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Orofacial Pain - A Challenge and
Chance (Not Only) for Dentistry

Jens Christoph Tiirp?, Alfons Hugger®, Claudia Sommer*

aKlinik fiir Rekonstruktive Zahnmedizin und Myoarthropathien, Universitétskliniken
fiir Zahnmedizin, Basel, Switzerland; YPoliklinik fiir Zahnirztliche Prothetik,
Westdeutsche Kieferklinik, Universititsklinikum Diisseldorf, Diisseldorf, and
“Neurologische Klinik der Universitidt Wiirzburg, Wiirzburg, Germany

Abstract

The biomedical concept of care, which is epitomized in daily dental practice, is no
longer viable for the diagnosis and management of persistent and chronic (orofacial) pain
conditions. The experience of the past 150 years has shown that a mechanistic, narrow
approach is likely to produce iatrogenic harm, e.g., unnecessary tooth extractions or tem-
poromandibular joint surgery, and/or to miss clinically important features. Pain distributions
outside the trigeminal system as well as concomitant pain-associated psychological and psy-
chosocial findings call for an interdisciplinary (or multidisciplinary) approach. Nonetheless,
powerful, yet simple-to-use diagnostic instruments are available for the dentist in order
to screen for pain-related features that have traditionally been beyond the dental realm.
Although recent pain research has yielded important new insight reaching from the molecu-
lar to the clinical level, a number of orofacial pain conditions still remain elusive, among
them burning mouth syndrome and persistent idiopathic facial pain. Unfortunately, however,
the current state of knowledge is not universally taught in dental education nor is it routinely
applied in clinical practice. By increasing the transfer of knowledge gained in pain research
for the benefit of the daily clinical work, it will become apparent that the traditional bound-
aries between dentistry and medicine will vanish.

Copyright © 2007 S. Karger AG, Basel

Pain — particularly chronic pain — continues to destroy the lives of millions
of people worldwide. There is no nobler goal than achieving the relief of pain
and suffering [1].

Usually, dentists treat what they see, and they see what they treat.
Consequently, they are very successful in the treatment of acute pain conditions
and many diseases with well-defined etiologies, such as acute pulpal pain.



Problems may arise, however, when this approach is adopted for the manage-
ment of persistent or chronic orofacial pain. Why is this so?

In contrast to toothache, the causes and underlying mechanisms of most
other pain conditions in the orofacial region are still poorly understood [2].!
Consider for example temporomandibular pain, i.e. pain in the masticatory mus-
culature and/or the temporomandibular joints. For much of the past century, it has
been assumed that this musculoskeletal pain condition is exclusively or primarily
caused by biomechanical factors such as malalignment of the jaws, premature
occlusal contacts or overload of the masticatory muscles and/or temporo-
mandibular joints. However, this still widely held opinion has been largely refuted
by current research findings [4, 5]. In addition, a mismatch between the subjec-
tive reports of patients and the clinicians’ ‘objective’ findings is frequently
encountered: patients report pain in the absence of clinical or image-based find-
ings that could explain the pain perception, as it is typically the case in conditions
such as atypical odontalgia, burning mouth syndrome and persistent myofascial
pain. An etiology-driven, causal therapy is impossible in most of these conditions.

During the past 150 years, the biomedical concept of etiology and care
has dominated western medicine and dentistry. As for pain, it postulates a
close correlation between the discharge in peripheral nociceptors due to tissue
pathology and the subjective perception and expression of pain. Despite recent
research developments, the tendency of dentists to exclusively or predomi-
nantly resort to traditional models to explain, diagnose, and treat or manage
orofacial pain is still ubiquitous. The well-documented uncertainty of many
dental practitioners with regard to the management of patients suffering from
orofacial pain is reflected in the abundance of existing diagnostic and treat-
ment modalities, many of which still lack definitive verification of their diag-
nostic [6, 7] or therapeutic efficacy and effectiveness [8]. Attempts to correct a
perceived deviation from a ‘biomechanical ideal’ and to ‘cure at all costs’ bear
the potential for overdiagnosis and unnecessary interventions. This, in turn,
may lead to ‘clinical iatrogenesis’ [9]. Indeed, a plethora of reports give testi-
mony of iatrogenically induced damage caused by nonsurgical and surgical
interventions (e.g. systematic occlusal adjustments for the management or
prevention of temporomandibular disorders, unnecessary tooth extractions in

! Occasional changes in the official terminology may (often erroneously) suggest that
a progress has been achieved in the understanding of certain orofacial pain conditions.
Examples for such linguistic modifications are the term ‘persistent idiopathic facial pain’
that has replaced the formerly used expression ‘atypical facial pain’ [3], and the term ‘tem-
poromandibular joint diseases and disorders’ (abbreviated ‘TMJD’), which has lately been
suggested to replace the still common expression ‘temporomandibular disorders’ (abbrevi-
ated ‘TMD’ or “TMDs’).
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patients suffering from atypical odontalgia or from trigeminal neuralgia,
replacement of the articular disk by an alloplastic implant in patients with
temporomandibular joint clicking). In a number of cases, the negative effects
of irreversible treatments have become a source of suffering that exceeded the
original complaints of the patients [10].

Today’s medical and dental pain literature is replete with evidence that the
biomedical model is inadequate for explaining and controlling not only persis-
tent orofacial pain, but also many other ailments [11]. Instead, a biopsychoso-
cial approach is warranted [12]. Dentists, however, like many physicians,
usually do not have adequate education and training in that area. Does this
mean that pain-associated psychological and psychosocial issues may be dis-
regarded in the assessment and management of orofacial pain? No, not at all!
Reliable and valid screening tools, such as the Graded Chronic Pain Scale [13],
are available. These instruments may also be used by dentists in order to assess
the presence of psychological and psychosocial impairment in patients suffer-
ing from (predominantly long-lasting) pain. The psychological and psychoso-
cial sequelae of persistent/chronic pain [12] as well as the fact that among a
considerable part of orofacial pain patients the pain distribution is not limited to
the trigeminal system [14, 15] calls for an interdisciplinary (or multidiscipli-
nary) approach. In order to avoid chronicity, early diagnosis and management
are crucial [16, 17].

Without doubt, progress in pain research has yielded substantial new
insight in recent years, and this has profoundly altered our understanding of
various orofacial pain conditions. In temporomandibular pain, for instance, dis-
tinct muscle and joint conditions have been recognized. Specific pathomech-
anisms for muscle pain and joint pain are now known at the molecular level.
Furthermore, it has been recognized that the masticatory muscles have many
peculiarities as compared to skeletal muscles, which need to be considered for
therapeutic planning. The role that inflammatory mediators in the temporo-
mandibular joints play for diagnosis and management has been analyzed in
depth so that current knowledge in this area is at least as advanced as in periph-
eral joint diseases. Furthermore, the influence of hormones, gender, and genes
has recently been explored; this will certainly remain a dynamic field of
research in the near future.

In spite of all these advances, some orofacial pain entities are still chal-
lenging and may merely be identified by clinical description. Burning mouth
syndrome is one such example of a condition that, at present, we cannot fully
explain pathophysiologically. Another example is so-called persistent idio-
pathic facial pain, a diagnostic umbrella term that becomes progressively
smaller, as exclusionary factors are identified. However, in particular for these
elusive pain conditions, it is important to adhere to strict clinical observation.

Orofacial Pain — Challenge and Chance 3



Only if the afflicted patients are thoroughly investigated, considering all rele-
vant somatic and psychosocial aspects, may we achieve progress in the search
for the pathophysiological background of the disorder and thus offer better ther-
apeutic options.

“The deep psychological and physiologic significance of the face and
mouth, the highly subjective nature of the individual’s reaction to pain, and the
anatomic complexity that leads to such a variety of possible causes of facial
pain, all indicate the need for (...) a sensitive and individualized approach to the
management of facial pain.’ This statement from Laszlo Schwartz and Charles
M. Chayes [18] nicely reflects the peculiarities associated with pain in the oro-
facial region. Today, it is still as true as it was in 1968, when it was published in
the authors’ textbook Facial Pain and Mandibular Dysfunction. Currently,
obvious differences exist between medicine and dentistry with regard to the
diagnosis and management of persistent/chronic pain conditions. It appears that
this discrepancy is, at least in part, related to shortcomings in dental education.
Curriculum guidelines for under- and postgraduate programs in orofacial pain
and temporomandibular disorders have been proposed by various organiza-
tions, including the International Association for the Study of Pain [19] and the
European Academy of Craniomandibular Disorders [20]. In addition, excellent
textbooks and journals dedicated to orofacial pain have been published. Yet,
these activities do not appear to have had a profound effect on dental education
and patient management. Although there continues to be a substantial public
need and demand for services in the area of orofacial pain, most dental schools
have not incorporated mandatory graduate courses and programs in their cur-
riculum. Moreover, if this topic is addressed, it is not always taught according to
the current state of the art [21]. Unless the mechanistic approach still governing
in many schools and practices is abandoned, the ‘dilemma of scientific knowl-
edge versus clinical management’ [22] is likely to continue. Hence, improve-
ment of the knowledge transfer from current best research into the clinical
practice remains one of the most important tasks in dentistry and medicine [23].

While our profession gradually recognizes the need for a shift from
authority-driven and opinion-based dentistry to evidence-based dental health
care, we observe major advances in the understanding of the neurobiology of
pain and the underlying molecular mechanisms. As a consequence, traditional
boundaries between different fields of health care are becoming more and
more obsolete. Orofacial pain, with its strong ties to all dental and many med-
ical disciplines (as well as clinical psychology), offers the unique opportunity
to link clinical dentistry closer with medicine and the basic sciences. Inter-
and multidisciplinary efforts are required to foster an advanced understanding
of the diverse orofacial pain conditions and, by doing so, to improve patient
care.

Tirp/Hugger/Sommer 4



The present textbook aims at contributing to a better understanding of

the puzzle of (orofacial) pain. The editors would like to express their sincere
gratitude to all authors — world-renowned researchers and clinicians — for the
time and effort to deliver state-of-the-art chapters. We are grateful for their con-
tributions.
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Characteristics of Muscle Nociception

Siegfried Mense

Institut fiir Anatomie und Zellbiologie III, Universitdt Heidelberg,
Heidelberg, Germany

Abstract

Nociceptive nerve endings in muscles are equipped with a multitude of receptor mole-
cules for endogenous pain-producing and sensitizing agents. Particularly interesting for mus-
cle pain are (1) purinergic receptors (e.g. P2X3) activated by adenosine triphosphate (ATP),
(2) transient receptor potential vanilloid receptors of subtype 1 (formerly called VR1) acti-
vated by protons and heat and (3) tyrosine kinase receptors A activated by nerve growth fac-
tor (NGF). ATP is considered a general pain signal, because all cells contain ATP and release
it when they are damaged. A low tissue pH is characteristic of many pathological conditions
in muscle, such as ischemia and tonic contractions; NGF is released in ischemic and
inflamed muscle and has the exceptional property of exciting nociceptive nerve endings
exclusively. In the central nervous system, input from muscle nociceptors induces marked
neuroplastic changes that result in hyperexcitability and hyperactivity of nociceptive central
neurons. This central sensitization is assumed to be responsible for the spontaneous pain and
hyperalgesia of patients and is important for the transition from acute to chronic muscle pain.
The final step of the transition to chronic pain is characterized by structural changes in neu-
rons and glial cells. A patient with morphological alterations of the nociceptive system is dif-
ficult to treat, because the changes need time to normalize.

Copyright © 2007 S. Karger AG, Basel

Muscle pain differs in several aspects from cutaneous and visceral pain.
Subjectively, muscle pain is difficult to localize and — in contrast to cutaneous
pain — is referred to other deep somatic tissues (fascia, muscle, joints) [for a
review, see 1]. Activation of muscle receptors does not elicit flexor reflexes, and
muscle pain has a special relay in the mesencephalon [2]. With regard to orofa-
cial pain, it is important to note that the nociceptive wiring in the brainstem dif-
fers from that in the spinal cord. For instance, following noxious stimulation of
facial skin there is no ipsilateral flexor and contralateral extensor reflex of the
jaw-closing muscles.



This chapter deals with peripheral and central nervous mechanisms of
muscle pain as observed in experimental animals (mainly rats). To what extent
these data can be transferred to patients is an open question, but the experience
from many studies has shown that the basic pain mechanisms (particularly at
the primary afferent and spinal level) in experimental animals and patients are
similar.

Peripheral Mechanisms

Morphologically, a muscle nociceptor is a free nerve ending that is con-
nected to the central nervous system via nonmyelinated (group IV) or thinly
myelinated (group III) afferent fibers. Most data in the literature were obtained
from endings with group IV afferent fibers that have a mean conduction veloc-
ity of approximately 1 m/s.

Muscle nociceptors are activated by noxious (tissue-threatening, subjec-
tively painful) or potentially noxious stimuli. They have a high mechanical
stimulation threshold and are not excited by physiological movements or mus-
cle stretch. In pathologically altered muscle tissue (e.g. following trauma or in
inflamed muscle), nociceptors are sensitized and lower their stimulation thresh-
old into the innocuous range. This means that under pathological conditions,
muscle nociceptors may be activated by everyday stimuli such as weak pressure
or movements. This is the reason for the pain perceived during movement of a
damaged muscle [for a review, see 3].

For a long time, muscle nociceptors have been known to be activated by
inflammatory substances such as bradykinin, serotonin and prostaglandins of
the E type [4, 5]. Receptor molecules for these endogenous pain-producing and
sensitizing agents are present in the membrane of nociceptive nerve endings
[6]. When tested with various combinations of inflammatory substances, many
group IV endings from muscle respond only to some of the agents. A possible
reason for this special chemical sensitivity is a particular combination of recep-
tor molecules in the membrane of the nociceptive endings. For instance, noci-
ceptors that are excited by noxious (tissue-threatening, subjectively painful)
mechanical stimuli are assumed to possess receptor molecules of the ankyrin-
repeat transient receptor potential receptor family, whereas receptive endings
that are activated by light mechanical stimuli are thought to be equipped with
transient receptor potential or degenerin/epithelial Na* channels [7].

One type of muscle nociceptor found by our group was particularly sensi-
tive to ischemic contractions. It did not respond to contractions with the muscle
circulation intact, but when the contractions were induced after occlusion of the
muscle artery, the nociceptor was activated [8]. Possibly, these are the receptive
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endings that elicit the pain of intermittent claudication and maybe also that of
tonic contractions. One receptor molecule discussed in this regard is the acid-
sensing ion channel 3 (ASIC3 [9]). The pain of those patients with tension-type
headache who show increased electromyographic activity in their cranial mus-
cles may originate in this subtype of muscle nociceptor.

Prostaglandin E, and serotonin, respectively, are known to sensitize muscle
free nerve endings to bradykinin and mechanical stimuli. The pain elicited in
volunteers by injection of a combination of bradykinin and serotonin into the
temporal muscle is likewise stronger than that caused by each stimulant alone.
These interactions are of practical significance because the substances are
released together in damaged tissue.

This chemical sensitization of nociceptors is assumed to be the peripheral
neurophysiological basis of tenderness (allodynia) and hyperalgesia of a dam-
aged muscle. The sensitization of peripheral nociceptors has to be differentiated
from central sensitization (see below). The tenderness and hyperalgesia of
patients often have both a peripheral and a central nervous component.

Recently, other stimulants have attracted much interest, namely adenosine
triphosphate (ATP), protons (drop in tissue pH), inflammatory cytokines (e.g.
interleukins) and neurotrophins (e.g. nerve growth factor, NGF). Receptor mol-
ecules for these substances have been found in the dorsal root ganglion cells of
muscle afferent fibers, particularly in cells of small size (fig. 1).

ATP acts on the purinergic receptor P2X3 [10]. Purinergic receptors are
activated by any tissue damage because all cells of the body contain ATP.
Therefore, ATP has been considered the general signal for tissue lesions by
some investigators. Animal experiments have shown that muscle nociceptors
respond to ATP in concentrations that are present in muscle cells [11].
Intramuscular injections of 36 mM solutions of ATP have been reported to cause
strong pain in humans [12].

Protons open the various types of ASICs at different degrees of tissue acid-
ity and also activate transient receptor potential vanilloid receptor of subtype 1
(TRPV1) [13], which is also sensitive to heat. ASICs and TRPV1 are of partic-
ular interest for muscle pain, because in muscle tissue there is a drop in tissue
pH under many conditions, such as exhausting work, ischemia and inflamma-
tion. Inflamed or ischemic tissue is known to have a pH of 5-6, and in animal
experiments of the author’s group, these degrees of acidity activated muscle
group IV endings [14]. TRPV1 receptors of cutaneous nociceptors have been
shown to be activated by the body temperatures if the tissue pH is low (e.g. in
inflammation or ischemia [15]). Thus, body temperature may become a stimu-
lus for nociceptors in damaged tissue. The proton-sensitive nociceptors may be
of importance for the induction of chronic muscle pain: there is evidence in
the literature indicating that repeated intramuscular administration of acidic

Muscle Nociception 9
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Fig. 1. Expression of receptor molecules in Ls dorsal root ganglion cells that supplied
receptive endings in the rat gastrocnemius-soleus muscle. The cells were retrogradely labeled
with injections of True blue into the muscle. The lowermost panel shows the size distribution
of 58 retrogradely labeled cells to demonstrate the size spectrum of somata in the ganglion.
In the other panels, retrogradely labeled cells are shown that exhibited immunoreactivity (IR)
for the TRPV1, ASICI1, P2X3 or tyrosine kinase A (TrkA) receptor molecules. Note that
immunoreactivity for the receptor molecules was present mainly in small cells, many of
which are likely to have unmyelinated afferent fibers.

solutions results in long-lasting hyperalgesia [16]. It is tempting to speculate
that the pain associated with bruxism (jaw clenching, tooth grinding) as well as
tension-type headache could be mediated by nociceptors with ASICs and
TRPV1, respectively, because these conditions are likely to result in muscle
ischemia and low tissue pH.

In experiments by the author’s group, ATP and acidic solutions were effec-
tive stimulants for muscle receptors with group IV afferent fibers in the rat.
Sixty to 80% of the tested receptors were excited by intramuscular injections of
ATP (concentration 7.6 mm) or by a pH of 6 [11, 14]. However, these chemical
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stimuli were not specific for muscle nociceptors, because also low-threshold
mechanosensitive (presumably nonnociceptive) group IV endings were excited.

Among the neurotrophins, NGF with its receptor tyrosine kinase receptor
A is of particular interest for muscle pain. When injected intramuscularly at
(patho)physiological concentrations in anesthetized animals, it excited 40% of
the group IV muscle afferent units tested. NGF differed from all other stimu-
lants tested so far in that it excited exclusively high-threshold mechanosensitive
(presumable nociceptive) group IV endings [17]. NGF may also be of impor-
tance for chronic muscle pain. Intramuscular injections in humans showed that
at a certain concentration (0.8 M) NGF does not elicit pain upon injection, but
is followed by a marked hyperalgesia of the injected muscle for more than 1 week
[18]. Awake rats exhibited the same combination of lack of pain reaction to
NGF injection followed by hyperalgesia of the injected muscle [U. Hoheisel
and S. Mense, unpubl. result]. The absence of pain-related behavior during
intramuscular injection in rats is difficult to explain, given the relatively marked
excitation of muscle nociceptors. Recent experimental evidence from our group
[U. Hoheisel and S. Mense, unpubl. result] indicates that NGF causes mainly
subthreshold potentials in dorsal horn neurons, which are not transmitted to
higher centers and therefore do not cause pain.

In chronically inflamed muscle of rats, group IV afferent units exhibit a
significant increase in resting activity (possibly causing spontaneous dysesthe-
sias and pain in patients) as well as a reduced mechanical stimulation threshold
(possibly leading to tenderness). Contrary to expectations, group IV endings in
inflamed muscle did not exhibit increased but decreased sensitivity to ATP, pH
and NGF. Effects of protons on endings in inflamed muscle are shown in figure 2.
A solution of pH 6 excited significantly fewer receptive endings in inflamed
than in intact muscle. We conclude from this finding that the pH in the inflamed
muscle must have been close to 6, and therefore the injection of a solution with
the same pH was not a stimulus for the receptors.

Mechanisms of Muscle Pain at the Spinal Level

Mpyositis-Induced Neuroplastic Changes in the Spinal Dorsal Horn

Input from peripheral nociceptors to the spinal cord or brainstem is known
to lead to changes in function, and later connectivity, of sensory dorsal horn
neurons and neurons in the trigeminal nucleus caudalis, respectively. Input from
nociceptors in muscle is more effective in this regard than input from cutaneous
ones [19]. The lesion-induced neuroplastic changes in the spinal dorsal horn are
so marked that the term ‘functional reorganization of the dorsal horn’ has been
used to describe these changes. In experiments on anesthetized rats, such
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Fig. 2. Comparison of the effects of acidic solutions on group IV receptors in rats with
chronically inflamed and intact muscle. a Original (digitized) registration of the discharges
of a single muscle group IV fiber in response to intramuscular injection of phosphate buffer
solution (pH 5) close to the receptive ending. b Proportion of group IV endings excited by
solutions of various pH in intact and inflamed muscle. pH 7.4, i.e. neutral pH, had no excita-
tory action. pH 6 was less effective in inflamed than in intact muscle, probably because the
pH of the inflamed muscle was close to pH 6. pH 5 was equally effective in inflamed and
intact muscle, probably because this pH was clearly below the tissue pH under both condi-
tions and, therefore, constituted a stimulus for group IV endings.

changes occurred within a few hours after an experimental muscle lesion. The
most conspicuous spinal effect of such a lesion was an expansion of the spinal
input region of the muscle nerve, i.e. the population of dorsal horn neurons that
responded to electrical stimulation of the gastrocnemius-soleus muscle nerve
grew larger [20]. In other words, the excitation of dorsal horn neurons elicited
by afferent fibers from muscle spread to adjacent neuron populations. This cen-
tral sensitization is assumed to be one of the first steps in the transition from
acute to chronic muscle pain. The most likely explanation for the expansion of
the muscle-induced excitation is that existing — but ineffective — synaptic con-
nections between muscle afferents and dorsal horn neurons become more effec-
tive in animals with myositis. This leads to hyperexcitability of the neurons. In

Mense 12



patients, this hyperexcitability is likely to elicit more pain during noxious stim-
ulation (i.e. hyperalgesia), whereas the expansion of the muscle-induced excita-
tion in the dorsal horn may be the reason for the spread and referral of muscle
pain (see below).

At the molecular level, the lesion-induced central sensitization includes
many processes. One is that the nociceptive afferent activity releases glutamate
(the common nociceptive transmitter) together with substance P from presynap-
tic boutons of the afferent fibers. The combined action of glutamate and sub-
stance P opens postsynaptic N-methyl-D-aspartate channels through which
Ca’" ions enter the dorsal horn neuron. Ca?" ions are second messengers that
activate a multitude of intracellular enzymes. Important enzymes in this regard
are protein kinases that phosphorylate existing ion channels in the membrane of
the postsynaptic neuron [21]. Phosphorylated ion channels are more effective,
i.e. they are better permeable for ions. In the long run, also the gene expression
in the nucleus of the postsynaptic neuron changes, which leads to a de novo
synthesis of ion channel proteins. The result of these processes is a sensitized
neuron that is hyperexcitable by noxious and innocuous stimuli.

Neurotransmitters and Neuropeptides Involved in Myositis-Induced

Central Sensitization

The finding that intrathecal administration of antagonists to substance P
and N-methyl-D-aspartate receptors prevented the myositis-induced expansion
of the target area suggests that substance P acting on neurokinin 1 receptors and
glutamate acting on N-methyl-D-aspartate receptors are involved in these
changes [22]. In contrast, the background or resting activity of the same dorsal
horn neurons appears to depend strongly on the release of nitric oxide (NO) in
the spinal cord [23]. A block of the NO-synthesizing enzyme NO synthase led
to a significant increase in background activity. These data indicate that NO is
released tonically in the dorsal horn and inhibits the background discharge of
nociceptive neurons. The background activity is of clinical importance because
it is assumed to be responsible for spontaneous pain and dysesthesia in patients.
The effects of NO are controversial in the literature, with some regarding it as a
pronociceptive and some as an antinociceptive agent. A recent report showed
that NO and cGMP (cyclic guanosine monophospate, a second messenger that
needs NO for synthesis) have different actions at the spinal and supraspinal
level, which might be a possible explanation for some of the discrepancies in
the literature. At the supraspinal level, NO and cGMP were found to be prono-
ciceptive, and at the spinal level, antinociceptive [24] (fig. 3). Therefore, the
effects of agents that interfere with the synthesis of NO or cGMP depend on the
site of action. Interestingly, some of the patients taking sildenafil (a compound
that increases the cGMP level) complain of myalgias.
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Fig. 3. Effects of manipulating the spinal and supraspinal cGMP level on dorsal horn
neurons in the segments L, and Ls. Imp. = Impulses. a Local spinal administration of the
agents by superfusion of the spinal cord, resulting in a thin film of the substances around
the cord. ODQ [1H-(1,2,4)oxadiazolo(4,3-a)quinoxalin-1-one] is a blocker of the guanylyl
cyclase and lowers the cGMP level by reducing the synthesis of cGMP; it activated the neu-
rons. Sildenafil, a blocker of the cGMP-degrading enzyme phosphodiesterase 5, increases
the cGMP level; it had no recognizable effect on the neurons. Superfusion of the spinal cord
with 8-bromo-cGMP, a membrane-permeable cGMP analogue which directly increases the
cGMP level, was likewise without effect. b Injection of the substances at the supraspinal
level (intracerebroventricular injection into the third cerebral ventricle) caused opposite
effects: now ODQ did not influence the neurons, whereas sildenafil and 8-bromo-cGMP
were excitatory. The effects on lumbar neurons elicited by intracerebroventricular injection
were probably mediated by descending pain-modulating pathways.

The results obtained with intramuscular injections of NGFE, namely the sur-
prising combination of lack of pain upon injection with marked hyperalgesia
afterwards, raises the question how a stimulus that does not elicit subjective
sensations can induce central sensitization. What is even more puzzling is the
fact that NGF excites a relatively high proportion of muscle nociceptors but this
peripheral activity does not cause subjective sensations. Given that in spinal
dorsal horn cells NGF elicits mainly subthreshold potentials and only few
action potentials, a possible explanation is that the subthreshold potentials are
not transmitted to higher nociceptive centers but induce sensitization in dorsal
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horn cells. If this interpretation is correct, everyday muscle lesions may elicit
subthreshold potentials in spinal neurons which are not felt subjectively but
may cause central sensitization.

Mechanism of Referral of Muscle Pain

The expansion of the spinal target area of muscle afferent fibers in animals
with a muscle lesion may be the mechanism that underlies the spread and refer-
ral of pain which is common in patients with myofascial trigger points and other
muscle disorders. The following chain of events may occur in pain referral:
when a muscle is damaged, the patient first perceives local pain at the site of the
lesion. Local pain is mediated by those spinal neurons that have effective
synapses with the nociceptors of the painful muscle. If the nociceptive muscle
input is strong or long-lasting, central sensitization in the dorsal horn is
induced, which opens silent synapses and leads to an expansion of the target
area of the nociceptors of the damaged muscle in the spinal cord or brainstem.
When the expansion of the lesion-induced excitation reaches sensory neurons
that supply body regions remote from the damaged muscle, the patient will feel
pain in that area. In the area of pain referral, no nociceptor is active and the tis-
sue is normal. This way, trigger points in the temporalis muscle can induce pain
in the teeth of the maxilla when the trigger-point-induced central excitation
spreads to sensory neurons that supply the teeth [25].

Transition from Acute to Chronic Muscle Pain

In most cases, the functional changes in the spinal cord and brainstem will
outlast the peripheral lesion. Neuroplastic changes such as the opening of
synapses are one of the first steps in the transition from acute to chronic pain
because they can persist for long periods of time. Another step in the direction
of chronic pain are lesion-induced metabolic changes in sensory spinal neu-
rons, for instance in those that synthesize NO or cGMP.

The last step in the transition from acute to chronic muscle pain is charac-
terized by morphological changes in the circuitry of the spinal dorsal horn. The
changes include sprouting of the spinal terminals of afferent fibers and new for-
mation and broadening of synaptic contacts. The structural alterations may last
for years or become permanent, because even normal input can maintain the
alterations if the nociceptive neurons are hyperexcitable.

Recent data indicate that also glial cells may be involved in central sensiti-
zation by releasing inflammatory cytokines and chemokines, i.e. the glial cells
mediate a so-called neuroinflammation [26]. This mechanism appears to occur
also during muscle lesions, as chronic nociceptive input from muscle has been
shown to cause metabolic and morphological changes in astrocytes [27]. These
changes consisted in an increase in the expression of the astrocyte-specific
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Fig. 4. Effects of a chronic myositis on the metabolic activity of astrocytes. a The
numerical area density of the immunoreactivity to glial fibrillary acidic protein (GFAP) in
astrocytes was higher in myositis animals than in rats with intact muscle. This finding indi-
cates that the input from the inflamed muscle induced a higher synthesis rate of GFAP in
astrocytes (the number of astrocytes per section area was unchanged). b, ¢ Effects of a
chronic myositis on the synthesis of fibroblast growth factor 2 (FGF-2) in astrocytes. C
Double labeling of astrocytes with antibodies to GFAP (white) and FGF-2 (dark). The spider-
like white structures are GFAP-filled processes of astrocytes, the dark areas nuclei of astro-
cytes synthesizing FGF-2. IR = Immunoreactivity. b The proportion of astrocytes exhibiting
FGF-2 immunoreactivity in their nuclei was higher in myositis animals, but only in the dor-
sal horn and substantia intermedia (laminae I-VII). These are regions where the nociceptive
input from the inflamed muscle terminates. *p < 0.01, **p < 0.001.

protein glial fibrillary acidic protein and an increase in the proportion of the
astrocytes synthesizing fibroblast growth factor 2 (fig. 4). Altogether, the func-
tional, metabolic and structural changes in the nociceptive central network form
the ‘pain memory’ which is difficult to erase with therapeutic interventions.
Therefore, an important principle in the treatment of muscle pain is to abolish
the nociceptive input from the muscle to the spinal cord as early as possible to
prevent lesion-induced central nervous alterations.
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Abstract

This chapter summarizes recent research on mechanisms by which diseased joints
become painful. Joints are supplied with sensory A3, A8 and C fibers. While the vast major-
ity of AP fibers have their mechanical threshold in the innocuous range, large proportions of
A3J and C fibers have high thresholds and are only activated by noxious mechanical stimuli
applied to the joint. In addition, the joint nerves contain silent nociceptors which are
mechanoinsensitive when the joint is normal. These units are neither activated by local
mechanical stimulation of the joint nor by innocuous and noxious joint movements.
However, they show some chemosensitivity. During development of inflammation in the
joint, articular afferents show increased mechanosensitivity. While low-threshold fibers
show stronger responses to innocuous and noxious stimuli, high-threshold fibers show a
reduction of their mechanical threshold and are then activated by normally innocuous stim-
uli. In addition, numerous silent nociceptors become mechanosensitive. At this stage, a
receptive field can be localized in the joint, and formerly silent nociceptors begin to respond
to joint movements. Present evidence suggests that the induction of mechanosensitivity
results from the action of inflammatory mediators on these neurons. The recruitment of these
fibers for sensory processing under inflammatory conditions is thought to be an important
mechanism for the induction of inflammation-evoked spinal hyperexcitability.

Copyright © 2007 S. Karger AG, Basel

Perceptions from the Joint

Sensory information from the joint influences the motor system and it is
involved in the sense of movement and position. In daily life, however, we are
not aware of these sensory functions. The only perception that is unequivocally
attributed to the joint is pain. In a normal joint, pain is commonly elicited by
twisting or hitting the joint. This rarely applies to the temporomandibular joints



(TMJ). Of great clinical relevance is the joint pain after injury, during inflam-
mation and in the course of joint degeneration. Injury and inflammation of the
joint are characterized by hyperalgesia and persistent pain at rest, which is usu-
ally dull and badly localized [1-4]. Noxious stimuli cause stronger pain than
normal, and pain is even evoked by mechanical stimuli whose intensity does not
normally elicit pain, i.e. movements in the working range and gentle pressure,
e.g. during palpation. Pain during degenerative osteoarthritis shows similarities
and differences to arthritic pain. As with arthritis, pain may increase when the
joint is being loaded [5]. However, pain may also be reduced during walking
and may be particularly severe during rest at night when the joint is immobile.

Experimental invasive sensory testing in conscious humans revealed that
pain in the normal joint can be elicited when noxious mechanical and chemical
stimuli are applied to the fibrous structures, such as ligaments and fibrous cap-
sule [2]. No pain is elicited by stimulation of cartilage, and stimulation of nor-
mal synovial tissue rarely evokes pain. Stimulation of fibrous structures with
innocuous mechanical stimuli can evoke pressure sensations [2].

Innervation of the Joint

Big joints such as the knee joint are supplied by branches descending from
main nerve trunks or their muscular, cutaneous and periosteal branches. The TMJ
is innervated mainly by branches from the trigeminal nerve. A typical joint nerve
contains thick myelinated AR (group II), thinly myelinated Ad (group III) and a
high proportion (approx. 80%) of unmyelinated C (group 1V) fibers. The latter
are either sensory afferents or sympathetic efferents (each approx. 50%) [6].

Articular A fibers terminate as corpuscular endings of the Ruffini, Golgi
and Pacini type in the fibrous capsule, articular ligaments, menisci and adjacent
periosteum [7]. Articular Ad and C fibers terminate as noncorpuscular or free
nerve endings in the fibrous capsule, adipose tissue, ligaments, menisci and the
periosteum. Using staining for nerve fibers and neuropeptides, endings were
also identified in the synovial layer. The cartilage is not innervated [6]. Typical
free nerve endings in the joint are ensheathed by Schwann cells, and only some
sites are not covered, suggesting that these areas are receptive sites. These
exposed areas appear as a string of beads [8].

A large proportion of articular sensory neurons are peptidergic. The major
neuropeptides in joint nerves are substance P, calcitonin gene-related peptide
and somatostatin. Neurokinin A, galanin, enkephalins and neuropeptide Y have
also been localized in joint afferents. Neuropeptides influence the inflamma-
tory process in the periphery and modify spinal processing of joint input [6].
They may also act on the primary afferent neurons themselves (see below).
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Responses of Joint Afferents to Mechanical Stimulation
of the Normal Joint

Response properties of articular afferents have been investigated in several
species using electrophysiological recordings from single fibers. Since the TMJ
is difficult to study with the necessary techniques, few data from the TMJ are
directly available. Most data are from articular nerves supplying the cat knee, rat
knee and ankle joint. In these experiments, fibers with conduction velocities in
the AP, Ad and C fiber range were characterized for their thresholds to local
mechanical stimulation and for their responses to innocuous and noxious passive
movements of the joint. Innocuous stimuli are light to moderate pressure applied
to the joint (which evoke only nonpainful pressure perceptions) and movements
within the working range of the joint that are normally not painful. Noxious
stimuli are strong pressure at intensities that are felt as pain, and movements
exceeding the working range of the joint, such as twisting against the resistance
of the tissue. Different types of fibers have been found [9]. Figure 1 shows joint
afferents recorded from the medial articular nerve of the cat knee joint.

Figure 1a displays a low-threshold A3 fiber with two receptive fields in the
fibrous capsule (dots) that responded phasically to extension of the knee. This
fiber was strongly activated by inward rotation within the working range of the
knee joint. The strongest responses were elicited by noxious movements, such
as noxious inward rotation. Typically, these neurons are also activated by light
pressure applied to the receptive field. This response pattern is observed for the
majority of the fast-conducting AP fibers with corpuscular endings [10], for
about one third of the Ad fibers and for a small percentage of C fibers [6, 9].

The A3 fiber in figure 1b with a receptive field in the patellar ligament
(dot) shows a weak response (few action potentials) during outward rotation in
the working range and a strong response to noxious outward rotation. This
response pattern is observed most often in AP fibers, but also in Ad and in a
small proportion of C fibers [6, 9].

Figure 1c shows a specific nociceptive C fiber with a receptive field in the
fibrous capsule. It did not respond to any innocuous movement but showed pro-
nounced responses when the joint was twisted (noxious outward rotation).
These neurons require also a high pressure intensity to elicit a response by
probing the receptive field. Such a pattern was found for a small proportion of
AP fibers and for about one third of A and C fibers [6, 9].

Figure 1d displays an A8 fiber with a receptive field in the anterior
capsule that did not respond to any innocuous and noxious movement but did
so to noxious pressure onto the receptive field. This response pattern was
found in about 25% of the Ad fibers and in more than one third of the C fibers
[6, 9].
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Thus, many low-threshold AP and Ad fibers in the fibrous capsule and in lig-
aments including the anterior cruciate ligament [11] fire in the innocuous range,
but they have their strongest response in the noxious range. Responses to innocuous
stimuli might be used to control movements and to prevent unphysiological move-
ments. Most likely, these fibers cause the pressure sensations that can be elicited
from the joint (see above). Although higher discharge rates encode the strength of a
stimulus from the innocuous to the noxious range, they do not encode the presence
of a noxious stimulus per se. In fact, the most adequate innocuous mechanical stim-
ulus can evoke a stronger response than a noxious mechanical stimulus, e.g. a nox-
ious movement into another direction. By contrast, noxious stimuli are adequately
encoded by fibers that respond only very weakly or not to innocuous stimuli but
show pronounced responses when noxious stimuli are applied.

Silent Fibers
All of the fibers described above had a receptive field in the joint, i.e. action
potentials could be elicited by local mechanical stimulation of joint structures.
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However, the joint nerve contains a further group of sensory neurons that are
mechanoinsensitive (silent) under normal conditions. These neurons can be
found when electrical stimulation of the joint nerve is used as searching stimu-
lus. If an electrically identified fiber, in particular a C fiber, does neither respond
to local mechanical stimulation of the knee nor to innocuous and noxious move-
ments, several possibilities exist. First, the fiber may have a receptive field in a
joint structure which cannot be accessed by local mechanical stimulation. Such a
fiber could still respond to movements. Second, the fiber may be an efferent
sympathetic one and thus does not respond to sensory stimulation. Third, the
fiber may have such a high threshold that it does not respond to mechanical stim-
ulation. As a further test, we used intra-arterial injection close to the joint of a
solution containing a high concentration of KCI because afferent fibers with a
receptive field usually respond to this KCI bolus with a short burst of action
potentials. Indeed, a high proportion of the mechanoinsensitive fibers showed a
response to KCl injection suggesting that these fibers are afferent without hav-
ing a response to mechanical stimulation. Finally, we noted that many of these
fibers are becoming mechanosensitive to local stimulation when the joint is
inflamed (see next paragraph). Therefore, we concluded that at least a proportion
of the silent fibers are initially mechanoinsensitive or silent nociceptors [12—14].

It is difficult to make a precise estimation of the proportion of silent noci-
ceptors in the joint nerve. However, presumably about one third of the C fibers
and some AJ fibers are silent nociceptors. Because these units are not excited
by noxious mechanical stimuli to the normal joint, they do not seem to con-
tribute to pain perceptions elicited by twisting the joint; nonetheless, they are
important during inflammation (see next paragraph).

Silent nociceptors have also been identified in cutaneous and visceral
nerves. Silent nociceptors in the skin do not respond to noxious mechanical and
thermal stimuli applied to normal skin, but some of them are chemosensitive and
show a particular long-lasting response to algogenic chemical stimuli [15-17].
Thus, they play an important role in mediating neurogenic inflammation in
humans [18]. There is evidence that silent nociceptors have distinct axonal bio-
physical characteristics separating them from polymodal nociceptors [17, 19]. In
the viscera, silent nociceptors were described that lack mechanosensitivity under
normal conditions, but become mechanosensitive during inflammation [20, 21].

Sensitization of Joint Afferents for Mechanical
Stimuli during Inflammation

An inflamed joint hurts during movements in the working range and dur-
ing palpation, and pain may occur under resting conditions. An important
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Fig. 2. Induction of mechanosensitivity in an initially mechanoinsensitive (silent) C
fiber of a cat’s knee joint. No responses to mechanical stimulation (probing, movements)
before inflammation (control). Generation of responses to movements and pressure during
development of inflammation after kaolin/carrageenan-induced knee inflammation.
n.OR = Noxious outward rotation; OR = outward rotation; RF = receptive field. From
Schaible and Schmidt [14].

mechanism for the heightened pain sensitivity is the increase in mechanosensi-
tivity in joint afferents. Several distinct changes are induced when the joint is
becoming inflamed. First, some low-threshold AR fibers show transiently
increased responses to joint movements in the initial hours of inflammation.
They do not develop resting discharges. Second, low-threshold Ad and C fibers
show increased responses to movements in the working range. Third, a large
proportion of high-threshold A8 and C fibers (see fig. 1c, d) are sensitized so
that they respond to movements in the working range of the joint. Many units
develop ongoing discharges in the resting position. Fourth, initially mechanoin-
sensitive afferents (silent nociceptors) are sensitized and become mechanosen-
sitive [12—14, 22, 23]. Thus, the peripheral neuronal basis of inflammatory pain
is the sensitization of mechanosensitive afferents plus the recruitment of silent
nociceptors. From studies in humans it was concluded that mechanoinsensitive
nociceptors play a major role in initiating central sensitization [24] (below).
Figure 2 shows the induction of mechanosensitivity in an initially mecha-
noinsensitive C fiber by inflammation. This unit was identified by electrical
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stimulation of the joint nerve but it did not respond to mechanical stimulation
of the normal joint (control). It had neither a detectable receptive field in the
joint nor was it activated by any innocuous and noxious movements of the joint.
The fiber was then further monitored after induction of an acute inflammation
in the knee by the intra-articular injection of kaolin and carrageenan. During
development of inflammation the unit began to respond to movements of the
inflamed joint, and a receptive field could be identified in the anterior region by
probing the joint with a glass rod, obviously because it had been sensitized to
mechanical stimulation in the course of inflammation.

Chemosensitivity of Joint Afferents

The key to mechanosensitivity changes of sensory Ad and C fibers is their
chemosensitivity. A large proportion of these fibers express receptors for
endogenous compounds that are produced and released during pathophysiolog-
ical conditions. Mediators are able to excite and/or sensitize primary afferent
neurons for mechanical and chemical stimuli. Usually, these mediators produce
also vascular and other changes in the tissue, i.e. they contribute to the inflam-
matory process itself.

Effects of mediators on joint afferents have recently been summarized [25]
(see also the chapter by Kopp and Sommer, pp 28—43). The classical inflamma-
tory mediators bradykinin, prostaglandins E, and I,, and serotonin excite joint
afferents and sensitize them for mechanical stimuli. Common properties of
these mediators are: (i) that they only affect A8 and C, not AR fibers; (ii) that an
effect is only elicited in subpopulations of the units; (iii) that high-threshold as
well as low-threshold A and C fibers are affected or not affected, and (iv) that
some initially mechanoinsensitive afferent fibers are sensitized and become
mechanosensitive. Whether the mode of sensitization is principally different for
mechanosensitive and mechanoinsensitive joint afferents has not been system-
atically explored.

Prostaglandin E, and bradykinin together can cause a stronger sensitiza-
tion to mechanical stimulation than bradykinin or prostaglandin E, alone.
Conversely, nonsteroidal anti-inflammatory drugs such as aspirin and
indomethacin reduce spontaneous discharges from acutely and chronically
inflamed joints and attenuate the responses to mechanical stimulation.
Adenosine triphosphate, adenosine, capsaicin and ananadamide excite a pro-
portion of joint afferents (the latter indicate the presence of the vanilloid receptor
subtype 1). Substance P increased, while somatostatin reduced mechano-
sensitivity in numerous afferents; the peptides galanin, neuropeptide Y and
nociceptin sensitized some neurons and reduced responses in other neurons.

Schaible 24



Whether the different patterns of peptide effects (excitation or inhibition) are
dependent on the functional state of the neuron is not known at the moment. In
general, it was proposed that the simultaneous presence of different neuropep-
tides regulates the excitability of the afferent fibers. Recordings from afferent
fibers from normal and inflamed joints revealed that the proportion of neurons
that show an effect of a mediator can be different under normal and inflamma-
tory conditions. Whether this shows regulation of receptor expression or
changes in the milieu needs to be established [25].

Release of Mediators, in Particular of Neuropeptides,
from Joint Afferents

A significant proportion of joint afferents are peptidergic (see above).
Neuropeptides are released from the peripheral and spinal endings of the fibers.
In particular the release of substance P, neurokinin A and calcitonin gene-
related peptide has been studied. The peripheral release of neuropeptides pro-
duces neurogenic inflammation which is thought to aggravate inflammatory
lesions. The spinal release of these neuropeptides is involved in the generation
and maintenance of spinal hyperexcitability as a consequence of joint inflam-
mation [25].

Primary afferents contribute to central sensitization by the intraspinal
release of glutamate [26, 27] and neuropeptides [28—30]. When the knee is
normal, noxious but not innocuous compression of the joint enhances the
intraspinal release of substance P, neurokinin A and calcitonin gene-related
peptide above baseline. These data suggest that these neuropeptides are mainly
synthesized in and released from high-threshold afferents. However, during
acute inflammation joint afferents are sensitized, and, therefore, they release
neuropeptides even when the joint is stimulated at innocuous intensity [28—30]
(see also the chapter by Kopp and Sommer, pp 28—43, for data on the inflamed
TMJ). These peptides facilitate the responses of spinal cord neurons, and they
may ‘open’ synaptic pathways so that more neurons respond to stimulation
[25]. Whether silent nociceptors of the joint significantly contribute to the
release of neuropeptides has not been systematically explored because it has
been impossible to stimulate mechanoinsensitive afferent fibers selectively.
However, data from silent nociceptors of the human skin suggest that these
receptors play an important role in mediating neurogenic inflammation [18]
and a major role in initiating central sensitization [24]. Although silent noci-
ceptors in the TMJ have not been directly studied, it is very likely that
processes analogous to those outlined above are relevant in the generation of
TMJ pain.
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Abstract

Inflammation in the synovial tissues plays a major role in determining whether a tem-
poromandibular joint (TMJ) problem becomes painful. Prostaglandins, serotonin and pro-
inflammatory cytokines are the major inflammatory mediators in the TMJ. Here we describe
the technique of arthrocentesis, which is necessary to obtain a reproducible determination of
inflammation in the TMJ. Levels of inflammatory mediators were found to be increased in
the synovial fluid (SF) of patients with TMJ pain compared to controls and correlated posi-
tively with local pain. Intra-articular injections of glucocorticosteroids reduce subjective
symptoms and clinical signs of TMJ disease, partially by inhibited neuropeptide and
cytokine release, but also by local and systemic serotonergic mechanisms. A high pretreat-
ment level of tumor necrosis factor « (TNF-a) in the TMJ SF is a predictor for a positive
response to glucocorticosteroids. Furthermore, systemic treatment with a combination of the
TNF-a blocker infliximab and methotrexate reduces TMJ pain in patients with rheumatoid
arthritis through an increase in anti-inflammatory cytokines and receptors, indicating an
important role of the cytokine system in this subgroup. In conclusion, the presence of inflam-
matory mediators in the SF of the TMJ is a strong indication of a local inflammatory disorder
and may predict the treatment effect.

Copyright © 2007 S. Karger AG, Basel

A large body of evidence has accumulated showing that inflammation in
the synovial tissues plays a major role in determining whether a temporo-
mandibular joint (TMJ) problem becomes painful and which is the prognosis
upon treatment. Pain may be a consequence of malocclusion, disk displacement
and other mechanical dysfunctions, but the underlying mechanisms for the
development of pain are almost always of inflammatory nature. Much has been
learned from the pathophysiology of rheumatoid arthritis, where the role of



activated T cells, macrophages and plasma cells in the synovial tissue, with
expression of a large number of inflammatory mediators, has long been known
and has recently become a target for treatment [1]. The inflammatory mediators
most thoroughly investigated and thought to be most prevalent are the
prostaglandins, mainly prostaglandin E, (PGE,), serotonin (5-HT) and the
proinflammatory cytokines and their antagonists.

Temporomandibular disorders, including pain of muscular origin, are
related to generalized painful disorders like the fibromyalgia syndrome, where
these mediators are also reported to play a role [2]. Recent data show that not
only the absolute levels of the inflammatory mediators, but also the balance
between the pro- and anti-inflammatory substances may determine the degree of
pain in a certain disorder and the propensity for chronification [3]. Furthermore,
neuroendocrine mechanisms have been explored, revealing that inflammatory
responses are modulated by a bidirectional communication between the neu-
roendocrine and the immune system [4]. Neuroendocrine peptides are released
in the synovial tissues from primary afferent nerves (e.g. substance P, calcitonin
gene-related peptide) or sympathetic efferents (neuropeptide Y) and contribute
to the inflammatory process and pain in the TMJ.

This chapter summarizes the present knowledge on the role of inflamma-
tory mediators in TMJ pain with a background of pathophysiological mecha-
nisms and discusses consequences drawn from these findings for the treatment
of TMIJ pain.

Recent Advances on How Inflammatory Mediators Elicit Pain

Prostaglandins

Prostaglandins act as hormones in a number of systemic physiological and
local pathophysiological processes, including pain, edema, fever and inflamma-
tion. Prostaglandins, mainly PGE, and PGI,, are rapidly produced following tis-
sue injury or inflammation by most cells at the site of injury in response to
noxious stimuli mainly by the inducible form of cyclooxygenase 2. In muscle,
cytokines, in particular tumor necrosis factor (TNF) a, can induce their upreg-
ulation [5]. They are stored in phospholipids on the cell membrane and cleaved
by phospholipase A, on receptor-mediated or receptor-independent stimulation.
Peripherally administered prostaglandins produce hyperalgesia in humans and
experimental animals. Injections of PGE, and PGI, are thought to produce
hyperalgesia by acting directly on the peripheral terminals of primary afferent
nociceptors [6]. The increase in neuronal activity results from lowering the acti-
vation threshold for opening of tetrodotoxin-resistant sodium channels like Na,
1.8 by phosphorylation of these channels via phosphokinase A [7].
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Serotonin

5-HT has recently come back into the focus of research as a peripheral
algesic mediator. In peripheral tissues, 5-HT is considered proalgesic [8], but
5-HT acting on 5-HT p receptors in the trigeminal system blocks the release of
neuropeptides. Thus, these diverse interactions of 5-HT and its numerous recep-
tors complicate our understanding of its role in painful conditions like TMJ pain.
The 5-HT content in peripheral tissues increases rapidly in inflammation or injury,
the main cellular sources of 5-HT in peripheral tissues being platelets and mast
cells. There is indirect evidence that 5-HT may have a stronger effect on lesioned
or inflamed tissues than on intact ones [9, 10]. However, recently, 5-HT and a
5-HTj; receptor agonist were shown to sensitize C fibers in isolated segments of rat
sural nerve, independent of whether or not a previous lesion existed [8]. In most
preparations, 5-HT is more potent in enhancing algesic effects of other mediators
than in inducing pain by itself [11, 12]. 5-HT can sensitize nerve fibers to the
actions of bradykinin, indicating an effect on bradykinin receptors. On the other
hand, the 5-HT; receptor, itself a ligand-gated ion channel, may directly enhance
neuronal activity. 5-HT modulates tetrodotoxin-resistant sodium currents, where it
increases the magnitude of the current, shifts its conductance-voltage relationship
to a hyperpolarized direction and increases its rate of activation and inactivation
[7]. In healthy volunteers, 5-HT infused into muscle did not induce pain or hyper-
algesia by itself, but sensitized the tissue to bradykinin [13]. Injections of a higher
concentration of 5-HT into the masseter muscle in healthy human females
induced pain and hyperalgesia [14], which could be reversed by the 5-HT; antag-
onist granisetron [15]. Interestingly, pain or hyperalgesia did not increase after
injection of 5-HT into the masseter muscle of patients with fibromyalgia [14].

