
Pain is nowadays conceptualized as a multidimensional
experience encompassing sensory-discriminative, cognitive,
emotional and motivational dimensions.  Many of the difficulties
experienced by clinicians with the diagnosis and management of
acute and chronic craniofacial pain conditions stem from a lack
of recognition and understanding of these factors and from
uncertainties of the aetiology or pathogenesis of the conditions.
However, considerable advances have been made over the last

ABSTRACT: Many free nerve endings of small-diameter afferents (A-delta or C nerve fibres) respond to craniofacial noxious stimuli
and a number of neurochemicals are involved in their activation or sensitization. The small-diameter nociceptive afferents project to the
trigeminal (V) brainstem complex where they can excite nociceptive neurones that have been categorized as either nociceptive-specific
(NS) or wide dynamic range (WDR).  These neurones project to other brainstem regions or to the contralateral thalamus. The lateral
and medial thalamus contain NS and WDR neurones which have properties and connections with the overlying cerebral cortex or other
thalamic regions indicative of a role for most of them in the sensory-discriminative, affective or other dimensions of pain. Some of the
V brainstem NS and WDR neurones respond exclusively to cutaneous sensory inputs and have features indicating their involvement in
acute superficial craniofacial pain. Many of the neurones, however, receive convergent inputs from afferents supplying other
craniofacial tissues (e.g. cerebrovascular, muscle) as well as skin, and are likely involved in deep pain, as well as spread and referral
that is typically seen in headache and several craniofacial pain conditions involving deep tissues. Convergence may also be an important
factor underlying the neuroplastic changes in V neuronal properties that may occur with peripheral injury or inflammation. These
changes include a prolonged enhancement of the cutaneous as well as deep afferent inputs to most NS and WDR neurones and
expansion of their cutaneous or deep mechanoreceptive field and increased EMG activity in the jaw musculature. They involve NMDA,
non-NMDA and opioid neurochemical mechanisms within peripheral tissues as well as within the CNS. Such modulatory effects on
brainstem neuronal properties reflect the functional plasticity of the central V system, and may be involved in the development of
headache and other conditions that manifest craniofacial pain.

RÉSUMÉ: Mécanismes et voies nerveuses dans la douleur crâniofaciale. Plusieurs terminaisons nerveuses libres des afférents de petit diamètre
(fibres nerveuses A-delta ou C) répondent à des stimuli crâniofaciaux douloureux. Plusieurs substances neurochimiques sont impliquées dans leur
activation ou leur sensibilisation. Les afférents nociceptifs de petit diamètre ont des projections au complexe du trijumeau (V) dans le tronc cérébral où
ils peuvent exciter les neurones nociceptifs qui ont été classés comme nociceptifs-spécifiques (NS) ou comme ayant un spectre dynamique étendu
(WDR). Ces neurones projettent à d’autres régions du tronc cérébral ou au thalamus contralatéral. Le thalamus latéral et médian contient des neurones
NS et WDR qui ont des propriétés et des connections avec le cortex cérébral sus-jacent ou avec d’autres régions thalamiques, ce qui indique que la
plupart ont un rôle dans les aspects sensitifs-discriminatifs, affectifs ou autres de la douleur. Certains des neurones NS et WDR du complexe V du tronc
cérébral répondent exclusivement aux influx sensitifs cutanés et ont des caractéristiques indiquant leur implication dans la douleur crâniofaciale
superficielle aiguë. Cependant, plusieurs des neurones reçoivent des influx convergents d’afférents innervant d’autres tissus crâniofaciaux (i.e. tissus
cérébrovasculaires, musculaires) ainsi que la peau et sont probablement impliqués dans la douleur profonde, incluant la douleur étendue et référée qui
est observée typiquement dans la céphalée et dans plusieurs autres pathologies crâniofaciales douloureuses impliquant les tissus profonds. La
convergence pourrait également être un facteur important, sous-jacent aux changements neuroplastiques dans les propriétés nerveuses du complexe V
qui pourraient survenir lors d’un traumatisme périphérique ou de l’inflammation. Ces changements incluent un rehaussement prolongé des influx des
afférents cutanés et profonds à la plupart des neurones NS et WDR, une expansion de leur champ mécanoréceptif cutané ou profond et une augmentation
de l’activité ÉMG de la musculature de la mâchoire. Ils impliquent des mécanismes neurochimiques NMDA, non-NMDA et opioïdes dans les tissus
périphériques ainsi que dans le SNC. De tels effets modulateurs sur les propriétés des neurones du tronc cérébral reflètent la plasticité fonctionnelle du
système V central et peuvent être impliqués dans le développement de la céphalée et d’autres conditions qui se manifestent par de la douleur
crâniofaciale.
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two decades in our understanding of craniofacial pain
mechanisms.  This paper reviews recent research that has
identified critical neural elements and pathways in the brainstem
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and higher levels of the trigeminal (V) somatosensory system
that receive and transmit nociceptive inputs from craniofacial
tissues, as well as some of the mechanisms involved in the
modulation and plasticity of craniofacial nociceptive
transmission. 

