients' pain-related

disability and

psychologicall status.
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Thee craniomandibular system forms a functional entity with the cervical spine
(Brodie,, 1950; Browne et al. 1998; Visscher et al, 2000). A coexistence of CMD with
signss and/or symptoms of a cervical spine disorder (CSD) has often been suggested
{e.g.{e.g. Clark et al, 1987; Kirveskari et al. 1988; De Wijer et al, 1996; De Laat et al,
1998;; Visscher et al, 1998). In this respect, CSD is a collective term embracing a
numberr of clinical problems of the musculoskeletal structures of the cervical spine,
withh as most important symptom pain in the neck region, which usually aggravates
duringg movements of the head or by adopting certain head positions (Grant and
McKenzie,, 1994). As described above, recent investigations have suggested that the
numberr of pain sites is also related to the level of distress. Therefore, the first aim of
thee present study was to analyse differences in level of psychological distress between
chronicc craniomandibular pain patients with or without cervical spinal pain. Since
patientss with a painful craniomandibular disorder may have a higher risk of suffering
fromm pain conditions in other parts of the body (Hagberg, 1991; Tiirp et al, 1998), the
numberr of painful body areas below the cervical spine was also taken into account in
thiss analysis.
Psychologicall differences between subgroups of CMD, i.e., patients with muscleorr joint related disorders, have also been investigated, with equivocal results. Some
studiess concluded that CMD patients with a myogenous disorder suffer from increased
levelss of psychological distress (Eversole et al, 1985; Lundeen et al, 1987; Kight et
al,al, 1999), whereas others did not find differences between subgroups of CMD patients
(Mahrbachh and Lund, 1981; Michelotti et al, 1998). Therefore, the second aim was to
determinee differences in level of psychological distress between subgroups of chronic
craniomandibularr pain patients.

92 2

PsychologicalPsychological distress in pain patient

Materialss and methods
Participants Participants
Thiss report is part of a larger study on the relationship between craniomandibular and
cervicall spinal pain. In total, 250 participants, 179 women and 71 men, with a mean
agee of 34

13.3 years, entered the study. These participants were consecutively

recruitedd from the CMD clinic at the Academic Centre for Dentistry Amsterdam
(ACTA),, were friends or relatives of the recruited persons, or were friends or relatives
off co-workers from the department. Exclusion criteria were the presence of general
jointt disorders that might involve the head and neck region {e.g., rheumatoid arthritis),
aa history of jaw fractures or orthognathic surgery, or active treatment for a CMD.
Inclusionn criterion was a good understanding of the Dutch language.
Fromm each participant an oral history was taken and physical examinations of the
masticatoryy system and neck were performed. Moreover, participants were asked to
completee the Symptom Checklist 90 and the body drawing of the McGill Pain
Questionnaire.. The scientific and ethical aspects of the protocol were reviewed and
approvedd by the review board of the Netherlands Institute for Dental Sciences, and
writtenn informed consent was obtained from all participants.
PsychologicalPsychological distress
Too assess the level of psychologic distress, the Dutch version of the Symptom
Checklistt 90 (SCT-90) was used. The SCL-90 is a self-report symptom inventory, with
900 items covering eight dimensions of psychologic distress experienced in a recent
period:: anxiety, depression, distrust and interpersonal sensitivity, hostility, insomnia,
obsessive-compulsiveness,, phobic anxiety, and somatic complaints. In addition, the
Dutchh SCL-90 provides a summary scale of overall psychologic and physical disorders
basedd on all items of the questionnaire: the psychoneuroticism scale. Each item is rated
onn a 5-point scale, measuring distress in a range from 1 (not at all) to 5 (very much).
Arrindell and Ettema (1986) have shown the Dutch SCL-90 to be reliable and valid and
havee presented normative data of the male and female Dutch population.
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WidespreadWidespread pain
Too determine the number of painful body sites, the body drawing of the McGill Pain
Questionnaire,, Dutch Language Version (MPQ-DLV) was used. Each participant
wass asked to indicate all painful body sites on the drawing. According to a protocol
suggestedd by Türp et al. (1997), the lower part of the body drawing (below the
cervicall spine) was divided in 5 areas (see Figure 1), and the number of areas
markedd was determined.
Fromm the initial 250 participants, 222 persons received the SCL-90 and the
MPQ-DLV,, and 177 participants fully completed both questionnaires; the response
ratee was 80%.

Jijj

jiL

Figuree 1. Body drawing of the McGill Pain
Questionnaire.. The five body areas used in the
analysess are indicated with numbers.

RecognitionRecognition of craniomandibular and cervical spinal pain
Currentt diagnostic criteria for musculoskeletal disorders, such as CMD or CSD, are
usuallyy based upon a combination of subjective patient-based information and
clinicall findings. In accordance to common clinical practice, in this study the
recognitionn of a craniomandibular and cervical spinal pain was based on the results
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off a standardised oral history and a physical examination of the masticatory system
andd of the neck. The oral history was always performed by the same examiner, and
mainlyy included questions on the presence of pain or tenderness in the orofacial and
neckk region. Carefully calibrated dentists and physiotherapists, or last year physical
therapyy students, performed the physical examinations of the craniomandibular
systemm and of the neck, respectively. At the time of the examination, the examiners
weree blind to the presence or absence of the participant's pain complaints.
Amongg others, pain was provoked by palpation, by performing active and
passivee movement tests, and by dynamic/static tests. During palpation, the muscular
andd joint structures of the masticatory system and of the neck were examined.
Duringg active movements the participant was asked to move the mandible or the
headd in several directions; during passive tests the examiner further prolonged these
movements.. For the dynamic tests, each of the movements was performed under the
guidancee of the examiner by applying a small manual resistance to the mandible or
too the head. For the static tests, the manual resistance applied by the examiner was
soo high that no movement of the mandible or the neck could occur.
Thee pain responses provoked by the different tests were scored on a 5-point
verball scale, ranging from 0 (no pain) to 4 (unbearably painful), whereas the pain
responsess on the palpation tests and on the dynamic/static tests were also rated on a
100-mmm visual analogue scale (VAS). In two separate analyses, one for the verbal
painn scores and one for the VAS pain scores, the highest scores of each of the tests
weree entered into a forward stepwise logistic regression analysis to determine which
(combinationn of) test(s) best discriminated between persons with or without a
craniomandibularr or cervical spinal pain complaint, as reported in the oral history.
Bothh analyses showed that the maximum pain score experienced during the
dynamic/staticc tests best discriminated between persons with or without pain
complaints.. The VAS cut-off threshold value of the dynamic/static tests was 12 mm
forr the masticatory system and 13 mm for the neck. The models with the verbal pain
scoress resulted in rather skewed ratios of sensitivity and specificity. Incorporation
off the maximum scores of the other tests did not or only slightly improve the
outcomee of the regression models and resulted in more complicated combinations of
cut-offf values. Therefore, it was decided to recognise the presence of a
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craniomandibularr or cervical spinal pain when, in the oral history, the participant
reportedd pain or tenderness in the orofacial region or the neck during the previous
monthh (symptom), and when at least one of the dynamic/static tests of the
masticatoryy system or the neck provoked a pain response which exceeded the VAS
cut-offf value (sign). When neither the symptom nor the sign was present, the
participantt was classified as not having a craniomandibular or cervical spinal pain.
Whenn either the sign or the symptom was present, it was considered uncertain
whetherr or not the participant had the disorder and the person was assigned to a
groupp with equivocal craniomandibular or cervical spinal pain complaints. Details
off these procedures are given elsewhere (Visscher et al., Chapters 4 and 5).
Fromm the 177 participants that completed the SCL-90 and the MPQ-DLV, 103
couldd unequivocally be classified into one of four mutually exclusive groups: a nonpainn group, a group with craniomandibular pain, a group with cervical spinal pain,
andd a group with both craniomandibular and cervical spinal pain (Table 1). The data
off the remaining participants were not included in the forthcoming analysis.
Accordingg to the oral history, 96% of the included persons with a craniomandibular
orr cervical spinal pain had chronic pain complaints (>6 months), the others had
subacutee pain complaints (3-6 months).
Tablee 1. Number of participants classified as having, or not having, craniomandibular or
cervicall spinal pain.
system m
Craniomar idibularr
r

