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The purpose of the present review is to correlate recent knowledge of

the role of peripheral ionotropic glutamate receptors in the temporo-

mandibular joint and muscle pain from animal and human experi-

mental pain models with findings in patients. Chronic pain is

common, and many people suffer from chronic pain conditions

involving deep craniofacial tissues such as temporomandibular disor-

ders or fibromyalgia. Animal and human studies have indicated that

the activation of peripheral ionotropic glutamate receptors in deep

craniofacial tissues may contribute to muscle and temporomandibular

joint pain and that sex differences in the activation of glutamate

receptors may be involved in the female predominance in temporo-

mandibular disorders and fibromyalgia. A peripheral mechanism

involving autocrine and/or paracrine regulation of nociceptive neu-

ronal excitability via injury or inflammation-induced release of gluta-

mate into peripheral tissues that may contribute to the development

of craniofacial pain is proposed.
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Mécanismes neuraux de la douleur affectant
l’articulation temporomandibulaire et le muscle
masticateur : Rôle possible et mécanismes des
récepteurs périphériques du glutamate

Le but du présent article est d’établir une corrélation entre d’une part, les

connaissances récemment acquises sur le rôle des récepteurs inotropes

périphériques du glutamate dans l’articulation temporomandibulaire et la

douleur musculaire à partir de modèles expérimentaux de douleur chez

l’animal et l’être humain, et d’autre part, les observations notées chez les

patients. La douleur chronique est fréquente et bien des gens souffrent de

maux chroniques impliquant les tissus cranio-faciaux profonds, tels que

les troubles temporomandibulaires ou la fibromyalgie. Des études menées

chez l’animal et l’être humain ont indiqué que l’activation des récepteurs

inotropes périphériques du glutamate dans les tissus cranio-faciaux pro-

fonds contribue à la douleur musculaire et à la douleur de l’articulation

temporomandibulaire et que des différences liées au sexe quant à l’activa-

tion des récepteurs du glutamate pourraient être en cause dans la prédo-

minance des troubles temporomandibulaires et de la fibromyalgie chez la

femme. On propose ici un mécanisme périphérique reposant sur la régula-

tion autocrine et/ou paracrine de l’excitabilité nociceptive neuronale par

le biais de la libération du glutamate induite par une lésion ou une inflam-

mation dans les tissus périphériques pour expliquer en partie le développe-

ment de la douleur cranio-faciale.

Chronic pain is a common affliction and as many as 10% of
the North American population suffer from chronic pain

conditions involving deep craniofacial tissues, such as tem-
poromandibular disorders (TMD) or fibromyalgia, at some
point in their lives (1-3). In the case of TMD, approximately
70% of TMD patients are women of reproductive age, and the
principal signs and symptoms include neuromuscular dysfunc-
tion and pain in the temporomandibular joint (TMJ) and/or
the masticatory muscles, joint sounds and limitations in jaw
movements. TMD patients frequently have allodynia and
hyperalgesia, and pain may also spread and be referred to other
craniofacial sites (1,4-7). These findings suggest a role for both
peripheral and central sensitization in TMD-associated pain.
Another pain condition that is associated with peripheral and
central sensitization is fibromyalgia, which is often found in
combination with TMD (7-9). The underlying nociceptive
mechanisms in muscles and joints in these craniofacial pain
conditions are still unclear, in large part due to the limited
study of peripheral and central neural mechanisms affecting
craniofacial musculoskeletal tissues and, as a consequence,
diagnosis and management have a limited scientific rationale.

Despite the many breakthroughs in pain research, our cur-
rent understanding of the neural mechanisms of musculoskele-
tal pain still derive mainly from muscle and knee or ankle joint
models. Most of these experimental studies have suggested that
inflammatory irritants and ligands for G-protein-coupled
receptors such as bradykinin, histamine, serotonin and
prostaglandins may be responsible for increased primary affer-
ent sensitivity (primary hyperalgesia or peripheral sensitiza-
tion) and spinal neuron sensitivity (secondary hyperalgesia or
central sensitization) under experimental myositic or arthritic
joint conditions (10,11). While injury, inflammation or degen-
eration of the TMJ or muscle are often conceptualized as
important in the pathophysiology of chronic craniofacial pain
conditions such as TMD, the majority of TMD do not appear
to be associated with gross indications of inflammatory
changes (6,12,13). Also, more generalized pain conditions
such as fibromyalgia do not often show signs of tissue damage
or inflammatory changes (8,9). This suggests that different
receptor mechanisms may underlie the development of some
chronic pain conditions involving deep musculoskeletal tissues
and inflammatory pain.
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Research in our laboratories has led us to propose an alter-
native peripheral mechanism involving ionotropic excitatory
amino acid (EAA) channel type receptors that may be more
relevant to conditions such as TMD and fibromyalgia. We
have found that activation of peripheral EAA receptors by
injection of the EAA glutamate into the TMJ or craniofacial
muscles excites nociceptive afferent fibres and evokes jaw muscle
electromyographic (EMG) activity similar to that produced by
the injection of inflammatory algesic chemicals (eg, mustard
oil), but does not result in any signs of inflammation in these
tissues (14-22). In correlated human studies, intramuscular
injection of glutamate has been shown to elicit pain in humans
(16,23-25). Thus, glutamate may be a better candidate than
traditional algesic/inflammatory mediators (eg, bradykinin,
serotonin, histamine or prostaglandins) for studying nonin-
flammatory musculoskeletal pain mechanisms such as TMD
and fibromyalgia. The purpose of the present review is to cor-
relate recent knowledge of the role of peripheral ionotropic
glutamate receptors in TMJ and masticatory muscle pain from
studies in animals and human experimental pain models, with
clinical findings in craniofacial pain patients.