Cytokines

Like prostaglandins, cytokines are produced locally and mainly exert their
effects over short distances onto nearby cells. Therefore, in most pathological
states, systemic measurements of cytokine levels do not adequately reflect local
pathology. As in the example of TMJ disease, local cytokine levels are higher
and probably of more diagnostic value than circulating blood levels (fig. 1).

Synthesis of cytokines is initiated by signaling through toll-like receptors
that recognize host-derived molecules released from injured tissues [17].
Whether directly or indirectly, the proinflammatory cytokines activate genes for
inflammatory molecules, such as cyclooxygenase 2, nitric oxide synthases and
phospholipases. Cytokines have direct and indirect algesic and hyperalgesic
effects. For example interleukin (IL) 1B induces production of nitric oxide,
bradykinin and prostaglandins. Furthermore, it has a direct excitatory action on
nociceptive fibers, which are activated within 1 min by IL-1B application [18].
Brief exposure of the skin to IL-1 facilitates heat-evoked calcitonin gene-related
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Fig. 1. Plasma (mean = 17 pg/ml, SD = 6) and TMJ synovial fluid (mean = 201 pg/ml,
SD = 198) TNF-a concentrations for 8 patients with chronic TMJ arthritis and detectable
levels of TNF-a in the synovial fluid. There was a significant difference between plasma and
synovial fluid concentrations (p = 0.001). Published with permission from Elsevier
Publishing Company, originally published in the Journal of Oral and Maxillofacial Surgery
[16], p 528.

peptide release [19]. In vitro perfusion of TNF-a to dorsal root ganglia elicits
neuronal discharges in both A and C fibers [20]. Downstream of TNF-a recep-
tor activation, hyperalgesia induced by nerve injury is mediated via p38 mito-
gen-activated protein kinase [21]. This kinase, in turn, phosphorylates
tetrodotoxin-resistant sodium channels, which leads to an increased excitability
of nociceptors [22]. The TNF-a inhibitor etanercept reduces both allodynia and
p38 mitogen-activated protein kinase phosphorylation, indicating that the TNF-
a-p38 signal transduction cascade in the dorsal root ganglia is a significant par-
ticipant in the generation of mechanical allodynia.

It appears that the balance of pro- and anti-inflammatory cytokines is at
least as important as absolute levels of individual cytokines. In our own series
of 45 patients with chronic widespread pain, we found decreased levels of anti-
inflammatory cytokines compared to controls [3]. A deficiency in the anti-
inflammatory mediators IL-1 receptor antagonist, IL-10 and TGF-3 was also found
in patients with TMJ pain [23, 24]. IL-4 and the related cytokine IL-13 reduce
pain in various models [25-27]. IL-10 pretreatment reduces the hyperalgesic
responses to intraplantar injections of carrageenin, IL-13, IL-6 and TNF-a [28]
and to nerve injury [29].
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Fig. 2. SF sampling of the TMJ by the push-and-pull technique. The 4-ml sampling
solution, which consists of physiological saline (78%) and Behepan (22%), is injected with
the larger syringe and aspirated with the smaller. The shift in red color of vitamin B, is used
for spectrophotometric measurement in the quantification procedure of SE. Published with
permission from S. Karger AG, Basel, originally published in Cells Tissues Organs [31], p 24.

Measurement of Inflammatory Mediator Levels in the
TMJ Synovial Fluid

Technique for Synovial Fluid Sampling and Analysis

The synovial fluid (SF) sampling technique (arthrocentesis) suggested below
has been described before [30] and has been used and validated in numerous stud-
ies (fig. 2). The sampling procedure requires some skill, and investigators have to
be trained thoroughly before the technique can be adopted for clinical use or sci-
entific investigations. Before arthrocentesis, the joint should be carefully palpated
during mandibular movements to locate the condyle and the mandibular fossa.
The fossa is felt as a depression anterior to the tragus upon mouth opening. Hair
over the joint is shaved, and any hair in the vicinity of the joint is held aside.
A head cap can be used to cover the remaining hair. The skin area 4—5 cm around
the injection site is cleansed with benzalkonium chloride (0.1%), iodine (5%) and
alcohol (70%). A surgical drape (e.g. Steri-Drape TM, No. 1020) with a 6-cm
hole in the center is placed over the joint to maintain a clean area. The operator
should wear gloves and a face mask. A mouth prop makes maintaining the mouth
opening during the injection less cumbersome for the patient.

Anesthesia of the TMJ is preferred and achieved by an auriculotemporal
nerve block with e.g. 2.0 ml Xylocain (lidocaine 2%, Astra, Sodertélje, Sweden)
with a fine needle (0.4 X 20 mm). The TMJ is then punctured with a standard
needle (23 G, 0.6 X 25-40 mm) inserted into the posterior part of the upper joint
compartment. With the patient’s mouth open, the needle is inserted into the fossa
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2-3 mm beneath the zygomatic arch and 8—10 mm anterior to the anterior border
of the tragus. These landmarks may vary, so palpation of the condyle and fossa is
important. The needle is directed perpendicularly for the first 10—-15mm and
then slightly upward and backward to account for the angulation of the condyle.
If resistance is felt, it may have penetrated the posterior part of the disk and not
the upper joint space proper. This may occur in patients with restricted condylar
translation. The needle should not be forced further, but withdrawn and the inser-
tion tried again. Scratching of the articular surfaces by the needle should be
avoided. When properly positioned, the needle should have penetrated 20-30 mm
beneath the skin surface depending on the thickness of the subcutaneous fat
layer. TMJ SF samples are obtained by washing the joint cavity with saline using
a push and pull technique performed with two syringes (4 ml; fig. 2), one used
for the washing solution to be injected and the other for aspiration, connected to
the arthrocentesis needle by a 3-way stopcock. The injection solution, which con-
sists of 78% saline (NaCl 9 mg/ml; Kabi Pharmacia, Uppsala, Sweden) and 22%
Behepan® (1 mg/ml, hydroxocobalamin, vitamin B,,; Kabi Pharmacia), is
injected slowly into the joint cavity, 1 ml at a time, and then aspirated. The correct
intra-articular position of the arthrocentesis needle can be confirmed by easy
flow of the washing solution when injected and aspirated. The total washing solu-
tion volume used is 4 ml. The syringe may then be detached, and another syringe
containing a drug can be attached and a therapeutic injection made. The needle is
then removed, and slight pressure is maintained over the injection site for
1-2 min with a gauze dressing. A dressing may be placed over the injection site,
but bleeding is a very uncommon occurrence. Antibiotics are unnecessary
because infection following an intra-articular injection is extremely rare.

The hydroxocobalamin is included in order to measure the dilution of the
washing solution in the aspirate, i.e. for an indirect measurement of the SF con-
tent in the aspirate. The washing solutions before injection and after aspiration
are compared in a spectrophotometer (Shimadzo UV-160A; Shimadzo Corp.,
Tokyo, Japan) with a capillary tube system consisting of a capillary tube of
quartz (0.7mm in diameter for a 3-pl sample) and a capillary tube holder
(Shimadzo Corp.). The detection limit for the dilution of the washing solution
after aspiration by this method is 0.9%. The SF concentration of any particular
substance (SF-) can then be calculated using the formula:

Cu
1- Abs,,,
AbS Wash

where Cg = SF concentration, C, = aspirate concentration, 4bs,, = aspirate
absorbance and 4bsy,, = washing solution absorbance.

Cs=
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Table 1. Findings on inflammatory mediators in the SF of the TMJ in healthy individ-
uals and patients with TMJ disease

Healthy controls Patients Reference No.

SP n.d. present [32]

CGRP n.d. present [32]

NPY n.d. present [33]

PGE, negative present [34]

5-HT negative present [35]
TNF-a negative present [16,31]
TNFsRII negative high [31]

IL-1B negative or low present [14, 36, 37]
IL-6 negative high [38]
IL-1sRII n.d. high [24, 39, 40]
IL-1ra n.d. high [23,31,39]
IL-10 negative negative [23]

TGF-B negative present [23]

CGRP = Calcitonin  gene-related  peptide; IL-1ra =IL-1 receptor antagonist;
IL-1sRII = soluble receptor II of IL-1; n.d. = not determined; NPY = neuropeptide Y; SP =
substance P; TGF-B = transforming growth factor (3; TNFsRII = soluble receptor II of TNFE.

During and immediately after the arthrocentesis, blood cell contamination
of the aspirate is checked visually. Blood cell contamination, especially by ery-
throcytes, can be observed in this solution, almost as easily as in pure saline.
Blood contamination of the aspirate will interfere with the calculation of SF
concentrations. After aspiration, the weight of the sample is immediately mea-
sured and the sample is centrifuged (1,500 g for 10 min in 4°C) and hemolysis
is then recorded as absent or present by visual inspection. Twelve microliters of
the supernatant, i.e. 4 capillary tubes, are used for the absorbance measurement.
The aspirated and preinjection washing solution absorbances are compared, and
a dilution factor (DF = 4bs,,,/Absy,,) is calculated for each. The remaining
part of the supernatant is transferred to tubes, one for each substance to be ana-
lyzed, and stored in a freezer (—85°C) until analysis. The recommended sample
quality criteria are based on sample hemolysis (should be absent), blood conta-
mination (should be absent or hardly visible), aspirate volume (>0.5ml) and
dilution factor/recovery of SF (<<0.98).

Inflammatory Mediators in the TMJ in Healthy

Individuals and Patients

Data collected in our laboratory (S.K.) and a brief survey of the literature
are summarized in table 1. Briefly, in the SF of the TMJ, 5-HT levels were
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Fig. 3. SF concentrations of TNF-a in patients with chronic TMJ arthritis and pain
(mean = 120 pg/ml, SEM = 51, n = 13) and without pain at maximum mandibular opening
(mean = 3 pg/ml, SEM = 3, n = 11). There was a significant difference between the groups
(p = 0.010). Published with permission from Elsevier Publishing Company, originally pub-
lished in the Journal of Oral and Maxillofacial Surgery [16], p 528.

correlated with pain upon movement [41]. PGE, was also increased in patients
compared to controls, and the levels were correlated with pain upon movement
[34]. TNF-a levels were significantly higher in patients with TMJ pain than in
those without such pain [16] (fig. 3). A correlation was also found between
TNF-a levels and tenderness to palpation of the posterior aspect of the TMJ,
which indicates that it contributes to local hyperalgesia [16]. High TNF levels
have also been implicated to predict poor outcome of surgical interventions
[42]. IL-1PB levels also correlated with TMJ pain [36]. The presence of the IL-1
receptor antagonist was associated with lower intensity pain [39]. Other investi-
gators found IL-6 more often in patients with TMJ pain compared to controls
and found a correlation of IL-6 levels and pain [38].

Influence of Local and Systemic Treatment on Inflammatory
Mediators and Pain in the TMJ

Local Treatment with Glucocorticoids
The anti-inflammatory effect of intra-articularly administered gluco-
corticoids in joints with painful arthritis is well documented. Intra-articular
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corticosteroids are useful in alleviating pain, swelling and impaired function
following inflammatory diseases involving the TMJ, such as rheumatoid arthri-
tis (RA), as well as in primarily noninflammatory joint diseases such as
osteoarthrosis [42]. Glucocorticoids act on cytoplasmic glucocorticoid recep-
tors that inhibit the expression of genes for proinflammatory cytokines such as
TNF-a and increase the expression of genes encoding anti-inflammatory
cytokines such as the soluble receptor II of TNF-«, which has been shown to
reduce arthritis [44]. Glucocorticoids have an inhibitory effect on inflammatory
mediator release from many cell types involved in inflammation such as
macrophages, T lymphocytes, mast cells, dendritic cells and neutrophilic leuko-
cytes. The synthesis of PGE is reduced by inhibiting the production of arachi-
donic acid from cellular phospholipids by inhibition of the phospholipase A,
enzyme [43]. Glucocorticoids also stabilize the membrane of the lysosomes of
damaged cells and thereby prevent the release of proteolytic enzymes and
inhibit enzymes already released. They further inhibit the synthesis of proteo-
glycans and collagen, which is a side effect and may impair the healing process.
This factor is important with long-term systemic administration, but not with
limited numbers of intra-articular injections. Local side effects of intra-articular
injection of glucocorticoids, such as destruction of articular cartilage, have
been reported [45]. The cause of these deleterious effects has not been fully
explained, and adequate controls are lacking. On the contrary clinical studies
have shown that intra-articular glucocorticoid injections result in less release of
proteoglycan into the joint fluid than before treatment and recurrence of symp-
toms coincided with an increase in proteoglycan in the SF [46]. A recent study
showed that repeated intra-articular glucocorticoid administration every third
month for 2 years in the knee joint with osteoarthrosis was not associated with
radiological progress compared with a control group [47].

Intra-articular injections of glucocorticosteroids into the TMJ have been
advocated in patients with acute synovitis secondary to osteoarthrosis and in
patients with acute exacerbations of inflammatory joint disease, e.g. RA. This
recommendation is supported by substantial evidence and is associated with
minimal side effects [43]. Besides RA and osteoarthrosis, intra-articular gluco-
corticoid injections are effective in inflamed joints with psoriatic arthropathy,
ankylosing spondylitis, gout, chondrocalcinosis, reactive arthritis and rheumatic
fever.

A long-term study of treatment with intra-articular glucocorticoids showed
a significant effect on nonsystemic arthritis of the TMJ with subjective symp-
toms and clinical signs such as joint tenderness, maximum voluntary mouth
opening and bite force, while neither joint crepitation nor muscle tenderness
was affected by the treatment [48]. In a randomized, double-blind clinical trial
of intra-articular methylprednisolone acetate (Depo-Medrol) in patients with
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RA of the TMJ, this glucocorticoid had a significant short-term effect on both
pain and tenderness that exceeded the effect of saline [49].

In a study of the TMJ, intra-articular administration of glucocorticoid
caused a short-term decrease in the level of neuropeptide Y in the SF from
patients with inflammatory joint disease (RA), at the same time as pain and
hyperalgesia of the joint were reduced [50]. These findings indicate that part of
the pain-relieving effect of glucocorticoids is due to inhibited neuropeptide
release from sympathetic nerve terminals involved in neurogenic inflammation.

A recent study showed that local and systemic serotonergic mechanisms
modulate the effect of intra-articular glucocorticoid treatment on TMJ pain in
patients with chronic TMJ arthritis of systemic nature, while changes in pres-
sure pain threshold over the TMJ are mostly influenced by systemic serotoner-
gic mechanisms [35]. Patients with detectable pretreatment levels of SF 5-HT
experienced a larger decrease in TMJ pain intensity at rest than those without
and, likewise, more relief from TMJ pain on movement. The pretreatment
plasma level of 5-HT on the other hand was associated with less reduction of
resting pain of the TMJ after treatment. There was no correlation between 5-HT
in SF and plasma; however, the plasma level was correlated to C-reactive pro-
tein and thus to systemic inflammatory activity.

As can be expected, TNF-a levels in SF and plasma appear to be predictive
for the treatment response to intra-articular administration of glucocorticoid
into the TMJ. A high pretreatment level of TNF-a in the TMJ SF was found to
be a positive predictor for relief of TMJ pain provoked by mandibular move-
ment after intra-articular administration of glucocorticoid [51]. The pain relief
was associated with TNF-a reduction after treatment. It is thus quite likely that
TNF-a is involved in the modulation of this TMJ pain entity. There was no cor-
relation between SF and plasma levels of TNF-a, and the SF level was higher
than the plasma level which indicates a local production of the mediator in the
TMIJ synovial tissues (fig. 1).

Systemic Treatment with the TNF-a Blocker Infliximab

According to the data mentioned above, TNF-a can be suspected to be one
important contributor to pain of the arthritic TMJ. Blocking of the production of
TNF-a systemically or locally may thus be a rational therapy to alleviate TMJ
inflammation and pain, like in patients with RA [52]. Systemic treatment with a
combination of infliximab and methotrexate has been shown to reduce TMJ
pain in RA with an increase in anti-inflammatory cytokines in SF and blood
plasma [31]. TMJ pain intensity at rest and in movement as well as tenderness
to digital palpation of the TMJ (hyperalgesia/allodynia) were reduced in paral-
lel with global joint pain but not TMJ pressure pain thresholds. Both erythro-
cyte sedimentation rate and C-reactive protein decreased, which indicates that
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the systemic inflammatory activity was also reduced. Both local and global
decrease in pain was most probably a result of decreased local and systemic
inflammation due to elimination of biologically active TNF-a [53]. However,
the reduction of TMJ pain was associated with raised SF levels of soluble recep-
tor II of TNF-a (fig. 4a) and soluble receptor II of IL-1 (fig. 4b) as well as
raised plasma levels of IL-1 receptor antagonist and IL-10. This increase in
anti-inflammatory cytokine and soluble receptor levels associated with the pain
reduction indicates that endogenous cytokine control mechanisms also influ-
ence the response to infliximab treatment, e.g. by inhibition of the activation
and sensitization of afferent nerves to the nociceptive effects of proinflamma-
tory cytokines such as TNF-a and IL-1P. The effect of systemic treatment with
a combination of infliximab and methotrexate therefore seems to depend on an
increase in anti-inflammatory cytokines and receptors in SF and blood plasma.

The lack of treatment response for the pressure pain threshold of the TMJ
is remarkable. There are reasons to believe that the pressure pain threshold,
which can be categorized as allodynia or hyperalgesia, is an entity separate
from joint pain at rest and in movement [41]. The lateral border of the TMJ is
located about 15mm beneath the skin surface and hyperalgesia detected by
external pressure on the skin surface, corresponding to the low-pressure pain
threshold, might be a secondary phenomenon or unrelated to TMJ pathology.
The mechanisms behind a possible treatment response of the pressure pain
threshold are therefore probably different from those of TMJ pain at rest or in
movement.

In about a third of patients, there are no or only minor effects on TMJ pain
intensity after systemic administration of infliximab and methotrexate [40].
The effect of infliximab on TMJ pain could be predicted by pretreatment
plasma levels of IL-13, IL-1 receptor antagonist and IL-10 as well as pretreat-
ment levels of TMJ SF soluble receptor II of IL-1. High pretreatment levels of
these cytokines and receptors as well as presence of rheumatoid factor were
associated with no or minor reduction of TMJ pain after treatment. This nega-
tive effect of IL-13 must be independent of TNF-a since infliximab specifi-
cally inhibits TNF-a [54]. There are a number of TNF-a-independent
pathways that may activate IL-1B production from monocytes. These pathways
include neuropeptides, hormones, physical contact between T cells and
macrophages as well as denatured matrix proteins [55]. In addition, the plasma
level of IL-1$3 was not changed during treatment follow-up, which supports a
negative TNF-a-independent influence of IL-18 on the treatment effect on
TMJ pain.

The presence of rheumatoid factor is a negative factor influencing the
treatment response of TMJ pain and this effect is independent from IL-1pB.
Seropositive patients have higher plasma levels of other mediators like
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Fig. 4. The relation between change in TMJ resting pain intensity (millimeters on a
100-mm visual analogue scale, VAS) and change in TMJ SF levels of soluble receptor II of
TNF (TNFsRIL; r, = —0.73, p = 0.016, n = 10; a) and soluble receptor II of IL-1 (IL-1sRII;
r, = —0.76, p = 0.016, n = 9; b) in patients with RA after treatment with infliximab and
methotrexate at the short-term (2 weeks) follow-up. Published with permission from
S. Karger AG, Basel, originally published in Cells Tissues Organs [31], p. 25.

serotonin, which levels in turn are related to inflammatory joint disease activ-
ity and pain. Activation of platelets and subsequent release of inflammatory
mediators from these can be induced by the rheumatoid factor. In addition, the
treatment response is poor when the anti-inflammatory cytokines are already
highly expressed in synovial tissues and plasma before treatment. It is remark-
able that systemic disease activity according to blood levels of C-reactive pro-
tein and IL-6 before treatment was not associated with the treatment response
of TMIJ pain. None of these in turn correlated with the pretreatment plasma
level of IL-1B. For comparison, the pretreatment level of IL-1 in the SF of the
knee was a negative predictor for reduction of the number of tender and
swollen joints after systemic treatment with a combination of infliximab and
methotrexate [S.K., unpubl. data]. A low pretreatment level of soluble receptor
IT of IL-1 in the SF was associated with reduction in global pain intensity,
while a low pretreatment level of IL-10 was associated with reduction of the
Disease Activity Score calculated on 28 joints including the number of tender
and swollen joints, erythrocyte sedimentation rate and the patient’s assessment
of general health.
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Local Treatment with Infliximab

A few case reports have been published about the intra-articular adminis-
tration of infliximab into the knee joint with persistent inflammation due to RA.
Intra-articular administration of infliximab seems to be effective and safe in
patients with persistent monoarthritis due to RA [56] and ankylosing spondyli-
tis [57] but there are divergent opinions about the long-term outcome of the
treatment and whether the effect is superior to intra-articular corticosteroids
[58]. In our clinic we have positive experience with treatment of the TMJ in a
single patient, who is on a regimen of repeated infliximab injections and also
receives systemic administration [S.K., unpubl. data].

Conclusions

The presence of inflammatory mediator levels in the SF fluid of the TMJ
exceeding those in plasma is a strong indication of a local inflammatory dis-
order (arthritis) which is usually associated with pain.

Inflammatory mediators are important targets for local as well as systemic
treatment.

Pretreatment levels of inflammatory mediators particularly in the SF but
also in the blood may predict the treatment effect on inflammatory pain condi-
tions of the TMJ.
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Abstract

It has long been recognized that more women than men present for treatment of certain
orofacial pain conditions. Evidence is accumulating that at least some of this discrepancy is
due to the influence of female reproductive hormones on orofacial pain. The use of hormone
replacement therapy in women is associated with a moderately increased risk of developing
temporomandibular pain. However, temporomandibular pain is perceived to be of the highest
intensity at times of low or fluctuating endogenous estrogen. Most research concerning hor-
monal effects on burning mouth and atypical odontalgia/persistent idiopathic facial pain has
examined the effect of exogenous hormones. Although there are certainly indications that
hormonal factors play a role in these pain conditions, more research is needed to clarify these
associations. A range of peripheral and central pain mechanisms have been investigated in an
attempt to explain the observed gender patterns in clinical pain conditions and the assumed
relationship between hormonal factors and orofacial pain. At this point, some studies indi-
cate that the presence of female reproductive hormones enhances pain response, while other
studies suggest that these hormones decrease pain response. These seemingly contradictory
findings could be explained if hormones act differently in peripheral tissues and at different
levels of the nervous system.

Copyright © 2007 S. Karger AG, Basel

It has long been recognized that more women than men present for
treatment of certain orofacial pain conditions, such as temporomandibular
muscle and joint disorders (TMJDs) and burning mouth syndrome (BMS).
Epidemiological evidence suggests that many orofacial pain problems are more
common among women than among men in the community as well [1-3].
Gender differences have been found both in the prevalence of orofacial pain
problems (i.e. the percentage of the population experiencing the pain condition
during a particular time period) and in incidence rates (i.e. rates of onset over a
specific time period). There are a number of possible reasons for these gender



Table 1. Population-based prevalence studies of pain in the temporomandibular region

Authors Prevalence, % Female:male Peak age

ratio years
women men

Helkimo [8] 14.0 10.0 1.4 3544

Szentpétery et al. [9] 8.3 32 2.6 not reported

Locker and Slade [7] 9.5 5.0 1.9 <45

Von Korff et al. [5] 15.0 8.0 1.9 2544

Salonen et al. [10] 12.0 8.0 1.5 none

Goulet et al. [6] 9.0 5.0 1.8 35-54

discrepancies, including cultural and psychosocial factors [4]. However, evi-
dence is accumulating that at least some of the discrepancy is due to the influ-
ence of female reproductive hormones on orofacial pain. This chapter will
review the clinical and epidemiological evidence concerning the relationship of
reproductive hormones to specific orofacial pain conditions in women.
Information concerning the possible mechanisms of action of reproductive hor-
mones on chronic orofacial pain conditions will also be presented.

Age and Gender Differences in the Prevalence of
Orofacial Pain Conditions

Musculoskeletal Pain Conditions

The most common chronic orofacial pain conditions involve pain in the
temporomandibular joint (TMJ) and associated masticatory muscles. In North
America, pain in the temporomandibular region affects approximately 10% of
the adult population [2, 5-7]. Prevalence rates in women are about 1.5-2 times
those of men, and prevalence peaks around the age of 40 and declines thereafter
(table 1). Prior to puberty, prevalence rates of temporomandibular pain are
relatively similar for males and females [11], although the rates and gender
prevalence ratios differ across studies to a greater extent than for adults. A recent
investigation of 12- to 19-year-olds conducted in Sweden [12] found prevalence
rates to differ only slightly in boys and girls before the age of 15. However, by
the age of 16, the adult pattern of a prevalence ratio of 2:1 or more in favor of
women was established. In another study, girls were found to be significantly
more likely to experience a first onset of temporomandibular pain between the
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ages of 11 and 14 years than were boys [13], and, for girls, the probability of
experiencing temporomandibular pain increased with time since menarche [14].
This pattern of increasing gender discrepancy around the time of puberty and
declining prevalence around the usual time of menopause suggests that repro-
ductive hormones may play a role in temporomandibular pain conditions.

Neuropathic Pain Conditions and Chronic Pain of Unknown Origin

Age and gender differences in incidence are also apparent for trigeminal
neuralgia (TN) [15]. In addition, BMS, atypical odontalgia and persistent idio-
pathic (formerly ‘atypical’) facial pain all seem to be more common in women
than in men [16—18], at least among treated cases. These latter conditions, once
considered to be of unknown origin, are now thought by many investigators
[19, 20] to be neuropathic in nature, or at least to have neuropathic components.

Classically defined TN is a rare condition, with only 3—5 onsets per year
per 100,000 people [3]. Epidemiological data on TN are very limited. Some
large studies indicate a gender difference in incidence, with onset rates in
women about 1.5—1.7 times those in men [15, 21], although another large study
found a female:male ratio of only 1:1.1 [22]. All studies agree that TN increases
with age, and it appears that the gender difference is found in all age groups
between the ages of 35 and 75 years [15]. A recent study of TN diagnosed in
primary care [23], which used a broader case definition, found a similar pattern
of rising incidence with age and higher rates in women at all ages, although
overall incidence rates in this study were much higher than those found in stud-
ies using a narrower case definition. Nevertheless, none of these studies found
dramatic changes in rates of onset of TN around the time of puberty or
menopause, suggesting that, if reproductive hormones play a role in the gender
differences in onset observed for TN, these factors act indirectly through their
influence on early development.

A small number of population-based studies have assessed the prevalence
of BMS [2, 24-26]. These studies have found rates of BMS ranging between
0.6 and almost 15%, depending on the case definition and the population stud-
ied. The prevalence of BMS is consistently found to increase with age.
Although some of the population-based studies, including the largest [2], have
found a female predominance in BMS prevalence, one investigation found no
significant gender differences in prevalence rates in a population 65 years of
age or older [24]. It may be, however, that BMS symptoms are severer in
women than in men, or that more cases of BMS are not attributable to specific
causes (e.g. candidiasis) in women. Clinical studies almost universally report
that the majority of patients with idiopathic BMS are peri- or postmenopausal
women [18], and gender ratios in the order of 4-5 women for every man are
typical in clinic populations [27].
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There are virtually no population-based studies of persistent idiopathic
facial pain. However, in a systematic review [27] of 8 clinical studies or case
series ranging in size from 32 to 121 patients with persistent idiopathic facial
pain, the mean age of subjects was 40—-60 years, and the proportion of female
subjects ranged from 62 to 89%. In the two largest samples (121 and 95 sub-
jects), the proportions of female subjects were 83 and 86%, respectively.

Population-based research on the prevalence pattern of atypical ondontal-
gia (i.e. intraoral neuropathic pain) is also lacking. However, the majority of
cases are generally found to be in their 40s [16, 17]. One recent review of clini-
cal studies [16] summarized female:male prevalence ratios in the clinical stud-
ies reviewed as ranging from 2:1 to 20:1. In another review [17], which
included data on sample size, female:male gender ratios were 2:1 and 4:1 in the
two clinical studies with sample sizes of 50 patients or more.

In summary, both musculoskeletal orofacial pain and other orofacial pain
conditions that may have neuropathic features are more prevalent in women
than in men. There are a number of possible reasons for these prevalence dis-
crepancies, including anatomical and psychosocial differences between the
sexes. However, prevalence patterns showing changes in prevalence in females
at hormonal transition points (puberty, menopause) may indicate that reproduc-
tive hormones play a role in the pain condition. Thus, it appears plausible that
reproductive hormones may be involved in temporomandibular pain, BMS,
atypical odontalgia and persistent idiopathic facial pain. The evidence for such
involvement is reviewed in the next section.

Hormones and Musculoskeletal Orofacial Pain

Exogenous Hormones

Although the evidence is somewhat contradictory [28-33], a number of
studies suggest that the use of exogenous hormones — oral contraceptives and
hormone replacement therapy (HRT) — may be associated with an increased
risk of temporomandibular pain. Two early studies compared the oral contra-
ceptive histories of treated female TMJD cases to those of age-matched controls.
One investigation [28] found cases to report a significantly higher use of oral
contraceptives, while the other [29] found a lower rate of use among the cases.
Larger, population-based studies have either found no significant relationship
between oral contraceptive use and orofacial pain (including, but not limited to
temporomandibular pain) [30] or found only a slightly increased risk of TMJDs
among the oral contraceptive users [31]. Thus, if there is an association between
the use of oral contraceptives and musculoskeletal orofacial pain, it is likely
that the relationship is not strong. However, examination of the use of oral
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contraceptives may not provide the most powerful test of the hypothesis that
reproductive hormones are involved in temporomandibular pain, since both users
and nonusers of oral contraceptives can be expected to have circulating levels of
some form of estrogen and progesterone within the biologically active range.

On the other hand, levels of circulating hormones are likely to be substan-
tially different in postmenopausal women who use HRT and those who do not.
In a large case-control study of postmenopausal women (1,291 women with
TMJDs and 5,164 age-matched controls) selected from the databases of a pre-
paid health plan, women using HRT were found to be at higher risk of being
referred for care of pain associated with TMJDs than women not using HRT
[31]. Specifically, the risk of TMJD pain was related to estrogen use, with a
clear dose-response relationship between the amount of estrogen prescribed in
the prior year and the risk of TMJDs. Among women at the highest cumulative
estrogen dose, the risk of TMJD pain was roughly double that for women not
using estrogen. A population-based study of 510 postmenopausal women found
no relationship between the use of estrogen HRT in the prior 2 weeks and the
severity of TMJD signs and symptoms, including pain [32]. However, due to
differences in the designs, case definitions and sample sizes of the two studies,
as well as the fact that the increased risk in the case-control study was only of
moderate size, the failure of the second study to replicate the first is, perhaps,
not surprising [33]. On the other hand, another population-based study, which
included 435 postmenopausal women, again found a moderate relationship
between HRT use and orofacial pain, including, but not limited to muscu-
loskeletal pain symptoms (age-adjusted odds ratio = 1.46, 95% confidence
interval = 1.02-2.08) [30].

Thus, the evidence, while not definitive, suggests a modest relationship
between the use of HRT and temporomandibular pain. In such naturalistic stud-
ies, it is possible that an association between HRT and temporomandibular pain
is attributable to some other factor or factors that may influence both pain and
HRT use. The most obvious of these factors would be the general tendency to
experience and seek treatment for symptoms. However, all three of the studies
cited above used multivariate models that controlled for this factor in one way
or another. Thus, it appears that, if HRT use influences the risk of temporo-
mandibular pain, the effect is not solely attributable to a general tendency to
experience and use health care for somatic symptoms.

Endogenous Hormones

A number of studies have examined whether the risk of temporomandibu-
lar pain and/or levels of temporomandibular pain vary with naturally occurring
changes in reproductive hormones. Dao et al. [34] conducted a pilot study of
pain variability across the menstrual cycle among 12 women with myofascial
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temporomandibular pain. Five of the women were using oral contraceptives and
7 were not. Pain levels were similar in the two groups. Although no patterns
were apparent across the menstrual cycle, oral contraceptive use appeared to
decrease the variability in pain levels.

Our own research [35] indicates that in women meeting research diagno-
stic criteria [36] for both myofascial pain and temporomandibular joint arthral-
gia, levels of pain in the temporomandibular region vary systematically across
the menstrual cycle, showing a pattern of highest pain at times in the cycle
when estrogen is typically at its lowest level, or when the estrogen level is
rapidly changing. Our research also suggests that temporomandibular pain
varies over the course of pregnancy, with lower pain levels during the 2nd and
3rd trimesters, when estrogen levels are high [37]. In the pregnancy study, pain
levels showed a significant negative correlation with salivary levels of both
estradiol and progesterone. (Both hormones vary in a similar fashion over
pregnancy.)

The finding that exogenous estrogen use is associated with a moderately
increased risk of developing temporomandibular pain and the finding that the
highest temporomandibular pain levels in women occur at times of low or fluctu-
ating endogenous estrogen may appear contradictory. However, the typical levels
of estrogen in HRT are quite low — about the same as the lowest levels that occur
during the normal menstrual cycle. If estrogen serves as a pain modulator in
humans, as appears to be the case in animals [38], it may be that low levels of
estrogen are associated with increased pain. Taken together, however, the existing
evidence appears to indicate that hormonal factors play a role in musculoskeletal
orofacial pain. The evidence is strongest for estrogen. Nonetheless, possible
effects of progesterone cannot be ruled out at this point.

Hormones in Other Orofacial Pain Conditions

Because of the fact that the majority of clinical cases of unexplained BMS
occur in postmenopausal women, several studies have investigated the effect-
iveness of HRT as a treatment for BMS [18, 39—42]. It appears that, at least for
some women, HRT (most probably estrogen) has a positive effect on the thick-
ness or maturation of the oral epithelium [39, 40]. Some studies [40, 41] also
found an improvement in symptoms, but the sample sizes in these studies were
small, follow-up periods were short, and neither subjects nor investigators
were blinded. To our knowledge, only one double-blind placebo-controlled
trial has examined the effect of HRT on oral symptoms [42]. Oophorectomized
women (n = 145) were randomly assigned to receiving daily doses of mestra-
nol (a form of estrogen) or placebo, and symptoms were compared at 1 year.
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There were no significant differences in the prevalence of burning mouth
symptoms in the two groups. On the other hand, some epidemiological studies
have found HRT to increase the risk of burning mouth symptoms [43—45]. Two
of these studies [43, 44] were population-based surveys (involving 1,017 and
3,173 women, respectively) that identified HRT as a significant risk factor
for burning mouth symptoms, even after controlling for other relevant risk
factors.

There has been little work on the potential association of HRT and atypical
odontalgia or persistent idiopathic facial pain. One study [46] compared
44 clinical cases of persistent idiopathic facial pain (including atypical odontal-
gia) with 88 control women of similar age seeking care in a primary care clinic.
Multivariate logistic regression analysis controlling for age, education, occupa-
tion and other relevant risk factors showed that HRT use was a significant inde-
pendent predictor of persistent idiopathic facial pain (odds ratio = 4.6, 95%
confidence interval = 1.5-13.8). Interestingly, the risk of persistent idiopathic
facial pain was also significantly increased among women with endometriosis
(odds ratio = 6.8, 95% confidence interval = 1.3-34.8).

Most of the research concerning possible hormonal effects on burning
mouth and atypical odontalgia/persistent idiopathic facial pain has examined
the effect of exogenous hormones. To our knowledge, there are no studies
examining whether variability in these symptoms is associated with variability
in levels of endogenous hormones. Although there are certainly indications of
associations between hormonal factors and these pain conditions, obviously
more research is needed to clarify these associations.

Mechanisms of Hormonal Involvement in Orofacial Pain

There are sex differences in the size of orofacial structures that are likely
ultimately attributable to hormonal differences. These anatomical differences
and associated biomechanical differences may influence the predisposition to
injury or the rate of healing of these structures and could explain some of the
observed sex differences in rates of orofacial pain disorders. However, in add-
ition to these indirect hormonal effects, there appear to be direct effects of
reproductive hormones on orofacial pain mechanisms. A range of peripheral
and central pain mechanisms have been investigated in an attempt to explain the
observed gender patterns in clinical pain conditions and the assumed relation-
ship between hormonal factors and orofacial pain. This section provides a
selective overview of the basic research evidence concerning effects of repro-
ductive hormones on pain mechanisms. Most of this research has focused
specifically on the effects of estrogen.
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Hormonal Influences in Peripheral Tissues

Estrogen receptors have been found in the TMJ in a number of species
[47], and estrogen has been shown to modulate inflammatory processes in the
joint, although the specific mechanisms by which this modulation occurs are
not totally clear. For example, in a complete Freund’s adjuvant rat model, estra-
diol reduced the number of TMJ cells positively labeled for the inflammatory
mediators tumor necrosis factor a, CD16 and double labeled CD14+/CD16+
in a dose-dependent manner. However, higher levels of estrogen were also asso-
ciated with increased swelling in the TMJ [48].

Hormonal Influences on Responses to Painful Orofacial Stimuli

Reflex jaw muscle responses to injection of glutamate into the TMJ are of
significantly greater magnitude in female than in male rats [49], and injection
of glutamate into the masseter muscle in humans results in pain of higher peak
intensity, longer duration and greater perceived spread in women than in men
[50]. In rats, the response appears to be mediated by estrogen, as ovariectomy
significantly decreased the magnitude of muscle response in females, while
replacement of estrogen resulted in muscle activity levels similar to those of
intact females.

In another study, nociceptive responses to a formalin injection into the
TMJ were found to be lower in pregnant rats (i.e. with high estrogen levels) than
in nonpregnant rats (i.e. with lower estrogen levels) [51]. Preinjection of the
TMJ with a selective k-opioid receptor agonist enhanced the behavioral noci-
ceptive responses to formalin, suggesting that the antinociceptive effects of
estrogen may be mediated by k-opioids delivered in the periphery.

Hormonal Influences in the Trigeminal Ganglion

In the absence of painful stimuli, estrogen receptors as well as a number of
neuropeptides in the trigeminal ganglion have been found to fluctuate with lev-
els of ovarian steroids over the estrous cycle in mice [52]. In another investiga-
tion [53], hormonal fluctuations over the estrous cycle appeared to influence the
ability of morphine to inhibit bradykinin-induced activity in TMJ-responsive
neurons at the trigeminal nucleus caudalis/upper cervical cord junction. Opiate-
based inhibitory mechanisms seemed to operate in males and in females with
the low estrogen levels of diestrus, but not in females with the higher estrogen
levels of proestrus.

Hormonal Influences on Higher Central Nervous System Pathways

In addition to specific hormonal effects in the trigeminal system, female
reproductive hormones may affect pain neurotransmission and pain modulation
pathways higher in the central nervous system. A series of elegant experiments
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in mice has shown that different pathways predominate in mediating pain inhib-
ition in males and females (summarized in Sternberg and Wachtermann [38]).
Stress-induced (nonopioid) analgesia is mediated by N-methyl-D-aspartate
(NMDA) in males. Although females show the same level of stress-induced
analgesia as males and have the same NMDA-mediated anesthesia circuitry, hor-
monally intact females rely on hormonally-mediated pain inhibitory mechanisms,
rather than NMDA systems. However, when females lack ovarian hormones, the
NMDA system becomes active. Thus, there are qualitative differences in the pain
modulation systems of males and females, at least in mice.

A recent human brain imaging study assessed endogenous opioid system
responses to sustained facial pain induced by infusion of hypertonic saline into
the masseter [54]. In healthy, normally cycling women, under conditions of low
estradiol and progesterone (i.e., early follicular phase of the menstrual cycle),
p-opioid receptor-mediated neurotransmission, which modulates pain, was lower
in women than in men in the anterior-medial thalamus, nucleus accumbens, ven-
tral pallidum and amygdala (areas associated with pain) and was actually deacti-
vated in women [54, 55]. When exogenous estradiol was administered to the
female subjects for 7-9 days during the follicular phase when estradiol levels
would otherwise be low, the number of p-opioid receptors in these regions
increased to levels comparable to those of males and similar increases were
observed in the response of the endogenous opioid system to sustained pain stim-
uli [54]. These studies suggest that while higher levels of estradiol can modulate
pain in humans through activation of the p-opioid system, low levels of estradiol
may actually be associated with p-opioid system deactivation and increased pain.

Summary of Hormonal Effects on Pain Mechanisms

At this point in the development of research, the results of some studies
appear to indicate that the presence of female reproductive hormones enhances
pain response, while other studies suggest that these hormones decrease pain
response. In addition to obvious differences in experimental models, some of
these seemingly contradictory findings may be explained if hormones act dif-
ferently in peripheral tissues and at different levels of the nervous system.

Future Research Directions

Determination of the role of reproductive hormones in orofacial pain
requires additional research at a number of levels. For musculoskeletal oro-
facial pain conditions, both clinical and basic research appear necessary to
replicate initial findings and further explore potential mechanisms. For BMS,
and especially for those conditions now called persistent idiopathic facial pain
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and atypical odontalgia, clear, operational diagnostic criteria are required in
order for epidemiological research to determine whether the age and gender
distributions seen in clinical settings reflect the distribution of the conditions in
the community. Animal models of these conditions should also be developed or
existing models exploited to explore sex differences and hormonal influences.

Although most of the existing research on the role of reproductive hor-
mones in orofacial pain has focused on estrogen, it is possible that other hor-
mones, including not only progesterone, but also relaxin and testosterone, may
be involved in some orofacial pain conditions. In the last 15 years, we have
learned a great deal about the role of hormonal factors in orofacial pain, but
investigations to date have addressed only a fraction of the relevant research
questions. The next few years should provide research findings that will help
fill the gaps in existing knowledge and lead to an increased understanding of
the role of reproductive hormones in orofacial pain.
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Pathophysiology of Orofacial Pain
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Abstract

Compared to the limited knowledge base that existed 30 years ago of the patho-
physiological processes underlying orofacial pain conditions, several of which are unique
to the face and mouth, a great deal has been learnt about these processes in recent years.
Recent findings related in particular to peripheral sensitization and central sensitization of
orofacial nociceptive processes have provided some important insights into how orofacial
pain arises and may become persistent. Nevertheless, there are still critical gaps in our
knowledge, and further experimental studies are necessary to fully understand the patho-
physiological mechanisms involved in the various types of orofacial pain conditions.
Advances in basic and clinical research that clarify these processes will result in improve-
ments in diagnostic and management approaches for these pain conditions in the face
and mouth.

Copyright © 2007 S. Karger AG, Basel

The etiology and underlying pathophysiological processes of most acute
pain conditions occurring in the face and mouth have undergone considerable
investigation in the past 30 years. These are now reasonably well understood,
although there are still several points requiring clarification, as outlined in the
preceding chapters and reemphasized in the current chapter. However, it is clear
from several contributions in this book that the etiology of most of the chronic
pain conditions expressed in the orofacial region is unclear, and that their
pathogenesis is still unresolved. This chapter will summarize the dogmas and
generalizations that developed about these acute and chronic orofacial pain
processes, what is currently known of these processes, their clinical implica-
tions and future research directions that are essential for further advancement of
the field.



Peripheral Processes

Peripheral tissues are innervated by several types of primary afferent nerve
fibers that supply various types of sensory organs (receptors) in the tissues.
Many of these are small-diameter, slowly conducting afferents (A3 and C fiber)
and it has often been assumed in the past, and still appears in some publications,
that all these Ad and C fiber afferents terminate as free nerve endings that func-
tion as nociceptors, i.e. they are activated by noxious stimuli applied to the tis-
sue that they innervate, and that they always give rise to pain. In other words, it
is often considered that these afferents exclusively represent the peripheral
‘basis’ for pain. However, it is now clear that the afferent inputs into the central
nervous system (CNS) that are evoked by noxious stimulation may not neces-
sarily produce pain in all instances since, as noted below, there are intrinsic
brain mechanisms that can suppress nociceptive transmission to the extent that
pain is not elicited by the noxious stimulation. Also, while the free endings of
many Ad and C fiber afferents do function as nociceptors, the endings of some
A and C fiber afferents can respond as well or instead to nonnoxious stimuli,
e.g. some function as thermoreceptors responsive to cool or warm stimuli.
Furthermore, following some tissue injuries, the larger, faster-conducting (A3)
afferents that supply low-threshold mechanoreceptors responsive to tactile
stimuli may become sensitive to noxious stimuli and provide afferent inputs
into the CNS that can contribute to certain pain conditions [1-3].

In the case of those nociceptors that are associated with A and C fiber affer-
ents, like nociceptors elsewhere in the body (see the chapters by Mense,
pp 7-17, and Schaible, pp 18-27), those in the orofacial region can be activated
by intense mechanical, thermal or chemical stimulation of orofacial tissues and
thereby detect and encode noxious physical, thermal or chemical events associ-
ated with actual or potential tissue damage [1, 4-6]. And like most primary affer-
ents innervating facial cutaneous, intraoral (e.g. mucosa, periodontium, tooth
pulp), musculoskeletal and cerebrovascular tissues, the primary afferent cell bod-
ies of these nociceptive afferents occur in the trigeminal ganglion. Studies using
in vivo electrophysiological and in vitro recordings as well as molecular and
immunocytochemical approaches have shown that trigeminal ganglion cell bod-
ies and their counterparts in the spinal dorsal root ganglia synthesize a vast array
of chemicals that help define the role that the primary afferent nociceptive neu-
rons play in encoding pain [7, 8]. These include calcitonin gene-related peptide,
substance P, glutamate, somatostatin and nerve growth factor, and the afferents
may express serotonergic, cholinergic, opiate, purinergic, bradykinin, histamine,
anandamide, prostaglandin or acid-sensitive receptors and ion channels, as well
as adrenoreceptors and the capsaicin-sensitive (transient receptor potential vanil-
loid 1) or -insensitive (transient receptor potential vanilloid 2) receptors.
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These various mediators and their action on primary afferent membrane
receptors, ion chemicals and intracellular signaling processes have been the
subject of much intense study in the spinal somatosensory system, and each of
these mechanisms has been implicated in specific processes accounting for the
activation or so-called ‘peripheral sensitization’ (increased excitability) of dif-
ferent subsets of nociceptive afferents to the different types of noxious stimuli
[3, 9, 10]. There has been a tendency to conclude that exactly similar peripheral
mechanisms apply to orofacial nociceptive processes as those documented for
spinal nociceptive processes, and indeed spinal pain scientists and clinicians
often overlook orofacial pain mechanisms when considering pain mechanisms
in general. However, some of the tissues in the orofacial region (e.g. tooth pulp,
periodontium, cornea) are unique to this part of the body, and there are other
significant differences between orofacial and spinal sensory systems. These
include fundamental differences in the anatomical, physiological and neuro-
chemical profiles of the afferents or their ganglion cell bodies, and their
responses to peripheral injury or inflammation (table 1).

The properties of different types of A and C fiber nociceptive afferents sup-
plying the facial skin and oral mucosa have been detailed [1, 5, 8]. There is virtu-
ally no information available on the properties of periodontal nociceptive afferents,
but considerable attention has been given to the peripheral afferent mechanisms in
dentine and pulp. Earlier concepts attributing sensitivity solely to intradentinal or
odontoblast transduction mechanisms [for reviews, see 1, 12] have gained little
support, with most evidence now favoring a hydrodynamic mechanism underlying
the activation of intradental afferents [12—14]. Certainly, tissue injury and inflam-
mation can lead to neurochemical changes and nerve sprouting as well as induce
peripheral sensitization of intradental afferents that can result in extremely intense
toothache [12—-14]. And in other tissues, the changes in afferent sensitivity are due
to several different inflammatory mediators and intraneural chemicals, but unlike
other tissues, inflammation of the pulp occurs in a noncompliant environment
(since it is encased by dentine) with a high extracellular tissue pressure; this may
account for the exquisite sensitivity of pulp afferents when the pulp is inflamed.
Also, the earlier dogma that pain is the only sensation evoked from the pulp and
dentine and that these tissues are supplied only by Ad and C fiber afferents has
been laid to rest. Sensations other than pain may be evoked from intradental tis-
sues, and A3 afferents comprise a considerable proportion of the sensory innerva-
tion of the tooth pulp. Although recent studies suggest dentinal innervation mainly
involves A fibers whereas C fiber afferents supply pulpal tissues, further studies
are nonetheless needed to clarify the relative contributions of these 3 sets of affer-
ents to pulpal and dentinal pain, the extent to which hydrodynamic mechanisms
can account for their activation and the precise role in dental pain of the immune,
vascular and neurotrophic factors that have been shown to operate in the pulp.
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Table 1. Trigeminal sensory systems: differences from spinal sensory systems

(A) Peripheral tissues and innervation

(1) Tissues unique to the craniofacial region (e.g. tooth pulp, cornea)

(2) Higher innervation density in many craniofacial tissues than in most spinally innervated
tissues

(3) Shorter conduction distances of peripheral nerve pathways

(4) Slower conduction velocities of peripheral nerve fibers

(5) Higher ratio of myelinated: unmyelinated fibers

(6) Lower proportion of sympathetic efferents

(7) Certain craniofacial receptors (e.g. some periodontal mechanoreceptors; jaw muscle spindles)
have their primary afferent cell bodies within the CNS

(B) Central nervous system

(1) Face and mouth represented completely at most rostrocaudal levels of the VBSNC, and a dual
representation of some tissues occurs in the Vc

(2) Distinctive brainstem termination patterns of some nociceptive afferents

(3) Transitional regions between Vc and Vi, and between Ve and CDH, with distinctive properties
(e.g. bilateral afferent inputs to Vc/Vi)

(4) ‘Deep bundle’ fiber system especially prominent in the V¢ (connects caudal and rostral levels
of the VBSNC), whereas Lissauer’s tract is absent

(5) Significant ipsilateral as well as contralateral projections from VBSNC to thalamus

(C) Pain conditions specific to the craniofacial region
(1) Headaches (e.g. migraine, cluster headache)
(2) Toothaches (e.g. pulpitis pain)
(3) Trigeminal neuralgia
(4) Miscellaneous (e.g. persistent idiopathic facial pain, atypical odontalgia, burning mouth syndrome)

CDH = Upper cervical dorsal horn; VBSNC = trigeminal brainstem sensory nuclear complex;
Vc = subnucleus caudalis; Vi = subnucleus interpolaris. From Sessle [11], with permission.