Cervicall spinal system

No opain n

Pain n

Equ uvocal l

Total l

Noo pain

34 4

13 3

11 1

58 8

Pain n

66

50 0

77

63 3

Equivocal l

15 5

22 2

19 9

56 6

Total l

55 5

85 5

37 7

177 7

RecognitionRecognition of myogenous and arthrogenous craniomandibular pain
Thee participants with craniomandibular pain, with or without a cervical spinal pain
(n-63;; see Table 1), were also classified into three subgroups: patients with mainly
myogenouss pain complaints, patients with mainly arthrogenous pain complaints.
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andd patients with both myogenous and arthrogenous pain complaints. This
classificationn was also based upon the results of the oral history and of the physical
examinationn

of

the

masticatory

system.

Indications

for

a

myogenous

craniomandibularr pain were pain complaints in the area of the masseter and/or
temporaliss muscle, which were confirmed by pain in the same area on
dynamic/staticc tests or active movements. Pain complaints localised in the preauricularr area can have an arthrogenous as well as a myogenous origin. In that case,
thee following

findings

were regarded as indications

for an

arthrogenous

craniomandibularr pain: more pain on dynamic than on static tests, pain on lateral or
posteriorr palpation of the temporomandibular joint area, and pain during joint play
tests.. Indications of a myogenous craniomandibular pain were then: more pain on
staticc than on dynamic tests, no pain on palpation of the temporomandibular joint
area,, and no pain on joint play tests. When a person had substantial signs and
symptomss of both a myogenous and arthrogenous character, the person was
assignedd to the group with myogenous and arthrogenous pain. Forty-four persons
weree assigned to the myogenous group, 10 to the arthrogenous group and 9 to the
groupp with a myogenous and arthrogenous pain.
Statistics Statistics
Analysiss of Variance (ANOVA), followed by /-tests, was used to analyse
differencess in the number of painful body areas between the various pain groups
andd the non-pain group. Analyses of Covariance (ANCOVA), with gender and age
ass covariates, followed by /-tests, were used to analyse the effects of the
craniomandibularr and cervical spinal pain classification and the number of painful
bodyy areas elsewhere, on the SCL-90 scales. To analyse the effect of the subgroups
off craniomandibular pain patients on the SCL-90 scales, Analyses of Covariance
(ANCOVA)) were used, with gender, age, the presence or absence of cervical spinal
pain,, and the number of painful body areas elsewhere as covariates, and followed by
/-tests.. To correct for multiple testing, Holm's Bonferroni procedure was used
(Hollandd and Copenhaver, 1988). For all statistical analyses, the SPSS 9.0 package
(SPSSS Inc.. 1998) was used.
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Results s
Figuree 2 shows box-and-whisker plots of the number of painful areas (below the
cervicall spine) rated on the body drawing for the non-pain group, the group with
craniomandibularr pain, the group with cervical spinal pain, and the group with both
craniomandibularr and cervical spinal pain. The craniomandibular pain patients with a
cervicall spinal pain had more painful body areas than the craniomandibular pain
patientss without a cervical spinal pain and the non-pain group (F 199 =4.80, p=0.004;
t=1.t=1.84-2.92.84-2.92. p=0.005-0.004). The most frequently reported pain area was the back
(35%),, followed by the arms (10%), and the legs, chest, or abdomen (6%). Only three
patients,, all with craniomandibular and cervical spinal pain, showed three or more
painfull body areas elsewhere.

AA

B

c

I)

Figuree 2. Bow-and-whisker plots of the number of painful body
areass for the non-pain group (A), the craniomandibular pain group
(B),, the cervical spinal pain group (C), and the group with both
craniomandibularr and cervical spinal pain (D). **: p<0.01

Forr each SCL-90 scale. Table 2 shows the results of the ANCOVA with the
craniomandibularr and cervical spinal pain classification, and the number of painful
bodyy areas elsewhere as independent variables, and age and gender as covariates. In
thee second column, the F-values for the models including all variables are shown. The
modelss were significant for the scales anxiety, depression, obsessive-compulsiveness,
somaticc complaints, and psychoneuroticism. In all cases, both the craniomandibular
andd cervical spinal pain classification and the number of painful body areas
significantlyy contributed to these models. The group with both craniomandibular and
l
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cervicall spinal pain showed higher levels of psychological distress than the non-pain
groupp (7=3.27-5.39; p=0.002-0.000). For the SCL-90 scales obsessive-compulsiveness,
somaticc complaints, and psychoneuroticism this group also scored higher than the
groupp with only local craniomandibular pain (r=2.26-4.02; p=0.026-0.000). For the
numberr of painful body areas there was positive relationship with the SCL-90 scores.
Theree were no interactions between the two independent variables, nor was there an
agee effect on either of the SCL-90 scales. For two SCL-90 scales a gender difference
wass found: women rated higher than men on the dimensions depression and somatic
complaintss (t=2.12-2.31; pO.036-0.023).
Tablee 2. Effect of the craniomandibular and cervical spinal pain classification and the number of
painfull body areas, on the SCL-90 scales, with age and gender as covariates (ANCOVA and t-tests).
*:: significant after Holm's Bonferroni correction
Model l