PERIPHERAL MECHANISMS

Other papers in this supplement focus on peripheral
processes, so only a brief overview of these mechanisms is
provided here. Free nerve endings in the craniofacial region
provide the peripheral basis for pain: many free nerve endings
act as nociceptors, that is they are the sense organs that respond
to noxious stimulation of peripheral tissues. Their activation may
result in the excitation of the small-diameter (A-delta or C)
afferent nerve fibres with which they are associated and provide
sensory-discriminative information to the brain about the
location, quality, intensity and duration of the noxious stimulus.
A number of neurochemicals (e.g. substance P, 5-HT) are
involved in the activation of these peripheral endings by noxious
stimulation or in their peripheral sensitization; the sensitivity of

the endings may increase following mild injury, and this
sensitization of nociceptive endings is a peripheral mechanism
that helps to protect injured tissues from repeated injury.1,2,3

Also, nociceptive afferents appear susceptible to sympathetic
modulation following injury, and this peripheral modulation is
thought to be a factor contributing to certain pain conditions.2,3

BRAINSTEM AND THALAMOCOTRICAL MECHANISMS

The afferents innervating cutaneous, intraoral, deep (e.g.
joint, muscle) and cerebrovascular tissues project to the V
brainstem complex. The V brainstem complex can be subdivided
into the main or principal sensory nucleus and the spinal tract
nucleus, which comprises three subnuclei: oralis, interpolaris,
and caudalis (Figure 1). Based on anatomical, clinical and
electrophysiological observations, subnucleus caudalis is usually
viewed as the principal brainstem relay site of V nociceptive
information.1,4,5,6,7 For example, anatomical studies have
revealed that the small-diameter afferents carrying nociceptive
information from the various craniofacial tissues predominantly
terminate in caudalis laminae I, II, and V and VI. Moreover,

Figure 1. Major pathway transmitting sensory information from the mouth and face. Primary afferents project via the
trigeminal ganglion to second-order neurones in the V brainstem complex.  These neurones then may project to neurones at
higher levels of the CNS (for example, in the thalamus) or in brainstem regions such as the reticular formation (RF) or cranial
nerve motor nuclei.  Some afferents from cranial nerves VII, IX, X and XII and cervical nerve afferents may also synapse in the
V complex as shown, although many VII, IX, and X afferents also relay (not shown) in the solitary tract nucleus (the horseshoe-
shaped structure in the middle of the diagram).  (Modified from Sessle BJ. Temperature, touch, taste, and olfaction. In: Roth GI,
Calmes R, eds. Oral Biology. St. Louis: CV Mosby, 1981, p. 39; with permission.)
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recent immunocytochemical studies of the expression of proto-
oncogenes such as c-fos have revealed that increased c-fos
expression occurs in caudalis neurones following noxious
stimulation of craniofacial tissues including skin,
temporomandibular joint (TMJ), cornea and cerebrovascular
tissues.8,9,10,11 Furthermore, electrophysiological studies have
revealed that many neurones respond to cutaneous nociceptive
inputs; these nociceptive neurones have been categorized as
either nociceptive-specific (NS) neurones or wide dynamic range
(WDR) neurones.1,4,5,6,7 The NS neurones respond only to
noxious stimuli (e.g. pinch, heat) applied to a localized
craniofacial receptive field (RF) and receive small-diameter
afferent inputs from A delta and/or C fibres; WDR neurones are
excited by non-noxious (e.g. tactile) stimuli as well as by
noxious stimuli, and may receive large-diameter and small-
diameter A-fibre inputs as well as C-fibre inputs. Many NS and
WDR neurones in subnucleus caudalis can be excited only by
natural stimulation of cutaneous or mucosal tissues and have
properties consistent with a role in the detection, localization,
and discrimination of superficial noxious stimuli.4,7