Studies of the mechanisms underlying the activation and sensitization of
afferents supplying musculoskeletal tissues [e.g. temporomandibular joint
(TMIJ), muscle] and dural or cranial vessels, while limited in number, have
nonetheless recently revealed some intriguing features of these processes that
warrant further investigations. These afferents can be activated or modulated by
peripherally acting chemical mediators long thought to have actions on neurons
within the CNS. These include serotonin, excitatory amino acids (e.g. gluta-
mate), opioids and y-aminobutyric acid receptor mechanisms that have been
implicated in several orofacial pain conditions (e.g. pulpitis, TMJ arthralgia,
headache, myofascial pain) [15—18]. Furthermore, sex differences occur in the
peripheral actions of chemicals (e.g. glutamate, morphine) that operate through
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some of these receptor mechanisms [8, 19, 20]. These findings raise the possibility
that peripherally based physiological mechanisms may contribute to the sex dif-
ferences in the prevalence of many chronic pain orofacial conditions. Further
studies are thus warranted in humans as well as animals to examine further the
possible role in these sex differences of peripheral mechanisms in afferents sup-
plying these and other orofacial tissues.

There are additional clinical implications and future research directions
stemming from these findings of various processes involved in the activation or
peripheral sensitization of nociceptive orofacial afferents. One is that they rep-
resent important factors in many painful conditions that clinicians are called
upon to treat, such as arthritis, pulpitis and mucositis. The chemical mediators
released as part of the peripheral sensitization process may also diffuse through
the peripheral tissues and act on the endings of adjacent nociceptive afferents
and so contribute to the spread of the painful area. In addition, since peripheral
sensitization of nociceptive afferent endings at the injury site is reflected in an
increased excitability of the endings, the afferent endings may manifest sponta-
neous activity, a decreased activation threshold and increased responsiveness to
subsequent stimulation of the site of the endings. These changes may con-
tribute, respectively, to the spontaneous pain, allodynia and hyperalgesia that
are features of many acute as well as chronic or persistent pain conditions. The
increased afferent barrage into the CNS from this increased nociceptor activity
may also lead to functional changes in central nociceptive processing that con-
tribute to persistent pain, e.g. central sensitization (see below).

Furthermore, the action of many common peripherally based pain manage-
ment approaches can be explained by their influence on these mechanisms. For
example, local anesthetics are effective in blocking nerves and eliminating pain
from peripheral tissues because they interfere with the ionic channels and currents
involved in the initiation and conduction of action potentials along nociceptive
afferents into the CNS. Also, many common nonsteroidal anti-inflammatory drugs
as well as several more recently developed analgesics (e.g. cyclooxygenase 2
inhibitors) have their principal anti-inflammatory or analgesic actions in peripheral
tissues. By reducing inflammation associated with tissue injury and by modulating
the excitability of nociceptive afferents, they can reduce the hyperalgesia associ-
ated with short-term orofacial pain conditions.

In addition, the large variety of peripheral mediators and mechanisms dis-
covered in recent years emphasizes the complexity of the peripheral processes
involved in pain. Nonetheless, the identification of the many peripheral factors
and the clarification of their mechanisms of action provide new opportunities to
control pain since the multiplicity of peripheral chemical mediators involved in
peripheral nociceptive activation, sensitization and related events (e.g. inflam-
mation) are all potential targets for the development of new and more effective
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therapeutic approaches to pain control [3, 9, 10] without the undesirable side
effects that characterize many centrally acting analgesics that are currently
in use.

The recent findings also emphasize that earlier concepts that afferents and
their ganglion cell bodies are relatively simple conduits into the CNS for signals
arising from peripheral sense organs are too simplistic a view. The afferent end-
ings and their axons and ganglion cell bodies are subject to considerable modu-
lation and modification by the various factors mentioned above. Recent studies
clearly reveal that a peripheral substrate exists for complex interactions
between the neural, immune, cardiovascular and endocrine systems. There may
also be cross-talk and interactions between adjacent afferents or ganglion neu-
rons, and these features may be enhanced following peripheral tissue or nerve
injury or inflammation [21, 22]. This can lead to ectopic firing of afferent
inputs into the CNS that could contribute to the development of a chronic pain
state. Additional changes in peripheral afferents that have been discovered in
animal models of chronic neuropathic and inflammatory pain include other
types of abnormal firing of nociceptive afferents, phenotypic changes in the
afferent endings or their ganglion cell bodies, sprouting of their central endings
in the CNS and enhanced sympathetic modulation of nociceptive afferents
[3, 22, 23]. However, not all these various changes have been demonstrated or
even explored in orofacial pain models, and an important future direction is to
determine whether these mechanisms exist in animal models developed specifi-
cally to mimic orofacial pain conditions and to what extent they may contribute to
each of these conditions. Future investigations should also address possible bio-
markers and genetic and environmental influences in these peripheral orofacial
nociceptive mechanisms so as to give better mechanistic insights and improved
diagnostic approaches for the different types of orofacial pain conditions.

Brainstem Nociceptive Processes

The trigeminal brainstem sensory nuclear complex (VBSNC) is the pro-
jection site of most orofacial primary afferents. Its second-order neurons pro-
ject directly or indirectly to the thalamus and to several brainstem areas (e.g.
parabrachial nucleus, cranial nerve motor nuclei, reticular formation), and also
contribute to intrinsic projections terminating within the complex itself. The
VBSNC consists of the main sensory nucleus and the spinal tract nucleus, and
the latter is subdivided into 3 subnuclei: oralis, interpolaris and caudalis. The
subnucleus caudalis has several morphological and physiological similarities
with the spinal dorsal horn, to the extent that it is now often termed the
medullary dorsal horn [1, 5, 11, 19]. For example, like the spinal dorsal horn
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that plays such a crucial role in spinal nociceptive processing, the subnucleus
caudalis is a laminated structure; this includes a substantia gelatinosa which
generally has similar features to that of the spinal dorsal horn. In addition,
whereas the large mechanosensitive primary afferents that supply orofacial tis-
sues terminate throughout the VBSNC, including laminae III/IV of the sub-
nucleus caudalis, the small myelinated or unmyelinated primary afferents end
almost exclusively in the subnucleus caudalis (most densely in its laminae I-I1I)
[5, 6, 11, 19]. These small-diameter afferents include nociceptive afferents, and
some stain positive for substance P, calcitonin gene-related peptide and neu-
rotrophins, others stain negative for the neuropeptides but positive for the cell
surface marker isolectin B,; these isolectin B, afferents have a different distrib-
ution in the subnucleus caudalis compared with the spinal dorsal horn [24].
Furthermore, several receptor types associated with nociceptive processing or
its modulation are localized in the caudalis endings of these different types of
afferents, or in the neurons in the subnucleus caudalis, e.g. neurokinin, opiate,
v-aminobutyric acid, purinergic, transient receptor potential vanilloid 1,
estrogen and glutamatergic (N-methyl-pD-aspartate, NMDA, and non-NMDA)
receptors.

Like the spinal dorsal horn, the subnucleus caudalis also has two classes of
nociceptive neurons, based on their cutaneous (or mucosal) mechanoreceptive
field (RF) and response properties, in its superficial and deep laminae: high-
threshold or nociceptive-specific (NS) neurons and wide dynamic range (WDR)
neurons. NS neurons receive small-diameter nociceptive afferent inputs, and
WDR neurons receive both large- and small-diameter inputs. Low-threshold
mechanoreceptive (LTM) neurons and thermoreceptive neurons also occur in
the subnucleus caudalis, as in the spinal dorsal horn, and likely contribute to
orofacial tactile and thermal sensibilities. In contrast, the NS and WDR neurons
with a cutaneous RF play an important role in our ability to localize, detect and
discriminate cutaneous and mucosal noxious stimuli [5, 19]. The majority of
the caudalis NS and WDR neurons can nonetheless also be excited by afferents
from deep tissues (e.g. tooth pulp, cerebrovasculature, TMJ, masticatory muscle)
as well as by cutaneous or mucosal afferent inputs, and there are sex differences
in some of these responses [19, 25, 26]. Such features are thought to contribute
to central sensitization and referred pain and possibly to the sex differences in
some orofacial pain conditions (see below).

The structural and functional similarities between the subnucleus caudalis
and the spinal dorsal horn have shaped discussions of the special involvement of
this subnucleus in orofacial pain [6, 11, 19]. However, this useful homology
needs revision since several differences exist between subnucleus caudalis and
spinal dorsal horn, and indeed other differences occur in the trigeminal and
spinal central processes (table 1). Recent evidence indicates that certain parts of
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the subnucleus caudalis are organized differently from the spinal system. As
mentioned above, a unique feature of the trigeminal somatosensory system is the
processing of nociceptive inputs from afferents supplying structures not found
elsewhere in the body; these include the tooth pulp, periodontal tissues, cornea
and nasal mucosa. While these inputs are mainly processed in the subnucleus
caudalis, another unique feature of the caudalis is its dual representation of sev-
eral orofacial tissues in its rostral and caudal portions. The caudal part of the
subnucleus merges without clear boundaries with the cervical dorsal horn, while
the rostral part of the caudalis forms a distinctive transition region with the sub-
nucleus interpolaris. This transition region has a dorsomedial transition area and
a ventral transition area, which is especially clear in rodents, and receives bilat-
eral afferent inputs from orofacial tissues. It is becoming apparent that these two
areas of the rostral caudalis, and the caudal part of the caudalis, have each their
own unique morphological and functional features that may be differentially
involved in perceptual, autonomic, endocrine and muscle reflex responses to
noxious stimulation of certain orofacial tissues [24, 27]. Further investigation of
these different areas within and adjacent to the caudalis should shed light on
their specific functional roles in orofacial nociceptive mechanisms.

Another long-held concept that the caudalis is the crucial element in the
VBSNC for the relay of orofacial nociceptive signals also no longer rings true
[for reviews, see 1, 11, 19, 24]. Some orofacial nociceptive behaviors may per-
sist after caudalis lesions, lesions of the rostral components (e.g. subnucleus
oralis) of the VBSNC may disrupt some pain behaviors, the rostral components
have substantial numbers of NS and WDR neurons with an intraoral or perioral
nociceptive RF (including tooth pulp), and the rostral components contribute to
ascending and reflex nociceptive pathways and also manifest some neurochem-
ical markers for nociceptive processes [19, 28]. While recent studies indicate
that some of the response properties of rostral nociceptive neurons, particularly
in the subnucleus oralis, may be dependent on more caudal regions such as the
subnucleus caudalis for the relay of nociceptive signals (also see below), the
relative roles of the rostral and caudal components of the VBSNC in nocicep-
tive responses to noxious stimulation of cutaneous and deep craniofacial tissues
and tooth pulp represent an important subject that requires more research
attention.

There are other research avenues that also require more emphasis. These
include the need to provide more details on the neurochemical and molecular
markers of nociceptive afferents supplying specific orofacial tissues and on
their termination patterns in the different components of the VBSNC, the cellu-
lar and molecular processes involved in nociceptive transmission in these dif-
ferent components, and whether sex differences occur in any of these various
features that might contribute to the sex differences in orofacial pain.
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Some clinical implications of these various findings also should be noted.
Firstly, the spatial and temporal coding features of caudalis nociceptive neu-
rons, especially those that respond only to cutaneous (or oral mucosal) noxious
stimuli and project to higher brain areas involved in perception, indicate that the
subnucleus caudalis is a crucial brainstem structure underlying our ability to
perceive and localize acute superficial pain and to sense its intensity and dura-
tion. Nonetheless, as noted above, nociceptive circuits involving the rostral
components of the VBSNC also appear to contribute to brainstem reflex cir-
cuits as well as to the perceptual and other pain behaviors that depend on higher
brain center function. Thus, several pathways operating through more than one
component of the VBSNC are likely operational in patients with acute or
chronic orofacial pain.

Secondly, sex hormone receptors exist in the VBSNC, and there are sex
differences in the responsiveness of caudalis nociceptive neurons to deep affer-
ent inputs (see above). Together with the sex differences documented for the
responsiveness of some nociceptive primary afferents, it is possible that these
differences may contribute to the sex differences documented for many orofa-
cial pain conditions. As noted above, attention to possible differences in males
and females is needed in future studies of VBSNC nociceptive processes.

Thirdly, a notable feature of caudalis NS and WDR neurons is the conver-
gence onto the majority of them of afferent inputs from musculoskeletal (e.g.
TMJ, muscle), tooth pulp and cranial vessels and dura as well as from cutaneous
or mucosal tissues. Many of these nociceptive neurons also receive afferent
inputs from other cranial nerves or cervical nerves. These convergence patterns,
together with a process termed central sensitization (see below), have been
implicated in the diffuse and referred pain within and between the head and
neck that is a feature of many orofacial pain conditions [e.g. temporomandibu-
lar disorders (TMDs), toothache or headache] [16, 17, 19].

Thalamocortical Nociceptive Processes

The signals from the VBSNC are relayed to higher levels of the CNS and
in particular to the thalamus and from there to the cerebral cortex [29, 30]. The
thalamus receives direct contralateral and some ipsilateral input from the
VBSNC. Many LTM neurons and some thermoreceptive neurons occur espe-
cially in the ventroposterior medial thalamic nucleus and are involved in trans-
mitting tactile and thermosensitive information to the cerebral cortex. The
ventroposterior medial thalamic nucleus also contains NS and WDR neurons,
and these nociceptive neurons generally have properties similar to those
described for NS and WDR neurons in the VBSNC, including convergence of
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cutaneous and deep afferent inputs. Their RF and response properties and their
connections with the overlying somatosensory cerebral cortex suggest that most
are involved in the sensory-discriminative dimension of pain (i.e. pain localiza-
tion and intensity discrimination). Nociceptive neurons receiving orofacial
inputs also occur in other thalamic areas (e.g. medial nuclei and nucleus sub-
medius) but are usually considered to be involved more in the affective or
motivational dimensions of pain.

The main cortical targets of the thalamic nuclei receiving nociceptive
inputs are the primary and secondary somatosensory cortices, the insula and the
cingulate. A limited number of studies have documented NS and WDR neurons
in the primary face somatosensory cerebral cortex. These nociceptive neurons
respond to noxious facial or tooth pulp stimuli in a manner suggesting a role in
the sensory-discriminative dimension of pain. Nociceptive neurons also occur
in other cortical regions such as the anterior cingulate cortex which has been
implicated in the affective or motivational dimension of pain [31, 32]. Imaging
studies in humans also support these findings, but very few imaging or electro-
physiological studies have been directed at thalamocortical processes underly-
ing specifically orofacial pain. Along with the almost complete lack of any
studies of the neurochemical processes at these levels underlying orofacial pain,
a major gap in understanding exists of the higher brain processing related to
acute or chronic orofacial pain.

Nociceptive Reflex and Behavioral Responses

As well as projecting to thalamocortical regions involved in sensory-
discriminative, cognitive, effective or motivational aspects of pain perception,
many neurons in the VBSNC relay to the brainstem or other brain centers
involved in reflex or other behavioral responses to noxious orofacial stimuli.
Orofacial pain can be associated with reflex changes in blood pressure, heart
rate, breathing and salivation evoked by noxious orofacial stimulation. There is
also a close interplay between sensory and motor pathways in pain, and many
studies in animals and humans have detailed the reflex effects on muscle activ-
ity of various types of orofacial noxious stimuli [11, 33]. These include the
classical jaw-opening reflex that may be accompanied by inhibitory (‘silent”)
periods in the jaw-closing musculature. Earlier studies had claimed that these
silent periods were of diagnostic, even prognostic, significance in conditions
(e.g. TMDs) reflecting neuromuscular dysfunction in the orofacial region, but
this has not been borne out by better-controlled experimental studies in
humans. Much attention has also been given to effects of noxious stimuli on
postural jaw muscle activity, since increases in electromyographic (EMG)
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activity induced by pain have been conceived as being of clinical importance in
the pathophysiological mechanisms underlying many musculoskeletal dis-
orders manifesting pain, such as TMD and tension-type headaches. There is,
however, no consensus on whether the EMG activity of jaw muscles increases,
decreases or remains unchanged during orofacial pain, and a number of factors
have been invoked as accounting for the disparity in experimental and clinical
pain data [33, 34]. In those studies where an increase in jaw EMG activity has
been reported in humans, its relatively small magnitude suggests that it may
have little clinical significance. The human findings however contrast with the
robust and prolonged jaw EMG increases reflexly induced in the jaw-opening
and jaw-closing muscles by algesic stimuli applied to the TMJ and other orofa-
cial tissues in animals; the reflex circuitry to the a-motoneurons in the trigemi-
nal motor nucleus supplying these muscles involves interneurons in the
subnucleus caudalis [11, 19]. These data indicate that excitatory reflex path-
ways do indeed exist from peripheral orofacial nociceptors and suggest that the
cocontraction of the jaw muscles may provide a ‘splinting’ effect that limits jaw
movements in pathophysiological conditions affecting deep tissues such as the
TMJ and muscle.

These and other findings also bear on current and long-held concepts
related to the etiological factors and pathophysiological processes involved in
TMD pain, especially the so-called vicious cycle theory that muscle hyperactiv-
ity leads to pain which leads to more muscle hyperactivity and so on. Heavy
muscle exercise does appear to lead to microtrauma in muscles and connective
tissue which is usually followed by pain that peaks in about 24 h (i.e. postexer-
cise muscle soreness); however, it is unclear whether such processes character-
ize TMD pain. Furthermore, most elements of the vicious cycle have not been
experimentally tested or proven, and instead a concept of pain adaptation has
been proposed on the basis of findings in animals and humans. This concept
proposes that pain may lead to agonist muscles becoming less active during a
movement (e.g. the masseter muscle during jaw-closing phases of mastication)
and antagonist muscles (e.g. anterior digastric) becoming more active in this
movement, and that this limits jaw mobility and may aid healing [34]. While
this model has many attractive features, further studies are called for to test the
applicability of this model to various experimental and clinical pain conditions,
including chronic orofacial pain states. Studies are also needed to define the
effects of orofacial noxious stimuli on higher-center processes involved in jaw
motor control and on the function of other muscle groups (e.g. tongue, facial
musculature). Since there has only been limited study of these effects and the
data appear conflicting [35], more detailed investigation is also needed to eluci-
date further the effects of psychological state (e.g. emotion, depression, anxi-
ety), sleep and wakefulness on these processes [36]. The clinical significance of
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such studies lies not only in their helping to elucidate the reported neuromuscu-
lar dysfunction or neuromuscular adjustments that may accompany orofacial
pain states, but also the mechanisms and sensorimotor linkages that may be
involved in different psychological, physiological and pathophysiological states
such as oral dyskinesias and bruxism.

Modulatory Influences and Mechanisms

Modulatory Effects and Pathways

Earlier concepts of pain and its underlying processes provided a narrow
perspective of pain, looking upon it as a simple sensation closely tied to the
intensity of the peripheral stimulus. However, pain is now conceptualized as a
multidimensional sensory experience that is very much subject to modification
by other ongoing sensory experiences, psychological factors etc. Several brain
areas can modify the perceptual, emotional, motivational, cognitive, autonomic
and endocrine responses to noxious stimuli, and these modulatory effects may
vary from one individual to another. Such variability can explain why pain is a
highly personal experience that can be affected by numerous biological, phar-
macological, psychological, genetic and environmental influences.

Modulation of the nociceptive transmission process can occur at thalamic
and cortical levels, but little attention has been given to orofacial pain-modulatory
mechanisms at these higher brain levels. Rather, the focus has been on modula-
tory influences on brainstem nociceptive processing, since the intricate
organization of the VBSNC and its variety of inputs from peripheral tissues and
from different parts of the brain provide a particularly important substrate for
numerous interactions between the various inputs. NS and WDR neurons in the
subnucleus caudalis and other components of the VBSNC are subject to
modulatory influences originating locally within the subnucleus caudalis or in
more rostral parts of the VBSNC as well as descending modulatory influences
stemming from the brainstem and higher brain centers. Often overlooked are
findings that many of these modulatory influences target nonnociceptive
neurons (e.g. LTM) as well as nociceptive neurons, so these influences are not
all selective for nociceptive transmission. For example, electrical or chemical
stimulation of the periaqueductal gray matter or rostral ventromedial
medulla/nucleus raphe magnus activates descending pathways that project to
the VBSNC and that can modulate trigeminal brainstem neuronal and related
reflex and behavioral responses to nonnoxious as well as noxious orofacial
stimulation in experimental animals. Other powerful modulatory effects include
pathways emanating from the locus coeruleus, pontine parabrachial area,
anterior pretectal nucleus, thalamic nucleus submedius as well as the cerebral
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cortex (e.g. somatosensory and motor areas) [1, 19, 27, 37]. These descending
pathways exert their effects by the release of certain neurochemicals (e.g. sero-
tonin) from their endings within the VBSNC or by their causing other neuro-
chemicals (e.g. enkephalins, y-aminobutyric acid) to be released from the
endings of interneurons intrinsic to the VBSNC (e.g. in the substantia gelati-
nosa of the subnucleus caudalis).

The pathways and chemical processes that can inhibit the activity of noci-
ceptive neurons in the subnucleus caudalis or other parts of the VBSNC are
likely involved in several approaches that have been reported to reduce pain,
such as deep brain stimulation, cortical stimulation and placebo, and may also be
modulated by attention and distraction, sleep/wake or emotional state, and can
be up- or downregulated in pain states [27, 37]. While many of these descending
influences are inhibitory and thus contribute to mechanisms underlying analge-
sia, some can exert facilitatory effects and so be involved in the augmentation of
pain that may occur in states of anxiety or emotion (also see below). In addition,
descending inhibitory influences on nociceptive neurons have been implicated
as intrinsic mechanisms contributing to the analgesic effects reported for
acupuncture and for opiate-related and serotonin agonist drugs such as morphine
and serotonin reuptake inhibitors, respectively. Furthermore, noxious stimula-
tion of one part of the body can induce a powerful suppression of transmission of
nociceptive signals elicited from another part of the body, so-called diffuse nox-
ious inhibitory controls. It is likely that these or analogous afferent-induced
mechanisms could also contribute to the reported analgesic efficacy of coun-
terirritation and some forms of acupuncture and transcutaneous electrical nerve
stimulation. However, the evidence basis of the efficacy of many of these
approaches is still limited, and more research in this area is needed. Nonetheless,
modulatory influences and mechanisms that have been revealed do hold out
promise of the development of new therapeutic approaches targeting these
mechanisms, and also improve our understanding of how a number of
approaches currently in use to manage pain may operate. The neurochemical and
molecular processes also need more attention in order to improve upon and
expand current therapeutic approaches to manage acute and chronic orofacial
pain. Further studies are also needed to define the modulatory mechanisms tak-
ing place at thalamic and cortical levels and their relative contribution vis-a-vis
brainstem modulation to orofacial pain control. These mechanisms also need
more elucidation in relation to chronic as well as acute pain states, since only
limited details are available of their role in chronic orofacial pain models.

Central Sensitization
Nociceptive transmission in the trigeminal and spinal sensory systems can
also be enhanced by alterations to the peripheral afferent inputs to the CNS that
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may result from inflammation or trauma of peripheral tissues and nerves. This
emphasizes the plasticity of the neural circuitry underlying nociceptive trans-
mission, i.e. that it is not ‘hard-wired’ like many early and even some contem-
porary concepts have depicted. Plasticity in brainstem and higher centers (e.g.
somatosensory cortex) of the trigeminal system is not limited to nociceptive
neurons, but can also occur in LTM neurons following damage to peripheral
nerves.

Plasticity reflected in an enhancement of excitability of nociceptive neurons
has been termed ‘central sensitization’, and damage or inflammation of deep
musculoskeletal tissues (e.g. TMJ, masticatory muscle) and tooth pulp is espe-
cially effective in inducing central sensitization in the VBSNC. This increased
excitability has been documented in NS and WDR neurons in the subnucleus
caudalis where it is reflected in an increase in spontaneous activity, lowering of
activation threshold, RF expansion and enhancement of peripherally evoked
responses of the caudalis nociceptive neurons [19, 28, 38]. These physiological
neuronal changes may also be associated with changes in intracellular markers
(e.g. c-fos) as well as by increased EMG activity in the jaw-opening and jaw-
closing muscles, autonomic influences and nociceptive behavior reflecting allo-
dynia and hyperalgesia [19, 22, 27]. The neuronal changes and their underlying
neurochemical processes appear to be analogous in general to the central sensiti-
zation described in spinal nociceptive pathways which is thought to contribute to
persistent pain and its common characteristics of spontaneous pain, allodynia
and hyperalgesia, and pain spread and referral. Indeed, several membrane recep-
tor mechanisms, ion channels and intracellular signaling processes are involved
in caudalis central sensitization, and include purinergic and neurokinin as well as
NMDA and non-NMDA glutamatergic receptor mechanisms [19, 27, 38].
Recent findings suggest that nonneural cells (glia) may also be involved in its
development and maintenance [39], and the roles of glia in this process represent
a research avenue that is likely to provide important new insights into acute and
chronic orofacial pain mechanisms. Moreover, changes in the descending facili-
tatory and inhibitory influences mentioned above may also contribute to the
expression of central sensitization, e.g. central depressive influences (e.g. opioid-
related) can normally be ‘triggered’ by noxious orofacial stimulation and may
serve to limit the sensitization. The intracellular processes, messenger systems
and membrane receptor and ion channels involved in central sensitization repre-
sent an intense area of current research.

It is also noteworthy that trigeminal central sensitization is not limited to the
subnucleus caudalis. Central sensitization has also been shown in nociceptive neu-
rons in the subnucleus oralis and in higher brain regions such as the ventroposte-
rior medial thalamus, although the subnucleus caudalis is responsible for their
expression of central sensitization by way of its projections to both structures [38].
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The discovery of central sensitization and its underlying neuroplastic
processes has been an important advance in understanding mechanisms con-
tributing to acute and especially chronic pain states. But central sensitization
seems to be a normal physiological consequence of peripheral tissue injury or
inflammation, and is usually reversible. An important question then is what are
the factors that lead to its maintenance and provide the substrate for a chronic
pain state. Much more research is needed on its neurochemical and molecular
substrate and intracellular signaling processes, with the view of enhancing our
understanding of the pathogenesis of chronic orofacial pain states and improv-
ing current management approaches.

While there is agreement that nociceptive afferent inputs related to periph-
eral tissue injury or inflammation are crucial for the development of central
sensitization, their importance in its maintenance is still a matter of conjecture.
The resolution of this matter is important since it bears on whether clinical
approaches that target peripheral versus central mechanisms are likely to be
beneficial or not in managing pain. The dependence of central sensitization on
peripheral inputs for its development supports the incorporation into clinical
practices of approaches that reduce nociceptive afferent inputs into the CNS
and thus reduce the risk for its development and for postoperative pain. Several
studies have been carried out in experimental animals and humans to determine
if preemptive analgesia (e.g. by local anesthesia) would be effective in reducing
postoperative pain, but results have been mixed. A number of factors have been
identified that may account for the variability in efficacy, including the likeli-
hood that nociceptive afferent inputs can soon become operational after the
local anesthetic block has worn off and then induce a central sensitization and
an exaggerated pain state. This would argue for the clinical benefit of instituting
adequate postoperative as well as preoperative pain control measures to ensure
that central sensitization is minimized.

Another clinical correlate of central sensitization is that most orofacial
pain conditions are likely to involve this process to some degree, and peripheral
sensitization may also be a factor in many of these conditions. For example, the
acute pain and sensitivity of injured orofacial tissue, such as that of a ‘hot tooth’
that gives an exaggerated response to mechanical or thermal stimuli applied to
the inflamed tooth, can be explained by the increased excitability of peripheral
nociceptors and central nociceptive neurons associated with peripheral and cen-
tral sensitization. Likewise, the pain and limitations in jaw movements that are
characteristic of TMDs may result from these sensitization phenomena produc-
ing states of allodynia and hyperalgesia as well as the changes in jaw-opening
and jaw-closing muscle activity noted above. In addition, the presence of a super-
ficial as well as a deep RF in most caudalis nociceptive neurons plus the
efficacy of deep nociceptive afferent inputs in inducing caudalis central sensitization
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(see above) that includes an expansion of both cutaneous and deep RFs repre-
sent neuronal features thought to contribute to the poor localization and referral
of deep pain that is a feature of TMDs. Comparable processes have also been
implicated in the pain and allodynia of other pain conditions such as migraine
headache [17].

Sensitization phenomena, in particular central sensitization, may indeed
represent core features in the etiology and pathogenesis of most chronic pain
conditions manifested in the orofacial region. For several of these conditions,
nerve damage or changes in neural function have been implicated in their etiol-
ogy, e.g. trigeminal neuralgia, atypical facial pain, atypical odontalgia and
burning mouth syndrome. Studies of the past 2 decades have revealed that dam-
age to afferent fibers or deafferentation may trigger several different mecha-
nisms. These include sprouting of the afferents into peripheral tissues and even
neuroma formation, the initiation of abnormal impulses in the injured afferents,
the development of functional contacts between sympathetic efferents and noci-
ceptive afferents, phenotypic changes in the afferents, structural reorganization
and central sprouting of the endings in the CNS of primary afferents, changes in
central inhibitory or facilitatory influences and, most recently, changes in glial
cell function in the CNS. Most if not all of these processes result in central sen-
sitization of nociceptive processes [11, 19]. Although the study of these
changes in trigeminal nociceptive pathways has been much more limited than in
spinal nociceptive pathways, recent approaches using nerve injury, or chronic
as well as acute inflammation of orofacial tissues, have revealed several compa-
rable physiological and neurochemical changes in trigeminal nociceptive pro-
cessing in association with exaggerated orofacial pain behavior [19, 22, 27]. It
is also important to keep in mind that these pathophysiological processes are
undoubtedly themselves modulated by factors related to behavioral and cogni-
tive state and genetic and environmental factors, and thus account why pain is a
multidimensional experience, the expression of which can vary from one per-
son to another.

A particular challenge to the orofacial pain field is to clarify which of
these various changes are specifically applicable to each of the chronic orofa-
cial pain conditions noted above. Inherent in this challenge is the need for a
greater emphasis on the development of animal models to help improve our
understanding of the etiology and pathogenesis of these conditions. Many of the
current concepts of orofacial pain mechanisms draw largely upon findings from
spinal models of chronic pain. Given the uniqueness of some of the orofacial
pain conditions (e.g. trigeminal neuralgia, burning mouth syndrome) and the
unique features of some of the peripheral and central orofacial sensory mecha-
nisms noted above, there is a need to apply and test these concepts within the
framework of the trigeminal system by utilizing chronic orofacial pain models.
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The use of emerging technologies related to biological markers, gene expression
and molecular biology is also likely to be very important in elucidating the
pathophysiology of these conditions.

Conclusion

Three decades ago, little was known of the pathophysiological processes
underlying orofacial pain. However, much information has been gained in
recent years of peripheral orofacial nociceptive mechanisms and of the repre-
sentation and processing of orofacial nociceptive inputs in the VBSNC and
higher levels of the CNS. Recent findings related to peripheral sensitization and
central sensitization have provided some important insights into how orofacial
pain arises and may become persistent. Nonetheless important gaps still remain
in our knowledge of these processes, and further experimental studies are nec-
essary to fully understand the mechanisms underlying the normal and patho-
physiological processing of nociceptive information from the orofacial region.
Improvements in diagnostic and management approaches for the persistent pain
conditions in the face and mouth will rely heavily on advances in basic and clin-
ical research that clarify these underlying mechanisms.
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Abstract

Epidemiological studies indicate that odontalgia represents the most prevalent form of
orofacial pain, with about 12—-14% of the population reporting a history of odontalgia over a
6-month period. The accurate diagnosis and management of odontogenic pain requires a
thorough knowledge of the mechanisms contributing to the activation and sensitization of
pulpal and periradicular nociceptors. This chapter reviews the pathophysiology of pulpal and
periradicular conditions which result in odontalgia and provides clinical guidelines for the
diagnosis and management of dental pain.

Copyright © 2007 S. Karger AG, Basel

Many patients report that the fear of dental pain represents a major barrier
preventing their access to routine dental care [1, 2]. Thus, the effective diagno-
sis and treatment of dental pain represent major skills that provide not only
symptomatic relief, but also foster the continued development and maintenance
of oral health. Since odontogenic pain afflicts about 12—14% of the population
[3] and is one of the most common forms of orofacial pain, this chapter focuses
on mechanisms of odontogenic pain and therapeutic strategies for treating it.

As an organizational framework, we will divide our review of odontogenic
pain into pulpal and periradicular pain mechanisms. However, the skilled clini-
cian realizes that both can occur simultaneously in many patients.

Pulpal Pain

Pathophysiology
Pulpalgia is an important diagnostic feature of symptomatic pulpal inflamma-
tion. A number of pathological factors contribute to the induction and maintenance
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Fig. 1. Expression patterns of Toll-like receptor 4 (TLR4) and CD14 in trigeminal sen-
sory neurons. White arrows depict examples of neurons expressing both markers for each
row of 3 images, and gray arrows depict examples of neurons that express one but not both
markers. Human trigeminal neurons were evaluated for colocalization of TLR4 (a, d), CD14
(j), with a marker for the capsaicin-sensitive subclass of nociceptors (TRPV1, b, ¢ for TLR4
and k, | for CD14), or a marker of myelinated sensory neurons (N52, e, f). Rat trigeminal
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of inflammation of the dental pulp. These include bacterial invasion through
carious lesions and crown fractures, and trauma due to restorative procedures
[4-7]. Microorganisms are believed to be the most common etiological factor in
the induction of pulpal inflammation [8—11]. Symptomatic teeth with carious
exposures contain higher levels of endotoxins than asymptomatic caries teeth
and caries-free teeth [5]. As shown in figure 1, a recent study has demonstrated
that the capsaicin-sensitive subclass of trigeminal nociceptors express Toll-4
and CD14 receptors [12].

These data support the hypothesis that pulpal nociceptors can directly
detect bacterial endotoxin, suggesting a direct mechanism for pain due to infec-
tion. Pulpal inflammation and necrosis can also result from certain restorative
procedures including crown preparation and fabrication of temporary crowns
[6, 13]; these responses could be due to iatrogenic injury or secondary to coro-
nal microleakage.

Pulpal inflammation is mediated by a large number of endogenous factors
including proinflammatory cytokines, neurotrophic factors, products of the
arachidonic acid pathway, bradykinin and others. All of these factors are capa-
ble of activating and/or sensitizing peripheral nociceptors (pain-sensing neu-
rons). Neurotrophic factors such as nerve growth factor (NGF) are produced by
fibroblasts, mast cells and macrophages during inflammation. Pulpal inflam-
mation results in an increase in the NGF content [13] which is known to
sensitize or activate nociceptors [14, 15]. NGF also induces the release of
proinflammatory cytokines such as interleukin 1 and tumor necrosis factor o
[16]. These cytokines have been implicated in a number of inflammatory condi-
tions including pulpitis [17, 18], periodontitis [19, 20] and arthritis [21, 22].
Both interleukin 1 and tumor necrosis factor o are known to modulate nocicep-
tors and play an important role in central and peripheral sensitization [23-28].

Bradykinin is another potent mediator of both pain and inflammation. As
seen in figure 2, bradykinin levels are elevated in pulps diagnosed as irre-
versibly inflamed as compared to those with a normal clinical diagnosis [29].

Other inflammatory mediators include products of the arachidonic acid
pathway. The expression of the inducible isoform of cyclooxygenase, cyclooxy-
genase 2, is upregulated in inflamed pulps [30-32], which contributes to the
production of proinflammatory prostaglandins (PG), such as PGE,. Inflamed
pulps contain higher levels of PGE, as compared to normal pulps [33], and this
PG is known to sensitize nociceptors [34—37].

neurons were evaluated for colocalization of TLR4 with TRPV1 (g-i) and CD14 with
TRPV1 (m-0). From Wadachi and Hargreaves [12], reproduced with permission from the
International Association for Dental Research.
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Fig. 2. Levels of bradykinin in human dental pulp with clinical diagnosis of normal or
irreversible pulpitis. *p < 0.05. From Lepinski et al. [29], reproduced with permission from
the American Academy of Endodontics.

All of the mediators mentioned above as well as others modulate the func-
tion of sensory nerve fibers present in the pulp. Most of the sensory neurons
innervating the pulp have unmyelinated fibers with only approximately one
eighth to one third being myelinated [38—41]. The myelinated afferent fibers in
the pulp are thought to convey sharp pain impulses, while the unmyelinated
fibers are thought to convey the perception of dull, aching or throbbing pain
[42]. A subpopulation of the neurons innervating the pulp contain neuropep-
tides such as substance P (SP), calcitonin gene-related peptide (CGRP), neu-
ropeptide Y, neurokinin A and vasoactive intestinal peptide [43—45]. Activation
of peptidergic neurons may result in the release of neuropeptides, which is asso-
ciated with the development of neurogenic inflammation. Numerous studies
have reported an increase in the content of neuropeptides in inflamed pulps as
compared to normal pulps [46—48]. For example, experimentally induced
lesions in rat molars resulted in the sprouting of nerve fibers into the inflamed
pulp present adjacent to the lesion and was accompanied by an increase in the
content of both CGRP and SP (fig. 3) [50].

This increase in CGRP and SP in inflamed pulps has also been reported in
clinical studies [51-54]. As shown in figure 4, an 8-fold increase in SP was
reported in pulps with a clinical diagnosis of irreversible pulpitis as compared
to clinically normal pulps [53].

The excitability of neurons is dependent upon ion channels which are
specialized membrane proteins that act to gate ion flux across the plasma
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Fig. 3. Sprouting of immunoreactive CGRP fibers into the inflamed pulps of rat
molars. The asterisk indicates the site of reparative dentin formation. Reproduced with per-
mission from Taylor and Byers [49], reproduced with permission from Elsevier Science Ltd.

membrane, leading to either depolarization (i.e. ‘excitation’) or hyperpolariza-
tion (i.e. ‘inhibition”). Nociceptors express various types of ion channels, includ-
ing the tetrodotoxin-resistant voltage-gated sodium channel NaV 1.8 and
members of the transient receptor potential (TRP) family. It is important to
understand both the expression pattern of ion channels on nociceptors and the
effects of drugs on their activity. For example, local anesthetics such as lidocaine
act to block sodium channels, thereby reducing the ability of the terminal to
depolarize and trigger a sustaining action potential back to the central nervous
system. Similarly, opioids inhibit calcium channel activities, leading to reduced
nerve function. The sodium channel NaV 1.8 (previously known as SNS1/PN3)
is expressed on nociceptors and is upregulated in inflamed pulps (fig. 5) [55].

A number of mediators, including PGE,, NGF and serotonin, rapidly and
significantly increase the activity of NaV 1.8 [56, 57]. Importantly, the sensitivity
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Fig. 4. Immunoreactive substance P (iSP) levels in human dental pulp with clinical
diagnosis of normal or irreversible pulpitis. From Bowles et al. [53], reproduced with per-
mission from the American Association of Endodontists.
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Fig. 5. Immunoreactive nerve fibers in painful (right column) and nonpainful (left
column) human pulps. Staining with antibodies to NaV 1.8 (a, ¢) and neurofilament (b, d).
From Renton et al. [55], reproduced with permission from Biomed Central.
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Table 1. Comparison of the amount of local anesthetic in the dental cartridge to the
concentration required to inhibit tetrodotoxin-resistant sodium channels

Anesthetic 1G5, TTX-R Concentration Amount in

in dental cartridge dental cartridge
Lidocaine 326 mMm 2% solution 227 times > ICs,
Bupivacaine 57mm 0.5% solution 263 times > 1C;
Mepivacaine 166 mM 3% solution 639 times > ICs,

TTX-R = Tetrodotoxin-resistant. ICs, data from Brau and Elliott [59].

of NaV 1.8 to lidocaine is about one quarter of that of other sodium channels,
and this is thought to account, in part, for the failure of local anesthetics in
inflamed tissues [58]. Indeed, available local anesthetics differ in their ICs, con-
centration for inhibiting these channels. As shown in table 1, these differences
in IC;,, coupled with known differences in the concentration of anesthetics in
dental cartridges, allow one to determine which anesthetic formulation contains
the greatest amount of drug required to block tetrodotoxin-resistant sodium
channels.

The TRP ion channels transduce thermal, mechanical and chemical stim-
uli. They include TRP vanilloid type 1 (TRPV1) which is activated by noxious
heat (=43°C), protons, arachidonic acid metabolites, endocannabinoids and
capsaicin. TRPV1 is believed to play a major role in peripheral sensitization,
including the development of both allodynia (reduced pain thresholds) and
hyperalgesia (increased responsiveness to painful stimuli). Peripheral sensitiza-
tion could potentially reduce the activation threshold of TRPV1 from noxious
temperatures (i.e. approx. 42°C) to close to body temperature. This phenome-
non is thought to account for the clinical presentation of patients with irre-
versible pulpitis where the spontaneous pain is attenuated by application of
cold. In these cases, it has been assumed that the spontaneous pain is due to
thermal allodynia resulting in activation of nociceptors at innocuous tempera-
tures (i.e. 37°C). While initial studies focused on the role of TRPV1 in periph-
eral sensitization, results from recent investigations suggest that other TRP
channels may play an equal or more important role in the development of
peripheral sensitization [60-62].

In addition to sensory neurons, the pulp is also innervated by sympathetic
neurons which regulate pulpal blood flow. Activation of sympathetic fibers
inhibits the exocytotic activity of peptidergic sensory neurons in the pulp [63].
It is likely that this constitutes one mechanism by which sympathetic fibers
attenuate neurogenic inflammation.
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Clinical Presentation

Inflamed pulps respond to thermal stimuli in an exaggerated manner. Pulpal
inflammation is classified into reversible pulpitis and irreversible pulpitis.

Patients with reversible pulpitis usually present with a chief complaint of
sharp pain elicited by thermal stimuli. These pulps respond to cold or heat in an
exaggerated but brief manner.

On the other hand, teeth with irreversible pulpitis often respond to cold or
heat and lead to an exaggerated pain report and lingering pain; pain may also be
spontaneous in some cases. The clinical presentation of irreversible pulpitis is
varied. This is likely due to variations in peripheral and central sensitization of
the nociceptive system. In general, spontaneous pain may be due to allodynia
where normal innocuous stimuli elicit pain (e.g. thermal allodynia where 37°C
activates nociceptors or mechanical allodynia where systolic increases in blood
pressure activate nociceptors in a periodic or ‘throbbing’ fashion). Similarly, the
exaggerated pain report following pulp stimulation is a clinical example of
hyperalgesia. Some patients present with severe spontaneous pain relieved by
cold, while others report that application of cold and/or heat elicits severe pain
which lasts for several seconds to minutes.

Management

The management of pain associated with reversible pulpitis is to identify
and remove the etiology and to maintain the vitality of the pulp. Conversely, the
management of pain associated with irreversible pulpitis generally involves the
initiation of nonsurgical endodontic therapy. In one interesting clinical trial,
patients diagnosed as having irreversible pulpitis received an intraosseous injec-
tion of either a steroid or a placebo [64]. Although the teeth had the diagnosis of
‘irreversible’ pulpitis, the steroid injection significantly reduced pain without
pulpal necrosis evident at a 1-week follow-up. This intriguing finding suggests
that, at least in certain cases, a steroid injection might reverse ‘irreversible’ pul-
pitis. However, prior to any clinical recommendation, further studies with long-
term follow-up are required. As local anesthetics are much less effective in
inflamed tissues as compared to normal tissues [65], obtaining adequate local
anesthesia may be challenging in teeth with irreversible pulpitis. The failure of
local anesthetic injections in patients with irreversible pulpitis is 8 times higher
than in normal control patients [66]. In a clinical trial of patients with pulpitis
(n = 25) of one of their mandibular teeth, inferior alveolar nerve block (2% lido-
caine with 1:100,000 epinephrine) resulted in 100% incidence of lip numbness,
but only 38% of pulpal anesthesia (fig. 6) [67]. Thus, a positive lip sign does not
necessarily indicate adequate pulpal anesthesia in teeth with inflamed pulps.

Several therapeutic approaches can be used to enhance the efficacy of local
anesthetics in patients with inflamed pulps. One of these is the use of a fast-acting
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Fig. 6. Prevalence of failure to obtain adequate local anesthesia in teeth with a clinical
diagnosis of normal pulp or irreversible pulpitis: failure is 8-fold higher in patients with irre-
versible pulpitis. From Hargreaves et al. [67], copyright retained by author.

anti-inflammatory agent, such as a nonsteroidal anti-inflammatory drug or a
steroid. These substances inhibit the synthesis of PGE,, resulting in the attenua-
tion of pulpal nociceptor sensitization. As mentioned earlier, PGE, stimulates the
activity of the sodium channel NaV 1.8 which is relatively resistant to lidocaine.
A number of clinical trials have evaluated the analgesic effect of the injectable
nonsteroidal anti-inflammatory drug ketorolac tromethamine in endodontic as
well as orthodontic and ophthalmic procedures. While the majority of these inves-
tigations [68—71] as well as a systematic review [72] have concluded that ketoro-
lac tromethamine produces significant analgesia when injected locally, a recent
study has reported that it has limited analgesic efficacy [73].

Another approach to obtain effective local anesthesia is to use an anes-
thetic with a lower pKa such as 3% mepivacaine. This decreases the potential
for ion trapping and thus increases the concentration of local anesthetic mole-
cules in the base form required for diffusion across the nerve membrane.
Increasing the dose of local anesthetic used is yet another way to obtain ade-
quate pulpal anesthesia. Using a larger dose of the local anesthetic would expose
a greater length of the nerve to the anesthetic agent used and thus increase the
likelihood of conduction blockade [74]. In case of pulpitis involving a
mandibular tooth, an effective strategy is to deliver one cartridge of the local
anesthetic in the conventional location for inferior alveolar nerve block, fol-
lowed by administration of a second cartridge higher in the pterygomandibular
space. This not only increases the length of the nerve exposed to the local

Dental Pain 83



anesthetic, but also blocks the myelohyoid nerve before it branches off the infe-
rior alveolar nerve [75].

Intraligamentary and intraosseous techniques can also be used to obtain
adequate pulpal anesthesia. Several clinical trials have demonstrated that
intraosseous injections significantly enhance pulpal anesthesia after inferior
alveolar nerve blocks in patients with irreversible pulpitis [76—78]. If the use of
intraligamentary and intraosseous techniques does not result in adequate anes-
thesia, intrapulpal injection may be used as a final option [79, 80].

While it has been well established that the best way to manage irreversible
pulpitis is by providing endodontic therapy, a recent study has reported that
16.8% of endodontists prescribe antibiotics to patients with irreversible pulpitis
[81]. A double-blind, randomized, placebo-controlled clinical trial demon-
strated that administration of penicillin had no effect on the pain, percussion
sensitivity and the number of analgesic medications taken by patients with irre-
versible pulpitis [82]. Thus, the use of antibiotics in the management of irre-
versible pulpitis is unnecessary and could potentially contribute to the development
of antibiotic-resistant bacterial strains.

Periradicular Pain

Pathophysiology

Pain associated with the periradicular tissues is an essential feature of
acute periradicular inflammatory conditions (e.g. acute exacerbation of
chronic periradicular periodontitis, acute periradicular periodontitis, acute api-
cal abscess). Periradicular pain may be associated with a pulpal pathology,
such as an irreversibly inflamed pulp, a necrotic pulp or failing endodontic
treatment. A recent study of 198 patients reported that 57.2% of teeth with
irreversible pulpitis also had apical periodontitis [83]. Periradicular pain is not
always associated with a pulpal pathology and may also result from occlusal
trauma.

The underlying mechanisms leading to sensitization and/or activation of
periradicular nociceptors are essentially the same as those involved in pulpal
pain. Periradicular pain in teeth with infected pulps represents an inflammatory
and immune response to microorganisms and their products. Several studies
have examined the levels of inflammatory mediators in periapical tissues and
have attempted to correlate the levels of these mediators with clinical signs and
symptoms [84—87]. Most of these investigations are inconclusive due to small
sample sizes. A recent study reported that periapical exudates collected from
teeth with large periradicular radiolucencies contain higher levels of PGE, than
those collected from teeth with smaller radiolucent lesions [84].
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One characteristic feature of chronic apical periodontitis is extensive
sprouting of peripheral peptidergic nerve fibers into the periradicular tissue.
This extensive neuronal arborization occurs during the onset of periapical
lesions with a selective increase in the neuropeptides CGRP and SP [48, 50, 88].
It has been suggested that this sprouting is due, at least in part, to increased
expression of NGF in the inflamed tissue [40].

Interestingly, a recent clinical study reported that patients with a certain
polymorphism of the interleukin 13 gene have a 7-fold increased risk of devel-
oping persistent apical periodontitis after technically satisfactory nonsurgical
root canal treatment [89], suggesting that genetic host factors modulate the
periradicular response to endodontic treatment. However, it is not yet known
whether this or other polymorphisms alter the risk for developing odontogenic
pain. This is clearly an important area of future research.

Clinical Presentation

Periradicular pain may manifest as spontaneous pain or pain on biting. The
latter is due to mechanical allodynia, which is defined by reduced mechanical
pain thresholds. Mechanical allodynia shows a high sensitivity for detecting
periradicular pain as compared to pulpal pain (odds ratio of 6.9 vs. pulpitis;
p < 0.01) [90]. The most common clinical method for measuring mechanical
allodynia in a tooth is a percussion test, often conducted using a mirror handle
[91]. To establish a baseline for comparison, the test is also conducted on adja-
cent normal teeth. In fractured teeth, percussing on the tooth with a mirror han-
dle may not always replicate the patient’s chief complaint of pain on biting. In
such teeth, pressure must be applied to individual cusps or teeth in order to
replicate the chief complaint.

Management

The management of periradicular pain involves identifying and removing
the causative factors. If the pain is due to occlusal trauma, treatment may just
involve adjusting the occlusion. However, if the root canal space is infected,
endodontic therapy must be initiated. Obtaining adequate local anesthesia in
teeth with periradicular periodontitis is not as challenging as in teeth with irre-
versible pulpitis. Chemomechanical debridement of the root canal space
reduces the microorganisms present and results in attenuation of the periradicu-
lar pain. This reduction in symptoms takes a few days, and it may be advisable
to place the patient on analgesics for 3—4 days. Another effective strategy is to
reduce the occlusal surface of the tooth so that it no longer contacts the oppos-
ing teeth. In teeth with acute apical abscesses, it is important to establish a path-
way for drainage. This involves performing incision and drainage or trephination.
A systematic review on the management of localized acute apical abscesses in
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Table 2. Antibiotics and pain control [92]

Meta-analysis of antibiotics for AAA

¢ Found 35 relevant studies; 8 were RCTs

« Absence of infection: OR = NS

* Absence of pain: OR = NS

» Absence of pain and infection: OR = NS

* Recommended: drain abscess via pulpectomy and/or IND; antibiotics no additional
benefit for AAA

* Recommended: RX antibiotics when patients have systemic complications (fever,
lymphadenopathy, cellulitis)

AAA = Acute apical abscess; IND = incision for drainage; NS = not significant;
OR = odds ratio; RCTs = randomized controlled trials; RX = prescribe.

the permanent dentition concluded that drainage results in significant pain
relief and that antibiotics are of no additional benefit (table 2) [92]. This review
suggested that antibiotics should only be prescribed to patients who are
immunocompromised or to those who have signs of systemic involvement.

Future Directions

Recent studies indicate that opioids have an antinociceptive effect when
administered into inflamed tissues. These effects are not seen when opioids are
injected into normal tissues. Proinflammatory agents like bradykinin trigger the
development of competence of opioid receptors [93]. A series of double-blind
clinical trials using the oral surgery model and the endodontic model of hyper-
algesia elegantly demonstrated the presence of peripheral opioid analgesia [94].