Craniomandibularr and

Painfull body

cervicall spinal pain

areas s

SCL-900 scale

Difference e

Anxiety y

3.155

0.007*

4.266

0.007

D>A

4.111

0.045

Depression n

3.699

0.002*

3.744

0.014

D>A

4.277

0.041

Distrustt and interpersonal

2.288

0.042

Hostility y

2.733

0.017

Insomnia a

2.277

3.555

0.003

D>A, B

9.888

0.002

21.800

0.000

5.944

0.017

sensitivity y

0.043

Obsessive-compulsiveness s 3.555

0.003*

Phobicc anxiety

0.197

1.477

Somaticc complaints

11.966

0.000*

11.699 0.000

D>A, B;C>A

Psychoneuroticism m

4.477

0.000*

5.355

D>A, B

0.002

AA = non-pain group
BB = craniomandibular pain group
CC = cervical spinal pain group
DD = craniomandibular and cervical spinal pain group

Noo difference in SCL-90 scores was found between the myogenous pain group,
thee arthrogenous pain group, and the group with both myogenous and arthrogenous
painn (ANCOVA: F2,56=L24-2.47; p=0.297-0.093), nor was there a difference in the
numberr of painful body sites elsewhere between these groups (ANOVA: F2.6o=0-69,
p=0.504). .
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Discussion n
Inn studies to the relationship between psychological distress and craniomandibular
disorders,, a wide variety of self-report approaches to measure the level of distress has
beenn used (for a review, see Dahlstrom, 1993). Examples are the CES-D (Center for
Epidemiologicall Studies Depression Scale), the HSCL (Hopkins Symptom Checklist),
andd the SCL-90 (Symptom Checklist 90). These questionnaires measure several
psychologicall symptoms, such as anxiety and depression. For this study, important
advantagess of the SCL-90 are that it is validated in Dutch, and that Dutch normative
dataa are available (Arrindell and Ettema, 1986). Moreover, some of the SCL-90 scales
aree used by the Research Diagnostic Criteria for craniomandibular disorders (RDC) as
partt of their axis II classification (Dworkin and LeResche, 1992). Therefore, in the
presentt study, the SCL-90 was used to measure the level of psychological distress in
craniomandibularr and cervical spinal pain patients. In accordance to the normative
dataa of the Dutch population (Arrindell and Ettema, 1986), women rated some of the
SCL-900 dimensions higher than men. Other studies, using different questionnaires,
havee also found that women report higher levels of psychological distress than men
{e.g.,{e.g., Magni et al. 1994; Rajala et al., 1995). The reason for this gender difference is
nott clear, although it has been suggested that expression of symptoms is socially more
acceptablee to women than to men (Rajala et al. 1995). The results of this study
showedd that craniomandibular pain patients who also suffer from a cervical spinal pain
havee more painful body areas, rated below the cervical spine, than patients with only
craniomandibularr pain and persons without craniomandibular and cervical spinal pain.
Althoughh the difference was significant, only 3 patients, all with a craniomandibular
andd cervical spinal pain, reported pain in three or more body areas (Figure 2).
Moreover,, only 2 patients could be classified as having widespread pain, for which
painn in the left and in the right side of the body, pain above and below the waist, and
axiall skeletal pain must be present (Wolfe et al, 1990). The finding that CMD patients
havee a higher risk of painful body areas elsewhere has also been reported by Hagberg
(1991)) and Türp era/. (1998).
Forr all but one SCL-90 scale (i.e.. phobic anxiety), there was a trend that the
variabless included in the ANCOVA explained part of the variance of the model ('fable
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2).. After Bonferroni correction, for five of the SCL-90 scales, this trend reached the
levell of statistical significance. T-tests showed higher levels of psychological distress
inn the group of patients that suffered from both craniomandibular and cervical spinal
pain,, as compared to the non-pain group and, in three cases, the group with local
craniomandibularr pain. Moreover, the group of patients with localised cervical spinal
painn rated higher on the dimension for somatic complaints than the non-pain group,
evenn though this group comprised of only six persons. This sample size was so low
becausee it was not the aim of this study to look for patients with only localised cervical
spinall pain; this group was merely the result of our study design. The number of
painfull body areas rated below the cervical spine further explained part of the variation
inn psychological distress. The finding that the presence of more pain sites (i.e., both
craniomandibularr and cervical spinal pain, or more painful body areas) is related to
higherr levels of psychological distress, corroborates the results of other studies.
Dworkinn et al. (1990b) showed in a population-based sample that an increasing
numberr of pain sites (i.e., back pain, headache, abdominal pain, chest pain, and CMD
pain)) is related to higher levels of anxiety, depression and somatization as reported on
thee SCL-90, and this was later confirmed by Von Korff et al. (1992) and EktorAndersenn et al. (1999). The cited reports were epidemiological investigations, using
questionnairess or interviews to recognise the disorders. The present study focused on
thee masticatory system and the neck, and the combined results of an oral history and
ann independently performed clinical examination were used to unambiguously
recognisee the presence or absence of the craniomandibular and cervical spinal pain.
Amongg the three subgroups myogenous and arthrogenous craniomandibular pain
patients,, no differences in SCL-90 scores were found. This supports the results found
byy Mahrbach and Lund (1981) and Michelotti et al. (1998). Other studies, however,
havee indicated that subgroups of CMD patients differ in level of psychological distress
(Eversolee et al., 1985; Lundeen et al., 1987; Kight et al., 1999). At first. McCreary et
al.al. (1991) also found psychological differences between subgroups of CMD patients.
However,, when pain levels were controlled, most of these differences disappeared.
Thus,, psychological differences found may be due to differences in pain intensity and
thiss may also explain the positive results of the other cited studies. Specifically, in the
Lundeenn study (1987). the muscle pain group had more intense pain than the joint pain
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group.. In our study, the three subgroups of CMD patients showed similar pain
intensitiess (data not shown). Our results are further supported by the study of Rudy et
alal (1989). They compared the number of CMD signs among three psychosocialbehaviorall

subgroups

of

CMD

patients,

i.e.,

a

'dysfunctional'

group,

an

'interpersonallyy distressed* group, and a group of 'adaptive copers', and showed that,
exceptt for pain intensity, no differences in physical signs of CMD between these
subgroupss were present.
Inn conclusion: chronic craniomandibular pain patients with a coexistent cervical
spina!! pain show more psychological distress than patients with only a local
craniomandibularr pain and asymptomatic persons. No differences

in level of

psychologicall distress were found between subgroups of chronic craniomandibular
painn patients.
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Summary y
Craniomandibularr disorders (CMD) and cervical spine disorders (CSD) are collective
termss which comprise a number of clinical problems that involve the musculoskeletal
structuress of the masticatory system and the neck. For both disorders, pain is the most
frequentlyy reported symptom and the main reason to seek treatment. Therefore, in this
thesis,, the recognition of these disorders was based on the presence of pain. As a result
off the assumption that the craniomandibular system and the cervical spine form a
functionall entity, a coexistence of craniomandibular and cervical spine disorders has
oftenn been suggested. To further improve our insight into the functional linkage
betweenn the two musculoskeletal systems, in the first part of this thesis the relationship
off head posture with the kinematics of the human mandible and with the curvature of
thee cervical spine has been investigated.
Inn the second part of this thesis, the results of a large clinical study on cervical
spinall pain in chronic craniomandibular pain patients are presented. Unique to this
studyy is that only patients with pain are investigated, using a controlled and singleblindd design. Earlier studies investigated more heterogeneous patient groups, also
includingg persons with a functional disturbance but without pain. In addition, two risk
indicatorss that are possibly associated with craniomandibular and cervical spinal pain
aree evaluated.
Inn Chapter 1, a general introduction of the literature concerning the functional and
clinicall relationship of the craniomandibular system and the cervical spine are
presented. .