The majority of NS and WDR neurones can nonetheless also
be excited by other types of peripheral afferent inputs such as
those from cerebrovascular, tooth pulp, TMJ or muscle
tissues.5,6,7,12,13,14 The extensive convergent afferent input
patterns that are characteristic of TMJ or myofascial-activated
NS and WDR neurones in subnucleus caudalis may explain the
poor localization of deep pain, as well as contribute to the spread
and referral of pain that are typical of deep pain conditions
involving the TMJ and associated musculature. The poor
localization of pain and the frequent occurrence of pain referral
in most toothaches and headaches may also be explained by
analogous convergence patterns from tooth pulp and
cerebrovascular afferents. For example, most of the neurones in
the V brainstem complex that can be excited by stimulation of
cerebrovascular afferents are NS or WDR neurones with a
cutaneous RF involving the ophthalmic division; the
predominant periorbital RF of these neurones is consistent with
the common referral patterns of most vascular cephalic pains to
this region of the head.9,12,13

Analogous anatomical and physiological features
characterize the spinal dorsal horn which is also a laminated
structure and which represents the integral component of spinal
nociceptive mechanisms. Consequently, subnucleus caudalis is
now often termed the ‘medullary dorsal horn’. Although a crucial
role in craniofacial nociceptive mechanisms has been
documented for caudalis, recent studies nonetheless have also
implicated the rostral components of the V brainstem complex
such as subnucleus oralis. The relative importance and role in
both deep and superficial pain mechanisms of the rostral and
caudal components of the V brainstem complex is nonetheless
still unclear.7

Neurones at all levels of the V brainstem complex project to
other brainstem regions including the reticular formation and
cranial nerve motor nuclei; their connectivity to these particular
regions provide the central substrate underlying autonomic and
muscle reflex responses to craniofacial stimuli. Many V
brainstem neurones may project to the contralateral thalamus via
direct or multisynaptic paths.1,5,6,7 The regions of the thalamus
that are well known to receive and relay somatosensory

information from the craniofacial region are the ventrobasal
complex (or ventroposterior nucleus) as well as the so-called
posterior group of nuclei, and the medial thalamus. These
thalamic regions contain NS and WDR neurones having
properties that are generally similar to those described for
comparable neurones in the subthalamic relays such as
subnucleus caudalis.

The ventrobasal nociceptive neurones have properties and
connections with the overlying somatosensory cerebral cortex,
indicative of a role for most of them in the sensory-
discriminative dimension of pain. In contrast, nociceptive
neurones in the more medial nuclei (e.g. intralaminar nuclei;
parafascicular nucleus) are generally considered to have
properties and connections (e.g. with anterior cingulate cortex;
see below) suggestive of a role more in the affective or
motivational dimensions of pain. Neurones have been
described in somatosensory cortex with properties indicating a
role in localization and intensity coding of noxious thermal
facial or tooth pulp stimuli.6,15 Nociceptive neurones also occur
in other cortical regions, such as the anterior cingulate cortex,
which has been implicated in the affective dimension of
pain.6,15 The significance of these mechanisms to human pain
processes is underscored by recent brain imaging findings in
humans of activation by noxious stimuli of several cortical
regions, including somatosensory cortex and anterior cingulate
cortex.16

MODULATION OF NOCICEPTIVE TRANSMISSION

Modification of somatosensory transmission can occur at
thalamic and cortical neuronal levels, although the modification
of ascending somatosensory messages may, in fact, largely occur
earlier in the V pathway, namely in the brainstem.1,7,17 The
intricate organization of each subdivision of the V brainstem
complex and the variety of inputs to each of them from
peripheral tissues or from intrinsic brain regions provide the
substrate for numerous interactions between the various inputs.
For example, the activity of V nociceptive brainstem neurones
can be modulated (e.g. suppressed) by influences derived from
structures within the V brainstem complex itself (e.g. substantia
gelatinosa) as well as from other parts of the brainstem and
higher centres (e.g. periaqueductal gray, somatosensory cortex)
which utilize endogenous neurochemicals such as opioids, 5-HT,
or GABA. These modulatory influences are of clinical
significance since they have been implicated as intrinsic
mechanisms contributing to the analgesic effects of several
therapeutic approaches, e.g. deep brain stimulation, acupuncture,
and opioid-related drugs.7,17