A recent investigation indicated that red-haired women are more resistant to
the effects of subcutaneous lidocaine than dark-haired women, particularly in
response to stimuli known to activate Ad fibers [95]. Additional studies are needed
to replicate these findings in odontogenic pain patients and to elucidate whether
redheads simply require higher dosages of lidocaine to obtain adequate anesthesia.
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Abstract

Myofascial temporomandibular disorder (TMD) pain can be regarded as a regional mani-
festation of musculoskeletal disorders similar to those observed in other body regions. The
painful local muscle disturbances are assumed to be associated with a variety of biophysio-
logical risk factors. Therefore, myofascial TMD pain should be interpreted as a phenomenon
determined and influenced by a multitude of factors which will have important implications
for the management of these problems. Most myofascial TMDs are rather episodic (intermit-
tent) in nature. In a considerable number of patients, however, the pain persists over a long
period of time, despite therapeutic interventions. Structural changes in peripheral and central
nervous nociceptive pathways may provide a neurobiological explanation for these refractory
types of myofascial TMD pain. Since complex biopsychosocial interactions determine the
development of these dysfunctional pain conditions, diagnostic instruments that consider
somatic and psychological factors are needed to appropriately evaluate the patients’ therapeu-
tic needs. Results of an extensive literature search show that for the majority of patients, pain
reduction or pain relief can be achieved with noninvasive reversible methods. Longitudinal
short- and long-term studies have revealed that different therapeutic measures are similarly
effective. In patients with persistent myofascial TMD of the jaw muscles associated with psy-
chosocial impairment, additional involvement of a psychotherapist is crucial.

Copyright © 2007 S. Karger AG, Basel

Pain in the jaw musculature is the most commonly reported pain of nondental
origin in the orofacial region. Together with arthralgia of the temporomandibular
joints, it is collectively referred to as ‘temporomandibular disorder’ (TMD) [1].
Muscle pain is difficult to localize. It is often characterized by dull pressure or
a pulling sensation [2]. The pain is usually of mild to moderate intensity, and it is
perceived as more intense when the muscles are strained (e.g. muscle palpation or



isometric contraction) as well as during jaw movements (e.g. chewing). The pain
may be accompanied by limitations of mandibular movements and by perceived
changes in tooth contacts related to altered sensorimotor function (caused by pain-
adapted motor function). The muscle pain may be referred to and perceived in
other areas, such as teeth or tooth groups, temporomandibular joints, middle ear,
temples and eyes [3]. In these cases, the localization of the pain is different from
the pain source, which has bearings on the differential diagnosis. Current recom-
mendations for management include noninvasive approaches, including physical,
pharmacological and psychological procedures.

Classification

Painful TMDs can be regarded as regional manifestations of muscu-
loskeletal disorders similarly to those observed in other parts of the body (i.e.
bone, muscles, joints and associated tissues).

The term ‘myofascial pain’, as used in the following, describes a number
of painful muscle disturbances which are characterized by the patients’ report
of pain, tenderness and localized pressure pain on palpation. This stands in con-
trast to the interpretation of other authors [4], who associate myofascial pain
exclusively with a specific pathophysiological entity, the so-called trigger
points. However, in the present text, the term ‘myofascial TMD pain’ is pre-
ferred as a purely descriptive term without any reference to a particular patho-
physiological mechanism.

Myofascial TMD pains are assumed to be associated with a variety of bio-
medical risk factors, such as hormonal, neuroendocrine and genetic disposi-
tions, and biomechanical strain (see below), but currently the classification
only relies on the symptomatology and not on underlying mechanisms or
known etiological factors.

Most myofascial TMD pains can be easily managed, and they are rather
episodic in nature [5], i.e. there can be periods with exacerbation of pain fol-
lowed by remission which could be termed an ‘intermittent’ type of myofascial
TMD pain. Nevertheless, an appreciable number of patients may suffer from
‘persistent pain’, i.e. from pain that lasts longer than expected in an acute pain
condition (e.g. longer than 1, 2 or 3 weeks, depending on the severity of the tis-
sue damage). As recently demonstrated [6], the prognosis of these patients can
be made by psychometric evaluation (axis II of the Research Diagnostic
Criteria for Temporomandibular Disorders or RDC/TMD [7]). This makes them
distinguishable from the considerable number of TMD pain patients, where the
pain continues over a long period of time despite therapeutic interventions. In
these situations, additional pains are often simultaneously present in other areas
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of the body [8]; however, these ‘extratrigeminal’ pain locations are seldom
reported by patients to the dentists [9]. Myofascial TMD pain that lasts for a
long period of time may lead to substantial psychosocial distress and associated
psychological and behavioral reactions (e.g. impairment in the performance of
daily tasks, restriction of social contacts, depressive preoccupation and other
disturbances of emotional well-being) [10]. In the following, pain associated
with ‘psychosocial dysfunctions’ will be considered as ‘dysfunctional’ pain
[11], which is also included in current considerations of pain mechanisms [12].

In secondary and tertiary care TMD units (pain specialists or pain clinics),
between 4.2% [13] and 46% [14] of the TMD population are dysfunctional
pain patients. Conversely, in primary care settings (dental offices, nonspecial-
ized clinics), the prevalence of those patients can be assumed to be between
5 and 10%.

Epidemiology

The majority of TMD patients suffer from myofascial pain or a combin-
ation of myofascial and temporomandibular joint pain [15-17]. Women, espe-
cially those in the fourth decade of their life (i.e. between 30 and 39 years), are
up to 4 times more frequently affected than males [18]. The prevalence in chil-
dren is slightly lower and the symptoms are usually much milder than in adults
[18, 19]. The prevalence increases, however, with pubertal onset [20]. The
prevalence of TMD pain in adults has been estimated to range between 2 and
18% for women and 0 and 10% for males [21, 22]. With regard to the differ-
ences of reported percentages, it has to be noted that epidemiological findings
will obviously depend on classification — some investigations only look at pal-
pation findings, others on patient reports. However, only about 3% of the TMD
pain population demands active treatment [23]. Relatively few studies have
examined the incidence of myofascial TMD pain (new cases per year) with a
rigorous case definition, but there appear to be between 1.6 and 3.9% per year
with about a tenth being ‘dysfunctional’ [24].

Pathophysiology

In the following paragraphs, the pathophysiology of myofascial TMD pain
will be provided with a special reference to some of the unique features of the
jaw muscles. We review the potential risk factors and neurobiological models to
account for the transition from acute to persistent or dysfunctional pain and the
consequences of myofascial TMD pain on motor function.
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Special Characteristics of the Jaw Musculature

In the past, the dental and medical literature has paid relatively little atten-
tion to the structural and functional differences between the jaw musculature
and limb or trunk muscles. Particularly with regard to the heterogeneous intra-
muscular activation capability of the muscles, possible implications of these
differences for the development of localized myofascial TMD pain have been
largely neglected.

The classical understanding of the activation of an individual muscle is
based on a so-called homogeneous activation: the force increase in an individ-
ual muscle is explained by sequential recruitment of its motoneurons, which
differ in size but receive the same synaptic input (so-called size principle) [25].
However, this model does not provide a satisfactory basis for explaining the ori-
gin of a generally assumed discrete muscular microtrauma caused by local
strain, because the concurrent activation of all motoneurons of a specific size
makes it difficult to generate localized strain in an individual muscle.

Conversely, recent findings showing the capability of the jaw musculature
for heterogeneous activation [26—32] point to a plausible explanation of the
clinical phenomenon of localized myofascial TMD pain. ‘Heterogeneous activ-
ation’ refers to the fact that the motoneurons of an individual muscle are divided
into subpopulations. These subpopulations receive different synaptic input, i.e.
they may be activated differentially. Such a ‘functional compartmentalization’
of the muscles makes localized strain within discrete muscle regions during
specific motor tasks considerably more likely than a homogeneous activation.
The key point here is to find out if myofascial TMD pain is uniquely associated
with ‘localized’ painful spots and how the pain may spread or be referred to
more extensive parts of the muscle. Nevertheless, it is a common clinical expe-
rience that distinct parts of the muscles are painful on palpation but techniques
to differentiate between a localized painful spot and confluences of painful
spots are obviously needed.

Additional support for this concept of localized muscle strain comes from
the finding that the fibers of single motor units occupy only limited subvolumes
of the jaw muscles [33]. This is in contrast to the single motor unit fibers of the
extremity muscles, which are scattered in a ‘mosaic pattern’ over wide areas of
the muscle cross-section. Furthermore, motor units of jaw muscles display clear
directional properties [34, 35], i.e. they are preferentially activated at a specific
force or movement direction. This approach provides a sound model for
explaining the prolonged stereotypic activation of certain motor units (or small
groups of motor units) up to functional exhaustion during specific motor tasks
as it is assumed for the so-called Cinderella motor units [36-39]. The ‘group-
ing’ of muscle fibers to small fascicles provides the structural basis for such a
selective recruitment behavior [33]. New findings from experiments on rats
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confirm this idea: focal microlesions occur in the masseter following abnormal
chewing strain [40] when the teeth of one jaw side are reduced in vertical
height. (The possible meaning of the differential activation for localized
myofascial TMD pain management will be discussed in the paragraph
‘Occlusal splints’).

These findings could point towards a greater susceptibility of jaw muscles
to develop pain. It should also be considered, however, that fatigue studies on
symptom-free non-TMD subjects generally suggest that jaw muscles are
extremely well-equipped to resist the development of fatigue and muscle
soreness [41, 42].

On the other hand, experimental studies with minor changes in the occlu-
sion (artificial occlusal interferences) have shown that the susceptibility to
develop some painful symptoms in the jaw muscles is explicitly higher in other-
wise symptom-free individuals with a TMD history than in subjects without
such a history [43, 44]. This could point to additional predisposing factors
which determine the overall vulnerability of the masticatory muscles as it is
conceptualized in the following section.

Risk Factors in the Pathogenesis of Myofascial TMD Pain

In analyzing the relationships between potential risk factors and the devel-
opment of pain, it should be noted that the affected tissues may demonstrate a
range of functional, structural and hormonal vulnerabilities. Together with the
capability for heterogeneous activation of the jaw musculature, these partially
unknown variables result in a variety of individual dispositions, which make it
difficult to identify specific pain-triggering factors or biomechanical strain in
individual patients. For this reason, myofascial TMD pain should be inter-
preted as a phenomenon determined by multiple factors [45]. The pain can also
be influenced by continuous activation of descending motor pathways, as
it might occur in the case of psychological distress or a hypervigilant dispos-
ition [46].

Modern biomedical concepts, therefore, distinguish between 3 types of
risk factors [45, 46]:

e  predisposing (e.g. structural, neuroendocrine, genetic);
e initiating (e.g. microtrauma and strain), and
e  perpetuating (e.g. psychological, psychosocial, parafunctions).

The subdivision into predisposing, initiating and perpetuating factors is
not conceptualized rigorously, however. For one particular individual, jaw mus-
cle strain may be an initiating factor and psychological distress the perpetuating
component; for another subject, the reverse may apply. Furthermore, it is essen-
tial to interpret this concept as an integral component of a comprehensive
biopsychosocial model of pain (see later in this text) [47].
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Microtrauma

In the past, numerous mechanisms have been considered as potential
source of myofascial TMD pain. The most common models involve nociceptor
pain, which is triggered by strain in the musculature. The pain can be promoted
by a number of disposing factors. Microtrauma, local ischemia [48] or hypoper-
fusion [49] and their supposed structural and/or functional consequences, e.g.
myofascial trigger point and postexercise muscle soreness, serve as the underly-
ing pathophysiological model. This hypothesis assumes that at the end of a
pathogenetic causal chain of events there is a release of endogenous algesic
substances from tissue cells and afferent nerve fibers (e.g. glutamate,
bradykinin, histamine, prostaglandin E,, serotonin, potassium, adenine triphos-
phate, substance P, protons), which excite and/or sensitize muscle nociceptors
(see also the chapter by Mense, pp 7-17).

It is interesting to note that the excitatory amino acid glutamate may initi-
ate pain in muscle tissue without any sign of inflammation. A number of recent
studies have tested the effects of intramuscular injections of glutamate and have
shown that glutamate is associated with activation and sensitization of peri-
pheral nociceptive afferent fibers in rats and with localized and referred pain
sensations, accompanied by decreases in pressure pain thresholds in human
subjects [50]. Moreover, N-methyl-D-aspartate receptor antagonists such as
ketamine have analgesic and antiallodynic effects [51]. These observations, in
addition to results from microdialysis studies, imply that glutamate may play a
role in noninflammatory pain conditions as assumed to prevail in a broad spec-
trum of TMDs [52].

Parafunctions

Recent studies have consistently confirmed that self-reported tooth grind-
ing and jaw clenching (bruxism) as well as other parafunctions are possible risk
factors for TMDs [19, 53, 54]. However, the neurobiological relationship
between parafunctions and myofascial TMD pain has still not been conclusively
explained [55]. Curiously, patients with painful symptoms in the jaw muscles
have less electromyographic (EMG) activity during sleep than do patients with-
out painful symptoms [56]. Bruxism may, but does not necessarily, accompany
jaw muscle pain. When pain associated with bruxism occurs, it is usually most
pronounced in the morning [57]. The pain may be interpreted as a form of post-
exercise muscle soreness, although it demonstrates other characteristics than
the soreness that occurs in the extremities [58]. In an experimental setting,
intermittent muscle exertion (jaw clenching) with moderate or maximum force
quickly leads to myofascial TMD pain. Eccentric muscle exertion under heavy
loads, as assumed to occur in bruxism, may result in extensive muscle lesions
[59], but this has so far not been shown in jaw muscles.
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Occlusal Factors

It has been assumed for decades that changes in the dentition (tooth loss,
restorative measures, orthodontic interventions, occlusal interferences) trigger
new, nonadaptive (and perhaps nonadaptable) movement patterns, which may
lead to neuromuscular imbalances (dysbalances) and, ultimately, to pain [60].
Epidemiological studies have shown, however, that the influence of occlusal
factors with regard to the occurrence and prolongation of myofascial TMD pain
plays a substantially lesser role than has been traditionally assumed [61].
Recent experimental evidence also disproved the belief that occlusal interfer-
ences cause muscle hyperactivity and subsequently pain in the jaw muscles in
healthy subjects [62]. Although the role of occlusal factors may have been
vastly overestimated in older pathophysiological models of myofascial TMD
pain, it is appropriate to note that certain types of occlusion may have weak but
statistically significant associations with TMD pain [63], but also that these
associations may not be taken as a general justification or recommendation to
perform irreversible and extensive occlusal therapy (see below).

Enhanced Muscle Activity at Rest

Another factor which has often been linked to the pathophysiology of myofas-
cial TMD is the muscle activity as measured by EMG electrodes in the jaw muscles
with the mandible in its rest or postural position [2]. However, the pathogenetic
meaning of elevated jaw muscle activity at rest is unclear because if EMG changes
are detected, and not all studies have been able to demonstrate this, they are only in
the magnitude of a few microvolts which represent a very small percentage of the
maximal output of these muscles. In a recent, well-controlled study [64], increased
resting activity in the jaw muscles of orofacial pain patients was observed.
Nonetheless, it is still unclear, whether this phenomenon, which is assumed to be
the consequence of pain, may cause or contribute to additional pain in the affected
muscles. Interestingly, Bodere et al. [64] also noted EMG changes in patients with
neuropathic pain problems. This suggests that if EMG changes occur in painful
conditions, they are not unique to musculoskeletal types of pain. Some authors
suppose that an enhanced EMG activity at rest is a risk factor, acting like a classic
conditioning effect (respondent conditioning) [65]. It has been argued that overac-
tivation of single motor units (long-lasting recruitment) [66] as well as strain
caused by overload of an entire muscle could be the source of muscle injury, i.e.
myofascial TMD pain [59]. So far, however, no sustained firing motor units in rest-
ing jaw muscles with elevated rest activity could be found.

Neuroendocrine Factors
There are indications that endogenous or exogenous hormones, such as the
estrogens and their influence on nerve growth factor and nociception [67], may
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play an important role in the genesis of TMD pain. Recent studies have shown
that injections of nerve growth factor into the masseter muscle cause long-lasting
(weeks) muscle allodynia and pain associated with strenuous jaw movements,
which seems to be more pronounced in women than in men [68, 69]. These new
findings may offer an explanation for the long-known clinical observation sup-
ported by epidemiological studies that women, especially those of childbearing
age, are more often affected by pain in the area of the jaw musculature than men
(for further details, see the chapter by LeResche, pp 44-74).

Genetic Factors

A recent study [70] has demonstrated that patients with a genetic polymor-
phism of the enzyme catechol-O-methyltransferase show reduced enzyme
activity, leading to an impaired degradation of the neurotransmitter dopamine.
The resulting increased dopamine concentration causes a decrease in p-opioid-
receptor-dependent activation of certain brain regions (e.g. corpus amyg-
daloideum, nucleus accumbens, vermis cerebelli). A reduced function of the
endogenous pain-inhibitory system in such individuals may be important for
the development of chronic pain, like in painful TMDs (for additional details,
see the chapter by Stohler, pp 236-247).

Neurobiological Models of Persistent Myofascial TMD Pain

In many patients, the course of myofascial TMD pain is not limited to a few
days or weeks. Instead, myofascial TMD pain develops to persistent pain, and it
continues with some fluctuations (intermittent) over several months, often up to
years (persistent or dysfunctional). Peripheral and central mechanisms are sup-
posed to contribute to the transition from acute to persistent pain states.

Peripheral Sensitization

The long-lasting sensitization of nociceptors usually closely depends on
the presence and the concentration of sensitizing substances. These substances
lead to threshold reductions and, due to the continuous stimulation of nocicep-
tors, to an increase in the discharge frequency in the afferent fibers. They com-
prise prostaglandins, bradykinin and many others (see also the chapter by
Mense, pp 7-17) which are released in states of trauma and inflammation.
Additionally, pain is aggravated by ‘neurogenic inflammation’, i.e. by neuro-
peptides (such as substance P, calcitonin gene-related peptide, neurokinin A and
vasoactive intestinal polypeptide) released from the nociceptors themselves,
which cause vasodilatation and plasma extravasation. Sprouting of the nocicep-
tive terminals can also contribute to the formation of long-lasting peripheral
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sensitization. Sensitization of nociceptors is assumed to be the peripheral neu-
robiological basis of muscle tenderness (allodynia) and hyperalgesia [4].
Recent studies have further highlighted the effects of glutamate on peripheral
nociceptive afferent fibers with respect to long-lasting sensitization and phar-
macological properties [51, 71]. A clinical correlate of peripheral sensitization
is pain on palpation and pain provoked by movement of the jaw.

Central Sensitization

The current opinion is that a strong burst or long-lasting nociceptive inflow
from the periphery results in a range of long-term functional and structural
changes and sensitization in the central nervous system (neuroplasticity). These
processes, which are associated with long-lasting excitation of central nocicep-
tive neurons, play a decisive role in the occurrence of so-called secondary (cen-
tral) hyperalgesia, by which persistent pain may be maintained even without
nociceptive information from the periphery [72]. Another factor for an
enhanced excitability of trigeminal nociceptive neurons is a dysfunction of the
descending pain inhibition triggered by continuous peripheral nociceptive
inflow [48]. Finally, since descending pain-facilitatory pathways have been
described, the question arises if persistent pain may be due to or maintained by
an imbalance between inhibitory and facilitatory descending pathways [73]. At
present, there is no simple clinical test which can accurately differentiate
between the manifestation of peripheral and central sensitization in muscles and
it may be most useful to think that both mechanisms may be at work in persist-
ent myofascial TMD pain.

The Motor System and Myofascial TMD Pain

Pain and Electromyographic Activity at Rest

The traditional pain-spasm-pain hypothesis proposes a mutually reinforcing
relationship between pain and muscle hyperactivity due to pain-induced, reflex-
ively sustained tonic contraction of the injured muscle, thus setting up a vicious
cycle [74]. In experimental animal models, however, it could be shown that a
long-lasting acute inflammatory nociceptive input from limb muscle did not
increase resting activity in the compromised muscle [75]. The y-motoneurons,
which are thought to be responsible for an enhancement of the resting activity
[76], showed a pronounced inhibition. In human experimental studies, no long-
lasting increases in EMG activity with the jaw at rest could be found [77, 78].
Conversely, injection of algesic substances in deep craniofacial tissues, i.e. the
temporomandibular joints of the rat, elicited strong facilitation of the jaw-opening
and jaw-closing muscles. This phenomenon confirms the existence of excitatory
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pathways to the a-motoneurons under acute conditions with strong noxious
inputs and can be explained as a ‘splinting’ effect to protect the injured structures.
Increased resting activity under persistent pain conditions [64] could however be
the result of a dysfunctional state of the ascending reticular activating system
[58]. In sum, there is no convincing scientific evidence that elevated resting activ-
ity, as it can be observed under certain clinical pain conditions, contributes sub-
stantially to the initiation, perpetuation or disposition of myofascial TMD pain.

Pain and Static or Dynamic Electromyographic Activity

The current understanding of the interrelationship between pain and motor
reactions assumes that nociceptive afferents from the jaw musculature influence
the activity of the motoneurons by inhibitory and excitatory interneurons.
Supposedly, this occurs in a reciprocal manner during muscle contraction (e.g.
mastication): pain-related inhibition of the activity by the agonists results in
increased activity (cocontraction) in the antagonists. Hence, painful opening of
the mandible is associated with a slight increase in the activity of the jaw closers
(antagonists), as could be shown in several human experimental studies [79, 80]:
when the jaw is closed, the activity of the jaw closers (agonists) is reduced and
some activity can be detected in the jaw openers. The maximum contraction
force in intercuspation is thereby diminished, whereas jaw opening is reduced in
its amplitude and speed. The accompanied limitation of jaw movement (‘splint-
ing effect’) is interpreted as a reflex-driven adaptation mechanism to protect the
affected anatomical structures and to reduce the existing pain (pain adaptation
model [81]). This motor behavior corresponds fairly well with the clinical fea-
tures found in TMD patients [for a review, see 2]. Nociceptor stimulation of
other segmental structures, such as the dental pulp, the skin and the temporo-
mandibular joints, is also thought to trigger similar sensorimotor adaptations. In
conclusion, the available data suggest that static and dynamic motor activities
are changed by the presence of pain. Hence, aberrant motor behavior (neuro-
muscular dysbalances) observed in patients are in most cases likely to be the
consequence and not the cause of pain [2]. Nonetheless, the long-term effect of
pain-adapted motor function is not known. Furthermore, no scientific data are
available that could support the speculation that segmental adaptation in motor
function spreads the regional pain by a muscular chain reaction [82].

Hypothesis for Transition from Acute to Dysfunctional
Pain Conditions

In most cases, it can be argued that a peripheral ‘lesion’ precipitates the
central nervous phenomena, e.g. in form of microtrauma, overload, overactivation
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Fig. 1. Model for biopsychological aspects of persistent and dysfunctional myofascial
TMD pain.

and/or muscle fatigue. When the peripheral lesion fails to heal, a prolonged
phase, i.e. persistent pain, ensues. General vulnerability of the patient, due to
genetic predisposition, hormonal factors, behavioral habits or failed therapy,
may be an underlying factor [47]. Depending on the pain-coping behavior
(adaptive or maladaptive), this state can finally lead to a dysfunctional pain
condition (fig. 1). Taxonomies which define the transition from acute to dys-
functional pain by a stringent time course (e.g. 3 or 6 months) do not reflect the
clinical reality satisfactorily, as already mentioned at the outset.

Consequences of Persistent Myofascial TMD Pain

Persistent myofascial TMD pain is usually accompanied by psychosocial
and behavior-related consequences, e.g. restrictions in the performance of daily
activities, reduced feeling of well-being or loss of motivation [83]. It is notice-
able that such psychosocial disabilities are usually more strongly pronounced in
patients with additional or concomitant pains located outside the region of the
head-face and neck than in individuals who experience pain limited solely to
the head, face and sometimes the neck [10]. Furthermore, numerous nonspe-
cific physical symptoms, e.g. insomnia or dizziness, may be found in patients
with dysfunctional myofascial TMD pain. Dysfunctional pain conditions and
other diseases are interpreted as multidimensional experiences characterized
and maintained by the interaction of biomedical, social, cultural, economic and
behavioral factors [84].
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Diagnostic Process

Thus far, no scientifically confirmed all-embracing hypothesis exists
regarding the etiology of myofascial TMD pain. Therefore, the diagnostic
process relies on the description of symptoms, i.e. the symptomatology, and
should be based on the following procedures:

(1) the symptoms reported by the patients (pain-related history);

(2) the clinical evaluation, preferably according to the RDC/TMD [7]; in addi-
tion to a pain-related interview, the use of standardized pain questionnaires
and pain drawing is recommended.

The clinical evaluation consists of the measurement of the mandibular
mobility (and pain that may occur during movement) and the palpation of the
palpable masticatory (and, if needed, cervical) musculature to determine the
presence of pain. The latter should be measured manually but with attempts to
apply predefined loads, e.g. 10N for the temporalis and masseter muscles [7].
The application of pressure algometers is unusual for this purpose.

A recommendation for standardized diagnosis of temporomandibular pain,
developed by the Interdisciplinary Working Group for Orofacial Pain within the
German Association for the Study of Pain (DGSS), presents a step-by-step
diagnostic concept that distinguishes between minimal, standard and extended
diagnosis [85] (fig. 2).

In addition to the physical findings (axis I), pain-related psychosocial
parameters (axis II) are to be evaluated. According to the RDC/TMD, within
axis I, there are only two quite unspecific pain-related muscle ‘diagnoses’
(‘myofascial pain’ and ‘myofascial pain with limited jaw opening’) [7]. This
accounts for the current understanding of myofascial TMD pain as a regional
soft tissue pain syndrome. The proper diagnoses imply, of course, the exclusion
of other types of jaw muscle pain, such as contractures, dystonia or myositis.
However, these symptom-based diagnoses of myofascial TMD pain, which
include acute and persistent forms, show little discriminatory power for other
persistent muscle pain conditions, such as fibromyalgia syndrome or episodic
tension-type headache. The use of pain drawings (whole body and face/head)
may help to obtain a good understanding of the localization of the pain com-
plaints and may facilitate the process of differential diagnosis, e.g. for the dis-
tinction between myofascial TMD pain and tension-type headaches [2].

The findings in axis II subsequently influence the diagnostic and therapeu-
tic decision-making. In the case of increased pain-related psychosocial impair-
ment of the patient, they lead to an interdisciplinary approach that includes a
cooperation with a psychotherapist experienced in pain diagnosis and manage-
ment. The extent of the psychosocial impairment also offers an early reference
point (in contrast to the late one, namely, the therapeutic failure) for dysfunctional
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Pain of the masticatory ¢ Indication for For specific questions
musculature psychosocial distress or
¢ Dysfunctional pain or
¢ Pain >6 months or
¢ No improvement after
4 weeks of management

® Specific imaging

¢ Manual functional diagnosis

e Instrumental analysis (EMG;
jaw kinematics for monitoring
of functional improvement)

¢ Pain-related patient history Assessment of Assessment of
e Clinical examination - -
* Panoramic radiograph * Unspecific somatic ¢ Pain experience
symptoms ¢ Pain-related disability
| » Graded chronic pain status || |* Depressive preoccupation| || * Coping mechanisms

Minimal diagnosis
Standard diagnosis Extended diagnosis

Fig. 2. Flowchart describing step-by-step procedure in the diagnostic process. Shaded
panels represent axis II assessments.

pain courses, which may only be influenced to a limited degree (so-called dys-
functional pain) [83, 86].

Differential Diagnoses

Fibromyalgia Syndrome

Fibromyalgia is a common medical condition characterized by widespread
pain and sensitivity to palpation at multiple anatomically defined tissue body
sites. It is often accompanied by depression, insomnia and dysfunction of the
autonomic nerve system. The diagnosis is typically based on the presence of
pressure pain in at least 11 of 18 defined body locations, whereby the jaw mus-
culature and temporomandibular joints are not included among these locations.
Muscle pain is now believed to be primarily due to central nervous system
neurosensory amplification of nociception in general and not specifically to
muscle pathology [87]. Fibromyalgia can be distinguished from persistent
myofascial TMD pain only by the patient history, the general physical examin-
ation and/or pain drawings showing all pain locations of the patient.
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Episodic Tension-Type Headache

Episodic tension-type headache is characterized by temporal, frontal or
occipital dull nonpulsing pain [88]. The pericranial musculature of a large
majority of the patients is tender to pressure (65%). Increased excitability of the
central nervous system generated by repetitive and sustained pericranial
myofascial input may be responsible for the transformation of episodic tension-
type headache into the chronic form [89]. Temporally localized episodic
tension-type headache with the temporal muscle(s) sensitive to palpation
cannot be distinguished from myofascial TMD pain of these muscles.

Myositis

Myositis is an acute ailment characterized by general inflammation of the
affected muscle and soft tissue. The muscle, which is restricted in its function,
exhibits pressure pain and swelling. The most common form of myositis found
in the area of the jaw muscles is myositis ossificans traumatica, a rare, but
benign heterotopic bone growth in a muscle (or its fibers) following acute
trauma or repeated injury [90]. The information gained from the patient history
usually allows making an appropriate diagnosis.

Other diseases that may be associated with jaw muscle pain are:
e hypothyroidism;
e lupus erythematosus;
e scleroderma;
e  temporal arteritis;
e  Parkinson’s disease;
e infection or trauma;
e  dystonia.

Comorbidity

There is good evidence that the prevalence of headaches is high in patients
with myofascial TMD pain (70%) [88]. Conversely 50% of headache patients
show symptoms of myofascial TMD pain [91]. There is similar support for
comorbidity between fibromyalgia and myofascial TMD pain [92]. However,
the general question arises whether such a high prevalence represents a coexist-
ence of different pathologies, or whether it reflects the inability of the diagnos-
tic instruments to distinguish between these ailments. Another explanation for
the high comorbidity could be that the different pain phenomena share common
pathogenetic pathways, i.e. an increased excitability of the central nervous sys-
tem as it is generally assumed in persistent pain conditions.
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Conclusively, myofascial TMD pain can be regarded as regional manifes-
tations of musculoskeletal disorders similar to those observed in other body
regions. The painful local muscle disturbances are assumed to be associated
with a variety of biophysiological risk factors (hormonal, neuroendocrine,
genetic and biomechanical). No specific pain-triggering factor could be identi-
fied so far. Therefore, myofascial TMD pain should be interpreted as a phe-
nomenon determined and influenced by a multitude of factors which will have
obvious implications for the management of these problems.

Short Summary

Most myofascial TMD pains can be easily managed, and they are rather
episodic in nature (intermittent; see previous sections). In a considerable num-
ber of pain patients, however, the pain persists over a long period of time despite
therapeutic interventions. Pain that lasts for a long period of time may lead to
substantial distress and associated psychosocial reactions. Structural changes in
peripheral and central nervous nociceptive pathways may explain the neurobio-
logical basis for these more refractory types of myofascial TMD pains. Since
complex biopsychosocial interactions determine the development of these dys-
functional pain conditions, diagnostic instruments that consider somatic and
psychological factors are needed to evaluate the patients’ appropriate therapeu-
tic demand. The RDC/TMD criteria are a valid diagnostic system, which meets
these requirements to a reasonable extent, but where further development will
follow as research is steadily accumulating.

Management

The following therapeutic options for the management of TMD patients
have been recommended in the literature and/or current textbooks [46, 88,
93-96]. It has to be taken into consideration that in most clinical trials no clear
distinction was made between patients with myofascial TMD pain and those
with temporomandibular joint pain.

Biophysical Intervention

e Physical therapy [manual therapy, massage, transcutaneous electric nerve
stimulation (TENS)].

e Physical self-treatment.

e Occlusal splint therapy.

e Acupuncture.
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Pharmacological Intervention
e Nonsteroidal anti-inflammatory drugs, cyclobenzaprine, diazepam, tri-
cyclic antidepressants, local anesthetics, botulinum toxin.

Psychological Intervention
e Patient education and counseling.
e Behavioral management (cognitive-behavioral therapy, biofeedback, pro-
gressive muscle relaxation).
In an attempt to update these recommendations for predominantly myofas-
cial TMD pain patients, a literature search was carried out, which was strictly
based on randomized controlled trials (RCTs).

Review of the Literature

Method

The following information sources and search strategies were used:

Sources: PubMed, Cochrane Library. Search strategy (PubMed): (mastica-
tory muscle pain OR jaw muscle pain) AND therapy; TMD AND muscle pain
AND therapy; myofascial pain AND masticatory muscles AND therapy. The
search was limited to the period between January 1990 and December 2005.
The identified publications were included if the following criteria were ful-
filled: (1) predominantly myofascial muscle pain; (2) rating of the pain before
and after intervention on numerical rating scale, visual analogue scale or com-
parable measures; (3) RCT; (4) 3 of 5 possible quality scores as proposed by
Jadad et al. [97].

Pain reduction or a global symptom reduction not less than 50% as com-
pared to the level before the start of the therapy was estimated as positive ther-
apeutic outcome. This criterion was also fulfilled if verbal descriptors such as
‘excellent’, ‘good’ or ‘no pain’/‘light pain’ were used to assess pain reduction.
If possible, ‘numbers needed to treat’ (NNT = 1/absolute risk reduction) were
determined, and 95% confidence intervals were calculated by the modified
Wilson score method [98].

If no hit was yielded for a recommended intervention, the search was
broadened by including meta-analyses, systematic reviews and articles on
RCTs of combined TMD populations (i.e. not divided into myofascial TMD
pain vs. temporomandibular joint pain). The search strategy for combined
TMDs was: ‘key word’ AND (masticatory system OR temporomandibular dis-
orders OR TMD OR craniomandibular disorders OR CMD) AND therapy.

If this search was also ineffective, the strategy was extended to meta-analyses
and systematic reviews for muscle pain in other body regions, e.g. low back pain
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[‘key word” AND (myofascial pain OR muscle pain OR low back pain) AND
therapy; only the most current review/meta-anlysis was considered]. If no rele-

vant article was found by this extension, the search was stopped at this point.

Notes. (1) A search was also conducted for ‘flupirtine’, a substance which is success-
fully applied in Germany and other countries for low back pain. (2) For physiotherapeutic
interventions, manual therapy (i.e. manipulation or mobilization techniques) and massage
were used as representative key words to structure the electronic search. Physiotherapeutic
interventions are characterized by various ‘philosophies’ and, as a consequence, by different
technical approaches. The common neurobiological path of any physical therapy [99] and the
lack of scientific data for significant differences among the various techniques justifies a
review of the various methods under these terms. (3) As the most extensively investigated
electrophysical adjuvant in pain management [100], TENS was also admitted to the search.
(4) Occlusal adjustment was not considered, because a recent meta-analysis did not recom-
mend this intervention [101].

Results

Specific Search

Altogether, 15 relevant studies corresponding to the inclusion criteria were
identified. Nine studies were placebo controlled, including 3 investigations with
so-called placebo splints, i.e. palatal appliances without occlusion. In 3 studies,
the controls were on a waiting list; 4 investigations compared different thera-
pies, 1 looked for dosage effects of a therapy.

The following interventions were identified:

e occlusal splints (n = 7) [102—-108];

e pharmacotherapy (n = 3) [109-111];

e botulinum toxin (n = 2) [112, 113];

e education and counseling (n = 1) [114];

e physical therapy (n = 1) [115];

e self-treatment (n = 2) [103, 105];

e acupuncture (n = 2) [106, 116];

e combined interventions (n = 4) [109, 110, 114, 115].

The study populations showed a significant heterogeneity. The span of the
treated patients reached from 7 to 90 subjects. Mean pain scores at baseline
amounted from 2.5 on a numerical rating scale (from 0 to 10) to 70mm on a
visual analogue scale (from 0 to 100mm). Treatment time amounted from
1 application (botulinum toxin) to daily use over a period of 26 weeks (occlusal
splints). In 2 studies, the splints were worn for 24 h, in 4 studies only at night. The
presentation of the results allowed the calculation of the NNT for only 1 study.

Extended Search
The extended search used the following key words: for TENS ‘transcutaneous
electric nerve stimulation’, for manual therapy ‘manipulation OR mobilization’, for
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cognitive-behavioral therapy ‘cognitive-behavioral therapy’, for progressive mus-
cle relaxation ‘relaxation technique’, for massage ‘massage’, for biofeedback
‘biofeedback’, for local anesthesia ‘local anesthesia’ and for flupirtine ‘flupirtine’.

The search in the combined TMD populations revealed 1 meta-analysis for
biofeedback [117] and 1 RCT for cognitive-behavioral therapy [118].

For manual therapy [119], massage [120], local anesthesia [121] and pro-
gressive muscle relaxation [122], a systematic review was found for each
modality. The search for TENS revealed a meta-analysis [123].

The results of the RCTs, systematic reviews and meta-analyses regarding
the therapeutic efficacy of the various interventions are summarized in table 1.

According to the international guidelines for cardiopulmonary resuscita-
tion and emergency cardiovascular care [124], the following clinical recom-
mendation classes were used:

(a) high recommendation: at least 1 RCT confirms therapeutic effectiveness;

(b) recommendation: efficacy is confirmed at least by 1 RCT for a nonspe-
cific (myofascial) TMD population or by 1 meta-analysis/systematic review for
muscle pain in other body regions, e.g. low back pain;

(c) restricted recommendation: although no evidence for the efficacy
(under the presupposed criteria) could be found or only inconclusive data exist,

clinical experience and expert opinion consider the intervention as effective.

Notes. If there are conflicting results in equivalent studies (e.g. 2 pros vs. 1 contra) and
no pooling of data is possible, individual assessment of the studies decides the affiliation to
the classes defined above.

The degree of recommendation of the specific interventions identified by
the literature search is illustrated in table 2.

General Management Perspectives

The aim of the management for myofascial TMD pain is to relieve pain and
to restore limited jaw mobility and/or impaired chewing function [125]. Hence,
it is an integral part of contemporary oral rehabilitation. Fast pain relief should
be attempted to avoid central nervous alterations in the nociceptive system
(see the chapter by Sessle, pp 56—74) and to improve the chances of therapeutic
success [126].

Therapeutic Options

Pharmacotherapy

Cyclobenzaprine and tricyclic antidepressants appear to be relatively effec-
tive medications for myofascial TMD pain patients [109, 127]. The efficacy of
anticonvulsive drugs (diazepam, clonazepam) for jaw muscle pain is inconclusive
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Table 1. Treatment effects of the interventions for the management of myofascial
TMD pain

Intervention Outcome

effective inconclusive not effective

Biophysical intervention
Occlusal splints

Local pain xP
Widespread pain X
Manual therapy XS
Massage XS
TENS X
Physical self-therapy X8
Acupuncture X
Pharmacological intervention
Diazepam X
NSAID X
Cyclobenzaprine XP
Flupirtine no data
Tricyclic antidepressants XP
Local anesthesia X
Botulinum toxin X

Psychological intervention
Education/counseling/
cognitive-behavioral therapy =~ X5!
Progressive muscle relaxation X8
Biofeedback X

I = Myofascial TMD pain; II = combined TMD; III = other body regions;
NSAID = nonsteroidal anti-inflammatory drugs. Effective therapy may be better than
placebo (superscript P) or good or better than standard therapy (superscript S).

't is supposed that the effect of education, counseling and cognitive-behavioral therapy is
not essentially related to the different painful TMD subgroups.

[109, 110]. In the case of an unclear genesis of the myofascial TMD pain (pos-
sible absence of inflammatory components [52]) and considering the known
side effects of nonsteroidal antirheumatic drugs, cyclobenzaprine (Flexeril®) is
suggested as a medication of first choice [109]. Meta-analyses which confirm
the efficacy of this drug for other muscle-related pain conditions support this
view [128, 129]. Cyclobenzaprine and flupirtine (Katadolon®) are character-
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Table 2. Degree of recommendation for various interventions

Intervention Outcome
high recommendation  restricted
recommendation recommendation

Biophysical intervention

Occlusal splints
Local pain X
Widespread pain

Manual therapy

Massage

TENS X

Physical self-therapy X

Acupuncture X

>R R

Pharmacological intervention
Diazepam X
NSAID X
Cyclobenzaprine X

Flupirtine X
Tricyclic antidepressants X
Local anesthesia

Botulinum toxin

ol

Psychological intervention
Education/counseling/
cognitive-behavioral therapy X!
Progressive muscle relaxation X
Biofeedback X

1Tt is supposed that the effect of education, counseling and cognitive-behavioral therapy is
not essentially related to the different painful TMD subgroups.

ized by both analgetic and muscle-relaxant effects. RCTs which confirm the
efficacy or effectiveness of flupirtine for the musculature are lacking thus far.

In persistent pain conditions, tricyclic antidepressants provide an effective
pharmacological treatment for jaw muscle pain, probably due to the multitude
of mechanisms, e.g. serotonergic, noradrenergic and N-methyl-D-aspartate
actions [127]. Nonsteroidal anti-inflammatory drugs, in contrast, demonstrate
little or no effect in persistent myofascial TMD pain conditions [110].

The diagnosis and severity of the pain should determine the use of these
medications [130].
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The short-term analgetic effect of local anesthetics is well known and a
helpful ad hoc therapy to relieve intense pain. There is no evidence for a longer-
lasting impact for this kind of intervention, however, this holds also for the so-
called trigger point injections [121]. The use of botulinum toxin is inconclusive
because there are conflicting data for the therapeutic effect in the masticatory
system [112, 113]. It is a striking finding from the reviewed studies that NNT
values are not reported, which otherwise is an important indicator of the magni-
tude of effect.

Notes. Clinical experience and expert opinion consider flupirtine as an effective med-
ication for low back pain [131]. Drugs with muscle-relaxing effects have many additional
effects; therefore, they cannot be used to imply pathophysiological causes. For example,
flupirtine acts on potassium canals. It is supposed to contribute to pain reduction by stabiliz-
ing the membrane potential [132]. It combines analgetic muscle-relaxant and neuroprotec-
tive properties.)

Occlusal Splint Therapy

In contrast to a previous investigation [108], specific effects of occlusal
splints were detected in 2 placebo-controlled trials with a myofascial TMD pain
population [102, 104]. A further study controlled by a waiting list confirmed
this result [105].

An investigation by Raphael and Marbach [104], which excluded a sub-
group with widespread pain (presumably to a high degree dysfunctional pain
patients), indicates that uncomplicated TMD patients with regional myofascial
TMD pain may respond favorably and in a specific way to splint therapy. The
NNT calculated for the study of Ekberg et al. [102] was 2.3 (95% confidence
interval: 1.7-4.5), indicating that almost 3 patients with myofascial TMD pain
will have to be treated before 1 of them experiences at least 50% pain relief.
Presumably, the number needed to harm value is very high for oral appliances,
at least when splints are worn 24 h a day for an extended period of time or when
permanent positional changes of the mandible are attempted. A new type of oral
appliance, the so-called nociceptive trigeminal inhibitory splint which is only
placed on the upper incisors has not shown superior results compared to con-
ventional splints, and concerns for unwarranted side effects in the occlusion
have been voiced [133].

Specific effects depending on the splint design could not be verified.
Nocturnal use of the appliances seems to be sufficient to elicit the desired ther-
apeutic effects [102, 104].

There are several hypotheses for the effectiveness/efficacy of occlusal
splints, including: (1) induction of behavioral and/or cognitive changes [134] and
(2) reorganization of intramuscular recruitment patterns by temporary changing
of the position of the mandible and thereby unloading of strained muscle
regions [135, 136]. Whereas behavioral and cognitive changes can hardly explain
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a therapeutic effect while the splints are incorporated during the night, there is
experimental evidence for a variation in the intramuscular recruitment pattern
after positional changes of the mandible [137, 138]. The proposed biomedical
model for the effects of splint treatment hypothesizes that any temporary pos-
itional change (within a physiological range) might be useful for a regional pain
reduction as far as local painful events are the source of myofascial TMD pain.
The physiological basis of this concept is the heterogeneous activation capability
of the musculature. However, this hypothesis should not be overemphasized at
this point in time; further investigations are needed to validate this theory.

The fact that occlusal splints and occlusal adjustment therapy result in
a comparable outcome [139] confirms that no invasive interventions are
required for a successful management of patients with myofascial TMD pain.
Irreversible positional changes of the mandible by occlusal adjustment are crit-
ical in these patients, because pain-related motor adaptations are likely to alter
the intercuspal position as well as the reference position chosen for occlusal
adjustment [140].

Physical Therapy

No study could be found which confirmed the efficacy of physical therapy
(interpreted as the exertion of external influence on the body by physical prin-
ciples, including all kinds of physical stimuli, e.g. pressure, movement, warmth,
coldness, radiation, electricity) for myofascial TMD pain. Manual therapy and
massage, however, are temporarily effective interventions for low back pain as
shown by meta-analyses [119, 120]. On the basis of these results and according
to a literature review by Feine and Lund [141], the following conclusion for the
therapeutic efficacy of physical therapies may be drawn:

(1) patients’ symptoms improve under these therapeutic modalities [115];

(2) all approaches show comparable effects, i.e. no therapy proved to be super-
ior to another;

(3) within a period of 4 weeks, the therapeutic effect increases with a rising
number of sessions (3 sessions/week); beyond this period of time, the
result remains stable [115].

Overall, the efficacy of TENS is inconclusive [100]. However, (systematic)
reviews for various body regions indicate that the effectiveness/efficacy depends to
a large extent on the stimulated body region [123, 142] and the stimulation para-
meters [100]. Therefore, it may be an effective analgetic intervention in the oro-
facial region; however, this has not been investigated in controlled trials thus far.

Physical Self-Treatment
Self-treatment, combined with intensive education and counseling for
directing the patient into the various self-management strategies characterized
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by biomedical and behavioral elements [114, 143], seems to be an intervention
that is as effective as occlusal appliances [103]. Less extensive strategies, how-
ever, do not show significant therapeutic effects [105].

Acupuncture

Inconclusive evidence is available suggesting that acupuncture may be as
effective as occlusal splints and placebo acupuncture in treating myofascial
TMD pain [106, 116]. On the basis of the results for occlusal splints, i.e. their
supposed specific therapeutic effect, it may be concluded, however, that the
effectiveness of acupuncture is not limited to the ‘classic’ acupuncture points.
An alternative conclusion, namely that all these interventions are predomin-
antly the outcome of nonspecific, i.e. behavioral changes, seems to be unlikely,
but cannot be completely excluded.

Behavioral Management

Education of the patients is a crucial factor in managing myofascial TMD
pain. A study by Michelotti et al. [114] showed that education and counseling,
i.e. information about possible etiological relationships and management
options, may effectively reduce pain. One essential task is to evaluate the
patients’ etiological beliefs, which are typically dominated by somatic associ-
ations, and to cautiously modify them if necessary. Patients have to learn to
avoid risk factors, and they must be sensitized to abnormal mandibular postures
or stereotypic oral (including occlusal) habits associated with their myofascial
TMD pain. Daily parafunctional habits can often be influenced by the patient’s
self-control [46]. Education and counseling (e.g. modifying inappropriate
beliefs, stress reduction, training in self-management of symptoms) represent
biobehavioral interventions which can be delivered routinely by dentists, physi-
cians and dental hygienists [11]. A study by Dworkin et al. [118] has demon-
strated that minimal cognitive-behavioral interventions and management as
usually delivered by dentists and dental hygienists showed approximately the
same outcome in pain relief after the therapeutic phase. After 1 year of follow-
up, however, the cognitive-behavioral group displayed significantly lower pain
ratings and pain-related interferences as compared to the usual-care group. This
emphasizes the long-term effectiveness of cognitive-behavioral interventions.

Several studies have shown that the chance of therapeutic success for
patients with myofascial TMD pain increases when behavior-related factors are
considered in the management regime [117, 118, 122]. Results from a meta-
analysis [117] have underscored the positive effect of biofeedback on patients
with myofascial TMD pain. These findings offer an explanation why in a study
over an observation period of 6 months a therapy that combined occlusal splints
and biofeedback was substantially more effective than the use of either intervention
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method alone, particularly with regard to pain reduction [144]. Relaxation tech-
niques, including progressive muscle relaxation, are also an effective interven-
tion as far as chronic back pain is considered [122].

In conclusion, various interventions result in a comparable treatment out-
come for myofascial TMD patients.

Selection of Management Strategies

The selection of appropriate interventions is influenced by a proper assess-
ment using valid 2-axis diagnostic instruments, such as RDC/TMD criteria,
which provide information about the complexity of the case.

Several additional questions influence the development of therapeutic
strategies and must be solved on an individual basis:

What Are Diagnosis-Relevant Therapeutic Options for Fast Pain Relief?

Fast pain relief, in a neurobiological sense, means the reduction of persist-
ent nociceptive signals from the periphery. It has to be borne in mind that the
‘pain’ phenomenon embraces somatosensory and psychological dimensions
which have different sequelae for acute, persistent and dysfunctional pain con-
ditions. It can be assumed that biomedical intervention (pharmacotherapy,
occlusal appliances, physical therapy), whose effects are thought to reduce
nociceptive afferent input to the central nervous system, act faster than behav-
ioral interventions (this notion is strengthened by an investigation of Turk et al.
[144]), which presumably work more slowly, using rather indirect pathways to
reduce ‘pain’. Hence, behavioral interventions seem to be less suitable for fast
pain relief of acute or persistent pain conditions.

What Are the Least Invasive and Safest Interventions Regarding the

Prospective Therapeutic Results?

This aspect has to be discussed in association with the demand for fast pain
relief (avoiding central nervous alteration). In particular, intensity and/or dur-
ation of pain as well as pain-related patient behavior must be considered with
regard to additional pharmacotherapy, which might show more side effects than
concurrent biomedical interventions but has the fastest impact on nociception.
In analogy with the NNT, the numbers needed to harm could be a useful mea-
sure also in dentistry.

What Are the Patients’ Preferences?
Knowledge of the patients’ preferences is important for an adequate
management of individual pain conditions [145]. It would not be prudent, for
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example, to persuade the patient to an intervention if she/he is not convinced
that the intervention would be appropriate for her/him.

What Kind of Therapeutic Options Are Available?

The availability of treatment options is typically limited; in the case of
acupuncture or biofeedback, for instance, it depends on the individual expertise
of the dentist and it needs special instrumentation, which may not be available
in every dental office or clinic. In addition, the pattern of health insurance com-
panies influences the choice of interventions.

What Kinds of Interventions Are Needed Simultaneously to

Achieve Long-Running Reduction of the Symptoms?

More often, long-lasting relief of symptoms in patients may be achieved to
a higher degree by the simultaneous integration of cognitive-behavioral man-
agement and somatically oriented interventions than by exclusively relying on
somatic or behavioral treatment [144].

What Are the Costs of the Therapeutic Options?

The various biomedical interventions have largely the same effect, but dif-
fer in costs. Among others, cost-effectiveness may be modified depending on
the patients’ country of residence; e.g., oral splints might be more cost-effective
than acupuncture or physiotherapy in one country, in another country the
reverse could be true.

Depending on the diagnosis and the individual demand, the therapeutic
options should be carefully selected for the initial treatment phase, which usu-
ally lasts 4 weeks. After reviewing the initial response, modifications in the
therapeutic options will be made if necessary (fig. 3).