Parti i
ExperimentalExperimental

studies

Inn the first part of this thesis, two experimental studies on the functional relationship
betweenn the craniomandibular system and the cervical spine are described. In Chapter
2,, an experimental study to the influence of head posture on the kinematics of the
humann mandible during open-close movements was described, in healthy individuals.
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Thee Oral Kinesiology Analysis System (OKAS-3D) was used to record the mandibular
movements.. When the head was held in a relatively anterior (forward) or posterior
(military)) posture, the movement paths of the incisal point shifted in opposite direction
(p=0.000).. During lateroflexion of the head, the movement paths deviated to the side
thee head had moved to (p=0.008). Furthermore, the intra-articular distance in the
temporomandibularr joint decreased when the head was held in the military posture or
inn lateroflexion, whereas it increased when the head was held in the forward head
posturee (p=0.000). The changes in the kinematics of the mandible are probably related
too stretching of the masticatory muscles and varying influences of the force of gravity.
Thesee results confirm that the craniomandibular system and the cervical spine form a
functionall entity. In absolute terms, however, the changes in the kinematics of the
mandiblee

are

quite

small

{e.g., changes

in

intra-articular

distance

of

the

temporomandibularr joint <0.20 mm), and when the adaptive capabilities of the
musculoskeletall structures are taken into account, it remains uncertain whether an
abnormall head posture is related to the development of craniomandibular and/or
cervicall spinal pain. A clinical study on this relationship was presented in the second
partt of this thesis.
Inn Chapter 3, the relationship between head posture and the curvature of the
cervicall spine was investigated, in a group of healthy participants. Lateral radiographs
off the head and cervical spine were used to record head posture. Since the literature
doess not provide an appropriate reference line to quantify anteroposition of the head on
laterall radiographs, a new reference line was introduced: the cervical posture line
(CPL).. The curvature of the cervical spine was classified visually as lordotic, straight,
orr reversed. The results showed that in persons without craniomandibular and cervical
spinall pain, a wide variety of head postures and cervical spine curvatures was present.
Inn addition, it was found that a more forward head posture was related to a partly reversedd curvature, whereas a more upright posture was related to a lordotic curvature
(p=0.006).. So, this study corroborates the suggestion that head posture and curvature
off the cervical spine are closely related. However, the wide variation in posture and
curvaturee found in healthy individuals without pain, makes it unlikely that head
posturee is a risk indicator for craniomandibular and cervical spinal pain.
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Partt II
ClinicalClinical studies
Inn part II, the results of a large clinical study on cervical spinal pain in chronic
craniomandibularr pain patients are presented. Two hundred and fifty persons, with or
withoutt CMD complaints, were examined using a single-blind design. From all
persons,, an oral history was taken and a physical examination of the masticatory
systemm and of the cervical spine was performed. Unfortunately, there is no universally
acceptedd diagnostic system that can be applied for the recognition of both
craniomandibularr and cervical spinal pain. In common clinical practice, the recognition
off a musculoskeletal disorder is usually based on the complaints reported by the patient
andd the results of orthopedic tests. Since these tests may yield contradictory results, a
studyy on the relative importance of these tests in the recognition of craniomandibular
andd cervical spinal pain was presented in Chapter 4. For both the craniomandibular
systemm and the cervical spine, forward stepwise logistic regression analysis showed
thatt the dynamic/static tests best discriminated between persons with or without pain
complaints.. Combinations of these tests with other tests, e.g. active movements or
palpation,, did not (or only slightly) improve the discriminative power of the
dynamic/staticc tests alone, whereas it resulted in rather complicated cut-off criteria to
separatee patients from non-patients. The relatively high cut-off value of palpation
(aboutt twice that of the dynamic/static tests) emphasises that persons without pain
complaintss may rate their pain intensity on palpation already quite high. It was decided
too base the recognition of craniomandibular and cervical spinal pain on the complaints
reportedd in the oral history and on the results of the dynamic/static tests.
Inn Chapter 5, the above-proposed classification scheme was used to compare the
prevalencee of cervical spinal pain in craniomandibular pain patients to that in persons
withoutt craniomandibular pain. To further illustrate the importance of the criteria used
too recognise chronic musculoskeletal pain, the presence of craniomandibular and
cervicall spinal pain was also analysed when the complaints reported in the oral history
andd the results of the dynamic/static tests were considered independently. The results
confirmedd that the choice of criteria to recognise craniomandibular and cervical spinal
painn is an important one: dependent on the classification model used, 58-70% of the
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craniomandibularr pain patients also suffered from cervical spinal pain. For the persons
withoutt craniomandibular pain these percentages ranged from 13-31%. For all three
classificationn models, craniomandibular pain patients more often suffered

from

cervicall spinal pain than persons without craniomandibular pain (p=0.000). No
differencee in the prevalence of cervical spinal pain was found between subgroups of
craniomandibularr pain patients, i.e., patients with myogenous pain, arthrogenous pain,
orr both myogenous and arthrogenous pain.
Inn Chapters 6 and 7. two of the possible risk indicators for craniomandibular and
cervicall spinal pain were studied, i.e., forward head posture and level of psychological
distress.. The participants were divided into four groups, based on the combined results
off the oral history and the dynamic/static tests: persons without pain, craniomandibular
painn patients, cervical spinal pain patients, and patients with both craniomandibular
andd cervical spinal pain. In Chapter 6, the results of the study on head posture were
described.. Head posture was quantified on radiographs by the cervical posture line, as
introducedd in Chapter 3. To compare our findings with those reported in the literature,
headd posture was also quantified on lateral photographs of the head and the neck.
Neitherr for the classification based on craniomandibular and cervical spinal pain nor
forr the classification in myogenous or arthrogenous craniomandibular pain patients,
differencess in head posture were found. So, this study does not support the suggestion
thatt painful craniomandibular disorders, with or without cervical spinal pain, are
associatedd with abnormal head posture. In Chapter 7, the level of psychological
distresss in the various patient groups was studied. Since for chronic musculoskeletal
painn patients it has been reported that the spreading of pain is related to the level of
psychologicall distress, the number of painful body areas below the cervical spine was
alsoo included in the analyses. The level of psychological distress was rated by the
Symptomm Checklist 90 (SCL-90), and the number of painful body areas was scored on
thee body drawing of the McGill Pain Questionnaire (MPQ). Patients who suffered
fromm both craniomandibular and cervical spinal pain showed higher levels of
psychologicall distress than patients with only a local craniomandibular pain and
personss without pain. Further, a positive relationship was found between the number of
painfull body areas rated below the cervical spine and the SCL-90 scores. No
psychologicall

differences

were

found

between

myogenous

and

arthrogenous
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craniomandibularr pain patients. So, chronic craniomandibular pain patients with a
coexistentt cervical spinal pain show more psychological distress than patients with
onlyy local craniomandibular pain and asymptomatic persons.