NEUROPLASTICITY

The properties of nociceptive neurones in the brain can also
be modified as a consequence of peripheral nerve injuries as well
as by peripheral tissue trauma and inflammatory conditions.
Deafferentation of the tooth pulp or other craniofacial sites in the
adult animal can, for example, result in physiological,
morphological and neurochemical changes in the V brainstem
complex that may last several weeks.5,7 Changes can also be
induced by algesic chemical or inflammatory-induced afferent
inputs. For example, the injection of the inflammatory agent and
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small-fibre irritant mustard oil into the tooth pulp or into deep
tissues such as the TMJ or masticatory muscles can lead to
expansion of the RF and enhancement of the responses of NS
and WDR caudalis and oralis neurones to craniofacial
stimuli.14,18,19,20 Chemical stimulation of cerebrovascular
afferents may also induce comparable neuroplastic changes in V
brainstem neurones.12 These mustard oil-induced changes in the
V brainstem complex may be accompanied by reflexly-induced
EMG activity in jaw muscles.20,21

These neuroplastic changes are remarkable since depending
on the stimulus or form of injury or inflammation, they can last
for hours or days, even weeks, and are associated with
behavioural changes in pain sensitivity. They appear to be due to
mechanisms that reflect a “functional plasticity” or “central
sensitization” of nociceptive neurones and involvement of the
extensive pattern (see above) of convergent afferent inputs to
these neurones.7,22,23 Both neuropeptide (e.g. substance P) and
excitatory amino acid receptor mechanisms appear to be
involved in these processes. For example, NMDA and non-
NMDA receptor mechanisms underlie the involvement of
excitatory amino acids in nociceptive processing, and NMDA
receptor mechanisms in particular, appear to be very important in
the central sensitization process to the extent that NMDA
antagonists might be useful as analgesics, especially in the
treatment of persistent pain.22,23 Centrally acting NMDA
antagonists, for example, are particularly effective in preventing
the RF expansion and hyperexcitability of nociceptive neurones
in V subnucleus caudalis or oralis, induced by peripheral
inflammatory conditions (e.g. by mustard oil) or by C-fibre
strength electrical stimulation of afferent nerves, and in
antagonizing the mustard oil-induced reflex enhancement of jaw
muscle EMG activity mentioned above.18,20,21

In addition to the NMDA and non-NMDA receptor subtypes,
several second messenger systems such as nitric oxide and
protein kinase C may also be involved in this central
sensitization process.7,22,23 Moreover, a central opioid depressive
effect may be “triggered” into action by the peripheral injury or
inflammation since the intrathecal or systemic administration of
the opioid antagonist naloxone can “re-kindle” the jaw muscle
EMG activity and neuronal RF changes in caudalis, induced by
mustard oil but only if the naloxone is administered in
conjunction with the mustard oil.7,20 These findings suggest that
a nociceptive afferent input to the brain, triggered in this case by
the inflammatory irritant mustard oil, evokes neuronal activity in
subnucleus caudalis and associated neuromuscular changes, but
these neural changes are limited by the recruitment of a central
opioid inhibitory mechanism. 

Peripheral NMDA, non-NMDA and opioid processes may
also be involved in these neurochemical processes contributing to
neuroplasticity. For example, jaw muscle activity similar to that
evoked by mustard oil can be elicited by glutamate and NMDA
and non-NMDA receptor subtype agonists applied locally to the
TMJ region, and this activity can be blocked by the local (TMJ)
application of specific NMDA or non-NMDA antagonists or
morphine.24,25 These findings clearly indicate that peripheral, as
well as central excitatory amino acid and neuropeptide receptor
mechanisms may play a role in the expression of central
neuroplasticity in somatosensory and motor pathways.

One final point is the clinical significance of the findings of

neuroplasticity in pain pathways. The neuroplastic changes are
viewed as important processes underlying the development and
maintenance of chronic pain as well as acute pain associated with
injury and inflammation. They also underscore the fact that these
pathways are not “hard-wired” but are “plastic” and subject to
modification by peripherally-induced events and sustained by
central as well as peripheral neural changes. Moreover, the
neuroplastic mechanisms may be involved in the spread and
referral of pain such as may occur in headaches, and they may
also contribute to the tenderness and hyperalgesia of superficial
tissues that characterize many cases involving injury to deep
tissues in the craniofacial region.3,7 In addition, the
neuromuscular changes noted above may serve to protect the
masticatory system from potentially damaging movements and
stimuli, and so might be related to clinically based concepts of
craniofacial neuromuscular dysfunction. Finally, the emerging
knowledge of the peripheral and central neurochemical
mechanisms contributing to the neuroplastic changes offer
promise of new or improved pharmacological approaches to
manage craniofacial pain.
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