The majority of myofascial TMD pain patients have a good prognosis, and
they respond favorably to therapeutic interventions. Various biomedical treat-
ment modalities are characterized by a comparable therapeutic effectiveness.
Particularly when dealing with dysfunctional pain patients, however, interven-
tions restricted to somatic complaints often fail; this is reflected in many
patients’ dissatisfaction with the therapeutic results [146]. Since RCTs about
the efficacy and effectiveness of various treatment modalities for myofascial
TMD pain are lacking, interventions should essentially be based on standards
that are common practice for comparable musculoskeletal complaints in other
areas of the body, such as low back pain. Interdisciplinary and multimodal ther-
apeutic strategies, which take the pain-related psychosocial impairments of the
pain patients into consideration, are indispensable in dysfunctional pain [147].
In most cases, additional therapy delivered by a psychotherapist is a conditio
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Fig. 3. Graduated decision-making for the management of myofascial TMD pain,
based on a 2-axis diagnostic system. BMT = Biomedical treatment; CBT = cognitive-
behavioral treatment. The dotted line refers to shared components of both CBT and educa-
tion/counseling. The most important point here may be that all patients may require a
‘battery’ of modalities: some may require much more CBT than others; this is estimated from
the psychosocial evaluation.

sine qua non. Noninvasive, reversible management strategies should always be
given priority to invasive, irreversible approaches [46, 148].
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Abstract

Painful temporomandibular joint (TMJ) conditions can be specific and nonspecific. In
the diagnostic process, the clinician has first to rule out specific conditions and conditions
not related to the masticatory system. The nonspecific TMJ conditions lack a known patho-
physiological substrate and are classified by clinical characteristics. Since arthralgia is a
common symptom in many of the nonspecific clinical conditions, it is not a diagnostic
entity. Patients usually show combinations of characteristics of nonspecific conditions
(multiple conditions). Arthrogenous pain is often accompanied by myogenous pain due to
functional integration of anatomical structures, and possibly due to common pathophysio-
logical mechanisms, such as sensitization. Another common feature is the lack of well-iden-
tified risk factors. Trauma may initiate pain in the masticatory system that usually subsides
spontaneously. The knowledge of the relation between degenerative and inflammatory
processes is growing fast, hopefully providing better perspectives for patients. A compre-
hensive history, physical examination and radiological evaluation (panoramic radiograph)
are key elements in arriving at a proper working diagnosis. With regard to management and
prognosis in nonspecific chronic painful TMJ conditions, factors such as the course of the
complaints, the result of earlier treatment, the type of the pain (nociceptive and/or neuro-
pathic), the use of medication and aspects of chronicity, including a multitude of sources
(biological, psychological), play a more prominent role than the nonspecific painful physi-
cal condition as such. The clinician can offer adequate patient education, pain medication,
as well as orthopedic stability to the masticatory system, for instance by providing the
patient with reversible occlusal splints and adequate physiotherapy. Explanation about the
condition, reassurance and a homework program aiming at adequate coping, internal health
locus of control and activation are basic ingredients of any management strategy. The long-
term prognosis of chronic nonspecific painful TMJ conditions is good. Using this information



in the communication with the patient will help to change inadequate beliefs and cognitions
into realistic perspectives.

Copyright © 2007 S. Karger AG, Basel

Following the most frequently used definition, temporomandibular dis-
orders (TMDs) is a collective term, embracing a number of clinical problems
that involve the masticatory musculature, the temporomandibular joints (TMJs)
and associated structures or both [1]. Comprehensive classifications regarding
pain and headache are clinically based and follow the clinical decision-making
process. They were originally initiated by the International Association for the
Study of Pain [2] and the International Headache Society [3], and refined
regarding TMDs in close cooperation between the International Headache
Society and the American Academy of Orofacial Pain [1, 4].

The differential diagnosis of painful TMDs needs a broad perspective from
the very first visit to avoid misdiagnosis. The concept of TMD diagnostic sub-
groups with different symptom profiles was introduced for research purposes
and for clinical (descriptive, diagnostic and therapeutic) purposes. The Research
Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) focus on
improving the definition of clinical samples for research purposes [5]. The
clinical goals aim at the description of clinical characteristics and symptom
profiles and consequent individualized therapy [6, 7]. The pre-1992 literature
hardly presented precise definitions of the samples studied. In this chapter, the
American Academy of Orofacial Pain classification is used to describe
subgroups of painful TMJ conditions, since this classification is broader and
allows for conditions not mentioned in the RDC/TMD axis I classification (e.g.
dislocation, hypermobility, fracture, posterior disk displacement, ankylosis,
neoplasia, growth disturbances). This is extremely important given the enor-
mous variation in patients with painful arthrogenous TMD conditions. Clinical
conditions is preferred over clinical problems, since it is a more neutral term [8].

Apart from these classification issues regarding painful arthrogenous axis
I conditions, which were also reviewed in the context of the relation between
osteoarthrosis and disk displacement by Stegenga [9], in clinical practice other
aspects play an equally important role. Non-TMD conditions need to be
excluded, and appropriate referral and evaluation of the obtained results are
mandatory (fig. 1).

Furthermore, the differentiation between specific and nonspecific arthroge-
nous conditions is important [8, 10]. Management strategies highly depend on
this dichotomy. Specific conditions are characterized by a known etiology, patho-
physiological substrate and/or a systemic background, e.g. neoplasms, growth dis-
turbances, syndromes (e.g. Ehlers-Danlos), rheumatic disease (e.g. juvenile
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Fig. 1. Flowchart of the diagnostic process in suspected painful TMDs [10, 11]. Axis I
represents the physical conditions. Non-TMDs = Other conditions presenting pain in the
head and the neck, and mandibular range of motion (ROM) limitations; specific
TMDs = conditions with a known substratum, e.g. neoplasms, growth disturbances, sys-
temic disease; nonspecific TMDs = conditions related to overloading or trauma surpassing
the adaptation capacity, generally divided into muscular and articular subgroups. Axis II rep-
resents psychosocial factors increasingly important when chronicity plays a more prominent
role. Axis III comprises additional clinical considerations such as pain characteristics, med-
ication and results of previous treatment, related to prognosis. ICF = International
Classification of Functioning, Disability and Health (WHO); RA = rheumatoid arthritis.

idiopathic arthritis) or neurological disease (e.g. spinal muscular atrophy). They
primarily need a specific treatment (e.g. medication, surgical procedure).
Nonspecific painful arthrogenous conditions, on the other hand, lack a
known or measurable substrate. Their etiology is not well understood. Although
nowadays much more is known about the inflammatory and degenerative aspects
of painful TMJ conditions, this new information did not yet influence the choice
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of modalities to a great extent, thereby challenging the idea that these nonspe-
cific conditions are etiology-based diagnostic entities. Arthroscopy and synovial
fluid analysis already provided more insight in the overlap of the painful
arthrogenous entities described in figure 1 (see also the chapter by Kopp and
Sommer, pp 28-43). So far, consensus exists on at least descriptive entities
within presenting patient populations that are not totally mutually exclusive and
also share some clinical characteristics [7]. Temporomandibular joint pain has
also been differentiated as ligamentous pain, retrodiscal pain, capsular pain and
arthritic pain [12]. These entities are difficult to differentiate from each other by
clinical examination only. Arthralgia is an adequate umbrella term.

Another important distinction is between nociceptive pain and neuropathic
pain (fig. 1). When both are present simultaneously, e.g. in chronic pain, or
when sensitization may play a role, this can be conflicting for the clinician. The
clinician also needs to be alert in case of a deviant course of the disorder, dif-
ferent from what is expected on the basis of the clinical experience regarding
recovery of a condition and comorbidity. Crucial is the differentiation between
acute and chronic pain. The pain literature indicates that the sooner therapy
starts, the better the chances are to avoid the pain to become chronic. There is
broad consensus that in chronic (e.g. arthrogenous) TMDs, a team approach in
management is mandatory, in general consisting of a dentist, psychologist and
physiotherapist.

This chapter is on painful TMJ conditions. Arthralgia may be present in the
other nonspecific articular disorders as well (fig. 1). For this reason, and
because of the diagnostic entity issues already discussed, we mostly focus on
arthralgia, rather than to discuss the classical arthrogenous subgroups as such.
When reading this chapter, one needs to realize that the articular and muscular
group originates from the same nonspecific TMD group (fig. 1), in case of
chronicity with probably some common pathophysiological characteristics
[13—15]. This is one of the reasons for including a combined articular/muscular
group. Other reasons are the mutual involvement of these anatomical structures
and their functional integration. Much of the discussion regarding the clinical
diagnoses or subgroups can be omitted when realizing that the term ‘diagnostic
classification’ is too ambitious yet; rheumatologists cope with 4 out of 7 classi-
fication criteria to say a patient has rheumatoid arthritis. In this sense, the
research diagnostic criteria are in fact research classification criteria.

Pathophysiology and Risk Factors

The TMJ is supplied by afferent and efferent sympathetic nerve fibers
which are mainly carried in auriculotemporal, masseteric and deep posterior
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temporal nerves of the trigeminal nerve [16]. The highest innervation exists in
the posterior and lateral portions of the TMJ (retrodiscal tissue, synovial mem-
brane, dense and loose fibrous tissues). Nerve fibers are normally absent in the
intermediate (articulating) zone of the disk as well as in the mandibular and
temporal surfaces of the joint [17]. The TMJ contains many free nerve endings,
but few encapsulated specialized receptors (such as Ruffini, Golgi-Mazzoni
and articular corpuscles) [18]. The afferents which supply these nonspecialized
and specialized receptors are AR, A3 and mainly C fibers [19]. The afferents are
in one part low-threshold nonnociceptive with slowly or rapidly adapting prop-
erties for kinesthetic sense and motor control, and in the other part nociceptive
slowly conducting which respond to noxious mechanical and chemical stimuli.
Some afferents — also localized in the peripheral parts of the disk — show
immunoreactivity for neuropeptides, such as substance P and calcitonin gene-
related peptides, which are implicated in nociception and neurogenic inflamma-
tion [20]. Other perivascular fibers contain the neuropeptides vasoactive intestinal
polypeptides and neuropeptide Y, which suggests an autonomic origin of these
nerve fibers and have been shown to regulate blood flow, like calcitonin gene-
related peptide and substance P.

Chemical substances released from cells and vessels after damage by nox-
ious stimuli activate nociceptive afferent endings and generate action potentials
conducted to the CNS. A lot of factors and mediators can further influence the
process of excitability in the nociceptive endings [21]. Like in inflammation,
damage of peripheral tissues can result in release of substances from blood
vessels, from cells of the immune system or from nerves themselves (neuro-
transmitters like glutamate, neuropeptides, neurotrophins, products such as nor-
epinephrine from sympathetic efferents). Increased excitability of nociceptors at
the site of injury is termed peripheral sensitization. Damage can sometimes also
lead to phenomena such as nerve sprouting or abnormal nerve changes with the
result of ectopic or aberrant neural discharges which beside others are involved
in neuropathic pain conditions [19]. In view of nociceptive afferents, peripheral
sensitization is clinically expressed in a decreased activation threshold (allody-
nia — pain produced by a stimulus which is normally non-noxious), increased
suprathreshold responsiveness (hyperalgesia — increased sensitivity to noxious
stimuli), spontaneous activity (spontaneous pain) and involvement of adjacent
afferent nerve endings (pain spread). By increased nociceptor activity, functional
changes in central nociceptive processing are induced which lead to central sen-
sitization and contribute to secondary hyperalgesia (elevated pain sensitivity
beyond the site of tissue injury), expansion of neuronal cutaneous and/or deep
receptive fields or — in some cases — to persistent pain.

TMJ pain mentioned by the patient and clinically evaluated by lateral or pos-
terior joint palpation is frequently thought to be associated with an inflammation
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of the joint. However, this assumption is not always correct because painful joint
palpation and perception, respectively, can be present not only due to peripheral
sensitization on the basis of a local problem in the joint — or adjacent jaw muscles
— but also due to central sensitization or dysregulation, which may contribute to
spontaneous pain and pain spread or referral [22] (see also the chapter by Kopp
and Sommer, pp 28—43). Due to the close topographic neighborhood of the deep
portion of the masseter muscle to the joint, the additional question arises about
the validity and reliability of lateral joint palpation. Furthermore, the induction
of peripheral and central sensitization does not only depend on inflammation.
The cytosolic release of glutamate (which does not appear to produce any sub-
stantive inflammatory reactions) from affected neurons as well as nonneuronal
cells, such as macrophages, blood serum or Schwann cells, can play a role in
modulating the sensitivity of deep craniofacial tissues through autocrine and/or
paracrine-regulated glutamate receptor mechanisms [23].

Arthralgia is further involved in distinct phases of nonspecific joint dis-
ease, i.e. osteoarthritis (OA), and of other specific joint diseases, such as
rheumatoid arthritis. In general, OA is primarily characterized by cartilage
degeneration [24]. The breakdown of major matrix macromolecules, such as
collagen and proteoglycan, is triggered by enzymatic activity in which matrix
metalloproteinases play an important role (fig. 2).

Increased amounts of matrix fragments are detectable in the synovial fluid
and may produce a variable degree of synovial inflammation. The inflammation
of the synovial membrane creates mediators including interleukin 1@ and tumor
necrosis factor a which play a pivotal role in further cartilage destruction and
the inflammatory process.

Rheumatoid arthritis is a chronic inflammatory connective tissue disease
of systemic character [26] and primarily affects periarticular structures, espe-
cially the synovial membrane. The disease process starts as an inflammatory
reaction transforming the synovial membrane into hyperplastic and granuloma-
tous tissue by release of cytokines, among them interleukin 1 and tumor
necrosis factor a. It becomes more and more evident that the inflammatory
mediators (cytokines, growth factors, enzymes) of synovial tissue in osteoarthritic
joints are similar to the inflammatory mediators found in joints afflicted by
rheumatoid arthritis. Differences are mainly quantitative, showing lower values
in OA [27]. Although absolute levels of particular mediators may be indicative
of their role, the final effect on joint tissues is determined by the balance of
synergizing, counteracting and regulating mediators. An unfavorable balance
between destructive proteases and protease inhibitors is found in OA as well as
in rheumatoid arthritis. Levels of interleukin 13, tumor necrosis factor a, sero-
tonin and prostaglandin E, in TMJ synovial fluid are associated with TMJ pain
and allodynia/hyperalgesia. Since none of these mediators seem to be
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Fig. 2. Supposed pathophysiological mechanisms in OA/osteoarthrosis (modified after
Palla [16] and Baici et al. [25]). Left column: cytokine-independent events (likely nonpainful in
clinical presentation); right column: cytokine-dependent events (dominate in painful episodes).
Both event chains may coexist. ADAMTS = ‘A disintegrin and metalloproteinase with throm-
bospondin motifs’; GAGs = glycosaminoglycans; iNOS = inducible nitric oxide synthases;
IL = interleukin; MMPs = matrix metalloproteinases; NO = nitric oxide; ROS = reactive
oxygen species; TIMPs = tissue inhibitors of metalloproteinases; TNF = tumor necrosis factor.

detectable in the synovial fluid of healthy individuals, they might become use-
ful for diagnostic purposes and therapeutic targets [28, 29].

Little is known about (specific) risk factors for TMJ arthralgia. It seems to
be that jaw clenching, third molar removal and somatization show a certain
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association with arthralgia, whereas in myofascial or combined pain groups
trauma, clenching, third molar removal, somatization and female gender are
significantly associated [30]. The role of trauma is also well recognized. It
is one of the risk factors in nonspecific painful arthogenous conditions.
Individuals with a history of extrinsic trauma had risks of precipitating TMJ
pain and limited jaw opening that were 2.14 and 2.85 times greater, respec-
tively, than in persons without trauma [31]. It was also concluded from this
4-year longitudinal study that these symptoms usually resolve [31]. Furthermore,
studies suggest that subjects with muscular diagnoses have more pain and psy-
chological distress than those with joint diagnoses [32, 33]. A number of factors
is under discussion for an individual’s susceptibility for TMJ OA: age (reduced
adaptation capacity in higher age), female predisposition (estrogen and the
receptors), genetic background (e.g. polymorphism of the catechol-O-methyl-
transferase gene), dietary intake (generation of prostanoids, isoprostanes and
leukotrienes from fatty acids with proinflammatory and pronociceptive effects;
anti-inflammatory effects of derivates of omega—3 fatty acids; antioxidant
capacity of vitamins E and C; possible protective effects by dietary supplemen-
tation with glucosamine or chondroitin sulfate) [34, 35].

Diagnosis

Besides congenital disorders and neoplasms, the American Academy of
Orofacial Pain classification of nonspecific painful TMJ conditions includes
disk displacements with and without reduction (acute and chronic), hyper-
mobility and dislocation, inflammatory conditions, OA (primary and secondary),
TMJ ankylosis, adhesion and fracture. A disharmony between load and load
tolerance may explain the occurrence of signs and symptoms of painful TMJ
conditions in some patients and not in other individuals. None of the supposed
risk factors is indicative or can predict any of the TMD subgroups and nonpa-
tients. Signs and symptoms (by classification criteria) give clues to a clinician
as to the condition involved. In this respect, researchers and clinicians need to
realize that the patient population with acute and subacute painful TMJ condi-
tions is different from the referred population with mostly chronic complaints
seen in specialized clinics. Most of the scientific body of knowledge does not
target the conditions seen in daily practice. This fact has consequences for both
the clinician and researcher. It is important to realize that the choice of diagnos-
tic techniques and management strategies also depends on this distinction. The
general rule in diagnostic tests is to increase the pretest probability of the
condition in a certain population. In positive predictive values of tests, the
prevalence of the disease in the population is reflected. The clinician must know
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the relation of such a value and the population under study. In conclusion,
clinicians in TMD centers with referred patient populations will use other
diagnostic strategies than single first-line clinicians. Research findings on diag-
nosis (sensitivity, specificity, positive and negative predictive values) in general
do not apply to populations in general dental practice.

In the clinical diagnosis of arthralgia, pain referral from the throat and the
side of the tongue to the area of the TMJ and the ear always needs attention
(fig. 1, non-TMDs). These pains can be the first indicator of neoplastic
changes; consequently, there is a necessity of rapid referral to avoid delay. The
odds to be confronted with these patients in first-line care is much lower than in
specialized clinics. This is another example of the differences in diagnostic
reasoning as indicated in figure 1. In general practice, pain with a dental origin
and referred pain patterns in the side of the face should always be considered
and excluded first.

Clinical Diagnostic Tests

Clinical tests need to render reliable results, while realizing that the signs
and symptoms may contain noise besides signal. The minimal change of signs
and symptoms defined by test-retest characteristics is a clinically very relevant
parameter in the follow-up of both patients and of management strategies. This
variability may also be the result of a lack of diagnostic standards and may be
influenced by several therapist- and patient-related aspects. It is important to
recognize that large observer variation is not restricted to the clinical registra-
tion of signs and symptoms of musculoskeletal disorders. Large variations
occur also in the recording of cardiovascular signs, gastrointestinal signs and
respiratory signs [36, 37]. In a clinical setting, we must accept a certain amount
of variation in signs and symptoms, and for this reason, it is important not to
base a diagnosis on the results of a single test. The reproducibility of signs and
symptoms needs always to be taken into account, while the patient history, clin-
ical examination, and test results must point to the same direction to arrive at a
proper working diagnosis.

Multitest scores (MTSs) [38, 39] are combinations of several related vari-
ables. An MTS is considered positive when a sign is brought on by one or more
parts of an orthopedic test. Pain can be provoked by active mandibular opening
only, or on excursive movements. In both situations, the MTS ‘pain in active
movements’ is scored positive (table 1). Two examiners may agree on myofas-
cial pain but disagree on the muscle(s) involved. Table 1 offers our results
regarding interexamination reliability of MTSs for combinations of tests as to
the cardinal symptoms of TMD: pain, restriction of motion and joint noises. It
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Table 1. Interexaminer reliability of the MTSs for combinations of tests for the 3 main
symptoms of TMDs

MTS categories Agreement, % K Presence of signs and
symptoms, %

Pain
During active movements 65 0.3 49
During additional tests 69 0.4 59

(passive opening, joint
play, compression static pain)
During function (active 89 0.7 69
movements and/or
additional tests)

During function and 96 0.8 91
palpation

Noises

During active movements 80 0.6 55

During additional tests 68 0.3 32

During function 77 0.5 60

Restriction of movement

During active movements 92 0.6 10

During active movements 75 0.4 29
and/or joint play tests

k: Cohen’s kappa statistic in a TMD patient group (n = 79).

is obvious that the reliability of an MTS cannot be better than the least reliable
test being part of the MTS. From a clinical viewpoint subgroup classifications
are the ultimate MTSs. For clinical diagnostic purposes and treatment decisions
MTSs provide sufficient information. The kappa statistic evaluates the propor-
tion of agreement between examiners in relation to the proportion expected by
chance alone. It is known that k-values become unstable when there is a large
proportion of agreement, and most of the agreement is limited to only one of
the possible rating choices. This problem has been described as ‘limited varia-
tion’ [38]. Whenever the prevalence of positive findings lies between 0—-10 and
85-100%, limited variation should be suspected.

Clinicians will never use only a single test in the total diagnostic process of
a (nonspecific) TMD condition, which otherwise supports the use of MTSs in
reliability studies. For example, disk displacement with reduction is clinically
recognized by the combination of the following 5 cardinal criteria [5-7, 41]:
reciprocal TMJ clicking, elimination of reciprocal clicking on jaw opening and
closing on protrusion, reproducible clicking during opening, protrusion and
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contralateral excursion, clicking on opening louder than on closing, resistance
on closing produces a louder click than without resistance. The more of these
clinical criteria are fulfilled, the higher are the chances to predict the presence
of an anterior disk displacement with reduction correctly by clinical means
only. However, there is no clear-cut criterion (e.g. 3 out of 5 positive findings)
for its presence or absence. In the same way the sudden change of clicking, pain
and (periodic) locking into locking and pain only is clinically indicative for a
disk displacement without reduction. Additional findings, such as limitation of
mandibular movement towards the opposite side and in protrusion, as well as
deviation to the affected side and on protrusion, are good indicators to enhance
prediction. For these painful arthrogenous conditions, mandibular traction and
translation may offer extra information. In myogenous limited jaw opening, it is
striking that lateral excursions and protrusion are not restricted, and passive
opening beyond the active range does result in greater jaw opening (up to
10—15mm) at the cost of pain in the masticatory muscles, mostly the masseter.
General dental practitioners usually expect certainty, rather than to have learned
to cope with less than 100% certainty. With respect to painful TMJ conditions,
oral surgeons know through arthroscopy that the TMJ shows much more abnor-
malities than can clinically be evaluated. In cooperation with biomedical
researchers, it is within their competence to select those characteristics that add
to the existing clinical characteristics to better diagnose and treat or manage
these conditions.

Recognizing the above-mentioned considerations, a broad consensus
exists as to the need of a comprehensive clinical examination being the first
approach to be able to arrive at a working diagnosis, problem list and manage-
ment program. The history (both by oral history-taking and using a question-
naire) addresses pain characteristics, TMJ signs and symptoms proper, impact
on daily activities in general and oral function in particular, correlates, general
health and psychosocial factors. The comprehensive physical examination con-
sists of intra- and extraoral inspection and orthopedic testing (active move-
ments, passive opening and palpation of the masseter and temporalis muscles,
and per indication compression and traction and translation tests). The
combination of comprehensive history-taking and physical examination of the
referred population shows a proper prediction of subgroups, e.g. the discrimi-
nation between arthrogenous and myogenous TMD subgroups (table 2) [42].
We advise using the following orthopedic tests with an adequate reliability
(k-values > 0.4): active movements, passive opening, palpation of the muscles
that can be palpated (masseter and temporalis muscle, temporalis tendon).
Compression, and traction and translation can be performed when still in doubt
or on indication: testing for hypermobility and in presumed painful TMJ condi-
tions when one is not relying on palpation or other pain tests. Our studies
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Table 2. Percentage of subjects correctly classified (% corr.) by the different tests and
combination of tests selected by stepwise logistic regression and odds ratio (OR) of the myo-
genous group M (n = 69) versus the arthrogenous group A (n = 91)

Class. M A OR
Active movements 78.6 84 74 15.36
Palpation 70.0 45 90 7.65
Combination of active movements and palpation 83.1 87 80 26.75
Passive opening 73.4 54 89 9.16
Joint play test 66.5 80 56 5.11
Compression 58.4 9 97 3.18
Static pain test 71.8 45 92 8.77
Combination of 4 additional tests 77.3 65 86 11.68
Combination of 6 tests 87.5 87 88 48.49

Class. = Total percentage of correctly classified patients.

indicate that the cardinal clinical symptoms — pain, restriction of movement and
joint sounds — can be established reliably using the concept of MTSs (table 1).

Imaging

The imaging technique of first choice for arthrogenous TMJ conditions is
the panoramic radiograph. Both from a standpoint of radiation dose and clinical
utility, this technique — together with the patient history and clinical examina-
tion — is able to help the clinician to rule out disorders of the teeth, the peri-
odontium, the jaws and the sinuses. It also gives a good impression of the
mandibular condyles and allows for left/right comparison. The role of addi-
tional imaging is limited. Clinical and radiological findings generally do not
mutually match. More sophisticated imaging techniques such as magnetic reso-
nance imaging (MRI) or computerized tomography (CT) are mandatory in
those cases where the symptoms cannot be explained sufficiently or are refrac-
tory to adequate management (quality, compliance) and in any case when a spe-
cific painful TMD condition is suspected such as developing asymmetries,
change of the occlusion (e.g. vertical open bites), trauma and neoplasia
[43, 44]. CT scans or MRI (with or without extrinsic contrast such as gadolinium)
have proved to give additional diagnostic information regarding affected tissues
such as cartilage and bone, or in the evaluation of synovial tissue and the pres-
ence of effusion (MRI). T,-weighted MRI images always assist in ruling out
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inflammatory conditions with the subsequent effect on therapeutic decisions. In
suspected condylar growth disorders, scintigraphy can show high metabolic
activity (hot spot). In earlier years, disk position was the target of additional
imaging techniques, such as arthrography, CT and MRI. Due to a better insight
into the variation of disk position in patients and nonpatients, the indication for
additional imaging has shifted to depict the status of the fibrous cartilage layer
covering the TMJ surfaces and inflammatory related effusion. In this respect, a
poor agreement was found between clinical TMJ pain and TMJ effusion in a
sample of unilateral TMJ pain; TMJ MRI findings characteristic for OA were
significantly correlated with clinical TMJ pain. TMJ pain as such seems a poor
predictor for MRI-based inflammatory TMJ conditions [45].

Diagnostic Injections

The dentist is well educated to use diagnostic injections intraorally (e.g. in
the verification of dental pain). The diagnostic elimination by anesthetic injec-
tion of extraoral pain sources (myogenous or arthrogenous), not sufficiently
diagnosed by other clinical means, is less often used by dentists. Sometimes,
therapeutic effects are encountered, e.g. when prolonged relief of pain may
interrupt pain cycling [12]. Diagnostic anesthetic blocks are described intra-
articularly [9] and extra-articularly (auriculotemporal nerve) [12]. The use of
the proper substance depends on the tissues involved, the presence and degree
of inflammation and the desired short- or long-term effects. The scientific liter-
ature on injection therapy is scant with respect to the orofacial area in general,
and the TMJ area in particular. Conversely, clinical experience is very positive
about this powerful tool that is used too sparsely.

Management and Prognosis

In the case of specific TMDs, the treatment should be as specific as possi-
ble. Examples are surgical procedures in growth disturbances and neoplasia,
and medical treatment (medication) or in combination with occlusal appliances
in systemic disease (e.g. rheumatological). In nonspecific TMDs, the manage-
ment options may vary according to the diagnostic subgroup involved. The
results of intervention studies do not yet support the hypothesis that individual-
ized treatment based on subgroup classification will lead to higher success per-
centages (e.g. occlusal splints, physiotherapy, patient education). Management
options need to be tailored to axis I (physical conditions), axis II (psychosocial
status) and axis III (prognosis). Axis III, which is not part of the RDC/TMD,
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describes additional clinical consideration regarding prognosis, such as
chronicity, the result of earlier interventions, comorbidity, the relative compon-
ents of nociceptive and/or neuropathic characteristics of pain, the course of the
condition and medication (fig. 1). Although not defined as axis III before, the
encompassed aspects are at least equally important as axes I and II with regard
to prognosis and treatment plan.

Apart from the stability of signs and symptoms already discussed above,
the clinician has always to deal with yet other sources of variation. In patients
presenting with pain and limited mandibular movement, the regression to the
mean effect is the most common source [46].

To define clinically relevant changes, the smallest detectable change needs
to be exceeded [47]. In jaw opening, this has been found to be 5 mm in healthy
individuals and 9-6 mm in painful restricted TMJ function (single vs. repeated
measurements). In pain studies, a change of 43—15mm on a visual analogue
scale and 22.7-14.4 units on a pain rating scale (McGill Pain Questionnaire,
Dutch language version) has been described (single vs. repeated measurements)
[47]. The Mandibular Function Impairment Questionnaire describes mandibu-
lar function, such as chewing, laughing, yawning and speech; a change of
14-10 units on this scale is beyond biological variation.

Although not often addressed in the literature, the prognosis of nonspecific
therapy is important in patient communication and management. Fricton et al.
[48] described complex and simple cases on the basis of problem lists in order
to allocate various therapeutic regimes. Complex patients were offered a team
approach consisting of splints, physiotherapy and psychological treatment.
Fricton and Olsen [49] concluded that pretreatment psychosocial information is
important in predicting therapeutic outcome for chronic TMDs. Symptoms of
depression mediate therapeutic response in patients with chronic pain. De
Leeuw et al. [50-52] described the role of psychosocial factors and TMDs: its
relation to treatment-seeking regarding TMDs, subgroups of TMD and their
influence on therapeutic outcome. To that end, individuals recruited by primary
care dentists and consulting them for dental problems and consecutive patients
referred to the department of TMD/orofacial pain (OFP) were requested to fill
in a comprehensive anamnestic questionnaire. The patients (clinical cases) were
clinically examined and they completed an extra set of questionnaires [50-52].
The dental patients were subdivided into those without any TMD signs and
symptoms (community controls) and those having signs and symptoms (com-
munity cases). Clinical cases were classified as having arthrogenous, myoge-
nous or combined arthrogenous/myogenous symptoms. The subjective need for
TMD management can be determined by the number and severity of TMD
symptoms, while being mediated by health locus of control and coping style.
Psychological factors such as self-efficacy and locus of control play a role in
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the adaptation to chronic illness. Self-efficacy is a behavior-specific character-
istic which can be altered by education programs. Health locus of control is the
extent of an individual’s perceived control over health outcomes. Dysfunctional
coping strategies are characterized by a passive attitude, exaggeration of negative
consequences (catastrophizing) and a limited use of distraction strategies, asso-
ciated with greater levels of distress. Conversely, individuals with high internal
locus of control are more likely to take control of their own health condition.
The assessment of psychosocial factors, in particular health locus of control, is
important for understanding the subjective treatment need and therapeutic out-
come. Clinical cases more frequently considered health to be determined by
chance or fate than community controls and community cases. Analysis of the
symptom profiles of patients and controls using the comprehensive question-
naire showed that patients with a mainly arthrogenous condition can be distin-
guished by fewer parafunctions, ear symptoms and fewer TMD correlates, such
as pain in the head, neck and shoulder. TMD patients with a mainly arthroge-
nous condition had fewer general health symptoms. A replication study in an
independent sample of clinical cases verified most of these findings [32].
Therapeutic efficacy may be enhanced if clinicians were able to select patients
who are unlikely to respond to therapy. Health locus of control and coping style
were found to be good indicators [52]. This underlines the need to assess these
factors in clinical care. Providing patients with comprehensive information
about the mechanisms underlying their complaints along with conventional
management improves therapeutic outcome. Patients with a negative thera-
peutic outcome were also characterized by more general health symptoms, a
higher number of symptoms and correlates of TMDs, more jaw symptoms,
more ear symptoms and more painful or sensitive areas in the head, neck and/or
shoulders [52].

In TMJ osteoarthrosis, the long-term evaluation of patients with a history of
OA in the TMJs has clearly indicated that patients after 30 years do as well as
individuals not afflicted by the disorder regarding mandibular function, for exam-
ple with regard to chewing, oral habits and general joint osteoarthrosis [53].
Clinicians can use this information to reassure patients with negative beliefs
based on the worse prognosis of osteoarthrosis of other joints (e.g. the hip).

Systematic reviews are regarded in the highest ranks of scientific evidence.
Although not at debate as such, evidence-based care by a clinician is not limited
to the results of such reviews, but also embraces the clinical experience of the
clinician and patient preferences. In the field of TMDs and OFP, this provides the
clinician with an abundance of combinations of therapeutic modalities that can
be used to deliver adequate care to patients. Key elements for success are part-
nership, the translation of the evidence for modalities to be used and not to be
used, in understandable words, investing time in communication and addressing
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the questions of patients. The choice of disciplines to be joined in a team around
the patient is driven by factors such as the type of the disorder (specific disorder
with anatomical and physiological variables), related psychosocial issues
(patient personality and the context) and prognostic factors, such as the acuity
(acute, chronic) and complexity (earlier treatments without success and relapse,
comorbidity, surpassing normal healing time; fig. 1). For these reasons, reviews
on therapeutic effects have practical limitations that should be considered as
well. In offering treatment, the clinician also needs to know if the research pop-
ulation is representative for the patient and if not how much this will hamper
translating the results of the review to his or her individual patient.

Recently, a systematic review regarded occlusal splints and occlusal
adjustment in myogenous and arthogenous TMD patients [54], based on a for-
mer review [55]. Moreover the critical comments provided a broad perspective
as to the original message [56-58]. Other recent systematic reviews only
included myogenous TMD and were excluded from this chapter [59, 60]. Of the
originally reviewed 20 studies, 11 included arthrogenous TMD (table 3) [52].
Of the 11 studies on arthrogenous conditions, 7 were on occlusal splints and
4 on occlusal adjustment [52]. Some were on combined arthrogenous/myogenous
groups, the latter being more realistic in clinical practice, since the pure
arthrogenous and myogenous cases are rare. The efficacy of treatments gets
only value when they are compared with another active or passive treatment or
placebo. Effect sizes were not provided, but the comparison of the various treat-
ment modalities is informative as to efficacy (table 3). Apart from the critical
comments mentioned above [56—58], such as variation in instructions on wear-
ing splints, recruitment of patients or use of hard acrylic and soft splints, other
remarks were made, which shed a more optimistic light than the conclusion
from the original review [58]. There is no doubt about the necessity of better
research, with more patients and more similar instructions. However, the enor-
mous amount of patients that need to be examined in clinics to be included in
such studies raises doubt as to the generalizability of the study. Multicenter
studies, such as those carried out by the RDC/TMD initiative, can partly cope
with this problem. The more calibration takes place in such studies, the less the
results are generalizable to other clinical populations, e.g. first-line clinicians.
The more results from randomized clinical trials are available, the more we will
find similar treatment results in these nonspecific TMDs. In myogenous TMDs,
it is striking that regardless of the therapeutic regimen (occlusal adjustment,
occlusal splint, physiotherapy, counseling) 60-70% positive treatment results
are achieved [75, 76] It is tempting to speculate about the same results in non-
specific arthrogenous TMD conditions. Thinking in this line, the question arises
how many trials need to be done before realizing that this will not help offering
a better therapy to our patients.
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Table 3. Details of randomized controlled trials on the use of occlusal splints and occlusal adjustment for treatment of nonspecific

arthrogenous temporomandibular conditions

Diagnostic Study Therapies Outcome Follow-up  Score Efficacy
groups measures
Occlusal splints
A/M: mandibular Dahlstréom Stabilization Subjective 4 weeks 0.32 >BL
dysfunction [61], 1982 splint at night  rating of
(n=15) for 6 weeks symptoms;

Biofeedback Helkimo = control treatment

5.3 X 30min  Clinical Index
A: pain and Lundh et al. Stabilization Reciprocal 6 weeks 0.39 = control treatment
dysfunction of the [62], 1985 splint at night  clicking;
masticatory for6 + 2 tenderness to
system + weeks muscle
reciprocal Anterior palpation 7 weeks = passive control
clicking repositioning
(n = 23-24) splint, 24 h for
6+2 weeks

Control group 52 weeks
A: pain and Lundh et al. Stabilization Pain VAS; 6 months  0.44 = control treatment
dysfunction of the [63], 1988 splint at night  clicking;
masticatory for 6 months  tenderness to
system + disk Occlusal palpation (<control treatment
displacement onlays regarding clinical signs)
(n =20-22) Control group = passive control
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A/M: List et al. [64], Stabilization Pain VAS; 6-8 weeks 0.47 >BL
craniomandibular 1992 splint, subjective
disorder acupuncture  improvement;
(n = 30-40) List and Acupuncture Helkimo 6 months = control treatment
Helkimo [65], 6-8 X 30min  Anamnestic
1992 Waiting list Index; 12 months >passive control
control Helkimo
Clinical Index;
activity of
daily living
A: TMJ disk Lundh et al. Stabilization Overall 12 months  0.24 = passive control
displacement [66], 1992 splint at night  treatment
without for 12 months results; 79
reduction Control group  clinical
(n = 25-26) variables
A: TMJ disk Linde et al. Stabilization Positive 6 weeks 0.44 = control treatment
displacement [67], 1995 splint, 24 h for responders;
without 6 weeks frequency of
reduction TENS, 6 X 15 complaints;
(n = 15-16) min severity of
complaints;
symptom
questionnaire;
pain

registration
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Table 3. (continued)

Diagnostic Study Therapies Outcome Follow-up  Score Efficacy
groups measures
A: TMDs of Ekberg [68], Stabilization Pain VAS; 10 weeks  0.71 >BL
arthrogenous 1998 splint, at night verbal pain
disorders for 10 weeks  rating;
(n =30) Palatal splint,  frequency of >control treatment
at night for pain; overall
10 weeks change in

subjective

symptoms;

tenderness to

palpation of

TMJ; Helkimo

Clinical

Dysfunction

Index
Occlusal adjustment
A: TMJ Werndahl Occlusal Subjective 6 weeks 0.24 = control treatment
pain and etal. [69], 1971 adjustment improvement
dysfunction Muscle
(n = 20) exercise
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A/M: mandibular Wenneberg et al.  Occlusal Subjective 2 months  0.40 >BL
dysfunction [70], 1988 adjustment dysfunction score
(n=15) Different Clinical
stomatognathic dysfunction <control treatment
treatment score
methods
A/M: Vallon et al. Occlusal Pain VAS; 1 month 0.57 >BL
craniomandibular [71], 1991 adjustment overall
disorder Vallon et al. Control group  changes in 3 months = passive control
(n =25) [72], 1995 severity;
clinical signs
A/M: Tsolka et al. Occlusal Prevalence of 10 days 0.36 = control treatment
craniomandibular [73], 1992 adjustment; symptoms; (placebo)
disorder mock Helkimo
(n =23-28) Mock occlusal ~ Anamnestic
adjustment Index;
Helkimo

Clinical Index

Modified from Forssell and Kalso [54]. Score: reviewers’ score based on quality scale of Antczak et al. [74]. Efficacy: reviewers’ overall con-
clusion of efficacy when emphasis was put on results at the longest follow-up of each study; > = results significantly better than; = = results
comparable to; < = results significantly worse than. A = Arthrogenous; BL = baseline; control treatment = any active control treatment;
M = myogenous; passive control = control group without any treatment or waiting list control; TENS = transcutaneous electrical nerve stimu-
lation; VAS = visual analogue scale.




Different from the focus in the literature, the general dental practitioner
will be confronted much more frequently with acute simple cases that have a
better prognosis than chronic complex cases. The role of the clinician is mainly
to guide the patient with pain and impaired function through this period, reduce
the level of distress and avoid harm by rigorous treatments proposed by other
treatment providers. This can be fulfilled by education, medication, achieve-
ment of orthopedic stability and rehabilitation strategies (see paragraph about
physiotherapy). The role of the first-line clinician is to avoid chronicity by
reducing pain by appropriate intervention.

The role of occlusion in the etiology of TMD in general and in painful TMJ
conditions specifically is not well understood yet. Based on a systematic
Cochrane review of 6 trials that included 392 mostly healthy subjects or those
with only minor TMD signs and symptoms, the authors concluded that there is an
absence of evidence that occlusal adjustment treats or prevents TMD [77].
However, since there is a supposed minor etiological occlusion-related compo-
nent, which has never been rejected, occlusal adjustment cannot be discarded. The
authors of this chapter realize that discussing occlusion with regard to painful
TMJ conditions is not recognizing its broader meaning in prosthetic dentistry. The
clinician always needs to answer the question whether the occlusion is changed or
different from a clinical reference position (e.g. retruded contact position) due to
a structural (TMJ or other) reason. In such a case the occlusal characteristics are
the result of an arthrogenous condition, rather than the other way around.
Therefore, preference for the use of reversible instead of irreversible treatment
strategies (occlusal splints) is generally accepted. This relates especially to adjust-
ment of the intercuspal position to postulated ideal occlusal characteristics. If
migration of teeth is hampering the mandible to reach the intercuspal position,
correction can be part of the treatment plan. The occlusal splint is supposed to
offer orthopedic stability to the masticatory system. Repositioning of the TMJ
disk to its ‘original’ position is no longer a treatment goal.

The use of medication has been tested in a randomized controlled trial,
contrasting diclofenac (Voltaren, 50 mg 3 X per day in the 1st week, twice a day
in the 2nd week) with placebo in nonspecific painful TMJ conditions (n = 32)
[78]. There was a significant reduction of daily TMJ pain in the diclofenac
group. The same drug was tested contrasting no treatment and palliative treat-
ment, 25mg 3 X per day for 2 months in painful anterior disk displacement
without reduction, confirmed by MRI (n = 69) [79]. The authors concluded
that all groups showed improvement of their signs and symptoms with time.
The positive outcome was attributed to the passage of time, rather than to a spe-
cific type of treatment effect.

The combination of nonsteroidal anti-inflammatory drugs (ampiroxicam,
27mg once a day) and physiotherapy (mainly active and passive movements,
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among others stretch) in a homework program was contrasted with no treatment
in a 2- to 4-week randomized controlled trial [80]. There was a 60% improve-
ment in the treatment group (n = 30) in contrast to the controls (n = 30, 30%
improvement). The number needed to treat was 3.75 (95% confidence interval
2.1-65.9). This therapeutic combination was found to be effective as a primary
treatment of patients with painful disk displacement without reduction and
without osseous changes.

Physiotherapy

In the field of TMDs and OFP, physiotherapy became a more frequent
treatment option in the last decades. A well-documented and often cited review
regarding physiotherapy and OFP was published by Feine and Lund [81]. In
2006, two systematic reviews regarding physiotherapy and TMDs added to the
existing knowledge [82, 83]. However, only few of the reviewed studies
involved painful arthrogenous conditions.

The World Organization for Physiotherapists describes physiotherapy as a
health profession concerned with the assessment, diagnosis and treatment of
disease and disability through physical means [84]. Physiotherapy is based on
principles of medical sciences, and it is generally held to be within the sphere of
conventional medicine. It uses physical approaches to promote, maintain and
restore physical, psychological and social well-being. The major conditions
managed by physiotherapists can be broadly grouped into 3 categories: muscu-
loskeletal, cardiopulmonary and neurological. OFP and TMDs are part of the
greater musculoskeletal field where physiotherapists bring in their clinical
judgement. Physiotherapy applications for TMDs and OFP include a wide vari-
ety of techniques and therapeutic modalities that have been commonly used to
alleviate pain, reverse the dysfunction and restore optimal muscle and joint
function, including posture as well as disabilities related to activities of daily
life. Rehabilitation management is based on all aspects of human health and
some health-relevant aspects of well-being. The International Classification of
Functioning, Disability and Health [85] provides a structure to present this
information in a meaningful, interrelated and easily accessible way in two parts
(part 1 — functioning and disability: body function and structures, activities and
participation; part 2 — contextual factors consisting of environmental factors
and personal factors). The use of this classification, which is a biopsychosocial
model, has been described by Steiner et al. [86]. It may also serve chronic TMD
rehabilitation.

The physiotherapeutic approach should be tailored to the individual patient.
It often includes a homework program with different exercises, instructions for
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automassage, habit reversal techniques, relaxation, next to general information
as well as ergonomic and other lifestyle advice [75, 87, 88]. Like other health
care providers, physiotherapists should take extra time to inform and educate
patients. Patients require adequate information to assist them in making choices
and overcoming unhelpful beliefs and, when necessary, help them in modifying
their behavior. In this respect, physiotherapists are better trained than general
dental practitioners. The role of education in painful TMJ conditions is not
clear. Despite this lack of evidence, patient education is always part of the man-
agement.

No studies are available on physiotherapy in acute or subacute TMJ condi-
tions. In chronic painful TMJ conditions, trials show a positive trend to imple-
ment exercises in the treatment plan [89-91]. Due to a lack of high-quality
studies, the results for physical therapy modalities and massage therapy are still
inconclusive. For manual therapy, there are clinically relevant results for spinal,
shoulder and hip disorders.

The Cochrane reviews on transcutaneous electrical nerve stimulation for
chronic pain [92] and low-level laser therapy on OA in other joints than the TMJ
[93] show a lack of evidence regarding effectiveness. Using the combination of
low-level laser therapy and exercises, clinically relevant effects were found in
active and passive maximum mandibular opening, excursive movements and
the number of tender points in TMD patients with an arthrogenous and myoge-
nous component [94]. No significant differences were found regarding pain
reduction. Since the treatments were used in combination, the effect of either
therapy cannot be revealed. The effect of exercises will probably prevail over
laser therapy effects. The location-specific dosage may hamper the correct eval-
uation of laser effectiveness [95]. They proposed doses for various joints,
including the TMJs. The included studies on TMJ pain used dosages within the
prescribed limits. However, testing and calibration of laser output was only per-
formed in 2 of the clinical trials (out of 11 trials, 565 patients). Clinically rele-
vant effects of low-level laser therapy regarding pain reduction using a visual
analogue scale in the knee, zygapophyseal joint and TMJ were found, the visual
analogue scale weighted mean differences being 30 mm (95% confidence inter-
val 19—41). Cautious interpretation is still needed, however, since the studies on
low-level laser therapy also showed some methodological weakness, large vari-
ation in treatment procedures, no control of cointerventions and only short-term
evaluation.

Based on information from the meta-analyses and Cochrane reviews, the
overall conclusion is that the evidence of efficacy of physiotherapy is especially
proven for exercise therapy. This refers to all domains, musculoskeletal, neuro-
logical and cardiopulmonary. Carmeli et al. [89] studied manual mobilization
and active excursions of the mandible in the treatment of temporomandibular
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pain and limited range of motion. The authors compared the effect of a physio-
therapy program with the use of a soft repositioning splint in participants with
an anterior displaced disk with unstable reduction in excursive movements.
Overall, this study was considered methodologically weak by the reviewers [82]
(Jadad score: 1 of 5 [96]).

The authors concluded that the use of exercise therapy in the arthrogenous
type of TMD patients was more effective in order to increase jaw opening and
decrease the pain than the soft repositioning splint. In clinical practice, traction
and translation techniques, postisometric relaxation and the exercises as dis-
cussed by Carmeli et al. [89] are frequently used and rated positively. Exercises
described by Yoda et al. [90] and Minagi et al. [91] can be introduced to patients
with anterior disk displacement with and without reduction, respectively. In
summary, these results support the use of such programs and urge the need for
further research. Treatments are not equally effective across the whole spectrum
of patients with chronic TMDs. The combination of these therapies with bio-
medical approaches also needs further attention. The content of an example of
such a home physical therapy exercise program for nonspecific myogenous
TMDs was published by Michelotti et al. [88].

In conclusion, the approach for acute TMD conditions with a normal
course will be counseling, including general information, and, if indicated, a
tailored exercise program depending on the type of the disorder and the specific
conditions related to the International Classification of Functioning, Disability
and Health domains: body structures, function, activities and participation.
When there is a deviant course in an acute and subacute condition, it is essential
to avoid chronicity; effort must be placed on influencing the risk factors,
including pain intensity, depression, anxiety and self-esteem. For the chronic
conditions with a deviant course (inadequate handling, hardly any self-discipline,
no adequate coping, no fine tuning of load and load tolerance, decreased partic-
ipation), the exercises must be behavior oriented. TMDs show much more
similarities than differences to other chronic pain conditions. Health care
providers need to realize this notion and use the knowledge gained from the
broad domain of chronic pain research.

Conclusion

In nonspecific painful TMJ conditions, percentages of positive therapeutic
results vary minimally regardless of the treatment regimen. This may indicate
that nonspecific painful TMJ conditions can be managed with various nonspe-
cific treatment procedures. Especially in acute and subacute conditions, the gen-
eral (dental) practitioner can offer adequate patient education, pain medication,
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as well as orthopedic stability to the masticatory system (reversible occlusal
splints and adequate physiotherapy). To enforce compliance, the clinician is
advised to introduce modalities close to the preferences of the patient.
Management is aiming at reducing signs and symptoms to a level that the
patient can cope with. A proper working diagnosis appears to be the key issue
rather than the specific treatment effects of these modalities. Combinations of
therapeutic measures seem to do better than single modalities. Comorbidity
will modify and mediate the therapeutic approach.
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Abstract

In patients with facial pain, making the correct diagnosis is essential to avoid erroneous
diagnostic and therapeutic measures. Most importantly, primary facial pain syndromes and
symptomatic facial pain due to an underlying disease have to be distinguished. Trigeminal
neuralgia is easily recognized by the typical history and pain character reported by the
patient. The treatment of first choice is carbamazepine. When pharmacological treatment
fails, surgical options are available. Other cranial neuralgias are rare; they are recognized by
the respective location and radiation of the pain. Idiopathic persistent facial pain should only
be diagnosed after thorough exclusion of all known primary and symptomatic facial pain
syndromes. Management is difficult and consists of tricyclic antidepressants, behavioral
therapy and of avoiding iatrogenic damage.

Copyright © 2007 S. Karger AG, Basel

Whereas some of the neuralgic forms of orofacial pain can be very well
defined, the term ‘idiopathic’ already indicates that facial pain in some patients is
difficult to understand and to classify. However, most of these entities are clini-
cally well defined and can be diagnosed after a careful patient history. The correct
diagnosis is important, since some of the neuralgic or neuropathic facial pain syn-
dromes respond to very specific treatment modalities only. If patients are undiag-
nosed, this may entail an odyssey from one physician to the next lasting for years.

Facial Neuralgias

There is no good definition of neuralgia. The International Association for
the Study of Pain defines it as pain in the territory of one nerve. More compre-
hensive definitions include the paroxysmal character and a high intensity of



Table 1. International Headache Society diagnostic criteria of trigeminal
neuralgia [1]

e Paroxysmal attacks of pain lasting from a fraction of a second to 2 min,
affecting one or more divisions of the trigeminal nerve and

® Pain has at least one of the following characteristics:
(1) intense, sharp, superficial or stabbing
(2) precipitated from trigger areas or by trigger factors

e Attacks are stereotyped in the individual patient

e There is no clinically evident neurological deficit

e The pain cannot be attributed to another disorder

pain. Traditionally, the pain is thought to be independent of a structural lesion,
although improved diagnostic methods are increasingly revealing pathological
findings at the nerves in question. Theoretically, each cranial nerve carrying
sensory fibers may be prone to cause neuralgia. Most often, trigeminal neural-
gias occur, followed by occipital and glossopharyngeal neuralgias and neural-
gias of the intermediate nerve and of the superior laryngeal nerve. Furthermore,
there are many cases of postherpetic neuralgia in the trigeminal area.