Conclusions s
Thee first part of this thesis confirmed that the craniomandibular system and the
cervicall spine form a functional entity: head posture influences the kinematics of the
humann mandible, and is also related to the curvature of the cervical spine. In the
secondd part of this thesis, it was shown that the dynamic/static tests best discriminate
betweenn persons with and without craniomandibular or cervical spinal pain complaint.
Furthermore,, it was found that chronic craniomandibular pain patients often suffer
fromm cervical spinal pain as well, and that especially the patients with both
craniomandibularr and cervical spinal pain show increased levels of psychological
distress.. In contrast, our results indicated that head posture is not related to
craniomandibularr or cervical spinal pain. Moreover, for all topics studied, no
differencess between myogenous and arthrogenous craniomandibular pain patients were
found. .

Finall remarks
Inn this thesis, the primary symptom of craniomandibular disorders was considered to
bee pain in the musculoskeletal structures of the masticatory system. When using pain
ass the criterion to recognise the disorder, the conclusions of this thesis show that
chronicc craniomandibular pain patients show striking similarities with other chronic
musculoskeletall pain patients, like patients with chronic low back pain, fibromyalgia
orr myofascial pain. The pain complaints are often not restricted to a local area, but
insteadd show a regional or even more widespread pattern. Moreover, psychological
factorss seem to play an important role in the development and perpetuation of these
disorders.. These findings indicate that diagnosis and treatment should not be focused
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onn the local complaint the patient presents with, but instead should aim at his general
physicall condition as well as at the psychological factors associated with the disorder.
Ass a consequence, treatment of these chronic musculoskeletal pain patients asks for a
teamm approach, including disciplines like medicine, dentistry, physiotherapy, and
psychology..

Future

investigations should

further

explore

the coexistence of

craniomandibularr pain and more widespread pain disorders, taking the levels of
psychologicall distress into account as a possible risk indicator.
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Craniomandibulairee

en

cervicale

dysfuncties

zijn

aandoeningen

van

de

musculoskelettalee structuren van het kauwstelsel en de nek. Voor beide dysfuncties is
pijnn het meest voorkomende symptoom en vormt pijn de belangrijkste reden om
behandelingg te zoeken. Vandaar dat in dit proefschrift de herkenning van beide
dysfunctiess

is gebaseerd op de aanwezigheid van pijn. Als gevolg van de

veronderstellingg dat het craniomandibulaire systeem en de cervicale wervelkolom een
functionelee eenheid vormen, wordt er vaak een relatie tussen craniomandibulaire en
cervicalee dysfuncties gesuggereerd. Om het inzicht in de functionele samenhang tussen
beidee musculoskelettale systemen verder te ontwikkelen, is in het eerste deel van dit
proefschriftt de relatie tussen hoofdhouding en de kinematica van de mandibula en de
curvatuurr van de cervicale wervelkolom onderzocht.
Inn het tweede deel van dit proefschrift is, in een groot klinisch onderzoek, het
vóórkomenn van cervicale pijn bij patiënten met chronische craniomandibulaire pijn
onderzocht.. Kenmerkend voor deze studie is het gecontroleerde en 'single-blind'
designn en het feit dat alleen patiënten met pijn zijn opgenomen in de analyse. Eerdere
studiess naar de samenhang tussen craniomandibulaire en cervicale dysfuncties
onderzochtenn naast pijnpatiënten ook patiënten met een functiestoornis, zonder pijn. In
hett tweede deel van het proefschrift zijn tevens twee mogelijke risico indicatoren voor
craniomandibulairee en cervicale pijn geëvalueerd.
Hoofdstukk 1 geeft een algemene introductie betreffende de literatuur over de
functionelee en klinische relatie tussen het craniomandibulaire systeem en de cervicale
wervelkolom. .

Deeil l
Experimentelee studies
Inn het eerste deel van dit proefschrift worden twee experimentele studies naar de
functionelee relatie tussen het craniomandibulaire systeem en de cervicale wervelkolom
112 2

Summary/Samenvatting Summary/Sam
beschreven.. In Hoofdstuk 2 worden de resultaten van een experimentele studie naar de
invloedd van hoofdhouding op de kinematica van de mandibula tijdens open-sluit
bewegingenn gepresenteerd. Met behulp van het 'Oral Kinesiology Analysis System'
(OKAS-3D)) werden, in een groep gezonde individuen, de mandibulaire bewegingen
geregistreerd.. Wanneer het hoofd in een relatief voorwaartse of achterwaartse
(militaire)) hoofdpositie werd gehouden, verschoven de bewegingsbanen van het
incisiefpuntt in tegenovergestelde richting (p=0.000), terwijl bij lateroflexie van het
hoofd,, de bewegingsbanen in dezelfde richting verschoven (p=0.008). Verder bleek dat
dee intra-articulaire afstand in het temporomandibulaire gewricht afnam wanneer het
hoofdd in de militaire positie werd gehouden, terwijl deze afstand toenam wanneer het
hoofdd in de voorwaartse hoofdpositie werd gehouden (p=0.000). De veranderingen in
dee kinematica van de mandibula zijn waarschijnlijk het gevolg van rek van de
kauwspierenn en veranderende invloed van de zwaartekracht en bevestigen dat het
craniomandibulairee systeem en de cervicale wervelkolom een functionele eenheid
vormen.. Echter, in absolute zin zijn de veranderingen in de bewegingsbanen van de
mandibulaa vrij klein (bijv. in de intra-articulaire afstand van het temporomandibulaire
gewrichtt

<0.20

mm).