Trigeminal Neuralgia

Clinical Features

Trigeminal neuralgia is characterized by brief attacks of unilateral pain in
the territory of one or more branches of the trigeminal nerve; see table 1 for a
definition. In the beginning, there may be periods of spontaneous remission
lasting for weeks to months [2]. The pain attacks are characterized as lancinat-
ing, stabbing or electric-shock-like, they can occur spontaneously or may be
triggered by trivial stimuli, such as touching the skin, chewing, talking, brush-
ing the teeth or shaving. Most frequently, the second or third branch of the
trigeminal nerve is affected. The attacks often occur in clusters, which makes
some patients report them as lasting for much longer than seconds. Out of fear
of new attacks, elderly patients may avoid fluid and food intake and may pre-
sent in the clinic in a dehydrated, often confused state. Some patients become
suicidal.

Trigeminal neuralgia has an overall prevalence of 1:30,000 and occurs
mostly in elderly patients, more often in women than in men. Younger patients
with trigeminal neuralgia may have an underlying disease, such as multiple
sclerosis, where trigeminal neuralgia occurs in 1-5%. Other symptomatic
causes include tumors of the cerebellar pontine angle, aneurysms or ischemic
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brain infarcts [3]. In these conditions, there are often continuous pain and sen-
sory deficits in addition to the neuralgic pain.

The diagnosis is mainly based on a detailed history and the patient’s
description of the pain. Patients will localize the pain into the territory of one
of the branches of the trigeminal nerve. Pain attacks typically last for seconds,
and the patients are pain free between attacks. Touching the skin can trigger
attacks. The neurological examination should not reveal abnormalities in the
trigeminal innervation. If sensory deficits are present, a trigeminal neuropathy
(‘symptomatic trigeminal neuralgia’), i.e. overt damage of the nerve, has to be
suspected and further diagnostic tests should be performed. This is also neces-
sary if the pain is persistent between attacks, if there are bilateral symptoms or
if the patient is not elderly. A cranial MRI scan should be performed to exclude
a tumor, an aneurysm, a cerebral infarct or an inflammatory demyelinating
lesion, such as in multiple sclerosis. The MRI scan can also show the neurovas-
cular contact, which is often present in typical trigeminal neuralgia. A sensitiv-
ity of 100% can be reached using special MRI techniques [4, 5]. Specificity is
lower, since about 8% of asymptomatic controls also have the finding of vascu-
lar contacts so that this finding is only relevant in the presence of clinical symp-
toms. Neurophysiological tests, e.g. the blink reflex, the masseter reflex and
evoked potentials of the trigeminal nerve, may also substantiate a lesion of the
trigeminal nerve. If in addition multiple sclerosis is suspected, an investigation
of the cerebrospinal fluid and further neurophysiological tests are needed.

Pathophysiology

The pain attacks are the consequence of dysfunction of the trigeminal
nerve or its central connections. The typical trigeminal neuralgia of the elderly
is caused by demyelination of the trigeminal root at its entrance into the pons
[6]. In this region, CNS tissue extends along the nerve root for a few milli-
meters so that the pathology takes place in CNS tissue [3]. CNS myelin, pro-
duced by astrocytes, is more vulnerable to compression than peripheral nerve
myelin. The most frequently found cause of demyelination is compression by an
arteriosclerotic and elongated artery, mostly the superior cerebellar artery. This
leads to direct membrane-to-membrane contact of axons, to spontaneous activ-
ity and sensitization to pressure by the overlying artery. Ephaptic impulse prop-
agation between fibers mediating tactile impulses and nociceptors has been
proposed, possibly explaining the triggering of pain. When the compression is
stopped operatively, pain mostly ceases immediately. This is explained by
reduction of ectopic impulse generation [3]. The progressive demyelination
may also lead to axonal damage so that in the long run trigeminal neuralgia can
induce spontaneous continuous pain. At this stage, the success of neurovascular
decompression is reduced [7].

Neuralgic and Idiopathic Pain 155



Treatment

The attacks in trigeminal neuralgia are too short to be treated by acute
medication. Medical treatment is thus aimed at reducing the number of attacks.
Drugs acting at voltage-gated sodium channels seem to be most efficient.
Carbamazepine is still regarded the drug of first choice. It is the only drug that
has been tested in several placebo-controlled randomized controlled trials.
Dosage and alternative drugs are given in table 2. The initial response rate to
carbamazepine is almost 90%. However, a dose increase is necessary in the
course of the disease in some patients, and side effects may preclude reaching
an efficient dose. If a rapid onset of action is needed, phenytoin can be given
intravenously (off-label use) at 250 mg b.i.d. after exclusion of conduction
blocks by electrocardiography. Newer drugs regarded as second-line treatment
are lamotrigine, which has been used as an add-on medication in one small trial,
and gabapentin, which has been efficient in open label trials. There are case
reports on success with valproic acid, oxcarbazepine and topiramate, but no
data from randomized controlled trials are available yet. Misoprostol was useful
in a small case series of patients with multiple sclerosis.

Interventional Treatment

If medical treatment is not sufficient or not tolerable, interventional treat-
ment is indicated. The principal methods are microvascular decompression in
the cerebellopontine angle, percutaneous procedures at the ganglion gasseri and
radiosurgical treatment.

Following the hypothesis of neurovascular compression, the operation
named after Peter Jannetta [8] is regarded to address the underlying cause of
trigeminal neuralgia. Patients with good general health who can receive general
anesthesia are eligible. The trigeminal root is decompressed via a retrosig-
moidal approach through the occipital fossa, the trigeminal root is prepared,
and, if a compressing artery can be identified, it is separated from the nerve.
Short- and long-term success is good, with acute improvement in 87-98% of
patients and long-term results with 60% success rates at 8 years. The rate of
complications is 1-2%, with rare serious complications [9].

Older patients in poor general health can be treated with selective percutan-
eous high-frequency thermolesion of the ganglion gasseri [10]. Under radi-
ographic control, a needle is introduced into the foramen ovale. Radiofrequency
stimulation is used to selectively destroy the nociceptive trigeminal fibers. This
method can also be helpful in patients with multiple sclerosis [11]. Numbness
and dysesthesias may occur as side effects, and more rarely keratitis, anesthesia
dolorosa and dysfunction of masticatory muscles. The relapse rate is 20% in
10 years, but the procedure can be repeated. Stereotactic radiosurgery has an
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Table 2. Medical treatment of trigeminal neuralgia

Generic drug Dose Efficacy Evidence Side effects
name
CBZ 600-1,200 Initial success I Sedation, ataxia, nausea,
(-1,600) mg rate up to 90% cognitive disturbances in
start slowly, give the elderly, allergies,
2 doses of a hyponatremia, arrhythmias,
retarded neutropenia
preparation
Oxcarbazepine 900-1,800mg Probably like 1I Fewer than CBZ
CBzZ
Baclofen 15-80 mg, start Weaker than 11 Sedation, nausea, muscle
slowly CBzZ weakness
Lamotrigine 400 mg, start Only tested in I Allergies, sedation, nausea,
slowly combination with dizziness
CBZ or
phenytoin
Gabapentin 900-2,400 mg Open trials 1I Sedation, dizziness, edema
Misoprostol 200-400 mg Open trial I Abdominal pain, nausea
Phenytoin 300 mg single Rapid onset of v Sedation, ataxia, nausea,
evening dose action when dysarthria, chorea, gingival
(intravenous 2 X given hypertrophy, hirsutism,
250/day) intravenously vitamin D deficiency
Valproic acid 600-1,200 mg Open trial v Nausea, vomiting, weight

gain, tremor, confusion

CBZ = Carbamazepine. Evidence = Classes of evidence; class I = several adequately powered prospec-
tive, randomized, controlled clinical trials with masked outcome assessment in a representative population;
class II = one adequately powered prospective, randomized, controlled clinical trial or a prospective
matched-group cohort study in a representative population with masked outcome assessment; class Il = all
other controlled trials in a representative population, where outcome assessment is independent of patient
treatment; class IV = evidence from uncontrolled studies, case series, case reports or expert opinion.

initial success rate of 86% and one of 75% at 33 months [12]. Complications
occur in 10% of cases.

Glossopharyngeal Neuralgia

Pain is unilateral in the base of the tongue, the tonsillar fossa, the pharynx
or between the mandible and the ear. Talking, swallowing, chewing, coughing
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and yawning are typical triggers. Pain on touching the tonsils is regarded as
being pathognomonic but is not always present. Rushton et al. [13] described
217 patients, which they had seen between 1922 and 1977, with many spontan-
eous remissions. Syncopes may occur, which are thought to be caused by
pathological discharges in the motor vagus nucleus or of sensory fibers in the
carotid sinus [14]. Treatment is similar to that of trigeminal neuralgia, including
neurovascular decompression [15]. Since glossopharyngeal neuralgia often
occurs as a symptom of an underlying disease, imaging and endoscopy have to
be used to exclude tumors or other lesions in the area.

Other Cranial Neuralgias

Neuralgia of the intermediate nerve is a rare neuralgia where the pain is
localized deep in the ear. The trigger is the posterior wall of the auditory canal.
Treatment is similar to that of trigeminal neuralgia. It has been questioned
whether the intermediate nerve is really the source of the pain.

Neuralgia of the superior laryngeal nerve is also rare. The pain is localized
in the lateral neck. Triggers are swallowing, loud speaking or turning of
the head [16]. There are symptomatic forms with diseases of the larynx.
Carbamazepine may be helpful. In refractory cases, the transection of the inter-
nal branch of the nerve has been used [14].

Occipital neuralgia occurs in the territory of the major or minor occipital
nerve. Symptomatic forms are frequently encountered; hence, a thorough local
examination is necessary. Blockade of the nerve with a local anesthetic can be
useful [17].

Postherpetic neuralgia may occur in branches of the trigeminal nerve,
most often in the ophthalmic branch. The diagnosis is clear if a history of a typ-
ical varicella-zoster rash is given. Therapy follows the general guidelines for
treatment of neuropathic pain [18].

Short-Lasting Unilateral Neuralgiform Headache Attacks
with Conjunctival Injection and Tearing

This disorder belongs to the trigeminal autonomic headaches and is listed
here because it may be confounded with trigeminal neuralgia. Patients with
SUNCT (short-lasting unilateral neuralgiform headache attacks with conjuncti-
val injection and tearing) complain of short-lasting pain attacks (seconds to
minutes) localized in the orbita or the supraorbital or temporal regions. The
pain is stabbing or pulsating. The number of attacks per day ranges from a few
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Table 3. International Headache Society diagnostic criteria of persistent idiopathic
facial pain [1]

¢ Pain in the face, present daily and persisting for all or most of the day

e Pain is confined at the onset to a limited area on one side of the face, is deep and can be
poorly localized

® Pain is not associated with sensory loss or other physical signs

¢ Investigations including X-ray of the face and jaws do not demonstrate any relevant
abnormality

to several hundred. Accompanying symptoms are ipsilateral conjunctival injec-
tion, tearing, nasal congestion, rhinorrhea or eyelid edema. A few patients have
been described in whom there is an overlap between SUNCT and trigeminal
neuralgia. In these cases, the exact diagnosis is difficult. The distinction is
important, because SUNCT most often does not respond to carbamazepine.
Some patients respond to lamotrigine [19, 20]. Associated lesions generating a
symptomatic SUNCT syndrome may be arterovenous malformations in the
posterior fossa, brainstem ischemic lesions or congenital bone malformations
in the posterior skull [21].

Persistent Idiopathic Facial Pain

Clinical Features

Persistent idiopathic facial pain (formerly: atypical facial pain) is defined
as continuous facial pain that does not have the characteristics of any of the cran-
ial neuralgias and is not attributed to another disorder. The pain is mostly uni-
lateral and is described as dull, sore or burning. There should be no abnormal
physical findings on examination, i.e. no sensory loss in the affected region. It
is mandatory that causes for symptomatic facial pain are excluded, including by
X-ray of the face and jaws. Pain may be initiated by surgery or injury to the
face, teeth or gums, but persists without any demonstrable local cause. A patho-
logical local finding excludes the diagnosis; see table 3 for definition.

The prevalence of persistent idiopathic facial pain is unknown. It is
assumed that 60—70% of the patients are middle-aged women [22]. In special-
ized pain centers, patients with persistent idiopathic facial pain are seen slightly
more frequently than patients with trigeminal neuralgia. Most patients are pri-
marily treated by a dentist or orthodontist. The patients describe continuous
pain, which may vary in intensity but usually does not present in attacks. The
pain is mostly unilateral but may change sides. It is not confined to the territory
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of a trigeminal branch. Pain is most often localized to the upper jaw and may
spread to the region of the eye, nose, cheek, temple and lower jaw. Sometimes,
the pain is localized in one tooth and will then be classified as atypical odontal-
gia. While the pain is present all day long, it is usually absent at night and sleep
is not disturbed. The pain is described as dull, boring and sore. Sometimes,
affective descriptors such as ‘unbearable’ and ‘agonizing’ are used [23],
although pain intensity is rated as intermediate. There are no attacks of shooting
pain like in the neuralgias and no trigger zones. Sometimes patients do report
attack-like increases in pain, which does not exclude the diagnosis [24]. There
may be dysesthesias, paresthesias and a subjective feeling of numbness, but no
objective sensory deficits or other local pathological signs. Some patients per-
ceive a subjective swelling of part of the face, which is usually not visible to the
examiner.

In many cases, there is a history of facial trauma or of surgery in the jaws,
nose or nasal sinuses. If pain was present before surgery, it may be increased
afterwards [25, 26]. Unfortunately, there are no epidemiological data on the
incidence of persistent pain after facial surgery. Some of the patients have pain
in additional locations, such as chronic back or neck pain, myofascial pain,
migraine, irritable bowel syndrome or dysmenorrhea [27]. Therefore, it is
necessary to ask for additional sites of pain when taking the history. A whole-
body pain drawing is useful to discover widespread pain or other painful
comorbidities [28].

The prevalence of psychiatric disorders is increased in patients with per-
sistent idiopathic facial pain. One study found 16% affective disorders, 15%
somatoform disorders, psychosis in 6% and related disorders in 16% [29].
Since similar figures have been reported in other chronic pain syndromes,
a causal relationship cannot necessarily be assumed.

Pathophysiology

The pathogenesis of persistent idiopathic facial pain is unclear. Most
likely, persistent idiopathic facial pain is a syndrome comprising several differ-
ent etiologies. For a long time, a psychogenic origin was assumed [22]. The
depletion of central serotonin and opioid deposits has been implied and the
pathophysiology has been paralleled to that of depression [30]. However, tri-
cyclic antidepressants are only efficient in some of the patients. Multiple oper-
ations may lead to injury of terminal nerve fibers so that some authors regard
persistent idiopathic facial pain as a variety of phantom pain. However, signs of
structural damage to the trigeminal nerve preclude the diagnosis, and a trigem-
inal neuropathy should be diagnosed instead.

Neurophysiological techniques, including the blink reflex and the masseter
reflex, may further help to distinguish patients with trigeminal neuropathy
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(i.e. damage of the trigeminal nerve) from those with a hyperreactive trigeminal
nerve and those with normal findings [31]. In a positron emission tomography
study including 6 patients with persistent idiopathic facial pain, the patients had
higher blood flow in the anterior cingulum and lower blood flow in the pre-
frontal cortex compared to controls, when heat stimuli were applied to the dor-
sum of the hand. This pattern of activation was interpreted as ‘hyperemotional’
reaction to sensory information and as a hint to deficits in the inhibitory system
[32]. In a further positron emission tomography study with 7 patients, an
increased D, receptor density in the left putamen was found [33]. The relevance
of this finding will have to be confirmed in larger cohorts.

Diagnosis

The diagnosis depends on the patient history and normal findings on
examination. When taking the history, the course and duration of the disease,
character and frequency of pain, past and present attempts at treatment as well
as previous surgery and its outcome should be asked for. The McGill Pain
Questionnaire may be of additional help to distinguish between different
types of facial pain [23, 34]. It is important to recognize affective descriptions
that may point to a psychiatric comorbidity. A pain drawing is useful to
recognize further manifestations of pain and a possible generalized pain
syndrome.

Neurophysiological recordings of the blink and masseter reflexes may
recognize a trigeminal lesion [31]. Further apparative investigations may be
needed to exclude causes of symptomatic facial pain.

Management

In symptomatic forms of facial pain, the underlying cause should be
treated, if possible. The most important point in idiopathic facial pain is not to
induce further damage. Patients should be informed about the chronic, albeit
benign nature of the disorder. Surgical and dental procedures should be avoided,
even if patients ask for them, unless there is an organic indication for such an
operation. Pharmacological treatment should be tried, but is empirical due to
the paucity of randomized controlled trials. Drugs that had a moderate effect in
trials are the antidepressants phenelzine and dothiepine, which are not widely
available. According to clinical experience, tricyclic antidepressants have the
best success rate. Therapy is initiated with low nighttime doses and is later
switched to a retarded formulation. Anticonvulsants like carbamazepine, oxcar-
bazepine and gabapentin have been tried, sometimes in combination with
an antidepressant (table 4).

It is important to reduce the medication after an adequate trial (2 months in
adequate doses) if it is not successful. Local application of capsaicin cream can
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Table 4. Treatment of persistent idiopathic facial pain

Drug/treatment Dose

Amitriptyline (slow release) 10-100 mg/day, give largest dose at night time
Clomipramine 25-150 mg/day

Doxepine 10-100 mg/day, give largest dose at nighttime
Gabapentin 1,200-2,400 mg/day in 3 doses
Carbamazepine (slow release) 400-1,200 mg/day in 2 doses

Oxcarbazepine 600-1,800 mg/day in 2 doses

Transcutaneous electrical stimulation

Behavioral therapy

No class I-1I evidence was found for any of these treatments.

be tried; there are, however, only open trials [35]. Transcutaneous electrical
stimulation gave some improvement in an open study [36]. Behavioral therapy
is recommended to reduce fear, to help patients obtain a more realistic self-
judgment and to better cope with pain.
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Burning Mouth Syndrome
Pathophysiology and Management
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Institute of Dentistry, Barts and the London Queen Mary’s School of
Medicine and Dentistry, London, UK

Abstract

Burning mouth syndrome (BMS) is defined as intra-oral burning sensation for which
no medical or dental causes can be found and in which the oral mucosa is of grossly normal
appearance. It varies in prevalence from 0.7 to 15%, depending on the diagnostic criteria
used, and it is found most commonly in female menopausal women. There is increasing evid-
ence to show that BMS is primarily a neuropathic pain with secondary psychological fea-
tures. Therefore, sensory testing may be crucial in the diagnostic process. Management
remains difficult due to the lack of high-quality randomized controlled trials but should take
a biopsychosocial approach. There is a regularly updated Cochrane systematic review on this
topic. Topical therapies such as clonazepam may be beneficial. There is some evidence for
the use of vitamins, such as a-lipoic acid, and antidepressants for longer-term use. Cognitive
behaviour therapy may be beneficial. Essential for improved quality of life is reassurance
that this is not a rare condition and does not lead to cancer. As this is a long-term condition,
patients need to develop coping strategies.

Copyright © 2007 S. Karger AG, Basel

Definition

The definition of burning mouth syndrome (BMS) has been controversial;
2 review articles in the 1990s suggested clearer criteria which would enable
consistencies between studies to be achieved [1, 2]. There now appears to be
more consistency, and the following definition seems to have become accepted:
‘intra-oral burning sensation or other dysaesthesia for which no medical or den-
tal causes can be found and in which the oral mucosa is of grossly normal
appearance’. The word ‘syndrome’ is used because many patients will also have
subjective dryness, paraesthesia and altered taste. The terminology, however,



remains varied and includes ‘glossodynia’, ‘oral dysaesthesia’, ‘stomatodynia’
and ‘glossopyrosis’. The term ‘burning mouth disorder’ has also been proposed.

Epidemiology

The epidemiological data on BMS are generally poor due, in part, to a lack
of strict adherence to diagnostic criteria. In a systematic review, Zakrzewska
and Hamlyn [3] found that prevalence rates in general populations varied from
0.7 to 15%. The reason for the wide variation was due to the fact that most sur-
veys carried out in the community relate to burning mouth as a symptom rather
than the syndrome. In their survey in the Finnish community using a sample of
600 individuals, Tammiala-Salonen et al. [4] showed that if examination and
investigations were included the prevalence changed from 15 to 1%. In special-
ized clinics, the prevalence tends to be high [5]. Most studies have shown that
BMS affects predominantly females, with an increased prevalence with age and
following menopause [3]. The natural history of BMS has not been clearly
defined, and there are no reports of high-quality longitudinal cohort studies.
Risk factors and high-risk patients have not been clearly identified although it
would appear that postmenopausal women are at highest risk. The small study
of Grushka et al. [6] suggested that at least partial spontaneous remission is
seen in approximately half of these patients within 67 years. However, a recent
study among 53 BMS patients attending a specialist centre in Italy showed only
3% of patients to have had a complete spontaneous remission within 5 years of
the onset of BMS, while up to 30% had a moderate improvement; however, the
study was using only pain relief as an outcome measure [7].

Aetiology and Pathophysiology

Bergdahl and Bergdahl [8] stated that the ‘burning mouth syndrome
(BMS) is a marker of illness and/or distress’. It is important to exclude sec-
ondary intra-oral burning sensation (secondary BMS) associated with systemic
and local disorders [9]. In the absence of these disorders and the clinical fea-
tures described below, a diagnosis of BMS may be made. The literature regard-
ing BMS is replete with case series and poor-quality prospective studies that
predominantly address the role of a plethora of variables in the aetiology of
burning mouth. Many of the investigations have either no controls or they are
poorly matched. A recent study has attempted to compare BMS with burning as
a symptom, and many of the features discussed below have been evaluated. This
has led to a debate about the aetiology of BMS.

Zakrzewska/Renton 166



Local Disorders

Disorders known to induce BMS-like symptoms include oral candidiasis,
mucosal diseases such as lichen planus, galvanism, allergies, hyposalivation
and xerostomia [10].

In some instances, candidal infections cause a burning sensation [11].
Although candidiasis can cause burning pain, its prevalence has not been found
to be increased in patients with the disorder compared with control populations
[12].

Mucosal diseases, including ulcerative or erosive lesions, periodontitis and
geographic tongue, can cause discomfort of the mouth. A recent report
attempted to quantify the appearance of changes in the fungiform papillae in
relation to oral sensitivity and prevalence to atopy [13]. However, most studies
have reported no significant changes in intra-oral soft- or hard-tissue mucosa
[11, 14], which is now regarded as a key diagnostic criterion for BMS [9].
Similarly, atopy [13], chemical irritation and galvanic currents between dissim-
ilar metals have not been found to be important causes of burning mouth [15].

Xerostomia has been suggested as an aetiological factor, in view of the
higher incidence of this problem in patients with BMS [11, 14]. However, most
salivary flow rate studies in affected patients have shown no decrease in unstim-
ulated or stimulated salivary flow [16]. Some authors report increased salivary
components, such as sodium, potassium, chlorine, calcium, amylase and IgA, in
BMS patients when compared with controls [16]. These changes in salivary
composition were associated with increased warm sensory thresholds. The
cause of this is unknown, but the changes may result from altered sympathetic
output related to stress, or from alterations in interactions between the cranial
nerves serving taste and pain sensation [17].

Taste Function

Alterations in taste occur in as many as two thirds of patients and often
include complaints of persistent tastes (bitter, metallic or both) or changes in
the intensity of taste perception [18]. Al Quran et al. [19] report discomfort on
application of capsaicin-containing Tabasco sauce; however, dysgeusic tastes
accompanying oral burning are often reduced by stimulation with food [11].
Bartoshuk et al. [17] state that there is an increased prevalence of so-called
supertasters (persons with enhanced abilities to detect taste) among patients
with BMS. These supertasters may be more likely to be affected by BMS
because of their higher density of taste buds, each of which is surrounded by a
basket-like collection of nociceptive neurons of the trigeminal nerve [20]. It is
further hypothesized [21, 22] that supertasters have a large number of fungi-
form papillae, which puts these individuals at greatest risk for developing BMS
because of the increased innervation to the large number of papillac and the
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potential for the greatest loss of inhibition if there is damage to this innervation.
Taste sensation of the anterior two thirds of the tongue is supplied by the chorda
tympani nerve, a branch of the facial nerve, while other modalities such as
mechanical and thermal sensations are supplied by the lingual nerve, a branch
of the mandibular division of the trigeminal nerve. It is possible that the chorda
tympani and the lingual nerve exert mutual inhibitory homeostatic mechanisms
and, in the case of an imbalance, BMS may occur [18, 22]. This model would
also explain the lack of effect of hormone replacement therapy once neural
symptoms are established.

General Factors

Systemic factors which may cause a burning sensation include: hormonal
changes, haematinic deficiencies (vitamin B,,, folic acid or iron), diabetes mel-
litus, drugs (topical or systemic side-effects), auto-immune diseases and psy-
chological disorders [11, 12, 14, 23].

With a reported incidence of over 50%, psychogenic factors have been
consistently implicated in the actiology of BMS [21, 24, 25]. BMS is stated to
be ‘conceptualized as a psychogenic physical continuum’ [26, 27]. Several psy-
chometric tools (Hospital Anxiety Depression Score, Personality Traits) have
been used to identify anxiety, depression, personality and beliefs in BMS suf-
ferers. Some BMS patients express both anxiety and depression or one or other
[24-30]. Al Quran et al. [19], using a revised personality inventory, report that
neuroticism and all its facets, which include anxiety, angry hostility, depression,
self-consciousness, impulsiveness and vulnerability, were significantly elevated
in BMS patients. Maina et al. [31] report that BMS is associated with a specific
pattern of axis II comorbidity. BMS patients expressing significantly higher
anxiety or depression scores and other personality disorders [27] often display
high response rates to psychiatric or psychological interventions [30], antide-
pressants [32] and sedatives [15]. However, psychological dysfunction is com-
mon in patients with chronic pain and may be the result of the pain rather than
its cause [33-35].

Metabolic causes of burning mouth symptoms embrace a wide variety of
concurrent health conditions and chronic pain conditions, including headaches
and pain in other locations (e.g. burning feet [36]). Patients with BMS often
have high blood glucose levels, but no consistent or causal relationship has been
documented [37]. The purported link between diabetes mellitus and BMS may
be due to the occasional reports of glossodynia in known diabetic patients [38]
and due to the fact that 50% of diabetic patients experience painful peripheral
neuropathy (often ‘burning feet’). Nutritional deficiencies (e.g. vitamins B, B,
and Bg, zinc) are other findings that are not consistently supported by the liter-
ature [12]. A recent report suggests that hypothyroidism may predispose
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patients to secondary BMS with 10, 8 and 80% of a 50-patient cohort display-
ing reduced tri-iodothyronine/thyroxine levels, antithyroid antibodies and echo-
graphic thyroid cystic changes [18].

Hormonal changes are considered to be important factors in BMS because
in studies approximately 90% of the women suffering from the syndrome were
postmenopausal, with the greatest frequency of onset reported from 3 years
before to 12 years after the menopause [39]. There is also evidence of a reduc-
tion of lingual mucosal oestrogen receptors within the lingual mucosa; however,
there is little convincing evidence of the efficacy of hormone replacement ther-
apy in postmenopausal women with the disorder [39].

Pharmacogenic Factors

Hugoson and Thorstensson [40] reported that 87% of patients presenting
with BMS were on concurrent medication, 44% of which were psychotropic
drugs. Case reports have linked burning mouth symptoms to the use of
angiotensin-converting enzyme inhibitors [41, 42]. Once these medications
were reduced or discontinued, oral burning was found to remit within several
weeks.

Neurogenic Factors

Systemic factors associated with general peripheral neuropathy include the
following causes:

e metabolic (diabetes mellitus);

e toxic (ethanol/cytostatins/highly active anti-retroviral therapy);

e immune (acute inflammatory demyelinating polyneuropathy, acute motor
and sensory axonal neuropathy);

e infective [human immunodeficiency virus (HIV)];

e hereditary (hereditary sensory and autonomic neuropathies type 1);

e adisorder of autonomic innervation and of oral blood flow [43];

e asensory dysfunction associated with a small- and/or large-fibre sensory

neuropathy [44];

e adisruption in sensory pathways driven by changes in endocrine status at

menopause [37];

e a disruption of central sensory and modulatory pathways, including the

spinal trigeminal nucleus and the striatum [45, 46].

Recent studies have pointed to a dysfunction of sensation as a possible
cause of BMS. They have demonstrated significant alterations in chemosensory
and heat pain tolerance [11, 47] as well as elevated sensory and pain thresholds
to argon laser stimulation [48] in BMS patients as compared to control subjects.
A recent investigation reports thin-fibre dysfunction in 35 (76%) of 46 BMS
patients when tested using quantitative sensory tests and blink reflex [44].
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Small-fibre sensory neuropathies predominantly occur in diabetic patients and
present as ‘burning feet’. Recent advances in understanding the aetiology,
assessment and management of small-fibre neuropathies include the suggestion
that BMS may be a peripheral sensory small-fibre neuropathy [49-51]. This is
substantiated by a report that the total number of epithelial nerve fibres and the
innervation density within the fungiform papillaec and connective tissue was
significantly reduced in BMS patients (n = 12) compared with controls (n = 9)
in association with axonal degeneration [Renton et al., unpubl. work].

Current Hypotheses of Neuropathic Pain

Central sensitization and peripheral increased excitability in nociceptors
play a role in neuropathic pain. Markers of small-fibre neuropathies include ion
channels that are implicated in causation of chronic neuropathic pain states in
diabetic and HIV neuropathies. Voltage-gated sodium channels also play key
roles in the pathophysiology of pain and have been investigated in recent stud-
ies in pain mechanisms [52]. The distribution and pathophysiology of these
channels, particularly NaV 1.8, have been the focus of research in pain mecha-
nisms [53]. Recently, antisense treatment blocking this channel reportedly
reduced neuropathic pain, which further supports the role of this channel in
neuropathic pain. We have described the temporal and spatial distribution of
NaV 1.8 in human sensory neurones [54]; the channels were decreased acutely
in sensory cell bodies, after spinal cord root avulsion, but accumulated in fibres
proximal to the site of injury in brachial plexus trunks and in neuromas. We
have also reported that within the trigeminal system transient receptor potential
vanilloid type 1 (TRPV1) and NaV 1.8 are expressed in the dental pulp and lin-
gual nerve [55] (see the chapter by Khan and Hargreaves, pp 75-90).

Several high-profile studies of patients with neuropathic pain have shown
that transmembrane ligand-activated ion channels (TRPV) are up-regulated in
skin or mucosa during hypersensitive states and that sodium channels are up-
regulated in skin associated with inflammatory conditions and with neuropathic
pain subsequent to peripheral nerve injury in animal models. TRPV up-regula-
tion is associated with rectal hypersensitivity [56], inflammation of the bowel
[57], vulvodynia [58] and overactive bladder [59]. The increased receptor
expression of the anal tissues correlates with increased thermal sensitivity as
measured clinically before harvesting the tissue biopsies [56]. The increase in
expression of receptors may infer increased activity. Another TRPV receptor
(TRPMS), which responds to cool stimuli solely, may also be related to neuro-
pathic pain. TRPMS has been reported to be colocalized with TRPV1- and
calcitonin-gene-related-peptide-positive fibres in the lingual nerve sensory fibres,
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supplying the cold and menthol receptors of the tongue in Wistar rats, within
the trigeminal ganglion, but not within the fungiform or filiform taste buds
[60]. The TRPV receptors are also responsive to temperature changes and pain.
In order to clinically assess the functionality of these receptors, thermal sensory
thresholds were established. Using quantitative sensory testing with previously
established methods [61], it would be expected that the thermal thresholds
would correlate with the expression of TRPV1 and TRPMS ion channels, as
seen in rectal hypersensitivity [56] and diabetic neuropathy. These phenomena
have recently been explored in the human mucosa in BMS. We have identified
significant neuronal fibre degeneration within the lingual mucosa with signifi-
cant up-regulation of TRPV1, nerve growth factor and NaV 1.8 levels in asso-
ciation with BMS. Interestingly, the increased TRPV1 immunoreactivity in the
BMS lingual mucosa correlated strongly with patient-reported pain [Renton
et al., unpubl. work].

There is a possibility that inherited genetic differences among individuals
play an important role in susceptibility to the development and severity of pain.
In mice, researchers have clearly demonstrated the major role that genetic dif-
ferences among inbred strains play for several animal models of pain [62, 63].
In man, polymorphisms in the catechol-O-methyltransferase gene have been
reported to be associated with differences in regional p.-opioid system response
to pain [64]. Catechol-O-methyltransferase polymorphisms may also influence
thermal experimental pain relative to psychological, gender and ethnic parame-
ters [65] (see also the chapter by Stohler, pp 236-247).

Clinical Features

Symptoms

Many patients present with a chronic history and, in some, onset is sud-
den [47]. Around two thirds of patients cannot relate the onset of their symp-
toms to any factors, while others will relate it to either dental treatment or
some other illness, such as upper respiratory tract infection [4, 11].
Significant life events may correlate with the onset of symptoms [10], but not
all studies have found this [66] and Bogetto et al. [67] have suggested that their
severity is more important. Using controls, Bogetto et al. [67] found that 17%
of BMS patients had at least one severe life event compared with 9% in con-
trols. The area affected in all patients is the tongue, followed by the lips as the
next most common site. The symptoms may be present continuously or inter-
mittently, and there does not appear to be any pattern. Not all patients con-
sider the burning sensation to be a pain and so the words they use from the
McGill Pain Questionnaire are very different from toothache. The words
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chosen most frequently are ‘burning’ (85-65%), ‘tender’ (50%), ‘annoying’
(50%) and ‘tiring’ (37-34%) [14, 68].

Most studies have found that 50% of patients will have subjective oral dry-
ness as a second feature [11, 14, 67, 69]. This could, however, be related to fac-
tors such as drugs, systemic diseases and psychological factors. Alteration in
their perception of taste or a persistent altered taste (dysgeusia) or even a com-
bination of both [22, 70] is often reported, and in some patients eating relieves
it [8]. Svensson and Kaaber [14] compared denture-wearing BMS patients with
controls; these researchers found that compared with controls BMS patients
were less likely to wear dentures, and they had a decreased tongue space, an
incorrect occlusal plane and a reduced vertical dimension.

Subjective reports of altered sensation must be noted, including paraesthe-
sia, anaesthesia or dysaesthesia (spontaneous or evoked mechanical or thermal
allodynia, hyperalgesia). Other associated features that have been reported
include changes in sleep habits, mood and eating as well as decreased ability to
socialize [22]. Patients with BMS have been the subject of considerable investi-
gations in terms of psychiatric morbidity as detailed above. Eli et al. [71] have
shown that BMS patients score significantly higher on scales of somatization,
obsession-compulsion, personal sensitivity, depression, anxiety, hostility, pho-
bic anxiety and psychoticism when compared to controls. They also found that
BMS patients had a greater tendency to have had psychological treatment as
compared to controls. Others have also reported a higher percentage of patients
with depression, anxiety or mood changes [67, 72, 73]. However, Danhauer
et al. [74] showed similar psychological features in patients with burning mouth
due to other causes as BMS patients, so it could be that these are reactions to a
chronic pain condition. Quality of life as measured on 14 questions using a
Likert type format showed no difference between BMS and controls [71].

Signs

In BMS, no oral mucosal changes will be detected. However, a careful
examination is essential to look for other causes of burning mouth. A dry mouth
may be detected in some patients as well as evidence of parafunctional habits.
Table 1 summarizes the clinical features.

Assessment and Investigations

A clinician’s assessment of any patient presenting with pain will involve
taking a detailed social, medical and pain history. Evaluation of the pain history,
presenting symptoms (covered earlier in this chapter) and clinical examina-
tion revealing a lack of mucosal disease will probably heavily influence the
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Table 1. Clinical features of BMS

Site and radiation Tongue most common, but will also involve lips, cheeks, gingivae;
all symptoms remain intra-oral

Character Discomfort or pain; words used include ‘burning’, ‘smarting’,
‘tender’ and ‘annoying’

Duration Mean time to development 3 years, builds up gradually

Periodicity Continuous or intermittent and may be worse in the evening

Severity Ranges from mild to moderate

Relieving factors Sleep, cold foods, distraction

Provoking factors Tension, fatigue

Associated factors Dryness, taste and/or mood changes, tongue thrusting

Examination No gross changes, maybe some dryness

experienced clinician towards a diagnosis of BMS. This section specifically
aims to address how BMS patients have been assessed in previous studies and
to make some recommendations regarding the future routine clinical assessment.

Pain Assessment

All groups with oral mucosal pain should be asked to report the degree of
baseline pain using a visual analogue scale (100mm) at rest. Reactions to
mechanical and thermal stimuli as well as taste can also be assessed using spe-
cific stimulants, and the resultant pains can be recorded.

Psychometric Assessment

Psychogenic factors have been consistently implicated in the aetiology of
BMS [21] with a reported incidence of over 50% of psychological disorders
within BMS patients [24]. As with any chronic pain, the patient will have con-
sequential psychological changes (anxiety, depression, avoidance, stress). If
BMS is proven to be a true neuropathy, then the reports on the psychogenic aeti-
ology may be misguided. Several psychometric tools have been applied to BMS
patients (Hospital Anxiety Depression Score, Personality Traits [24, 27-30] and
Multiphasic Personality Inventory [16, 19, 31]).

Neurological Assessment

Clinical evidence of a peripheral sensory nerve lesion include hypo-
aesthesia assessed using a mechanosensory stimulus, e.g. von Frey fibres, thus
identifying the neuropathic area (one must establish whether the area concords
with neural dermatome boundaries in order to identify which nerve branch is
affected). Neurophysiological tests undertaken by specialists confirm the loss
of reflexes which may objectively confirm the loss of sensory afferent or motor

Burning Mouth Syndrome 173



efferent pathways (blink reflex [44], jaw-opening reflex [75, 76]). Nerve con-
duction tests can also confirm the interruption of the sensory evoked potentials.

Modality Testing to Assess the Function of Specific

TBpes of Neuronal Fibre Groups

All Fibres

Local analgesic blocks will elicit if the pain is of a peripheral source [77].

Large Myelinated Fibres

Mechanosensory afferents are AR fibres, so brush-evoked pain or mechan-
ical allodynia can be elicited with oral mucosal pain using stimulation with a
brush stroke (Sable 8 brush 2 cm across the tongue). The patients are asked to
report the degree of pain using a visual analogue scale (100 mm). A clinical
study of nerve injury pain has shown that in the presence of mechanical allody-
nia, a ratio between electrical pain and detection thresholds of less than 2.0 may
indicate altered central nervous system processing of A fibre input [78]. This
phenomenon may be an indication of altered central pain modulation and cen-
tral sensitization. This phenomenon may be applicable to some BMS patients.
Perception, mechanical detection threshold, 2-point discrimination test and
thermal detection thresholds were similar in BMS patients and healthy volun-
teers [11, 27].

Small-Diameter Fibres

A3J fibres respond to cooling or pain stimuli, while C fibres respond to
warming and pain stimuli. Quantitative sensory testing involves the evaluation
of thermal thresholds (Thermal Sensory Analyser TSA 2; Medoc, Israel)
equipped with a hand-held probe (thermodes ranging from 5Smm X 5mm to
6cm X 3cm in size). Testing begins with the measurement of warming and
cooling sensory thresholds (fig. 1) using an adaptation temperature of 32°C and
a temperature rate change of 1°C/s according to the method of limits [79].

Cold and heat pain thresholds can be similarly measured and suprapain
thresholds enable the assessment of hyperpathia seen in a high proportion of
BMS patients who display mechanosensory hyperalgesia [Renton et al., unpubl.
work].

Thermal detection thresholds have been reported to be similar in BMS
patients and healthy volunteers [11, 27]. However, using thermal discs thermal
pain tolerance was significantly lower in BMS patients [47] suggesting faulty
recruitment of pain-modulatory pathways. Pain and detection thresholds to
argon laser stimuli were significantly higher and ratios between pain and sen-
sory thresholds significantly lower in patients with BMS in all examined oral
regions [14], suggesting a perceptual deficit unrelated to the painful site only.
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Control Neuropathy

50

30

Fig. 1. The baseline temperature at 32°C warm sensory threshold (O) and cool sen-
sory threshold (&) as well as heat pain threshold (21) and cold pain threshold (M) in controls
and patients with neuropathy.

The sweet taste detection threshold is higher in BMS patients [70] demonstrat-
ing an altered taste sensation. Application of Dyclonin (a local anaesthetic solu-
tion) to the tongue of BMS patients reduced phantom dysgeusia but did not
reduce the burning sensation; moreover, in 40% of the cases the pain was aggra-
vated [80].

Taste

There are several methods to assess chorda tympani function, one of which
is the electrogustatory test. The test is well established and is a reliable clinical
tool [81], despite the fact that the stimulating mechanisms of electrical taste are
multifaceted. In addition to the direct nerve fibre activation by the electrical
stimulus, pH changes employed by the electrical current may contribute to the
taste sensation. The electrical current causes hydrogen ion discharge from the
anode leading to pH reduction in the surrounding saliva; the acidic saliva acti-
vates ionic receptor triggering inducing perception of sour taste [82]. However,
electrical stimulation incorporates unique properties that are very useful for
sensory assessment. Unlike the other methods which naturally stimulate nerve
receptors, electrical stimuli may bypass the receptor to stimulate the axon of the
primary afferent. Due to this property, electrical stimuli are not affected by
changes in receptor sensitivity such as sensitization, suppression or fatigue. In
sites other than the tongue, altered electrical sensitivity alone indicates a postre-
ceptor process, while altered natural stimuli cannot distinguish between a
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receptor and postreceptor processes. In previous studies, in order to minimize
electrical detection threshold intersubject variability, the results were expressed
as side-to-side ratio for each tested area [83, 84]. However, as the anterior two
thirds of the tongue are innervated by 2 sensory nerves (chorda tympani for
taste and lingual for other modalities), electrical taste and itch (tingling) detec-
tion ratio may be a reliable and repeatable score.

Biopsy

Skin biopsies are a routine clinical tool for the neurologist to confirm
peripheral neuropathy in HIV and diabetes-related peripheral neuropathies.
Changes in diabetic peripheral neuronal supply can be seen early on, prior to the
onset of burning feet with degeneration of epithelial neurons and increased
expression of pain-related neural receptor [85]. The degeneration of the sub-
epithelial fibres may be a precursor to developing neuropathic pain. Quantification
of epithelial nerve fibres and coexpression of ion channels and neuropeptides
can be undertaken using immunohistochemical studies that utilize image analy-
sis or Western blotting assays to measure the expression of the specific pain
receptors. Both pain-related receptor TRPV1 and sodium channel NaV 1.8 [85]
are associated with HIV and diabetic neuropathic pain; they are also up-regu-
lated in the lingual mucosa in BMS patients [Renton et al., unpubl. work].

Biopsy looking at oestrogen receptors [86] has been recommended as a
tool to determine which patients had diminished oestrogen receptors within the
lingual mucosa so that they could be targeted for hormone replacement therapy.

Management

BMS needs to be managed holistically using patient-centred care and
including medical and psychosocial methods simultaneously. A Cochrane sys-
tematic review [87] and the paper in Clinical Evidence [9] on interventions in
BMS are regularly updated. Treatments can be divided into 3 main categories:
systemic, topical and behavioural. These are summarized in table 2.

Medical Management

Hormonal Replacement Therapy

There have been a variety of trials using hormone replacement therapy
either systemically or topically, but they are all poor-quality non-randomized
intervention studies with no clear diagnostic criteria or outcome measures. One
randomized controlled trial (RCT) [98] compared in 56 postmenopausal
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Table 2. Randomized controlled trials for patients with BMS

Drug/treatment  Therapy/number Efficacy Side-effects/adverse Comments Authors
duration of patients
CBT/12-15 12—15 sessions of At 6 months, 27% None VAS was not validated, Bergdahl et al. [88]
weeks CBT versus improvement in active no details

attention group, pain-free whether groups

placebo/30 were comparable

patients
Antidepressant/  Trazodone 200mg  Both groups show the Dizziness in 11, RCT, good outcome Tammiala-Salonen
8 weeks versus placebo/37  same improvement drowsiness in 9 measures and Forssell [89]

patients patients
Antidepressant/  Clomipramine No improvement Drop-outs due to No blinding, lack of Loldrup et al. [90]
6 weeks 75-100 mg versus side-effects follow-up, other types

mianserin 30—-60 of pain included,

mg versus impossible to ascertain

placebo/BMS 77 which patients had BMS;

patients, large drop-out rate

total facial pain

253 patients
Antidepressant/ Amisulpride 50 Mean score reduction: Nausea, sedation and  Single blinding, Maina et al. [91]
8 weeks mg, 27 patients; 4.4 with sertraline dryness, no placebo;

paroxetine 20mg,  versus 3.7 with 3 withdrew many patients had a

26 patients; paroxetine versus 4.0 concurrent

sertraline 50 mg,
23 patients

with amisulpride

psychiatric diagnosis
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Table 2. (continued)

Drug/treatment  Therapy/number Efficacy Side-effects/adverse ~ Comments Authors
duration of patients
Systemic Capsaicin 0.25% Capsaicin group: score 8 patients with Small study; Petruzzi et al. [92]
capsaicin/ versus placebo/50  5.84 = 1.17 compared gastro-intestinal pseudorandomization
30 days patients to placebo group: score side-effects
6.24 = 0.96 on the VAS

Vitamin a-Lipoic acid 600  Slight improvement None mentioned Assessment Femiano et al. [93]
replacement/ mg versus 16/21 active versus 3/21 not blinded
30 days placebo/42 placebo

patients
Vitamin a-Lipoic acid 600  29/30 (97%) improved No drop-out Not blinded, Femiano and
replacement/ mg for 2 months in the active, 12/30 subjective Scully [94]
8 weeks versus placebo/60  (40%) improved in the outcomes,

patients placebo group randomization (?)
Vitamin a-Lipoic acid 600  a-Lipoic acid group: Nil drop-out; Not sure if groups Femiano [95]
replacement/ mg versus 90% improved; group 1: increased comparable,
8.5 weeks bethanechol 15mg  biotene group: 0% salivation, nausea, randomization(?),

versus biotene improved; decreased blood no blinding,

versus placebo/ bethanechol group: pressure; many participants

80 patients

10% improved;
placebo group: 0%
improved

group 3: heartburn

used anxiolytics
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Topical Clonazepam 1 mg  Decrease in pain scores Drowsiness (4/24), RCT, blinded effect Gremeau-Richard
clonazepam/ sucked slowly for ~ of 2.4 £ 0.6 in the increased burning was evaluated at et al. [96]
14 days 3min t.i.d./ clonazepam group and sensation (2/24), dry 6 months in 16 patients
24 patients of 0.6 = 0.4 in the mouth (1/24) and who reported an
placebo group on a euphoria (1/24); 2 improvement;
VAS 0-10 withdrew from 7 participants had
treatment group continued improvement
due to side-effects
Topical Benzydamine No improvement Nil Small RCT, good Sardella et al. [97]
analgesic/ mouth rinse in all 3 groups outcome measures, last
4 weeks versus placebo group not blinded

Versus no
treatment/30
patients

CBT = Cognitive-behavioural therapy; VAS = visual analogue scale.




women oral tibolone 2.5 mg daily versus oryzanol (30 mg 3 times/day) plus vit-
amin E (100mg 3 times/day). Oryzanol is a product mainly derived from rice
bran oil and is used as a food supplement. It was found that tibolone signifi-
cantly improved symptoms compared with oryzanol plus vitamin E at 3 and 6
months. The study had several flaws, however: it did not specify the method of
randomization; it was not blinded; the scale used for assessing improvement of
symptoms was not validated, and there were important differences between the
groups at baseline. Therefore, the results need to be interpreted with caution.

Vitamin Replacements

There have been several trials reporting the use of a-lipoic acid. All 3 RCTs
evaluated outcomes on a 5-point scale (symptoms ‘worsening’, ‘unchanged’,
‘slight improvement’, ‘decided improvement’ or ‘resolution’) [93-95]. a-Lipoic
acid (600 mg/day) was compared with placebo in 2 trials, whereas the third RCT
(80 people) compared a-lipoic acid (200 mg 3 times/day), lactoperoxidase mouth
rinse (5—6 times/day), bethanechol (5 mg 3 times/day) and placebo. Only a-lipoic
acid increased the proportion of people reporting improvement on the symptom
scale. Mild side-effects were reported by 4 people in the a-lipoic acid group, i.e.
heartburn, which settled with ranitidine. Four people taking bethanechol experi-
enced adverse events, including nausea, dizziness, cold perspiration or abdominal
pain. All 3 trials have design faults, e.g. lack of blinding, no details on random-
ization and subjective outcome measures. They all originate from the same centre
at overlapping time periods. The results need to be interpreted with care.

Antidepressants

Antidepressants are used, but often BMS patients have not been analysed
separately from other facial pain patients so their individual outcomes are not
known.

Clomipramine/Mianserin

One RCT comprising 253 people with chronic idiopathic pain syndrome
included 77 people with BMS. It compared clomipramine, mianserin and
placebo [90]. Since it was not possible to determine the outcomes on the BMS
separately, the investigation does not provide sufficient evidence to determine
the role of antidepressants in treating BMS.

Trazodone

A double-blind well-conducted RCT in 37 women compared trazodone (200
mg daily) with placebo for 8 weeks [89]. No significant differences in pain or
related symptoms were found between trazodone and placebo. Withdrawal from
the trial was high (7/18; 39%) due to factors such as dizziness and drowsiness.
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Selective Serotonin Reuptake Inhibitors versus Amisulpride

A small RCT (76 individuals), using daily doses of sertraline (50 mg),
paroxetine (20 mg) and amisulpride (50 mg) for 8 weeks found a similar reduc-
tion in pain scores in all 3 groups [91]. No serious adverse effects in any treat-
ment group were reported. The trial did not include a placebo group, there was
single blinding only, and many of the patients had a psychiatric diagnosis.
Therefore the results do not provide sufficient evidence for their use.

Capsaicin

Capsaicin is a naturally occurring alkaloid found in red chilli peppers. It
has been used as a topical agent (0.025% gel) for postherpetic neuralgia, and
there are anecdotal reports of its use in patients with burning mouth symp-
toms. Topically applied in the mouth, its use is reduced by its unpleasant taste
and limited efficacy. Recently, results from a small RCT (50 patients) were
reported which compared systemic 0.25% capsaicin taken 3 times a day with
placebo over 4 weeks. A significant reduction in mean visual analogue scale
scores (capsaicin group: 5.84 = 1.17; placebo group: 6.24 =* 0.96) was
found, although the response was variable [92]. Not surprisingly, 8 patients
reported gastric pain with oral capsaicin. This adverse effect appeared to be
related to the duration of use and would be likely to limit adherence if used
for periods greater than the 1-month period employed in this trial. The RCT
has design weakness including pseudorandomization, small sample size and
short duration.