Wanneer

er

rekening

wordt

gehouden

met

het

herstellingsvermogenn van musculoskelettale structuren blijft het onzeker in hoeverre
eenn

abnormale

hoofdhouding

gerelateerd

is

aan

de

ontwikkeling

van

craniomandibulairee en/of cervicale pijn. Deze relatie wordt verder onderzocht in
Hoofdstukk 6 van dit proefschrift.
Inn Hoofdstuk 3 wordt de relatie tussen hoofdhouding en de curvatuur van de
cervicalee wervelkolom onderzocht bij een groep gezonde individuen. Hiertoe werden
lateralee röntgenfoto's van het hoofd en de cervicale wervelkolom gebruikt. Omdat in
dee literatuur geen geschikte referentielijn beschreven wordt om de mate van
voorwaartsee hoofdpositie op laterale röntgenfoto's te meten, werd eerst een nieuwe
referentielijnn geïntroduceerd: de 'cervical posture line' (CPL). De curvatuur van de
cervicalee wervelkolom

werd

visueel

geclassificeerd

als lordotisch, recht, of

omgekeerd.. De resultaten lieten zien dat er in personen zonder craniomandibulaire en
cervicalee pijn een grote variatie in curvatuur van de cervicale wervelkolom aanwezig
is.. Verder werd aangetoond dat een meer voorwaartse hoofdpositie gerelateerd is aan
eenn omgekeerde curvatuur, terwijl een meer rechtstandige positie gerelateerd is aan een
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lordotischee curvatuur (p=0.006). Deze studie bevestigt de suggestie dat hoofdhouding
enn curvatuur van de cervicale wervelkolom nauw aan elkaar gerelateerd zijn. De grote
variatiee in houding en curvatuur in gezonde individuen zonder pijn maakt het echter
onwaarschijnlijkk dat hoofdhouding een risico indicator is voor craniomandibulaire en
cervicalee pijn.

Deell II
Klinischee studie
Inn hei tweede deel van dit proefschrift worden de resultaten van een grote klinische
studiee

naar

cervicale

pijn

in

gepresenteerd.. Tweehonderdvijftig

chronische

craniomandibulaire

pijnpatiënten

personen, met en zonder craniomandibulaire

klachten,, werden onderzocht in een 'single-blind' design. Van alle personen werd een
anamnesee afgenomen en werd er een klinisch onderzoek van het kauwstelsel en van de
cervicalee wervelkolom uitgevoerd. Helaas bestaat er tot op heden geen universeel
geaccepteerdd diagnostisch systeem dat kan worden gebruikt om de aanwezigheid van
zowell craniomandibulaire als cervicale pijn vast te stellen. In de praktijk wordt de
herkenningg van een musculoskelettale aandoening meestal gebaseerd op de klachten
vann de patiënt en de resultaten van orthopedische tests. Aangezien deze tests
tegengesteldee resultaten kunnen opleveren, wordt in Hoofdstuk 4 een studie naar het
relatievee belang van deze tests in de herkenning van craniomandibulaire en cervicale
pijnn beschreven. Voor zowel het craniomandibulaire systeem als voor de cervicale
wervelkolomm toonde een voorwaartse, stapsgewijze, logistische regressieanalyse aan
datdat dynamisch/statische tests het best discrimineren tussen personen met en zonder
pijnklachten.. Combinaties van deze tests met andere tests, zoals actief bewegen of
palpatie,, verbeterden het discriminerend vermogen van de dynamisch/statische tests
niett (of nauwelijks) en resulteerden in vrij gecompliceerde 'cut-off criteria om
patiëntenn en niet-patiënten van elkaar te onderscheiden. De relatief hoge cut-off
waardee voor palpatie (ongeveer twee keer zo hoog als voor dynamisch/statische tests)
benadruktt dat personen zonder pijnklachten tijdens palpatie reeds een vrij hoge
pijnintensiteitt aangeven. Besloten werd om in dit proefschrift de herkenning van
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craniomandibulairee en cervicale pijn te baseren op de klachten zoals gerapporteerd in
dee anamnese en op de resultaten van de dynamisch/statische tests.
Inn Hoofdstuk 5 wordt het hierboven voorgestelde classificatieschema gebruikt om
dee prevalentie van cervicale pijn in craniomandibulaire pijnpatiênten te vergelijken met
diee in personen zonder craniomandibulaire pijn. Ten einde de invloed van de criteria
waarmeee de musculoskelettale aandoeningen worden gediagnostiseerd verder te
onderzoeken,, werd de aanwezigheid van craniomandibulaire en cervicale pijn ook
vastgesteldd door de klachten van de patiënt en de resultaten van de dynamisch/statische
testss onafhankelijk van elkaar te beschouwen. De resultaten bevestigden dat de keuze
voorr de criteria om craniomandibulaire en cervicale pijn te herkennen belangrijk is:
afhankelijkk van het gebruikte model varieerde het percentage cervicale pijn in
craniomandibulairee pijnpatiênten van 58-70%. In de groep zonder craniomandibulaire
pijnn varieerde dit percentage van 13-31%. Alle drie de classificatieschema's gaven wel
aann dat de craniomandibulaire pijnpatiênten vaker cervicale pijn hadden dan de
personenn zonder craniomandibulaire pijn (p=0.000). Er werd geen verschil in
prevalentiee van cervicale pijn gevonden tussen subgroepen

craniomandibulaire

pijnpatiênten,, d.w.z. patiënten met myogene, artrogene, of myogene én artrogene pijn.
Inn

Hoofdstuk

6

en

7 worden

twee

mogelijke

risico-indicatoren

voor

craniomandibulairee en cervicale pijn bestudeerd: hoofdhouding en psychologische
factoren.. Op basis van de gecombineerde resultaten van de anamnese en de
dynamisch/statischee tests werden de deelnemers opgedeeld in vier groepen: personen
zonderr pijn, met craniomandibulaire pijn, met cervicale pijn, en met zowel
craniomandibulairee als cervicale pijn. Daarnaast werden de craniomandibulaire
pijnpatiêntenn ook nog ingedeeld naar de oorsprong van hun pijn; myogeen, artrogeen,
off beide. In Hoofdstuk 6 worden de resultaten van de studie naar hoofdhouding
beschreven.. Hoofdhouding werd gekwantificeerd op laterale röntgenfoto's met de
'cervicall posture line', zoals geïntroduceerd in Hoofdstuk 3. Om onze bevindingen te
kunnenn vergelijken met die uit de literatuur werd hoofdhouding ook gekwantificeerd
mett behulp van laterale foto's van het hoofd en de nek. Noch voor de classificatie
gebaseerdd op craniomandibulaire en cervicale pijn, noch voor de indeling in myogene
enn artrogene craniomandibulaire pijn, werden er verschillen in hoofdhouding tussen de
groepenn gevonden. In Hoofdstuk 7 wordt een aantal psychologische factoren
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bestudeerd.. Omdat voor chronische musculoskelettale pijnpatiënten bekend is dat de
psychologischee factoren gerelateerd zijn aan de uitgebreidheid van de pijn, is het aantal
pijnlocatiess caudaal van de cervicale wervelkolom ook opgenomen in de analyse. De
psychologischee factoren werden gemeten met behulp van de 'Symptom Checklist 90"
(SCL-90),, en het aantal pijnlocaties werd gescoord op de lichaamstekening van de
'McGilll Pain Questionnaire' (MPQ). Patiënten met zowel craniomandibulaire als
cervicalee pijn

vertoonden

hogere

SCL-90 scores

dan

patiënten

met

alleen

craniomandibulairee pijn en personen zonder pijn. Verder werd er een positieve relatie
gevondenn tussen het aantal pijnlocaties caudaal van de cervicale wervelkolom en de
scoress van enkele SCL-90 schalen. Er werden geen psychologische verschillen
gevondenn tussen myogene en artrogene craniomandibulaire pijnpatiënten. Chronische
craniomandibulairee pijnpatiënten die tevens lijden aan cervicale pijn vertonen dus
hogeree psychologische scores dan patiënten met lokale craniomandibulaire pijn en
asymptomatischee personen.