Topical Clonazepam

One small 14-day RCT (48 people) compared topical clonazepam (1 mg
sucked 3 times a day, held in the mouth for 3min then expectorated) with
placebo. There was a subsequent open follow-up at 6 months [96]. One third of
the subjects used occasional hypnotics, usually benzodiazepines. There was a
decrease in pain scores in the clonazepam group, but the response was very
variable. In the 16 patients who continued it in an open follow-up, 7 continued
to benefit.

Within the RCT, reported side-effects were not significantly more frequent
in the treatment group when compared to the control group, but drowsiness
(4/24), increased burning sensation (2/24), dry mouth (1/24) and euphoria
(1/24) were reported. Two subjects withdrew from the treatment group because
of side-effects. Five patients using topical clonazepam were assessed for sys-
temic absorption after 14 days of treatment. Whilst the blood concentration of
clonazepam was not within therapeutic ranges, there was evidence of systemic
absorption at up to 8 mg/l. The trial was well conducted but of short duration.
The use of clonazepam in the management of BMS is limited.
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Benzydamine Hydrochloride

In a small RCT of 30 patients, benzydamine hydrochloride oral rinse
(15ml of 0.15% for 1min 3 times daily for 4 weeks) was compared with
placebo and no treatment [97]. No significant difference in symptoms was
found among groups at 4 weeks. However, the trial was too small to detect a
clinically important difference. Furthermore, it was incompletely blinded
because the third group received no treatment.

Saliva Substitutes
Patients who complain of dry mouth may be offered a variety of saliva sub-
stitutes which have not been evaluated in RCTs.

Behavioural Management

There is only one small RCT of 30 BMS patients in whom cognitive-
behavioural therapy (12—15 sessions of 1h/week) was compared to a control
group who received similar attention, but without the cognitive-behavioural
therapy sessions [88]. It was found that cognitive-behavioural therapy signifi-
cantly reduced the intensity of symptoms at 6 months; no adverse effects were
reported. The trial was small and individual characteristics of the two groups
were not described; therefore, the groups may not have been comparable. The
visual analogue scale for assessing oral burning was not validated. There is lim-
ited evidence for its effectiveness.

All patients can be reassured that the symptom is not a sign of a more sin-
ister disease. A survey carried out in the Netherlands where there is a support
group for patients with burning mouths indicates that 88% wanted more infor-
mation from their health care workers. Up to 57% said they were poorly
informed by either dentist or physician [99]. Patient education will help patients
accept BMS as a long-term condition that has to be managed in a variety of
ways using a biopsychosocial approach.
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Psychosocial Impact of Orofacial Pain
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Abstract

The major objectives for the chapter are to provide psychosocial perspectives with
regard to current knowledge on clinical presentation, psychological, behavioral and social
factors underlying the presentation of dental and orofacial pain as well as an overview of the
biobehavioral management of orofacial pain. Psychosocial aspects of pain and pain control
are studied because emotional states, thought processes and behavior greatly influence how
pain is experienced and, most critical of all, because understanding of the psychosocial
aspects of pain experience expands possibilities for management of dental and orofacial pain
to achieve the following objectives: (1) produce a more compliant and better-informed
patient who can learn to accept dentistry without undue apprehension and be more compliant
with treatment recommendations that may require prolonged patient cooperation and partici-
pation; (2) eliminate or minimize negative physiological and emotional states, especially
depression, anxiety, fear and the anticipation of pain or harm too often associated with pend-
ing dental treatment or with chronic physical conditions in which pain is a predominant fea-
ture, and (3) introduce a wide variety of cognitive-behavioral methods which are available to
assist the patient in self-management and enhanced self-control for both acute and chronic
pain, with and without analgesic, sedative, anesthetic or mood-modifying medications.

Copyright © 2007 S. Karger AG, Basel

Overview: The Psychosocial Perspective

It must be emphasized at the onset that the psychosocial perspectives and
methods related to dental and orofacial pain are never offered as a substitute for
the absolutely crucial need to consider simultaneously the biology of pain,
including especially pathophysiological mechanisms and biomedical methods
for managing orofacial pain. In this context, the model system invoked to
understand orofacial pain is a biopsychosocial model [1], which clarifies how
physical events in the body or in the environment often give rise to not readily
predicted pain experiences and behaviors related to the patient’s past pain



unpom(

881

Table 1. Acute and chronic dental and orofacial pain: relationships among physical, environmental, psychological and psychosocial factors

Type of pain Source of pain Psychological and psychosocial factors
pathological/ iatrogenic/ emotional cognitive pain behaviors
endogenous environmental states processes
Dental
Acute pain Infection Trauma Anxiety Anticipation Agitation
(typically recent Inflammation Intraoperative Panic and ANS arousal
onset, brief, often Malignancy Postoperative Phobia apprehension Sleep
consistent with Often known Often known over threat or problems
physical findings) etiology etiology harm
Orofacial
Chronic pain Neuropathic Postsurgical Depression Negativism Isolation
(typically Musculoskeletal Postmedical Anger Hopelessness Avoidance
persistent, treatment
recurrent, often Soft tissue Worry Sleep
inconsistent with problems
physical findings) Malignancy Extensive
health care
use
Often unknown Often unknown Medications
etiology etiology abuse

ANS = Autonomic nervous system.




history, emotional status, social factors, gender, ethnicity and culture [2]. Such
a biopsychosocial model, integrating biological processes, psychological status
and psychosocial functioning forms the basis not only for all pain research and
pain management, but also for all medical education in the USA and Canada as
well as elsewhere around the world. The need for such a biopsychosocial per-
spective is immediately apparent when one closely examines the prevailing sci-
entific definition of pain and pain-related terms.

The universally accepted scientific definition of pain is provided by the

International Association for the Study of Pain (IASP):
Pain is an unpleasant sensory and emotional experience associated with actual or
potential tissue damage, or described in terms of such damage [3].

It is important to note that this definition is further amplified by the IASP

specifically to insure clarity of concepts and terms used to define pain:

Many people report pain in the absence of tissue damage or any likely pathophysiolog-
ical cause; usually this happens for psychological reasons. There is usually no way to distin-
guish their experience from that due to tissue damage. .. [pain] is always subjective...but it
is also always unpleasant.. . therefore also an emotional experience...even though we may
well appreciate that pain most often has a proximate physical cause.

Introduction

In this chapter, we will consider the impact on people’s lives resulting from
the infinitely varied ways people perceive and evaluate or appraise pain and
then how they behave in response to the dental and orofacial pain they are experi-
encing. Evidence-based biobehavioral approaches to the management of pain
are presented which are intended to complement the probably better known bio-
logically and medically based surgical and pharmacological pain treatments
that are commonly associated with dental and orofacial pain management in
dentistry. While psychosocial perspectives on both dental and orofacial pain are
discussed, the greatest emphasis in this chapter will be on psychosocial consid-
erations in chronic orofacial pain because of the greater psychosocial impact of
chronic orofacial pain and because dentists generally seem to be less familiar
with biobehavioral management methods for chronic orofacial pain manage-
ment, compared to acute pain. Table 1 compares the important psychosocial dif-
ferences between acute and chronic dental and orofacial pain.

The structures of the stomatognathic system are responsible for several
life-sustaining physiological processes, including eating, breathing, swallowing
and verbal as well as nonverbal communication. Inevitably, these physiological
processes are also associated with psychological and psychosocial functions of
tremendous significance to the individual. Because pain is acknowledged to be
a subjective experience, the expression of dental and orofacial pain can be
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influenced by such nonbiological factors as history, memory and learning asso-
ciated with dental infection or facial trauma, past experience with dental treat-
ment, attitudes towards the importance of maintaining the health of the oral
structures through proper diet and oral hygiene practices etc. Hence, psychoso-
cial factors play an important — some would say central — role in the percep-
tions, appraisals and behaviors of people when either dental or orofacial pain
arises in such biologically and personally important parts of the body as the
teeth, mouth and face.

Dental Pain

Pain located in the teeth and supporting intraoral bony structures is typic-
ally referred to as dental pain. The pathophysiological mechanisms giving rise to
dental pain and the biologically based management of dental pain is presented in
the chapter by Khan and Hargreaves (pp 75-90). Dental pain, with some impor-
tant exceptions, is almost always acute (as opposed to chronic), arising relatively
rapidly, usually readily localizable and typically associated with identifiable
tooth pulp pathological or infectious inflammatory processes residing in the
teeth and/or periapical tissues. An important exception, albeit not occurring
frequently, is the chronic dental pain condition usually classified as atypical
odontalgia (see the section Orofacial Pain below, and the chapter by Woda,
pp 209-222). Here, a brief overview of the psychosocial components of acute
dental pain is presented, and the most common biobehavioral methods for its
management are indicated.

Patients seek out dentists for relief of dental pain that can reach excruciat-
ing levels when arising from toothache, periapical or periodontal infection and
inflammation. The expectation that the dentist can relieve such pain has been a
strongly positive association people hold about dentistry, and dentistry has, in
fact, learned a great deal about pain and pain control, especially when the pain
is acute and arising from local infection or trauma. Paradoxically, it is probably
fair to say that most people living in economically developed and technologi-
cally advanced countries will actually experience very little pain arising from
local dental or periodontal pathology in their lifetimes. For those people who
come to the dentist pain free, concerns include apprehension that the dentist
may cause pain, albeit understandably, in the course of providing optimal oral
health care. But here, too, alleviation of the pain of dental procedures has been
developed to a high degree, and dentists can realistically lead their patients to
expect that pain from dental treatment is controllable — indeed, for most people
requiring dental care, such pain associated with treatment is largely pre-
ventable. From the psychosocial perspective, the question for each dentist is
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how best to respond to the accompanying anxiety or other emotions about
going to the dentist and their attendant thoughts. Evidence shows that these psy-
chological processes have a direct influence on acute pain threshold and toler-
ance levels, whether it is pain associated with treatments or postoperative pain,
and whether it is the acute pain of dental, medical, surgical or invasive diagno-
stic procedures [4].

Psychological and Psychosocial Impact

As table 1 indicates, the psychological and psychosocial impact of dental
pain is anxiety, more specifically fear and apprehension of current or antici-
pated dental pain. In a smaller number of cases, acute panic and phobic psycho-
logical states are caused by merely contemplating dental pain associated with
dental treatment. Perhaps paradoxically, such heightened negative emotional
states interfere not only with accessing and accepting necessary dental care, but
often such anxiety-driven states are also associated with an inability or unwill-
ingness to maintain positive oral health behaviors that could prevent dental
disease associated with the very pain that these patients dread with often inca-
pacitating anxiety.

The acute dental pain of dental infection — e.g. caries, periapical infection — is
typically managed by a combination of anti-infectious agents and orally admin-
istered analgesics, typically nonsteroidal anti-inflammatory drugs, although
sometimes narcotic medications may be indicated as well. While little attention
has been paid to psychosocial methods for managing such acute dental infec-
tious pain once it arises, much attention has been paid to uncovering whether or
not psychological and behavioral factors contribute to the initiation of dental
infection and eventually dental pain. Dentistry has a long and successful track
record for advocating and educating with regard to improved preventive dental
and oral health behavioral regimens specifically designed to maximize long-
term oral health and minimize the risk for dental pain ever arising. The issues
associated with patients not utilizing such preventive behaviors and proven
methods for changing dental patient behavior with regard to preventing dental
pain are well beyond the present scope. There are excellent resources available to
dentists that comprehensively discuss the underlying psychosocial issues of
accessibility, acceptability and prevention of dental disease and dental pain,
often accompanied by practical recommendations for dentists to change mal-
adaptive beliefs and behaviors that are risk factors for dental pain [5].

Behavioral Management

With regard to dental pain associated with dental treatment, it is undoubt-
edly the case in current dental practice that pain control for acute dental pain,
whether associated with extreme anxiety, fear or phobia, is most often managed
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in children and adults by pharmacological methods. These interventions range
from topical and local anesthetics to intravenous and inhalation methods [6]
for providing sedative-analgesic states safe and comfortable for most dental
patients. Besides, more profoundly invasive general anesthesia is an alternative
for the most resistant of anxious and phobic dental patients [7].

Fortunately, nonpharmacological methods that have a long and honorable
history associated with ameliorating both dental anxiety and dental pain associ-
ated with treatment are available, which may be used in conjunction with dental
pain pharmacotherapy or separately. Nonpharmacological management of den-
tal pain and anxiety involves modifying the emotional and behavioral status of
the patient by cognitive-behavioral methods. A wide variety of cognitive-behavioral
methods are available to psychologically prepare the patient for clinical den-
tistry, with and without chemoanesthesia [4]. Cognitive-behavioral methods
seek to change both the patient’s thoughts, or cognitions, about dentistry — such
as associating dentistry with thoughts of harm or pain — as well as the patient’s
dental behaviors — such as avoiding dental treatment. These methods range
from provision of information to social modeling, and include biofeedback,
formal hypnosis, individual and group counseling. Highly regarded clinical
research by Berggren [8], Smith [9] and DeJongh et al. [10] has demonstrated
the effectiveness of such methods and has clarified some of the underlying
behavioral mechanisms for their efficacy. Clinically oriented texts [4, 5] pro-
vide useful perspectives together with specific methods to assist dental patients
in the management of fear, anxiety and pain associated with dentistry.

Orofacial Pain

The most prevalent of orofacial pain conditions are musculoskeletal pain
involving the masticatory muscles (often involving adjacent cervical muscles as
well) and pain of the temporomandibular joints; collectively, orofacial pain con-
ditions involving the masticatory muscles and temporomandibular joints are
most commonly referred to as temporomandibular (muscle and joint) disorders
(TMDs) [11]. Neuropathic orofacial pain conditions, whose prevalence is not
so clearly established, but which are much less common, include trigeminal
neuralgia and a collection of poorly understood and presumably neuropathic
pain conditions commonly classified as “persistent idiopathic facial pain’ (for-
merly: ‘atypical facial pain’). Intraoral soft tissue pain classified as ‘burning
mouth syndrome’ [12] is also well known to dentistry [13]. (The chapter by
Woda, pp 209222, discusses issues related to the classification of orofacial
pain; the preceding chapters of this section on orofacial pain entities present
pathophysiological mechanisms and biological approaches to the management
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of all these orofacial pain conditions.) For the sake of completeness, it should
be noted that oral malignancies comprise a universe of diseases which often
include pain as a prominent feature, but these are not included here.

The Challenge of Chronic Orofacial Pain

From public health and psychosocial perspectives, it seems most reason-
able to consider all the orofacial pain conditions just mentioned as chronic oro-
facial pain problems — chronicity of these orofacial pain conditions is the risk
factor that provides the greatest challenge to both societal costs and personal
impact. Acute — that is, recently arising — orofacial pain is unquestionably
encountered in clinical practice, but from a psychosocial perspective, the most
important characteristics of orofacial pain arise in association with their clinic-
ally persistent and chronic nature. In fact, there is only a scant literature devoted
to acute forms of the major orofacial pain conditions under consideration.
Indeed, for the most part, the psychosocial perspectives and the behavioral
management approaches for both acute and chronic orofacial pain of all types
contain the same elements which all orofacial pain patients are at risk for. Table 1
summarizes the relationships among the most common elements influencing
acute and chronic orofacial pain.

Chronic orofacial pain, which Bonica [14] referred to as a malefic force
serving no useful clinical or personal purpose as a warning of trauma or dis-
ease, unfortunately remains for too many patients more resistant to quick or
simple resolution. This is because the amount and even the location of pain
experienced and the behaviors of the patient with persistent or chronic pain
problems are only poorly related to physical events, making etiology elusive
and treatment difficult. For example, atypical odontalgia and other neuropathic
and soft tissue orofacial pains are often associated with poorly defined patho-
logical markers disproportionate to the extent of expressed pain perception and
pain behavior. Similarly, persistent pain in the masticatory muscles (myalgia)
can be a source of minor inconvenience to some patients while for others it can
become a decade-long major disorganizing force associated with significant
depression and disruption of their everyday lives — yet there may be no
detectable, let alone diagnosable, physical change to distinguish the two. So,
whether persistent pain is experienced as a minor inconvenience or a source of
major life stress, most often chronic orofacial pain and related psychosocial
disability cannot be understood in terms of diagnosable pathology.

Behavioral neuroscience and modern neurophysiology have developed an
emerging science of mind [15] which provides a biological basis for under-
standing how basic physiological processes subserving pain (see the chapters
by Mense, Schaible, and Kopp and Sommer, pp 7-17, 18-27, and 28-43) as
well as higher-order processes subserving emotional, thought and behavioral
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processes, even including ethnicity and larger cultural influences, can become
linked and stored as integrated neural circuits or neuromatrices [16], preserving
memories and belief systems which influence subjective pain experience and
guide actions taken to cope with pain. The complex interaction of these multi-
ple dimensions of pain are also known to be under genetic influence (see the
chapter by Stohler, pp 236-247) and reproductive hormonal cyclicity (see the
chapter by LeResche, pp 44-55). The fact that patients often report pain in
the absence of detectable tissue damage or pathophysiological cause can lead a
well-meaning practitioner to attribute the pain to psychological rather than
organic etiology. We find such a distinction of little practical value for chronic
pain because there is usually no way to distinguish the two etiologies. If patients
regard their experience as pain and if it is reported in the same ways as pain
caused by tissue damage, it should be accepted as pain and treated accordingly.
This perspective avoids tying pain to the stimulus, and it avoids the potential
pitfall of deciding whether a patient’s subjective report is reflective of real ver-
sus imagined pain. Instead, a more useful (and palatable for patients) view is
that a pain report in the absence of discernible tissue damage can potentially
arise from multiple reasons (i.e. biological, psychological, social and/or cul-
tural processes) that invoke integrated multidimensional physiological activity
which is experienced subjectively as pain.

Because musculoskeletal pain, particularly TMD-related pain, is over-
whelmingly the most commonly occurring chronic orofacial pain confronting
dentistry, with a prevalence of about 10—15% in the USA and around the world
[17], and because TMDs are associated with the same significant psychological
and psychosocial issues that are found in all chronic pain conditions, orofacial
or otherwise [18, 19], much of the remainder of this chapter uses TMD-related
pain to elucidate major concepts as well as methods for biobehavioral assess-
ment and management. The psychosocial concepts and biobehavioral manage-
ment methods pertaining to chronic orofacial pain conditions such as TMDs
can be applied equally to chronic neuropathic and malignant orofacial pains,
recognizing of course that some specific modifications in approach will be
necessary to accommodate the different intra- and extraoral sites in which
neuropathic, vascular and orofacial pains from malignancy might be located.

Biopsychosocial Model for Orofacial Pain: Rationale and Use

Mechanistic, biomedical views of pain as originating solely from somatic
or physical pathology and requiring only objective assessment of pathophysio-
logical processes, such as inflammation, are now considered scientifically
inadequate to fully explain a chronic pain patient’s presentation. It is now
understood that health care providers have an inherent need to rely on patients
as the only reliable source for knowing whether or not pain is present. We
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Fig. 1. Biopsychosocial model of chronic pain. The model’s 5-stage processes inte-
grate physiological or pathophysiological activity with associated psychological states and
socially and culturally determined behavior.

simultaneously recognize that the subjective pain report is the result of many
co-occurring factors, ranging from pathobiology to prior experience to social
context. Hence, a purely biomedical model of pain has been outgrown because
of its too exclusive emphasis on physical factors.

A model for integrating presumed physiological activity associated with
ongoing pain experience, developed to guide research into the psychosocial
aspects of orofacial pain, is depicted schematically in figure 1. Earlier versions
of this biopsychosocial model have appeared elsewhere [20]. Its current version
is reproduced because the concept of a biopsychosocial approach to disease and
illness, in general, is not as widely known or accepted in dentistry as it is in
medicine, where it has found virtually universal applicability. The model
depicted as applied to pain derives from the seminal work of many biomedical,
behavioral and public health scientists [1, 21, 22].

As the schematic figure 1 demonstrates, successively higher levels of cen-
tral processing by the brain integrate the nociceptive or harmful stimuli present
in the pain transmission system, eventually to emerge in consciousness as the
individual’s unique pain experience. Higher-order central processing assigns
meaning to the pain for each individual, which then mobilizes patients to act
within the social context of permissible behaviors, in response to their uniquely
defined pain state. Because the model system seeks to integrate physiological
or pathophysiological activity with associated psychological states and socially
and culturally determined behavior, the model is labeled a biopsychosocial
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model — that is, a model integrating biological, psychological and social com-
ponents of the pain experience [20].

The stages of the pain experience offered by this model system all reflect
normal or adaptive mechanisms by which individuals come to experience pain
and then attempt to make sense of the pain and adapt appropriately. These same
higher-order processes are subject to distortions and maladaptive responses as
well, and some examples are given for each level, at which it is possible to ana-
lyze complex expressions of pain using this biopsychosocial model:

Nociception

Physiological events in the pain transmission system that, among other
things, provides pain information to higher centers dealing with attention,
memory, emotions, decision-making and motor preparedness.

Perception

The initial stage of forming a subjective pain response, self-identifying the
physical qualities of the pain experience, which include sensory (e.g. sharp,
dull, throbbing), spatial (e.g. highly localized to a specific anatomical site, as in
acute toothache, or diffuse, as in many cases of temporomandibular pain) and
temporal pain qualities (e.g. acutely arising, recent onset, as in toothache, or
recurrent and persistent over time, as in chronic TMDs).

Appraisal

Higher-order integrative mental operations attaching cognitive and emo-
tional meaning to the painful sensations being perceived. The appraisal level is
crucial for attaching attitudes, beliefs, expectations and emotional arousal to
those pain sensations — in a word, meaning is attributed to the physical experi-
ence. Inappropriate attribution of meaning, influenced by interaction of noci-
ceptive activity with attention and memory, may yield cognitive thought
processes and emotional states which show themselves as pain-related catastro-
phizing thoughts, fear, anxiety or depression.

Behavior

Observable pain behaviors that are either contributory (e.g. bruxism) or
the result of pain (verbal and nonverbal expressions of pain, inactivity, diet
modification). Fordyce’s introduction of the notion of ‘chronic pain behavior’
into the rehabilitation of patients with chronic pain [21] was a revolutionary
concept that called attention to the possibility for chronic pain conditions to
become associated with maladaptive behavioral patterns of work or social
avoidance. As a result, chronic pain treatment should not focus exclusively on
uncovering difficult-to-observe pathophysiology, but should focus heavily on
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behaviorally based methods for returning the pain patient to a more productive
lifestyle.

Social Context: The Sick Role

Cultural and societal factors shape the pain experience by defining roles
for pain patients that may sanction disability and provide specific forms of
pain-related health care and medications. Sanctioning of different sick roles for
women and men in response to pain is an important example of the influence
that social factors can play in determining observable manifestations of pain.
Options for treatment of dental and orofacial pain are often constrained by fac-
tors dictated by social or cultural factors, such as availability of health insur-
ance and governmental regulation of narcotic analgesics. However, for a
significant minority of patients experiencing chronic pain, the sick role is asso-
ciated with heavy use of health care services and demand for narcotic pain med-
ications, both examples of pain behaviors that can run counter to social norms
in many parts of the world.

In summary, the biopsychosocial model, as its name implies, reflects our
growing understanding that illnesses and cures are indeed complex; that to
understand how and when we experience pain and to understand whether or not
we will respond to treatment, a host of factors in addition to biology must be
considered. The biopsychosocial model does not seek to compete with, let
alone replace, scientifically derived biological models or current clinical prac-
tices. Rather, the model is an integrative one, which conceives that biological
processes and environmental factors, in the broad sense defined earlier, are
equipotent for explaining not only pain conditions, but also responses to treat-
ment for the alleviation of pain.

A Dual-Axis Approach to Assessment of Dental and Orofacial Pain

From the above discussion, it is not surprising to find that currently no
chronic pain problem is conceived of as either solely physical or mental, bio-
logical or psychological — either in the body, hence ‘real,” or in the mind, hence
‘imagined’. Instead of trying to force a particular patient with pain onto one end
or the other of a single psychological-versus-somatic continuum, the biopsy-
chosocial perspective suggests an alternative as figure 2 depicts: at least
2 axes be conceptualized for characterizing patients in pain; that is, that each
patient be located on axis I, reflecting the status of physical/clinical factors that
may yield a biologically based diagnosis, and axis II, reflecting psychological,

Psychosocial Impact 197



Intense pain,
jaw locks,
no stress

Mild pain,
no TMJ signs,
depressed

Axis I: Orofacial pain diagnosis

Axis ll: psychosocial assessment

Fig. 2. Dual-axis approach for orofacial pain assessment. Axis I comprises the status
of a patient’s physical/clinical factors that may yield a biologically based diagnosis; axis II
comprises an assessment of the patient’s psychological, emotional and behavioral status.
TMJ = Temporomandibular joint. Modified from Dworkin et al. [20].

emotional or behavioral and psychosocial status. The Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMD) [22] use such a dual-
axis approach for the diagnosis and assessment of TMD patients. The axis II
components have been found to be reliable and valid as screening measures for
depression, anxiety and psychosocial disability [23]; these measures are freely
available at the website of the International Consortium for TMD Research
(http://www.rde-tmdinternational.org). It is important to note that the use of a
dual (or even multiaxial) pain classification system such as that offered by the
IASP [3] should not be misinterpreted to mean that the underlying concept is
that orofacial pain is either in the body or in the mind. In fact the exact opposite
is intended: orofacial pain is always, and in the most basic and fundamental
terms, simultaneously in the body and in the mind; the mind is understood in
this context to be one of many aspects of what the bodily processes generate.
Clinically, the relevance of these notions is that orofacial pain is viewed by the
clinician as a holistic and unified personal experience of the patient; for clinical
expediency, orofacial pain can be analyzed from somatic and psychosocial per-
spectives, using the methods and languages relevant to each of those domains.
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But the patient does not have such a dichotomous experience; the patient
expresses a subjective experience, pain, which reflects the current resolution of
the workings of the whole person.

Assessing Psychological and Psychosocial Factors

As a guide to assessing pain patients with regard to the contribution of
psychological and psychosocial factors (axis 1), 4 domains of such biobehav-
ioral assessment are recommended: (1) pain history and response to prior treat-
ment; (2) parafunctional oral behaviors (e.g. assessment of bruxism, pernicious
oral habits); (3) psychological screening; and (4) interference with usual psy-
chosocial functioning. From a practical treatment perspective, it should be
noted that the assessment of these biobehavioral domains is possible largely by
routine history and examination methods, supplemented with reliable and valid
measures that are relatively easy for dentists to use and interpret [24].

Pain and Treatment History

Pain and treatment history are typically gathered as part of any new dental
patient assessment. It is now strongly recommended that dentists gather data on
the intensity of pain by the use of visual analogue or verbal descriptor scales,
where patients simply mark a 100-mm line, anchored at one end with ‘no pain
at all” and the other end with ‘the most intense pain imaginable’ or respond to a
verbal question using the same anchors. Such scales are used to assess average
or typical pain intensity, worst pain and current pain intensity. With regard to
treatment history, it is important to record the extent of prior treatment for
chronic pain and the degree of success or failure of such past treatments.
Repeated bouts of treatment failure often reflect a high risk for the failure of the
next treatment.

Parafunctional Oral Behaviors

For the present purposes, this domain applies specifically to TMDs. There
is very little known or even reported about parafunctional or other maladaptive
behavioral habit patterns thought to be relevant to orofacial pains other than the
musculoskeletal group of disorders classified under the term TMDs. The
RDC/TMD include a measure for assessing potentially excessive jaw behav-
iors, such as jaw clenching and/or tooth grinding (bruxism). These behaviors
are viewed as a significant risk factor by many for the initiation and main-
tenance of TMD-related orofacial chronic pain, although there has not yet
emerged any clear scientific evidence to confirm the etiological role that jaw
parafunctional behaviors may play. This measure and others in widespread use [25]
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are straightforward and easy for dentists to apply, interpret and incorporate into
their routine history protocols.

Psychological Status

Included here is the recommended screening assessment for depression,
anxiety and the presence of multiple nonspecific physical symptoms, referred
to in psychiatry as somatization. Formal assessment of psychological status
requires specialized measurement instruments and/or diagnostic interview
schedules beyond the training and expected clinical expertise of most dentists.
However, the inclusion of relatively straightforward measures such as the
Symptom Checklist 90 [26] in a clinical database, used routinely with all
patients, minimizes resistance to the perception that attention is being unduly
given to psychological factors when the patient feels that a physical pain prob-
lem is being presented. Such measures, although representing well-established
psychological tests with excellent reliability and validity, are appropriate only
as screening aids for psychological disturbance.

As included in the RDC/TMD axis II and as emphasized here, these psy-
chological measures are not intended to be diagnostic of psychopathology (note:
assessment of anxiety is not included in the original version of the RDC/TMD,
but assessment of anxiety is recommended for all orofacial pain patients). This
perspective on psychosocial assessment of orofacial pain patients allows dentists
treating chronic orofacial pain patients to obtain a clearer understanding of the
psychological status of the chronic pain patient in order to evaluate if there is
either a need for more specialized psychological assessment or even whether the
dentist is likely to be able to formulate a treatment plan which has a reasonable
chance of succeeding because of the patient’s emotional state.

Anxiety and panic are emotional disturbances seen not only in phobic den-
tal patients but are increasingly recognized as concomitant psychological fac-
tors of chronic orofacial pain as well. These anxiety states are commonly seen
during the acute phase of the orofacial pain problem when uncertainty over the
meaning and future course of pain and any physical disease or other pathology
that might underlie the pain is a dominant concern. Typically, as the pain
becomes more chronic, depression becomes more prevalent, as initially co-
occurring anxiety gives way to co-occurring hopelessness about the future and
helplessness about finding a cure. Similarly, somatization [27], the subjective
reporting of widespread, nonspecific physical symptoms is present to an exces-
sive degree in a significant minority of TMD patients and is associated with
such diverse consequences as presenting an important risk factor for poor TMD
treatment outcome and for potentially confounding the accurate diagnosis of
particular chronic orofacial pain conditions [28]. The presence of these somat-
ization symptoms can be assessed with items found in the RDC/TMD axis II.
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Psychosocial Status

Included here is the RDC/TMD axis II Graded Chronic Pain (GCP) scale,
as a brief, evidence-based measure to assess the current level of psychosocial
function [29]. The GCP scale has been used primarily in conjunction with
RDC/TMD axis II assessment of chronic orofacial pain patients to assess, in a
single index, both the severity of pain and the extent of pain-related interference
with activities of daily living and extent of health care utilization (see
<www.rdc-tmdinternational.org> for the 7 items comprising the GCP scale).
Randomized control trials have shown the utility of using GCP as the criteria
for assigning treatment, independent of axis I physical diagnosis [30, 31].
Prognosis is more guarded when self-reported activity limitations due to
chronic pain are high and when pain interferes appreciably with the ability to
discharge responsibilities at home, school or work and/or limits socializing
activities (e.g. high GCP score).

Additional Useful Measures of Psychosocial Functioning

Multidimensional Pain Inventory

The Multidimensional Pain Inventory (MPI) [32] is an important and
widely used instrument to assess psychosocial function in chronic pain patients.
The MPI is much longer than the simple GCP scale, but more information for
those who find it helpful in their clinical management and research to have a
more detailed measure of psychosocial function. The MPI assesses pain impact
(severity, interference), responses of others and activities, and enables patients
to be classified into dysfunctional, interpersonally distressed and adaptive-
coper subgroups. Such a categorization has also proven useful in treatment
planning because studies have shown that dysfunctional patients improved
more when treatment of depression was added to standard appliance and
biofeedback therapy, and acute temporomandibular pain patients who were
found to be dysfunctional and distressed on the MPI have been shown to be
more likely to develop chronic temporomandibular pain while the dysfunc-
tional profile has also been shown to predict treatment failure [33].

Substance Abuse

Substance abuse, principally with alcohol and narcotics, is frequently
reported in the chronic pain and TMD literature to be more common than in the
general population. Dentists may wish to consider the Alcohol Use Disorders
Identification Test as a brief screen for these problems [34]. It uses 3 questions
(‘How often do you have a drink containing alcohol?’ — ‘How many drinks con-
taining alcohol do you have on a typical day when you are drinking?’ — ‘How
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often do you have 6 or more drinks on one occasion?’). An even briefer screen
for both alcohol and drug abuse is the 2-Item Conjoint Screening Test (‘In the
last year, have you ever drunk or used drugs more than you meant to?’ — ‘Have
you felt you wanted or needed to cut down on your drinking or drug use in the
last year?”). These brief measures have been shown to have good sensitivity and
specificity for detecting current substance use disorders [34].

Sleep Disturbance

Disturbed sleep is a potent dysregulator of homeostatic bodily processes,
and sleep disturbance is consistently reported to be higher among chronic pain
patients than in the population at large. The Pittsburgh Sleep Quality Inventory
[35] is a widely used measure of sleep disturbance. Supplementing it with a sin-
gle question — ‘How is your sleep overall?’ — may serve as an adequate screen to
detect the possible presence of a sleep disturbance warranting further pursuit.
Once acknowledged by the patient, there are therapeutic modalities available to
enhance sleep hygiene, which range from medications to brief cognitive-behavioral
therapy interventions.

Posttraumatic Stress Disorder

Posttraumatic stress disorder (PTSD) is a psychiatric disorder that can
occur following the experience or witnessing of life-threatening events, such
as military combat, natural disasters, serious accidents or violent personal
assaults like rape. People who suffer from PTSD often relive the experience
through nightmares and flashbacks, have difficulty sleeping and feel detached
or estranged. These symptoms can be severe enough and last long enough to
significantly impair the person’s daily life. We have shown that in addition to
being highly prevalent in chronic orofacial pain, patients with TMDs and
PTSD present with a more complicated clinical picture that includes more
intense pain and functional impairment when compared to those without
PTSD [36].

There is good evidence supporting a synergy between chronic pain, includ-
ing chronic temporomandibular pain and PTSD, but what remains unknown to
date is the predictive value of routinely assessing PTSD in such TMD pain
patients. However, it seems reasonable that screening measures be used in cases
where PTSD is suspected. This can be done using the Clinician-Administered
PTSD Scale 20 or the PTSD Checklist [37].

Physical and Sexual Abuse (Domestic Violence)

The literature contains numerous accounts of the frequent occurrence of
physical and sexual abuse in patients with chronic temporomandibular pain.
The lifetime prevalence of such domestic violence is estimated to be about 16%
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of the American population. While women are the most common target of such
abuse, men, the very young and the elderly are also targets.

Because the consequences can be so grave, and because the overwhelming
tendency is to hide or deny any experience of abuse, it seems appropriate to rec-
ommend to clinicians treating patients where persistent pain is a dependable
part of the clinical picture, that sensitive screening for issues of physical and
sexual abuse be undertaken after a secure dentist-patient relationship has been
obtained. The recommended assessment process is the so-called AVDR model:
ask about abuse; provide validating messages; document presenting signs and
symptoms; refer victims to domestic violence specialists [38].

In summary, a wide variety of psychosocial considerations may influence
how orofacial pain patients express their pain condition. It has been suggested
that dentists managing such patients screen for certain of these factors known to
be prevalent, singly or in combination, in many orofacial pain patients. Once
again, the data on this point are quite secure for TMDs, and there is much clin-
ical evidence and conventional clinical wisdom that the same is true for the
chronic neuropathic orofacial pain problems [39].

The Dentist as Biobehavioral Clinician: Guidelines for
Managing Chronic Orofacial Pain

We have introduced the recommendation that dentistry extend its domain
of clinical concerns to include the assessment and classification of psychologi-
cal status and level of psychosocial functioning. Even more, we have suggested
that dentists be encouraged to include in their clinical treatment armamentar-
ium relatively simple cognitive-behavioral and behavioral techniques that can
readily be applied by dentists to facilitate the amelioration of their patients’
acute and chronic pain experiences [40].

The label ‘biobehavioral’ has gained acceptance as a collective term to
refer to treatment approaches for chronic pain derived from applying behavioral
science theories and methods to changing the perception and appraisal of pain
and ameliorating or eliminating the personal suffering and psychosocial dys-
function that often accompany persistent pain conditions [41].

Dentists are uniquely well situated to deliver these biobehavioral treatment
modalities, either themselves or in conjunction with appropriately trained mem-
bers of the dental health care delivery team — dental hygienists are probably the
best example — who are working directly under the supervision of both general
practitioners and clinical dental specialists. Dentists often develop long-standing
and effective relationships with many of their patients and are viewed as
reliable and well-intended sources of information as well as technical expertise
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when it comes to dental and orofacial problems of any sort. Our own and
others’ research has shown in repeated randomized clinical trials how cognitive-
behavioral therapy, including use of education, relaxation and relapse preven-
tion strategies, may be applied in general or specialty dental offices, by dentists
or, in many cases of chronic TMD-related pain, by qualified members of the
dental office staff [30, 31, 42]. The training to become both competent and
comfortable with taking on the role of a biobehavioral clinician is easily within
the level of expertise and ability of dental clinicians who are so motivated.
Where direct delivery of biobehavioral orofacial pain management methods is
not deemed possible in particular dental settings, clinicians may alternatively
elect to refer those patients with chronic orofacial pain who have been identi-
fied by biobehavioral screening as burdened with heightened psychological or
psychosocial disability to mental health professionals — psychiatrists, clinical
psychologists and qualified psychiatric social workers.

The biobehavioral pain management modalities are drawn largely from
cognitive-behavioral therapy as well as educational approaches. These psycho-
logically based therapies include biofeedback, relaxation, imagery and hypno-
sis [43, 44]. Substantial evidence has emerged over the past two decades that
such modalities are safe and effective in the management of chronic pain con-
ditions. These biobehavioral treatments [45, 46] constitute a component of vir-
tually every chronic pain treatment program, and the management of chronic
orofacial pain, notably TMDs, has benefited from such biobehavioral interven-
tions as well. Overwhelmingly, these methods emphasize as their common
objectives self-management and the acquisition of self-control over not only
pain symptoms, but cognitive attributions or meanings given to those symptoms
and, most importantly, to maintaining a productive level of psychosocial func-
tion, even if pain is not totally absent.

By and large, when biobehavioral treatments are employed in the manage-
ment of chronic orofacial pain, effects are virtually always positive and in the
hypothesized beneficial direction, though often effects are moderate in size.
These biobehavioral methods, especially those subsumed under the label
‘cognitive-behavioral’, appear to have the potential for producing long-lasting
benefits that exceed those observed with the usual clinical treatment for TMDs.
Increasingly, it should be noted that conservative, noninvasive approaches to
TMD management are being advocated as the preferred overall treatment
approach for this hard-to-understand chronic pain problem [47]. These so-
called conservative treatments generally incorporate many of the same ele-
ments (i.e. relaxation, stress education, habit behavior modification etc.) found
in cognitive-behavioral and biobehavioral therapies for TMDs. Thus, both the
usual clinical treatment for TMDs and biobehavioral treatment employ multi-
modal approaches, and it does not yet appear possible to disengage which of the
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multiple therapeutic components are most efficacious. If one method had to be
singled out, relaxation seems to emerge consistently as an effective method for
chronic pain management across a wide variety of pain conditions and over a
wide variety of clinical settings. In any event, of the combined biobehavioral
methods commonly used in clinical practice and in research, one method has as
yet failed to emerge as superior to another.

It is important to note that much the same situation obtains with regard to
biomedically based TMD treatments. Little is known about the superiority of
any one of the multiple methods commonly employed to biomedically manage
TMDs — there is no strong scientific evidence to substantiate invasive versus
noninvasive treatments or pharmacological treatments emphasizing analgesics
versus those stressing antidepressants or muscle relaxants. It is the absence of
compelling evidence to the contrary which has led many clinical researchers to
advocate conservative, reversible therapies for the largest number of TMD
patients.

Conclusion

Psychological and psychosocial factors are universally accepted as promin-
ent features among patients seeking treatment for amelioration of chronic oro-
facial pain, especially TMDs. Indeed, for a significant number of chronic
orofacial pain patients, these pain-related emotional and behavioral factors may
represent the major burden their condition imposes, putting an important stamp
on the clinical presentation. While definitive information is not yet available
regarding whether such emotional and behavioral factors are causes or effects
of chronic orofacial pain states, it is nevertheless widely accepted that the com-
prehensive management of such patients requires attention to these issues. In
practical terms, this means assessing levels of psychological and psychosocial
disturbance in order to determine whether or not treatment decision-making
should also include recommendations for incorporating psychological and/or
behavioral management into comprehensive orofacial pain treatment. In terms
of clinical utility for biomedical clinicians seeking to provide the most compre-
hensive treatment for their patients with chronic pain, 4 domains of psycho-
logical and psychosocial assessment are recommended: (1) pain; (2) parafunctional
oral behaviors specific to each orofacial pain condition; (3) psychological sta-
tus — principally depression — and somatization; and (4) psychosocial level of
function as related to quality of life and use of health care services or medica-
tions. The RDC/TMD offer a battery of reliable and valid measures that have
gained wide acceptance and use with TMDs. Psychological domains worthy of
assessment but not incorporated into the RDC/TMD include anxiety, substance
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abuse and sleep disturbance. Additional domains seemingly relevant to a com-
prehensive assessment of the orofacial pain patient — but again, the evidence is
best for TMDs — include physical/sexual abuse and PTSD. Finally, the major
thrust of this chapter has been to persuade the reader that a biopsychosocial
approach — the model system that guides all major multidisciplinary pain
centers — should be used by all clinicians treating orofacial pain patients.
Current scientific evidence overwhelmingly confirms that this approach
enhances both the understanding and the management of all chronic orofacial
pain conditions.
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Abstract

Although medical taxonomy in general and the taxonomy of chronic pain in particular
is a pragmatic affair, it needs to be based as far as possible on scientific evidence. This chap-
ter reviews the strengths and weaknesses of the two main methods used to classify orofacial
pain. Studies based on cluster analysis are particularly aimed at discerning different entities
that might be seen at first glance as lying on a continuum of observed cases. Definition of
diagnostic criteria, established from a selected group of subjects assumed to represent a sin-
gle entity, is aimed at determining an objective, accurate, operational and reproducible tool to
describe a single disease. An authority-based consensus originating from or organized by a
scientific society or official institution is needed to consolidate the results, compensate for
missing data and take into account the results of clinical and pure research on causes, mech-
anisms and clinical presentation. Several studies in the field of orofacial pain have used one
or several of these approaches. They are reviewed and analyzed and constitute the basis of the
new concept of classification proposed here, integrating neurological, idiopathic and neu-
rovascular orofacial pain conditions.

Copyright © 2007 S. Karger AG, Basel

Although medical taxonomy in general and the taxonomy of chronic pain
in particular is a pragmatic affair [1], it needs to be based as far as possible on
scientific evidence. The present chapter reviews the strengths and weaknesses
of the usual methodologies used to classify orofacial pain. The results of recent
studies based on cluster analysis are particularly examined.

Cluster Analysis Approach

The clinical reality of orofacial pain entities is characterized by a broad
continuum of sign and symptom combinations with largely overlapping clinical



pictures, which are far removed from ‘ideal’ or ‘typical’ clinical presentations.

The first problem encountered by scientists trying to classify such pain condi-

tions is deciding what entities are to be specified. This question can arise at dif-

ferent levels; for instance: how many entities can be identified among
temporomandibular joint (TMJ) and masticatory muscle disorders (i.e. tem-
poromandibular disorders, TMDs), or how many for all head and neck pains?

Multivariate analysis (cluster analysis) has sometimes been used to solve this

type of problem. For example, the clustering pattern of patients with hip prob-

lems has been described [2]. This method has also been used to define subdivi-

sions in ill-defined entities, such as complex regional pain syndrome [3],

irritable bowel syndrome [4], chronic fatigue syndrome [5] and low back pain

[6-9], as well as in several pain studies to determine prognosis and treatment

orientations [10—17] largely based on psychopathological measurements [see

references in 18]. Its use in orofacial pain has been limited to the impact of psy-

chological and sociobehavioural factors [10, 11, 18-20].

Recently, this methodology was applied to the entire group of chronic oro-
facial pains in a prospective multicentric study carried out on 245 consecutive
patients [21, 22]. The expectation was that the clustering of the signs and symp-
toms used as variables might reflect pathophysiological mechanisms and clini-
cal significance. Each patient was seen by 2 experts; they administered a
111-item self-completed questionnaire, filled out a standardized 68-item exam-
ination form and proposed a diagnosis. These 179 items covered all the signs
and symptoms needed to diagnose the various forms of orofacial pain condi-
tions [1, 23-28]. After piloting and calibration, data were collected and
processed in 4 steps:

e step 1: preselection of signs and symptoms by univariate analysis (x? test)
to select the significant signs or symptoms among the 179 questions;

e step 2: formation of composite signs and symptoms using a first cluster
analysis.

Steps 1 and 2 yielded two lists of selected signs and symptoms. One of the
two lists excluded signs and symptoms referring to a topographical site, organ
or tissue so as to obtain a classification based on a list of non-topographical
signs and symptoms.

e Step 3: clustering of the patients’ conditions using multidimensional
analyses;

e step 4: labelling of the clusters evidenced in step 3 by searching for the
signs and symptoms characterizing the subjects of each cluster (decision
tree); the labelling of each cluster was facilitated by unblinding the initial
clinical diagnoses.

Steps 3 and 4 yielded a classification, the reliability of which was tested in
randomized subsamples of the total sample. The validity of the results was
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tested on the 107 patients suffering from the following 5 well-known orofacial
pain conditions: migraines, tension-type headaches, cluster headaches, classical
trigeminal neuralgia and posttraumatic trigeminal neuralgias. The reliability of
the clinical diagnoses was also examined.

The strength of the cluster analysis approach is that it obviates any a priori
decision. It can, therefore, be regarded as favouring an evidence-based classifi-
cation of chronic orofacial pain. Cluster analysis also offers a way to classify
the different entities hierarchically. It uses signs and symptoms, but it is possi-
ble to exclude those related to anatomical locations. Hence, it can be considered
to be more closely related to the actual pain mechanisms [29] than classifica-
tion systems based on tissues or organs. Some limits of this method must be
noted, however. Although the groups identified by the cluster analyses are best
characterized by the signs and symptoms displayed by the patients in each clus-
ter, these signs and symptoms cannot be considered as diagnostic criteria, since
their sensitivity and specificity have not been tested. However, diagnostic crite-
ria could be determined for each cluster in a complementary investigation.
Another limit of cluster analyses is that large groups of subjects are needed to
individualize a disease. Therefore, only prevalent entities are readily identified.
Ideally, several thousand patients need to be heard and examined, which can
only be done in a complex multicentre multilingual study. Even then, this
method might not identify diseases with very low prevalence. In addition, the
representation of certain pain entities may be skewed by the patient recruitment,
which is conducted in secondary or tertiary care settings. Thus, patients not
commonly seen in primary care settings may be selected. Finally, there is some
degree of tautology in the approach, since although cluster analysis can identify
clusters of patients with similar signs and symptomes, it does not name the iden-
tified clusters. To label the clusters, some reference to a pre-existing classifica-
tion is therefore unavoidable.

Approach Based on Authority-Based Consensus and
Diagnostic Criteria

Most previous studies aimed at classifying pain diseases have been based
on a different approach. Usually, the different groups of patients are defined on
the basis of an a priori set of inclusion criteria used to select a group of patients
representing a given pain entity. These inclusion criteria are generally based on
an authority-based consensus [1, 26, 28]. Signs and symptoms or other vari-
ables observed in the selected patients are recorded and analysed according to
their discriminating properties (sensitivity, specificity), giving a small set of
diagnostic criteria used thereafter to characterize the chosen entity. The tautological
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Table 1.

Comparison of the two main methods used for building classification systems

Method for What it can do Limitations Flaws Advantages
classification
Diagnostic Characterize an A large fraction Diagnostic Allows
criteria already selected of the cases are criteria must be standardization
group left unclassified extracted from of inclusions in
a group of clinical studies
patients chosen
with pre-existing
inclusion criteria
Circular reasoning
Cluster analysis ~ Determine what Needs large Observed Probably closer
entities really exist sample groups must be to mechanisms
Cannot define labelled from a
entities with pre-existing
very small classification
prevalence Circular reasoning

nature of this approach prevents it being used to identify entities. In other
words, the diagnostic criteria method does not say whether a group of cases
belongs to a single disease or lies on a continuum of overlapping cases. This
approach is, however, of great value in forming homogeneous groups of
patients for research purposes. The scientific methodology used to determine
these diagnostic criteria makes it possible to draw up consensual definitions
that can be adopted worldwide by different groups of researchers. Another
advantage is that relatively small numbers of subjects can be used to character-
ize a new disease. This is particularly helpful for rare diseases.

Critical Comments on the Two Approaches

The shortcomings of each approach can be summarized as follows: the
cluster analysis method needs very large-scale studies and cannot identify low
prevalence entities, while at the other extreme, the diagnostic criteria method
can produce specious results, finding individualized diseases where there are
none. Other considerations are summarized in table 1.

Even if the two methods are combined, there will still be room for a more
subjective approach in which expert opinion will play the primary role. The
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trend in the last few decades has been to rely on groups of experts rather than on
individuals in order to control for ‘individual leadership subjectivity’. However,
scientific societies and institutions can also be subjective. Sometimes, this has
resulted in conflicting classifications originating from different sources. An
example can be found in the classifications of pain in the head and neck region
into specific diseases, syndromes or pain entities that rely largely on work
undertaken by the International Association for the Study of Pain (IASP) [1] or
the International Headache Society (IHS) [28], later extended by the American
Academy of Orofacial Pain (AAOP) [26]. Variations in these taxonomies can be
largely explained by the academic background of the members of these groups
(pain specialists, neurologists, dentists) who receive different patients or inter-
pret similar or identical findings differently. As a consequence, each specialist
proposes a classification oriented towards certain illnesses and away from
others. The result is wide variations in taxonomies, in particular for orofacial
pain entities. Even so, these classifications have proved over time to be invalu-
able in getting closer from a common worldwide language for clinical researchers.

Classification of Orofacial Chronic Pain: Results from
Cluster Analyses

This section discusses the findings of a cluster analysis performed for
chronic orofacial pain. In the leading taxonomic systems [1, 28], head and neck
pain form a first division in chronic pain conditions. However, this division is
already a limitation, because a single entity can display different signs and
symptoms according to its location in the body and so may be classified differ-
ently by different specialists. For example, the individuality of the many ‘func-
tional syndromes’ is widely debated [30, 31]. In addition, facial pain is
frequently diffuse, extending largely outside the trigeminal field or even below
the upper cervical dermatomes [32, 33].

If we accept this limitation, the next step should be to begin from as wide a
point of view as possible. Three groups of orofacial pains can be recognized: (1)
group of acute orofacial pains and (2) groups of chronic pains, i.e. what could
be called ‘neurological chronic pains’ as opposed to ‘idiopathic orofacial
pains’. In the former are included well-known and well-described entities, such
as classical trigeminal neuralgia, cluster headache and facial or cranial
migraine, whereas the latter includes less well recognized, often disregarded yet
no less prevalent pain entities, such as orofacial arthromyalgia, atypical facial
pain and stomatodynia.