Conclusies s
Hett eerste deel van dit proefschrift

bevestigde de veronderstelling dat het

craniomandibulairee systeem en de cervicale wervelkolom een functionele eenheid
vormen:: hoofdhouding beïnvloedt de kinematica van de mandibula, en is tevens
gerelateerdd aan de curvatuur van de cervicale wervelkolom. In het tweede deel van dit
proefschriftt werd aangetoond dat de dynamisch/statische tests het best discrimineren
tussenn personen met en zonder craniomandibulaire of cervicale pijnklachten. Verder
werdd gevonden dat chronische craniomandibulaire pijnpatiënten vaak lijden aan
cervicalee pijn, en dat met name de patiënten met zowel craniomandibulaire als
cervicalee pijn verhoogde psychologische scores hebben. De resultaten van dit
proefschriftt

geven

verder

aan

dat

hoofdhouding

niet

is

gerelateerd

aan

craniomandibulairee of cervicale pijn. Daarnaast is er voor de prevalentie van cervicale
pijnn en voor de onderzochte risico-indicatoren geen verschil gevonden tussen myogene
enn artrogene craniomandibulaire pijnpatiënten.
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Slotopmerkingen n
Inn dit proefschrift werd pijn in de musculoskelettale structuren van het kauwstelsel als
primairr symptoom van een craniomandibulaire dysfunctie beschouwt. Met pijn als
criteriumm om de dysfunctie te herkennen, laat dit proefschrift zien dat chronische
craniomandibulairee pijnpatiënten opvallende overeenkomsten vertonen met andere
chronischee musculoskelettale pijnpatiënten, zoals patiënten met lage rugklachten,
fibromyalgie,, of myofasciale pijn. De pijnklachten zijn immers vaak niet beperkt tot
eenn lokaal gebied, maar vertonen een meer regionaal of zelfs wijdverspreid patroon.
Daarnaastt lijken psychologische factoren een belangrijke rol te spelen in de
ontwikkelingg en het instandhouden van de aandoeningen. Deze resultaten geven aan
datt de diagnose en de behandeling van een craniomandibulaire dysfunctie niet
uitsluitendd gericht dienen te zijn op de lokale klacht waarmee de patiënt zich
presenteert,, maar ook gericht moet zijn op de cervicale wervelkolom en de rest van het
musculoskelettalee systeem van de patiënt. Daarnaast dient in gedachten gehouden te
wordenn dat psychologische factoren vaak gerelateerd zijn aan de aandoening. Als
gevolgg daarvan vragen de diagnostiek en de behandeling vaak om een teambenadering,
waarinn disciplines zoals tandheelkunde, fysiotherapie, en psychologie een belangrijke
roll spelen.
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Dankwoord d
155 September 2000. Een stralende nazomermiddag illustreert hoe ik me
voel:: mijn proefschrift is af! Precies 6 jaar geleden begon ik als 'assistent
inn opleiding' (/AIO) aan het in dit boekje beschreven onderzoek. Dit na een
stageperiodee van 3 maanden, waarin Chiel Naeije en Wim de Boer mijn
interessee voor wetenschappelijk onderzoek wisten om te zetten in een
groott

enthousiasme.

Er

volgden

aan

aantal

gesprekken

over

de

mogelijkheidd om na mijn opleiding fysiotherapie in dienst t e komen als
A I O .. Na enig wikken en wegen van mijn kant (bewegingswetenschappen of
tochh A I O ) , 'lichte' druk van Chiel, en enkele 'bevaderingen' van Wim
("wetenschappelijkk

onderzoek

is

niet

romantisch,

vaak

taai

met

tegenslagenn en teleurstellingen"), hakte ik de knoop door. Chiel, ik kan me
nogg goed je reactie herinneren toen ik j e belde over mijn besluit: "Niet
meerr over nadenken, maar neem er een borrel op!". Dat heb ik gedaan en ik
kann in alle eerlijkheid zeggen dat ik niet één keer spijt heb gehad van die
beslissing.. De afgelopen 6 jaren zijn een geweldige periode gebleken,
waarinn ik veel heb geleerd (en niet alleen op wetenschappelijk gebied), een
hoopp

plezier

heb

gehad

en met

hele

goede

collegae

heb

mogen

samenwerken. .
Prof.. dr. ir. Machiel Naeije, hierbij wil ik j e bedanken voor de
mogelijkheidd die j e me gegeven hebt om dit onderzoek uit t e voeren en de
vrijheidd waarin ik dat heb mogen doen. Je was zeer kritisch over de opzet,
uitvoeringg en uitwerking van het onderzoek, niet a l t i j d de makkelijkste,
maarr wel altijd bereid om naar mijn argumenten te luisteren. Onze, soms
langdurige,, besprekingen werden vaak opgeluisterd door j e unieke gevoel
voorr humor. Je deur stond (bijna) altijd open, en ik hoop dat dat nog lang
zoo zal blijven.
Dr.. Wim de Boer, in de wandelgangen noemen we je onze 'wandelende
encyclopedie'' en dat geldt niet alleen voor je medisch/anatomische kennis,
maarr ook voor je kennis van kunst en cultuur. I k heb j e leren kennen als
eenn heel gedegen onderzoeker, er a l t i j d zorg voor dragend dat de medisch
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ethischee aspecten van mijn onderzoek gewaarborgd waren, en dat er geen
anatomischee

fouten

in mijn artikelen

slopen. Bij aanvang van

mijn

aanstellingg heb j e aangegeven dat bij onze afdeling zou blijven t o t d a t mijn
onderzoekk afgerond zou zijn. Daaraan heb j e j e gehouden, maar ik hoop
nogg lang van j e gezelschap te kunnen genieten.
Eenn jaar na het begin van mijn onderzoek, deed dr. Frank Lobbezoo
zijnn intrede bij onze afdeling en werd al gauw mijn derde dagelijks
begeleider.. Frank, ik ben je uitermate dankbaar voor j e inzet in mijn
onderzoek,, zowel wat de praktische kant b e t r e f t als bij het schrijven van
dee artikelen. Drie jaar lang mocht ik een middag in de week j e agenda
vullenn met deelnemers voor mijn onderzoek, en kon ik er altijd op rekenen
datt j e er was. I n de laatste fase van mijn onderzoek werd j e al snel mijn
'engelss geweten', en de levendige discussies over punten en komma's zal ik
niett snel vergeten.
Drs.. Jacques van der Zaag, ook in jouw drukke agenda mocht ik een
middagg