The cluster analysis data presented in figure 1 focus on the chronic orofacial
pain conditions [21]. They are based on a list of variables devoid of anatomical
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Fig. 1. Proposed classification for orofacial pain after multidimensional analyses. The
term ‘arthromyalgia’ is intended to exclude the temporomandibular joint and masticatory
muscle disorders with well-identified causes or mechanisms. ‘Undifferentiated orofacial
pain’ includes the former atypical facial pain and atypical odontalgia. ‘Persistent idiopathic
orofacial pain’ includes stomatodynia, arthromyalgia and undifferentiated orofacial pain.
Since ‘arthromyalgia’ and ‘undifferentiated orofacial pain’ can be separated only by topo-
graphical signs and symptoms, they are located lower in the classification tree. Note that two
clusters labelled as ‘idiopathic orofacial pain’ did not discriminate between the different idio-
pathic conditions. The cluster labelled ‘stomatodynia’, though clearly individualized,
appeared to be linked to the other idiopathic conditions. Adding the topographical signs and
symptoms separated ‘arthromyalgia’ from ‘atypical facial pain’ and ‘atypical odontalgia’.
‘Atypical facial pain’ and ‘atypical odontalgia’ could not be individualized even with
anatomical items. Therefore, these two clusters were labelled by a single term.

or organ landmarks. Figure 1 displays 3 groups of clusters with further branch-

ing forming a classification tree. Two observations can be made:

(1) The assembly of the two groups of neuralgic pain observed in figure 1 is
the consequence of similarities between the signs and symptoms displayed
by the patients forming these two clusters. The classical trigeminal neural-
gia is found as an identified entity in all systems and manuals. The second
cluster that we call ‘postinjury trigeminal neuralgia’ covers both the ‘other
terminal branch neuralgias’ of the IHS [28] and the ‘secondary trigeminal
neuralgia’ from facial trauma, which is common after orthognathic surgery
and not rare after removal of impacted teeth [1]. Calling either of them
‘neuropathic’ would be misleading, because the definition and extent of
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the neuropathic concept is ill defined [34] and other trigeminal pain enti-

ties located elsewhere in the tree are also probably ‘neuropathic’.

(2) A second branch of the classification tree of figure 1 is devoted to persis-
tent idiopathic orofacial pain. In the introduction of a classification for all
types of pain, the experts of the IASP [1] place atypical facial pain under
the heading ‘some controversial issues’. The term ‘atypical facial pain’ is
thereafter excluded from the IASP classification, while stomatodynia and
atypical odontalgia are located between periapical periodontitis and
cracked tooth syndrome on an anatomical basis. In the IASP classification,
the two subgroups of muscle and TMJ pain (myofascial pain and TMJ
arthralgia) are not separated. Conversely, in the last issue of the THS, the
term ‘persistent idiopathic facial pain’ is used to gather atypical facial pain
and atypical odontalgia. ‘Burning mouth syndrome’ is classified nearby,
but ‘headache or facial pain attributed to temporomandibular joint dis-
orders’ is located far away in acute pain from the teeth or from the sinuses
in that classification. The IASP, HIS and AAOP classifications show no
current consensus [35] on the status of the different entities and the rela-
tionships among burning mouth syndrome (stomatodynia), atypical odon-
talgia, atypical facial pain and facial arthromyalgia (common form of
TMDs). The results of the cluster analysis presented above clearly favour
the view that idiopathic orofacial pain corresponds to a single disease
expressed in different tissues: bone, tooth, oral mucosa, muscle and joint
[27, 36-38]. It must be emphasized that the list of variables without topo-
graphical cues did not allow a clear separation between the different forms
of idiopathic conditions, with stomatodynia being the only individualized
subgroup. This indicates that the individualization of the other two entities
(arthromyalgia and atypical facial pain) relies mainly on topographical cri-
teria. It was only after the addition of items related to anatomy that entities,
such as arthromyalgia and a common group associating atypical facial pain
and atypical odontalgia, were identified.

Although terminology is not a crucial issue, the choice of certain terms
must be explained. The present classification uses the term ‘arthromyalgia’ [36]
rather than TMDs to exclude all conditions, the causes and mechanisms of which
can be more easily identified, such as acute, often traumatic cases, including
sprains or TMD problems linked to more general diseases [26]. A common
group assembling atypical odontalgia and atypical facial pain has been placed
under the heading ‘atypical facial pain’, because there is not enough new knowl-
edge, e.g. in the pathophysiological field, to be more specific. The term ‘atypical
odontalgia’ as a main heading cannot be accepted, since the painful area in atyp-
ical facial pain is often devoid of teeth [27]. The term ‘undifferentiated orofacial
pain’ has been proposed given that the qualifying adjective ‘atypical’ may no
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longer be accurate, because the clinical presentation is much better described
and known now than it was 2 or 3 decades ago. In our opinion, a change in ter-
minology should be considered after undisputed new knowledge has been
gained, but this is not yet the case. The term ‘persistent idiopathic facial pain,’
which has recently been proposed [28] in place of ‘atypical facial pain’, could be
used to qualify the entire idiopathic group, including stomatodynia and
arthromyalgia. The term ‘stomatodynia’ is preferred to ‘burning mouth syn-
drome’, because a burning sensation within the oral mucosa may be caused by
several kinds of other disease processes. Since in such cases it is only one symp-
tom, it should not be confounded with what appears to be a true individualized
disease (i.e. stomatodynia). It is common knowledge that stomatodynia is not a
single symptom. Cluster analysis shows that it is not even a syndrome, but rather
a very homogenous disease which, for the sake of its sufferers deserves more
than merely a metaphoric appellation.

A third branch of the classification tree of figure 1 includes migraine and
tension-type headache as observed after cluster analysis. Cluster headache was
not individualized in the cluster analysis, probably because of the low preva-
lence in the sample. It has, however, been added in the primary branch of the
tree.

A more general comment concerns the entire classification tree. By
excluding all topographical landmarks, the resulting clusters are based only on
the pain characteristics and not on location or causes. However, it is now agreed
that an ideal classification of pains should be supported by mechanisms [29].
One of the main reasons for this is that mechanisms may change during the
course of a single disease [see references in 39]. Nonetheless, patients report
symptoms and not pain mechanisms, and until now diagnosing mechanisms in
patients has been uncertain, to say the least. A pragmatic first step is, therefore,
to refer to signs and symptoms to classify pain conditions. Signs and symptoms
and mechanisms are most probably related, though not directly [40].

Classification of Orofacial Chronic Pain: Results from Authority-Based
Consensus and Diagnostic Criteria Approach

Obviously, the above approach only concerns the first branches of the clas-
sification tree. The taxonomies proposed by the international institutions offer a
large array of entities. For example, 19 separate entities are individualized and
described in the ‘migraine’ section of the IHS [28]. In the first edition, the pro-
posed entities were defined by diagnostic criteria mostly based on expert opin-
ion. Later, these diagnostic criteria were re-assessed in numerous clinical
studies, leading to new proposals. This trial-and-error approach produced a
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renewed IHS classification [28]. Similar efforts have been made by the taxo-
nomic committee of the IASP. The initial guidelines, published for TMDs by
Charles McNeill [41], have been repeatedly updated by the AAOP [26]. Thus,
these ‘official’ classifications must not be considered definitive. On the con-
trary, they must be tested and discussed in a continuous dynamic process. New
proposals and rationales concerning the classification of neurological orofacial
pain entities [35, 42-46], TMDs [20, 47—49] or other idiopathic orofacial
chronic pains [27, 38, 50-52] are continuously being advanced.

Another development of the diagnostic criteria approach arises from the
requirement that any ideal classification system should be exhaustive, i.e. that
all patients should be diagnosed. In addition, the entities contained in any clas-
sification system should be mutually exclusive so that it should not be possible
to assign two different diagnoses to one patient. However, these two require-
ments are generally not met, because diagnostic criteria have to be a compro-
mise between two opposing properties, namely sensitivity and specificity.
Consequently, a substantial proportion of patients cannot be diagnosed. For
example, 29% of the patients seen in a tertiary care centre could not be diag-
nosed on the basis of the latest version of the IHS diagnostic criteria [53]. Also,
many signs and symptoms are found in several entities, leading to double diag-
noses. These limitations and conflicting requirements, together with the wide
overlap of signs and symptoms in TMD subgroups, have led Dworkin,
LeResche and coworkers to propose a new classification, the main characteris-
tics of which are (1) the definition of a set of some 12 entities and (2) accep-
tance of multiple diagnoses [23, 24]. Each entity may be present independently
or together with others in a single patient. Diagnostic criteria accurately define
each subgroup of this classification, the primary aim of which is to standardize
research efforts in the area, as emphasized by its usual designation: Research
Diagnostic Criteria for Temporomandibular Disorders. This approach has
improved the reliability of research findings by setting standards for clinical
examination and clinical judgment. Knowledge of TMD-related pain has
greatly increased as a result of the consequent improvement in standardization
among research groups.

Classifications Based on Other Criteria or Other Needs

The results and reasoning outlined above are based on the assumption that
signs and symptoms, including pain characteristics, are the consequence of
somatic impairment. However, it is common knowledge that psychosocial and
behavioural factors strongly influence chronic pain. Data corresponding to
these pain-associated features have also been considered along with somatic
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signs and symptoms for the classification of orofacial pain. Many different
tools have been used to assess patients’ psychological or personality status
[18-20], the best known being the Multidimensional Personality Inventory [10,
11]. Using cluster analysis, they all confirmed the initial results of Turk and
Rudy [10] that 3 groups of subjects could be identified: (1) a ‘dysfunctional’
group characterized by high scores for pain, life interference and emotional dis-
tress, and low scores for life control and activity; (2) an ‘interpersonally dis-
tressed’ group differentiated from the first group by a low level of social
support, and (3) an ‘adaptive copers’ group displaying characteristics opposite
to those of the dysfunctional group. A fourth group of patients was added later
[18], called the ‘repressor’ group; it is described by high pain, low activity and
low distress. It was suggested later that psychological factors were more impor-
tant than the actual disease entity in terms of management and outcomes [11].
In addition, and although some psychological factors had been initially
included in the diagnostic criteria of several forms of orofacial pain conditions,
there is low correlation between somatic signs and symptoms and psychologi-
cal factors. Accordingly, Dworkin and LeResche [23] have proposed consider-
ing separately an axis I, linked to somatic signs and symptoms, and an axis I,
linked to psychological factors, each receiving a separate diagnosis and requir-
ing separate treatment. This rationale is also supported by results of a cluster
analysis which, by using signs and symptoms as variables, showed a totally dis-
tinct location of the somatic versus the psychological signs [21]. This is in full
agreement with the statement of Turk and Rudy [11], which can be summarized
as follows: a depression should be treated as such without considering whether
the subject is also suffering from, for example, stomatodynia or a trigeminal
neuralgia.

Lipton et al. [54] and Hapak et al. [55] were among the first to propose a
classification of orofacial pain to be used specifically during an interview or
with a self-questionnaire. In the absence of any clinical examination, the defin-
ition of the categories was inevitably approximate and the validity of the result-
ing data was not demonstrated until a recent study was conducted that could
differentiate between musculo-ligamentous, dento-alveolar and neurological/
vascular-based craniofacial pain [56]. Although of limited usefulness for diag-
nostic and management purposes, these classifications suit the large samples
needed in epidemiological and treatment orientation studies.

Conclusion

Ideally, the construction of a classification should be based on two sets of
data, each answering, at least partially, a conceptual need in the classification
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Fig. 2. Schematic representation of the main orofacial pain divisions. The entities
which have not been clearly individualized from the others with a cluster analysis are repre-
sented with broken lines. The usual terminology for temporomandibular and masticatory dis-
orders (TMDs) is given with their myofascial, disc disorders and degenerative clinical forms
and the possible subdivisions that have been suggested. AFP = Atypical facial pain;
stomat. = stomatodynia.

strategy. The first set of data should come from cluster analysis performed in a
large group of patients presenting with a range of diseases. This is aimed at dis-
cerning different entities that might be seen at first glance as lying on a contin-
uum of observed cases. The second data set should come from interactions
between diagnostic criteria and authority-based consensus. The determination
of diagnostic criteria performed in a selected group of subjects assumed to rep-
resent a single entity is aimed at defining an objective, accurate, operational
and reproducible tool to describe a single disease. The authority-based consen-
sus originating from or organized by a scientific society or an official institu-
tion is needed to consolidate the results, compensate for missing data and take
into account the results of clinical and pure research on causes, mechanisms
and clinical presentation. Ideally, the determination of diagnostic criteria for a
group of subjects should follow the demonstration of an isolated entity. In the
field of orofacial pain, interest has mostly focused on the analysis and identifi-
cation of TMDs. However, the search for relationships between these pain con-
ditions (TMDs) and other orofacial pain (fig. 2) may also supply crucial
information.
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Abstract

This chapter provides a historical perspective on the subject of orofacial pain and tem-
poromandibular disorders (TMDs). Unlike some other medical or dental concepts that have
developed in an orderly fashion, the thinking about these disorders has been uneven and con-
tentious over the past 75 years. Much of this controversy can be attributed to the subjective
nature of the major symptoms of these conditions, which makes them difficult to diagnose in
a definitive manner. However, there are other factors within the dental community that have
contributed to these disputes, and as a result the field continues to be controversial. The most
significant arguments have been about the etiology of various TMDs, which naturally has
strongly influenced the choice of suitable therapies for TMD patients. Because many TMD
patients tend to respond positively to quite dissimilar treatments, their successful clinical out-
comes have only served to make things more confusing. However, current research is
focused more heavily on the underlying mechanisms of muscle and joint pain as well as the
neurophysiological mechanisms of acute and chronic pain. In addition, the behavioral effects
of being a chronic pain patient are finally getting the attention they deserve. Therefore, the
future looks promising for a better understanding of both the scientific and the clinical
aspects of these complex problems.

Copyright © 2007 S. Karger AG, Basel

In some areas of human intellectual activity, there is an expression that
describes the flow of ideas and events: ‘The past is prologue to the future.’
However, when the past ideas or events have not been notable for their good
features, people might want to move ahead in entirely new directions. This
chapter, which appears in an excellent book on modern orofacial pain (OFP)
concepts and practices, is intended to show where we have been and where we
are going in that field, with special focus on the temporomandibular disorders
(TMDs). My premise is that during the past 75 years, we have been down
some dark roads intellectually, and this has had an unfortunate effect on both



practitioners and patients [1]. Yet, thanks to the extraordinary efforts of some
prominent researchers and clinicians, much progress has been made in
achieving better diagnostic and therapeutic outcomes. Today, the field of OFP
stands poised on the threshold of deeper scientific understanding and better
clinical management of OFP phenomenology [2]. While some people con-
tinue to argue about historical concepts and to resist changing their clinical
practices, it has become clear that these disputes belong to the past, and that
the future holds great promise for caring practitioners as well as for suffering
patients.

Early Concepts and Their Consequences

The conditions which today are called TMDs initially emerged from out-
side the dental profession as well as within it. While some early dental clini-
cians had written papers describing various jaw pain and dysfunction symptoms
[3-8], it was an otolaryngologist (J.B. Costen) who wrote the seminal articles
about this condition in the 1930s. As part of his formulation of the eponymous
Costen’s syndrome [9], he attributed the condition to overclosure of the
mandible which produced pressure on various anatomic structures in the area of
the temporomandibular joint (TMJ) and the nearby ear region. It is important to
mention that Costen was writing as a clinician speculating on causal mechan-
isms, not as an anatomist, and eventually most of his concepts were found to
have no anatomic basis [10, 11]. Yet, his articles seemed to galvanize the dental
profession into taking responsibility for treating these problems, which were
referred to as TMJ syndrome (but never as OFP problems).

The concept of an overclosed mandible (a common situation in those
times, due to extensive loss of teeth in the general population) led logically to
procedures for ‘opening the bite’. This, of course, was something that dentists
could accomplish in many ways, the easiest of which was simply to make den-
tures for edentulous people. However, when people with all or most of their
teeth intact presented with the symptoms of Costen’s (TMJ) syndrome, they
were also subjected to bite-raising procedures using oral splints and fixed or
removable dental prostheses [12]. This was an important milestone in the evolu-
tion of the TMD field, because the clinical outcomes of such treatments would
either encourage or discourage clinicians to continue in this direction.
Unfortunately, many of the patients appeared to get better while being treated in
this manner, setting the stage for many similar phenomena over the succeeding
years. It was not until the 1960s and 1970s that anybody challenged the validity
of both the underlying theories and the clinical outcomes of these early treat-
ment concepts.
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The Age of Craniomandibular Perfection

As far back as the 1940s and 1950s, some dental clinicians were writing
and talking about various ‘ideal’ craniomandibular relationships. These
included condyle-fossa alignment, symmetries of facial and jaw bones, and
intra- as well as interarch occlusal relationships. These concepts emerged more
strongly in the succeeding decades, as gnathologists defined ideal TMJ centric
relations, prosthodontists defined ideal vertical dimensions, orthodontists
defined ideal intermaxillary relationships, and various other clinicians postu-
lated ideal muscle harmony and balance concepts [13—18]. In virtually every
concept, the definition of ‘ideal’ was quite narrow and precise, leaving much of
the population outside of the ideal category. The TMD patients who were seek-
ing help during those years were usually analyzed in terms of their anatomic
and physiological imperfections, leading to various corrective dental proce-
dures to bring them into more ideal relationships. Interestingly, nonsympto-
matic people who were examined in dental offices were often described as
being ‘resistant’ to their anatomic imperfections, but still some were treated
‘prophylactically’ to prevent future troubles.

Again, it was many years before anatomists, physiologists and other cran-
iofacial researchers were able to demonstrate that much of what was being
called imperfection was, in fact, nothing more than normal biological variation
within populations. Clinical population studies eventually showed that none of
these morphological or functional variables were either convincingly or consist-
ently associated with any specific TMD problems [19-21].

The Introduction of Psychosocial Factors

The possibility that psychosocial factors might be important in developing
or maintaining symptomatic TMDs first emerged in the 1960s. The entire field
of psychophysiology had been given a running start many years earlier by the
work of Hans Selye [22], who demonstrated the physiological responses of var-
ious body systems to environmental stressors. However, it took a long time for
either the medical or dental professions to begin applying these concepts to the
illnesses of their patients. The work of Lazslo Schwartz and Joseph Marbach at
Columbia University [23], followed by the work of Daniel Laskin and Charles
Greene at the University of Illinois [24], introduced this perspective into the
field of TMDs. It was not long, however, before questions arose about which
psychosocial variables were really important. Were TMD patients anxious,
depressed, neurotic or hypochondriacal? Did they have diagnosable personality
disorders? Did they suffer from classifiable psychiatric illnesses? Or were they
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mostly normal people who were reacting to excessive stress in their lives, or
who had poor coping skills for dealing with stress?

The answers to all of these questions are quite complex and have been
addressed in several other publications [25-29] as well as elsewhere in this
book (see the chapter by Dworkin, pp 187-208). Eventually, it did become clear
that most TMDs were biopsychosocial disorders that affected (mostly) psycho-
logically normal people, but the persistent pain of these disorders could pro-
duce significant psychosocial effects. As discussed by Dworkin in his chapter
(pp 187-208), this concept became the basis for developing the Research
Diagnostic Criteria for TMDs, which incorporate a physical examination (axis
I) with a psychosocial assessment (axis II) [30]. Other TMD authorities have
proposed hybrid hypotheses of etiology, in which the term ‘multifactorial” has
been used to make those concepts sound more intellectual, but no specific com-
binations of anatomic and psychological factors have been consistently demon-
strated in TMD patients [31] (table 1).

The Dilemma of Clinical Success (and Failure)

Until the 1960s, no systematic clinical studies had been conducted to evalu-
ate the efficacy of treatments for patients with TMDs. Instead, there were a num-
ber of ‘scorecard studies’ published that reported high levels of successful
treatment for these patients, utilizing a variety of mechanical (dental)
approaches. As often happens, for many clinicians these clinical successes
seemed to support the assumptions underlying their use. Even worse, the failure
of a minority of patients to respond positively to such treatments was seen as a
sign of psychological disturbance (e.g. hypochondriasis, depression, malinger-
ing, secondary gains) rather than a sign of inappropriate or ineffective treatment.
Unfortunately, failure to respond to a therapy was often used as the basis for
attempting a more aggressive therapy, up to and including surgical procedures.
When some early TMD studies in the 1960s and 1970s reported rather high lev-
els of positive response to placebo treatments [21, 32, 33], these findings were
dismissed as being some type of trickery. Some investigators were even accused
of misleading or duping patients by using placebos instead of ‘real’ treatments.

During that same time period, a number of controlled TMD treatment stud-
ies were producing high rates of positive response without performing any irre-
versible dental or skeletal corrective procedures [34-39]. In addition,
longitudinal follow-up studies showed that these short-term favorable responses
often persisted over periods of many years, even if the original treatment was
only a placebo [40—49]. This accumulating evidence presented a powerful
argument against the use of traditional mechanical TMD therapies, especially
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Table 1. Relationships among diagnosis, etiology and treatment in TMDs

Standard Diagnosis Etiology Treatment Prevalence
Ideal Clear and correct  Specific Antietiological ~ Not achievable
Measurable Measurable Definitive at this time
Demonstrable Treatable Successful
Acceptable Presumptive Unclear Empirically Frequently
validated achievable;
Probably correct ~ Complex Matched to represents best
diagnosis current practice
Categorical labels  Reversible Conservative
Wrong/bad  Parochial Favorite theory Prolonged Most common
specialty labeling appliance wear current
Technological Morphofunctional Bite-changing  practice,
diagnosis analysis procedures despite lack of
Possibly correct Mechanical Jaw scientific
concept repositioning  foundation
Outrageous Misdiagnosis of Guru/cult Whole-body All too
pain concepts procedures common;
Neglect of serious  Quackery Quackery represents
pathological concepts procedures fringe of current
conditions practice
Neglect chronicity Parochial Extreme dental
specialty procedures
concepts

Adapted from Greene [31].

since the irreversible nature of those treatments could significantly complicate
a nonresponding patient’s condition, both physically and psychologically
[50-52]. Finally, even for those TMD patients who were treated successfully,
some serious questions remained:
(1) How much of their positive response was due to a placebo effect or even to
a general phenomenon of ‘doctor’s white coat’ cure?
(2) How much improvement in symptoms was due to the natural fluctuation of
their condition or to a ‘regression to the mean’ level of symptoms?
(3) How much treatment was really necessary to achieve a good outcome for
each individual patient’s problem?
The answers to questions like these are crucial to making a distinction
between sufficient versus excessive treatment for any condition. Space does not
permit a full discussion here about this topic, but for most cases of TMD it has
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become clear that the line between reversible and irreversible treatments does
not often need to be crossed in order to produce good clinical outcomes [52].

Widening the Scope of ‘Temporomandibular Disorder’ Diagnosis

While dentists were struggling with the issues of correctly diagnosing and
properly treating TMD patients, advances in the study of pain neurophysiology
and craniocervical pain disorders began to have their impact on our profession.
As far back as the 1970s, Welden Bell had begun to speak of OFP as the
umbrella term for the conditions we were dealing with — whether we realized it
or not [53]. Many facial pain patients during the transition years of the 1980s and
1990s (and even currently) have been misdiagnosed as having a TMD when, in
fact, they had a neuropathic or neurovascular pain problem. Unfortunately, the
training of most dentists (and most physicians as well) had not prepared them for
this broader challenge, and as a result many of their patients did not receive a
proper diagnosis for a long time. Recent studies [Scrivani, unpubl. data] have
shown that both physicians and dentists could be as much as 18-24 months late
in establishing a diagnosis of trigeminal neuralgia, which is one of the more clas-
sic types of neuropathic pain that should be easily recognized.

Within the dental profession, this situation has been improving gradually
due to the creation of several postgraduate university programs in OFP, as well
as many articles, lectures, continuing education courses and books like this that
deal with this topic. In addition, some dental schools are beginning to teach this
subject at the predoctoral level with more emphasis, but that is not yet a univer-
sal fact [54].

Emerging Concepts of Temporomandibular Disorder Pathophysiology

Given what we now know about the biochemical and neurophysiological
basis for musculoskeletal pain disorders [55—58], some of our old notions about
why joints or muscles hurt seem almost laughable. Likewise, the explanations
for why pains persist in some people and not others have switched almost com-
pletely from the field of psychology to the field of neuroscience [59]. These
topics of pathophysiology are covered well in other chapters of this book, but
they are mentioned here briefly as an important transitional bridge to the future
of this field. There is little doubt that future therapies in the pain field will be
targeted more precisely toward underlying pathophysiological mechanisms of
joint pain, muscle pain and chronic pain, rather than at simple analgesia or other
pain control mechanisms.
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The most important ‘new’ concept in the field of pain is definitely the dis-
covery of neuroplasticity of the nervous system. Ever since René Descartes
(1596-1650), the model for understanding pain transmission was the same
model that explained how a telephone switching exchange works. The nervous
system was viewed as a passive set of transmission lines, waiting to be activated
and then forwarding the message onward and upward to elements of the central
nervous system (CNS). When Melzack and Wall [60] first presented their ‘gate
control theory’ of pain in 1965, which postulated an active role for components
of the CNS to affect the transmission of pain signals both positively and nega-
tively, few could anticipate how powerful the impact would be from that theory
and subsequent discoveries. Today we understand that pain can arise spontan-
eously, or it can be elicited by stimuli as small as touch or as large as crushing
trauma, and from that initial event many outcomes are possible — including lin-
gering pain, spreading of pain and even lifelong persistence in the worst-case
scenarios. For further discussion of these phenomena, the reader is urged to see
the chapters by Schindler and Svensson, pp 91-123, Sessle, pp 56-74, and
Zakrzewska and Renton, pp 165-186.

Outcome Research - Effect on Clinical Management

As mentioned earlier in the section on clinical success and failure, the out-
comes of treating patients play a powerful role in shaping the thinking of clini-
cians. It is this ‘clinical bias’ which must be controlled for in setting up
treatment studies, where the patients will be evaluated within a ‘controlled’ pro-
tocol utilizing double-blind therapies and assessments whenever possible. The
last 30 years have seen a major proliferation of these kinds of randomized clin-
ical trials in the field of TMDs, as well as in the broader field of OFP and pain
in general [61-64]. In the TMD field, most of these controlled studies have
demonstrated high levels of positive responses to conservative treatment strate-
gies, which are generally successful as often as most irreversible ones [21, 65].
Nevertheless, the arguments persist about the ‘need’ for more aggressive bio-
mechanical therapies in order to produce a more ‘definitive cure’, a concept
which is especially inappropriate for patients with chronic OFP conditions.

Likewise, the broad research support for conceptualizing TMDs within a
biopsychosocial framework has failed to persuade a number of clinicians
who still adhere to biomechanical concepts of etiology and treatment. Further
evidence for viewing TMD and OFP patients in a broader framework has
come from studies showing high levels of comorbidity of these conditions with
other functional disorders [66—68]. For many of these patients (especially the
chronic ones), a systemic dysregulatory disorder involving the CNS and the
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hypothalamic-pituitary-adrenal axis (HPA) has been proposed and demonstrated
[69, 70], but still many of our colleagues continue to ignore the importance of
these findings. Finally, the failure to understand chronic pain phenomenology
has led many clinicians into the swamp of escalating mechanical pain therapies
when conservative treatments do not appear to be working. This is especially
unfortunate when the more aggressive treatments involve surgeries or other
irreversible morphology-changing procedures [71-73].

Future Directions

The future of the TMD/OFP field will be determined by the progress that
is made in the larger field of pain management. Multitudes of researchers
around the world are looking at both basic science and clinical paradigms that
will change the way we look at pain in general. At this time, there are three main
areas of focus for these investigations:

1 Genetics — As discussed in the chapter by Stohler (pp 236-247), evi-
dence is accumulating about the role of genetics in susceptibility to pain as well
as in the variable responses to having pain. Some studies have already demon-
strated a genetic difference between people’s reaction to experimental pain [74],
while others have shown that it may be possible to predict who will have painful
conditions arise later [75]. The implications of these findings for the manage-
ment of pain patients are only beginning to be understood. Even in the absence
of genetic manipulation, which may be a futuristic strategy, clinicians can uti-
lize current modalities and strategies more wisely if they know who they are
dealing with.

2 Pathophysiology — It seems that every new edition of the major pain
journals brings more information about the molecular chemistry and biology of
various types of pain [76—79]. In the case of the TMJ, the discovery of inflam-
matory mediators and neurochemicals within the joint has led to a much better
understanding of what is happening in painful conditions, and already some
therapies are being tested for controlling these factors [80—83] (see the chapters
by Schaible, Kopp and Sommer as well as Steenks et al., pp 18-27, 28-43, and
124-152). The same is true for muscular pain, although the pathophysiology of
that type of pain is less well understood at this time [57, 58, 84—86] (see the
chapters by Mense as well as Schindler and Svensson, pp 7-17, and 91-123).
As more information emerges, treatments directed at the underlying pathophys-
iology of painful conditions will inevitably be more successful than treatments
that only suppress pain or inflammation.

3 Predictive factors — Some success has already been reported in identi-
fying physical and psychological factors in OFP patients that may predict their
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responses to therapy [87, 88] (see the chapters by LeResche and Dworkin,
pp 44-45, and 187-208). The search for more predictors should enhance the
ability of clinicians to develop appropriate treatment plans that are individual-
ized for each patient.

Finally, it is important to realize that chronic pain is a condition that, to
paraphrase Benjamin Crue’s definition [89], no longer has much to do with
whatever caused it to begin in the first place. The implications of this fact are
profound for chronic pain sufferers, because it means that clinicians should try
to avoid specific and aggressive treatments that will ‘cure’ their problems.
Instead, strategies directed at their centrally maintained pain conditions as well
as their psychosocial well-being need to be tailored to their individual problems
[90]. This approach is already being applied in many academic centers and spe-
cial pain management programs, but it also needs to be understood by frontline
practitioners in both medicine and dentistry so that they can provide appropriate
care in their offices.

Conclusion

Hopefully, this brief historical review of the TMD/OFP field will help
readers to understand how the past and present thinking in this field has influ-
enced, and will continue to influence, our journey into the future. As stated at
the outset, the dental profession is not bound by its past mistakes or ignorance
as we attempt to move forward, but the failure to recognize those flaws will cer-
tainly impede our progress. Fortunately, when it comes to the subject of pain,
the medical, dental and scientific communities have been converging toward
each other in the past 20-25 years. As a result, there is no longer any value in
having separate ‘dental’ terminology or parochial theories to define and explain
OFPs, since they are merely a subset of the larger universe of human pain con-
ditions. Furthermore, as evidence-based practice becomes the ethical standard
for all clinical endeavors, we will need to join our fellow health practitioners in
trying to provide the best care possible for our patients. Doing so will require
knowledge about what is happening to our patients both physically and psycho-
logically so that the selection of treatments for them can follow the ‘Three
Bears Rule’: not too much, not too little, but just the right amount.
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The End of an Era: Orofacial Pain Enters the
Genomic Age

Implications and Opportunities for Research and the
Care of Patients

Christian S. Stohler
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Abstract

With the new century came technologies that provide the ability to measure the
response of thousands of genes to experimental stimuli or the development of disease, pro-
ducing answers in days what previously exceeded a researcher’s lifetime to discover. What
has changed in the research environment is the persuasive promise that ‘out-of-the-box’
thinking, enabled by new and powerful biotechnological tools, offers promise to crack the
puzzle that underlies the disabling orofacial pain conditions, replacing the ‘magic bullet’ idea
of one treatment to fit all patients with therapies customized to a particular patient’s molecu-
lar or genomic fingerprint. New thinking endorses that (1) genes constitute risk factors by
themselves, (2) they may amplify an existing polygenic risk or (3) they may exacerbate the
effect of an environmental risk factor and/or risk-conferring behavior. At first impression, it
may appear that adding genotyping to ongoing clinical research protocols will do the trick
for clinical research into the etiology, pathogenesis and treatment response of the orofacial
pain conditions. However, on closer examination, it becomes clear that the phenotype of all
orofacial pain conditions is insufficiently defined in terms of the scope, the natural history
and/or clinical course of the disease subgroup of interest, and, most importantly, with respect
to disease traits for which laboratory research has provided important pathogenetic insight.
How and when the new outlook will come into effect will depend on those that embrace the
redefined frontier of orofacial pain.

Copyright © 2007 S. Karger AG, Basel

On October 4, 2006, the X Prize Foundation called for someone to map
100 different human genomes in just 10 days, offering a USD 10 million award.
This announcement is supposed to speed up the era of personal genomics, in
which an individual’s propensity to disease, response to drugs and other health



predilections are individually mapped. Rapid genome sequencing has become
an enabling tool that will allow scientists and clinicians to look at diseases in a
whole new way. What does this mean for research and the care of orofacial pain
conditions, which — on the surface — demonstrate little evidence of a genetic
component?

At the Doorstep to the 21st Century

Until about 20 years ago, unicausal explanatory models of disease have
shaped the inquiry and clinical practice of orofacial pain conditions, forming the
basis for many ‘magic-bullet-type’ therapeutic interventions that were intro-
duced to the practicing communities over the past 50 years and which still con-
tinue to dominate the care spectrum offered today. As an example, for the subject
of temporomandibular joint diseases and disorders (TMJDs), the most common
orofacial pain conditions, physical factors, such as structural variations in the
mandibular condyle-to-glenoid-fossa relationship, the dental occlusion or the
alignment of the articular disk in relation to the mandibular condyle at rest and
during function were believed to exert causal effects, sufficient to result in the
generation of symptoms and signs that are viewed as the core features of the
TMJDs. In addition, nonspecific stress was implicated as the cause of bruxism,
which in turn was regarded as a significant factor in the onset of the TMIDs.

In other words, simple structural and/or behavioral explanations of disease
causation were widely endorsed because alterations of the presumed cause by a
range of therapeutic interventions, addressing presumably relevant structural
variations or behavioral issues, resulted in the alleviation of the clinical hall-
mark features of the TMJDs in many cases. The fact that the prevailing thera-
peutic interventions involve mechanical acts that represent ‘the bread and
butter’ of surgical disciplines must also be viewed as reason for the popularity
and acceptance of those explanatory models. Because of the very fact that the
respective interventions impressed providers and patients by their intuitive
appeal, the alleviation of the patient’s symptoms seemed to confirm the causal
assumption that justified the rendered intervention in the first place (fig. 1).

The fact that early clinical research focusing on the orofacial pain condi-
tions rarely included controls as contrasts bothered few authors and clinicians.
Consequently, the search for alternative explanatory models of causation only
appeared after it became clear that many interventions proved to be no different
from a credible placebo with respect to the effect of the intervention on disease-
defining indicators over the course of application. For example, regarding
occlusal appliances, devices widely used for the management of TMJDs and
assumed to produce beneficial effects via the induction of physical changes of
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the dental occlusion, a critical review of the literature reveals that their efficacy
is in actuality not better than a credible placebo therapy [1].

New Tools, New Thinking

As the original literature, notably introductions and discussions of papers, is
shaped by the prevailing thinking of disease causation, the findings of a particular
piece of research largely escaped alternative interpretation. Why should it, as the
prevailing thinking of the time defined the research question in the first place,
endorsing a state of certainty that was not based on sound scientific methodology?
Although the scientific method began to influence larger and larger fields of
study in the second half of the 20th century, there was little opportunity for ‘out-
of-the-box’ thinking in the field of orofacial pain until the early nineties because
the research questions and care delivery were largely articulated within the pre-
vailing beliefs of the time. In general, it is not until a discipline or field of study
redefines the conceptual framework within which the clinical phenomenology is
understood and managed that the nature of the research questions changes and a
re-interpretation of the original literature will occur.

Today, it is my belief that the time for a new beginning of the research and
the clinical thinking of the subject of orofacial pain has come. With the new
century arrived, technologies that provide the ability to measure the response of
thousands of genes to experimental stimuli or the development of disease
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produce answers in days what previously exceeded a researcher’s lifetime to
comprehend. At the doorstep to the 21st century, biotechnology, notably rapid
global genotyping, changed the toolbox and outlook of clinical scientists that
previously embraced narrowly defined research questions and disease descrip-
tions using the least common denominator for case delineation for which aver-
age response characteristics were subsequently computed.

With the turn of the century, the subject of orofacial pain has become no
different from many other intricate diseases, such as osteoporosis, adult dia-
betes or hypertension that proved to be far more complex than was assumed
previously. While prior analytical efforts focused on establishing rules for
patient averages, the wide range of symptom expression, including the presence
of comorbid conditions, notably in those patients that exhibited the greatest
treatment need, had to be overlooked for analytical reasons so that average
response characteristics for a narrowly shared common disease trait or pattern
of traits could be derived. However, rather than depending upon average disease
descriptions, the 21st century discovery toolbox, genome sequencing, requires
the valid measurement of individually unique disease attributes in its broadest
context because knowledge of their case-specific expression is essential for
meaningful linkages with the molecular pathways and controlling genes that
confer the respective tissue-specific vulnerability (fig. 2).

Diagnostic classification systems, focusing on a limited number of clinical
features, abandoning signs and symptoms outside the strict topographical
domain of interest, are not suited for the study of complex diseases in which
environmental factors, risk-conferring behaviors and many genes are at work to
produce the unique clinical presentation encountered in a given patient. The
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challenge will be to understand the interactions between genes, genes and hor-
mones and/or cytokines, and between genes and environmental risk factors (or
vice versa) that underlie the development of a particular disease trait, such as a
distinct sign and/or symptom linked to conditions of orofacial pain. The fact
that the literature defines the phenotype often in narrow terms, limiting the
description to a set of site-specific traits within a tight topographical domain,
will pose a challenge when translating past knowledge into the conceptual
21st century framework of a complex disease. This underscores the point made
earlier that the time for a new beginning has come, since average response
descriptions of orofacial pain conditions and individual vulnerability and/or
individualized therapy, also referred to as personalized medicine, cannot be
consolidated, no matter how serious the effort may be. Only quality contribu-
tions of the original literature over the past 10 years or more can likely be used
as the foundation for the new beginning.

While the limitations of the clinical knowledge base should be apparent,
lessons learned from the experimental literature relevant to orofacial pain con-
ditions hold promise for advancing our existing disease classification schemes.
This body of literature offers cues to molecular pathways and risk-conferring
exposures that shape discrete aspects of the complex phenotypes observed in
clinics. As such, experimental models represent abstractions that capture iso-
lated aspects of the complex system in effect clinically. However, the field is far
from understanding the extent to which and when particular basic mechanisms
or scenarios observed in experimental model systems are of significance to an
individual case in the clinic. In addition, genetic manipulations in the labora-
tory have only produced few attributes that mimic a limited set of disease traits
found clinically. Nonetheless, this knowledge base offers a great start for a new
beginning.

Where do we go from here? At this point, it should be apparent that
research using experimental model systems and inquiries involving human
patients can no longer occur in isolation. These previously minimally coordi-
nated lines of research will require unprecedented cross-talk, not at the level of
data exchange in the publication format but in the discovery phase through
meaningful interaction between basic and clinical scientists. The need for paral-
lel (a) molecular/gene expression tissue profiling, and (b) both valid and com-
parable phenotyping of clinic cases and experimental models must be apparent
because such contrasts provide insight into the significance of an experimental
model for the disease of interest and the conditions under which the model sys-
tem has relevance to a particular clinical scenario. The hunt is on for signature
genes, i.e. those genes that are either significantly up- or downregulated with
respect to background measurements, to arrive at a plausible molecular expla-
nation for the disease traits in question. Bottom-up science directed from bench
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to clinic, and top-down science, moving the discovery from the clinic to the
laboratory bench have to work in a concerted fashion (fig. 3).

A small research team with restricted research focus, expertise and/or skill
set will increasingly face difficulty in competing successfully in this emerging
paradigm of bidirectionally (‘bottom-up/top-down’) coordinated discovery,
having obvious limitations without broadening the scope of research questions
and interactions with experts outside the immediate field of inquiry. The idea of
a ‘magic bullet’ or ‘one-fits-all’ therapy, harvesting the regulatory influence of
a single molecular target to cure complex diseases, is conceptually more distant
than it ever has been. This is also the case for the TMJDs, where individually
expressed genetic vulnerabilities, environmental factors and risk-conferring
behaviors shape the individual disease expression and treatment response.
Understanding the complex disease-generating biological machinery has
become as important as knowledge of the individual, regulatory effects of a par-
ticular molecular target in an experimental model system that purposely
restricts its system complexity.

A Challenging Phenotype

Currently, the presence or absence of a few signs and symptoms within a
narrow topographical domain define the disease state, which — for example in
the best-case scenario of the Research Diagnostic Criteria for TMJDs
(RDC/TMD) — is described by an operationally specified standard, ensuring
reliable case delineation to diagnostic subsets by adhering to strict assignment
rules [2]. Earlier taxonomies are much more challenging in this respect as the
validity of the case assignment is not defined by a disease threshold stated in
operational terms, let alone one that is biologically both valid and plausible [3].

At first impression, it may appear that adding genotyping to promising
clinical research protocols incorporating valid phenotyping using current
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taxonomies will do the trick for clinical research into the etiology, pathogenesis
and treatment response of the orofacial pain conditions. However, on closer
examination, it becomes clear that the phenotype of all orofacial pain condi-
tions is insufficiently characterized in terms of (1) the variability of expression
both interindividually and intraindividually, (2) the natural history and/or clini-
cal course, (3) the response to treatment and/or pharmacological challenges,
and (4) most importantly, with respect to disease traits for which laboratory
research has provided pathogenetic insight. Although often overlooked, it must
be understood that for allelic association studies, valid and biologically plausi-
ble phenotype delineation is as important as the validity of the genotyping
process. Progress in identifying alleles that are either important causally or
confer vulnerability will not be achieved without significant advances in char-
acterizing the clinical material. This seems to be a matter that is getting insuffi-
cient consideration both in peer reviews and by funding agencies at this time. In
the case of the RDC/TMD, it is striking that the predictive power of axis I with
respect to disease progression or treatment response is glaringly absent after
more than 10 years of research. Consequently, there is little hope that a particu-
lar gene or genes can be linked to subsets that are defined in anatomical terms,
i.e. muscle, articular disk, joint.

Because of the nature of information captured by current taxonomies for
the orofacial pain conditions, notably for the TMJDs, phenotype-genotype
association studies will be challenging. Cases are identified by a recognizable
pattern of clinical features within a particular anatomical domain, which occur
together more frequently than expected by chance. While anatomical classifica-
tion systems, e.g. pain conditions involving muscle, joint or the articular disk of
the temporomandibular joint, are appealing in support of a rule-based manage-
ment of symptom complexes within a topographical domain (although evidence
in support of this claim is lacking), such taxonomic systems appear to contain
insufficient physiological and/or biochemical detail to classify cases according
to pathogenetic mechanisms, which in turn constitutes a necessity for associat-
ing clinically observable ‘functional’ phenomena with genotypes. Although
signs and symptoms appear to run together, the possibility of causal hetero-
geneity is more likely than not. Unlike for many psychiatric diseases for which
current classification schemes contain some ‘functional’ criteria for case
assignment, it is only the axis II of the RDC/TMD taxonomy that — although
lacking specificity with respect to the site within which symptoms are reported
— contains measures with inherent predictive power [2].

At first sight, anatomical systems are appealing because they guide the
treating (surgery-oriented) clinician to a specific peripheral tissue that appears
to be in need of being addressed therapeutically. However, if one considers
the idea that the pain condition is explained by a model of disease in which
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regulatory processes increase the expression of symptoms in a vulnerable body
part and if we acknowledge that the diagnostic label for a particular subtype of
disease, assigned to a specific case, is not stable over time, the question arises
as to what good does an anatomical focus offer. The problem of the current
anatomical focus is also exemplified by the fact that cytogenetics is not an option
for the TMJDs nor any of their anatomically defined subsets because it is not
known which cells of which particular tissue should be harvested for analysis.

Given the current state of phenotyping of the orofacial pain conditions,
putative linkages identified in one study may not be confirmed in replication
work, particularly if the threshold of disease, the subject’s predisposition
beyond as set value, is different among studies. With respect to the repeated
confirmation of an allelic association, issues related to the validation of pro-
tocols and reagents, or differences between microarray platforms of different
manufacturers, i.e. validity of cross-platform comparisons of gene expression
data, may also lead to disagreement between association studies as well. In
sum, groundwork is still needed on all fronts for the field to take advantage of
the powerful tools available today.

Genetic Risk Models

On careful inspection, advancing the research and care of the orofacial
pain conditions, tackling the mechanisms of their genetic control is more chal-
lenging than commonly assumed. For TMJDs as an example, their etiology is
unknown, the clinical course appears to be nonprogressive, the prevalence is
higher during the reproductive years in both genders, and although the female
gender as well as head trauma are established to favor disease risk, their effect
size is insufficiently large to explain causation. In fact, the effect size is modest
at best. Furthermore, the genetic contribution to the disease is not obvious
based on observations in the clinic.

Given this background, any valid genetic risk model has to fit the assump-
tions underlying the known distribution of disease as specified above.
Consequently, it appears that TMJDs are not adequately explained by a single
gene but it can be stated that the disease state is mediated by sex-genotype-
dependent susceptibility, derived from the interactions of multiple genes. In
addition, there is the real possibility that genes influence (1) the clinical hetero-
geneity within disease classes and (2) the extent to which putative environmen-
tal factors and risk-conferring behaviors exert their effect.

As genetic models are only meaningful when the best estimates of the dis-
ease distribution are in agreement, a multifactorial etiology should be assumed
for the TMIJDs because the disorder is clearly a greater issue for the female
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gender — both in terms of prevalence and severity of the state of disease. From a
genetic modeling perspective, multiple genes should be postulated to interact
with environmental factors, not much different from Alzheimer disease, dia-
betes, many psychiatric disorders, parkinsonism or cardiovascular diseases,
including stroke. Genes may (1) constitute risk factors by themselves, (2)
amplify an existing polygenic risk or (3) exacerbate the effect of an environ-
mental risk factor or risk-conferring behavior. Furthermore, these effects are
expressed in the context of a particular endophenotype whose overall system
response is shaped by genes and acquired response behaviors (fig. 4).

As mentioned, disease susceptibility is founded on either the additive or
multiplicative effect of multiple genes that together with environmental expo-
sures, including the effect of risk-conferring behaviors, form the basis for a par-
ticular disease trait that is encountered with significant likelihood — different
from random occurrence — in those carrying the genes in question. In other
words, the distribution of the TMJDs — again as an example — suggests that it is
not the mutation of a single gene that leads to the disease phenotype. Instead,
the risk of getting the disease/disorder is significantly greater if certain poly-
genic conditions are present, while the rate and time for developing the disease
phenotype seem to be influenced by factors such as age and gender, among
other less well-established environmental factors and risk behaviors. This think-
ing of the actions of genes in diseases of multifactorial etiology was not enter-
tained when most of us were introduced to the principles of genetics, studying
models of mendelian inheritance; however, it will increasingly define the road
map for future research and care.
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The Challenge of Cracking the Puzzle

Besides issues with the limited scope of case characterization and the pheno-
type delineation according to pathogenetic significance, the next generation of
clinical research of the orofacial pain conditions faces other, equally challeng-
ing hurdles. Not only will the research design have to fit the genetic model of
the disease, but the question needs to be entertained as to how many subjects
should be included in an allelic association study so that the work is not under-
powered. Should the inclusion of subjects be restricted to a specific ethnic
background, because otherwise the discovery of genes and influencing environ-
mental factors is clouded by noise linked to differences in ancestry, notably if
the contribution of a candidate allele to the phenotypic trait is mild to modest?
If so, how will the restriction of the research endeavor to a particular ethnic sub-
population be justified to a funding agency? If not, complicated analyses are in
order to control for differences in ancestry. Although large-scale testing is pre-
ferred, the more cases the better, how many allelic associations with phenotypic
traits — as identified by microarray technologies — can be validly explored,
assuming that 5% of associations will be statistically significant by chance
alone?

While the conceptual framework and software tools to estimate sample
sizes for clinical research projects are in place for genetic analyses using
mendelian inheritance models, computing the number of subjects required to
ensure validity of research into complex diseases, including the orofacial pain
conditions, is not easily ascertained. In fact, how can it be as the underlying
genetic model of disease is the research question in itself? Assuming a dichoto-
mous case delineation, i.e. the phenotypic trait is either present or not, what are
the implications of the chosen threshold level that constitutes liability for the
development of the sign or symptom in question on the required sample size?
Alternatively, if a trait is characterized in quantitative terms, i.e. sensitivity to
pain, how large does the study population have to be to capture the interaction
of many genes that all have a minor effect individually, but in combination may
explain a moderate, yet significant portion of the risk of developing the partic-
ular disease trait? Moving forward, particularly in the context of funded
research, means having answers to the research questions that are subject to
being answered by the very same research. Clearly, this is not a good outlook to
promise rapid progress.

It should also be obvious that the pool of talent that shaped the research
agenda and produced the advances of the field of orofacial pain has come to a
point where both the narrowly defined scientific and clinical expertise of the
investigators and the limited scope in phenotyping of clinic cases are stifling
progress. It should be noted, however, that the phenotype characterization that
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was implemented in the nineties is not all bad because some marker alleles
seem to be statistically linked to the disease as defined by the expanded features
of current diagnostic grids, such as those related to affect [4].

Although the possibility of allelic association studies, covering the whole
genome, has become a reality, the excitement needs to be dampened by the fact
that advances in genetic epidemiology — notably the need for relevant pheno-
typing, such as (a) identifying individual variations in clinically observable
signs and symptoms, (b) the level of expression of potentially significant bio-
markers, (¢) functional brain and endophenotypical response patterns to exper-
imental stressors and pharmacological challenges or (d) the magnitude of the
perceptions induced in response to stressful life events — are needed to arrive at
more homogenous subgroups, reducing the already overwhelming complexity
of the research question at hand. While the exposure to particular life events has
been associated with risk for certain types of persistent pain, it has to be kept in
mind that the magnitude of the perceptual response induced by a stressful life
situation has a genetic basis as well. The ultimate question will arise with
respect to the specificity of any allelic association when it comes to its manifes-
tation in the trigeminal system, as — for example — the axis I of the RDC/TMD
has little predictive power while axis II criteria capture pain response measures
that have limited specificity for the topographical domain within which the
disease/disorder manifests itself. At present, significant allelic associations
with individual response phenotypes are limited to case attributes that are
contained in the expanded scope of axis II of the RDC/TMD, particularly
functional pain response measures [5, 6].

Conclusions

What has changed in the research environment is the persuasive promise
that ‘out-of-the-box’ thinking, enabled by new and powerful biotechnological
tools, offers great promise to crack the puzzle that underlies the disabling oro-
facial pain conditions. However, 21st century science has become as complex
as the diseases that are being studied. How and when the new outlook will
dominate the research thrust geared to disentangle the complexities of the
orofacial pain conditions will depend on those that embrace the redefined
frontier of orofacial pain, leveraging the opportunities in collaborative efforts
that are waiting to be mined. Although the speed by which the new tools offer
insight is unprecedented, it is not going to happen if business continues to be
as usual. To enter the genomic era, a real change in the mindset of those
involved in studying and treating orofacial pain diseases and disorders is
required.
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