stelen

en

die

vele

onderzoeksmrddagen

zullen

een

goede

herinneringg blijven. Waar nodig wierp j e een kritische blik op het
onderzoeksprotocoll en gaf j e met enige regelmaat, vaak onder het genot
vanvan een borrel, een geheel verfrissende kijk op soms vastgeroeste ideeën
("CMDD bestaat niet"). Blijf vooral tegen dit soort heilige huisjes schoppen;
hett houdt de geest scherp!
Dr.. Jules R. Hesse, ook jouw agenda heb ik voor het grootste deel van
mijnn onderzoek gedeeltelijk mogen vullen en je hebt me de gelegenheid
gegevenn om de fysiotherapeutische behandeling van CMD-patiènten onder
dee knie te krijgen. I k heb veel van j e ervaring met deze specifieke
patiëntengroepp geleerd.
Drs.. James J.R. Huddleston Slater,

met jou heb ik al die t i j d een

kamerr gedeeld en mijn eerste experimentele studie uitgevoerd. Samen
leerdenn we toen al snel ('the hard way') dat goed onderzoek inhoudt dat j e
j ee strak moet houden aan het protocol. Daarnaast stond j e

zonder

aarzelenn klaar om in te vallen als Frank of Jacques verhinderd was om het
onderzoekk uit t e voeren. Verder was er a l t i j d t i j d om bij t e praten, zowel
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watt werk als privé b e t r e f t . James, j e bent een goede collega en vriend, en
ikk wens je veel succes met j e eigen onderzoek.
Dr.. Hans Verheij, bedankt voor de statistiek die je voor me hebt
gedaann en voor het eindeloze geduld voor de vele statistische vragen die ik
opp j e afvuurde. I n onze wekelijkse werkbesprekingen ben j e meestal v r i j
onopvallendd aanwezig, maar soms kom j e onvergetelijk uit de hoek ('dit
soortt statistiek is pure intimidatie').
Tinekee Fortuyn en Diana Meyer. Jullie wil ik bedanken voor de
praktischee ondersteuning bij de uitvoering van mijn onderzoek. Indien
nodig,, vingen jullie de deelnemers van mijn onderzoek op, beantwoordden
dee vele telefoontjes en kon ik altijd even mijn verhaal houden.
Dr.. Leopold van Loon en dr. Willem Savalle, bedankt dat jullie op die
drukkee dagen in de kliniek er altijd nog aan dachten om patiënten uit t e
nodigenn voor deelname aan mijn onderzoek. Zonder deze inzet had ik die
magischee grens van 250 deelnemers nooit gehaald.
Drs.. Ko van der

Weijden, wil

ik bedanken voor

de

technische

ondersteuningg van mijn twee experimentele studies.
Enn natuurlijk alle studenten van de Hogeschool van Amsterdam, zonder
wiee ik di t onderzoek nooit had kunnen uitvoeren: Jesse en Maria-José,
Brigit,, Arjen en J e r r y , Ivo en Jane, Pauline en Sascha, Inge en Tunna,
FransFrans en Geertje, Ronald, Ilse en Monica, Nico en Mayke, Frank en
M a r t i j n ,, Jacqueline en Petra, Ilan en Merel, Wendy en Olivier, Wanda en
Sebastiaan.. I n het bijzonder wil ik Nico Hofman nog even noemen,
inmiddelss student-assistent bij onze afdeling. Nico, bedankt voor j e hulp
enn vriendschap en ik hoop dat ik het estafettestokje met succes aan j e
kann overdragen. I k verwacht dat wij samen met de reeds nieuw opgezette
onderzoeksprojectenn een heel vruchtbare samenwerking tegemoet kunnen
zien. .
Tott slot wil ik mijn ouders bedanken voor de gelegenheid die jullie mij
hebbenn gegeven om t e gaan studeren en voor jullie onvoorwaardelijke
steunn en liefde. I k weet dat ik altijd op jullie terug kan vallen. Mam, indien
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nodigg weet j e met precies de juiste woorden mijn zorgen t e verlichten en
pap,, jouw relativerende kijk op het leven is voor mij van onschatbare
waarde. .
Lievee Laurens, 'last but zeker not least', bedankt voor j e geduld en
steunn bij 'de laatste loodjes' en voor de suggesties die j e opperde als ik
hett even niet meer zag zitten. Daarnaast vond ik vaak een goede afleiding
inn jouw wereld; die van de (jazz) muziek.

PeractiPeracti labores jucundi

135 5

Stellingen n
Behorendee bij het proefschrift

Cervicall spinal pain in craniomandibular pain p a t i e n t s
Recognition,, prevalence, and risk indicators

Dee herkenning van craniomandibulaire pijn en nekpijn kan men het best
baserenn op een combinatie van de subjectieve pijnklacht van de patiënt en
dee objectieve gegevens van de dynamisch/statische tests,
(ditt proefschrift)
Palpatiee van spier- en gewrichtsstructuren levert bij personen zonder
kaak-- of nekklachten vaak een pijnreactie op. (dit proefschrift)
Craniomandibulairee pijnpatiënten vertonen vier keer zo vaak nekklachten
alss personen zonder craniomandibulaire pijn. (dit proefschrift)
Hoofdhoudingg beïnvloedt zowel de kinematica van de onderkaak als de
curvatuurr mr\ de cervicale wervelkolom, (dit proefschrift)
Dee grote variatie in hoofdhouding bij zowel gezonde individuen als bij
craniomandibulairee pijnpatiënten en het f e i t dat er geen verschil in
hoofdhoudingg tussen deze groepen aangetoond kon worden, maakt het
onwaarschijnlijkk dat (abnormale) hoofdhouding een risico-indicator is voor
craniomandibulairee pijn. (dit proefschrift)
Personenn met zowel craniomandibulaire pijn als nekpijn vertonen over het
algemeenn hogere psychologische scores en hebben meer pijnklachten
elderss dan personen met alleen craniomandibulaire pijn. (dit proefschrift)
Dee nek, daar draait't om.
Dee vaak trage ontwikkelingen in de wetenschap zijn mede het gevolg van
hett f e i t dat nieuwe inzichten op bestaande theorieën stuiten op
conservatievee ideeën.

Zolangg er geen oplossing gevonden is voor de gevolgen van intensief
computergebruik,, zoals de 'muisarm' en de (recentelijk ontdekte) 'deukdij',
zouu omwille van de lange wachtlijsten in de gezondheidszorg het gebruik
vann deze apparatuur afgeraden moeten worden.
Kleurrijkee mensen vergrijzen niet.
Aangezienn recent onderzoek heeft aangetoond dat de gezondheid van
echtgenotenn van overwerkende vrouwen hard achteruit gaat, terwijl er in
dee omgekeerde situatie geen invloed is op de gezondheid van echtgenotes,
dientt de definitie yan 'het sterke' en 'het zwakke' geslacht herzien te
worden. .
Kortee illustratie van de pre-promotie-periode: druk, drukker, drukkerij...
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