PERIPHERAL GLUTAMATE RECEPTOR

MECHANISMS
Glutamate
Glutamate is a well-known and ubiquitous excitatory neuro-
transmitter in the central nervous system. Recent evidence has
suggested that it has an important nociceptive role in peripheral
tissues. Glutamate is the endogenous agonist for EAA recep-
tors. There are two broad groups of EAA receptors, namely, the
ionotropic EAA receptors, which are mixed cation channels,
and metabotropic EAA receptors, which are G-protein-linked.
Ionotropic EAA receptor subtypes are named for the agonist
that activates them and include the N-methyl-D-aspartate
(NMDA) receptors, and the non-NMDA α-amino-3-hydroxy-
5-methyl-5-isoxazolepropionate (AMPA) and kainate recep-
tors. EAA receptors are found on both trigeminal and dorsal
root ganglion neurons (26,27) and unmyelinated terminals of
cutaneous afferent fibres (28,29). Glutamate itself is present in
both trigeminal and dorsal root ganglion neurons (30-36) as
well as their central (36,37) and peripheral (36,38) terminals.

Nociceptive stimulation of primary afferent fibres results in the
release of EAAs from the central terminals of trigeminal and
spinal afferent fibres (30-35,37,39-42). It is not known whether
glutamate is also released from the peripheral endings of trigem-
inal afferent fibres but nociceptive stimulation of spinal afferent
fibres has been shown to result in the neurogenic release of glu-
tamate from peripheral terminals of spinal afferent fibres
(43,44). Because sensory nerve terminals contain glutamate
receptors and release glutamate, it has been suggested that there
is a possible role for autocrine and/or paracrine regulation of
spinal nociceptor excitability (Figure 1) (45). Similarly, because
NMDA and non-NMDA receptors are found on trigeminal
ganglion neurons and can be activated by glutamate to depolar-
ize trigeminal ganglion neurons in vitro (27,46-48), this may
suggest a similar role for peripheral glutamate receptor modula-
tion of trigeminal nociception.

Peripheral EAA receptor mechanisms may have an impor-
tant role in inflammatory pain because peripheral glutamate
levels are elevated during cutaneous or deep tissue inflamma-
tion (43,49,50) and the number of EAA receptors in cutaneous
tissues increases during inflammation (51). Furthermore, a
number of studies have provided behavioural evidence in sup-
port of a role for peripheral glutamate receptors in the transduc-
tion of nociceptive information. Subcutaneous or intra-articular
glutamate injection decreases mechanical paw withdrawal
thresholds in rats through the activation of peripheral NMDA,
kainate and AMPA receptors (28,52-54). In rats, the develop-
ment of thermal and mechanical hyperalgesia observed after
intraplantar or intra-articular (knee) application of irritant
chemicals can be mimicked by the application of EAA receptor
agonists to these sites (28,52,53,55,56). It has also been reported
that peripheral application of selective EAA receptor antago-
nists may attenuate behavioural signs of hyperalgesia induced
by irritant chemicals (53,56-58). Moreover, intraplantar injec-
tion of NMDA results in a dose-dependent increase in c-fos
expression (a marker for nociceptive activity) in the ipsilateral
dorsal horn, and the co-injection of an NMDA receptor antag-
onist with formalin suppresses formalin-induced c-fos expres-
sion (59).

It is thus possible that under certain conditions, such as in
the presence of TMD, an increase in peripheral levels of gluta-
mate in craniofacial tissues activates peripheral EAA recep-
tors, a process that can modify the excitability of trigeminal
afferent fibres and evoke nociception. Because trauma has long
been implicated in the etiology and pathogenesis of certain
TMD, it is possible that injury-induced tissue cell damage
excites and sensitizes nociceptors through the release of
cytosolic glutamate from affected neurons, macrophages (60),
released blood serum (61) or Schwann cells (62). Because sen-
sory endings of nociceptors are unencapsulated, they are readily
susceptible to cytosolic contents released from damaged cells
nearby (63-66). Cytosolic concentrations of K+ and ATP are
higher than in the extracellular medium and, if released, can
depolarize nociceptors through resting K+ channels and
purinergic receptors, respectively (66,67). The release of high
cytosolic concentrations of protons following cell damage can
also depolarize nociceptors through proton-gated ion channels
such as the vanilloid type 1 (TRPV1) receptor (68-71). This
receptor is activated by the inflammatory irritant capsaicin,
protons or noxious heat and results in the neurogenic (vesicu-
lar) release of EAAs, including glutamate, from peripheral ter-
minals (44). Similar to the nociceptor-depolarizing effects due
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Figure 1) Peripheral glutamate receptor (GluR)-mediated autocrine
and/or paracrine regulation of spinal nociceptive transmission. Schematic
drawing of cutaneous nociceptive primary afferent fibres. In the normal
state, many of the terminals contain glutamate in vesicles that are
released on stimulation. Through autocrine and/or paracrine routes,
GluRs on a subpopulation of nociceptors can be activated, initiating or
enhancing nociceptive transmission to the spinal cord. Reprinted with
permission from reference 45
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to the cytosolic release of K+, ATP and H+, cytosol also has a
high concentration of glutamate that, if released in the extra-
cellular medium, has been shown to activate kainate channels
on sensory neurons (72). In particular, cutaneous nociceptors
in vitro can be excited and sensitized by exogenous application
of glutamate (73). It is also possible that plasma extravasation
and/or a neurogenic release secondary to microtrauma, inflam-
mation or TRPV1 receptor activation could play a role in ele-
vating the local glutamate concentration at the site of injury or
inflammation.

Animal TMJ and craniofacial muscle models
Animal studies have suggested that tissue inflammation or
injury-related increased levels of peripheral glutamate may be
involved in nociceptive mechanisms in deep craniofacial tis-
sues. Glutamate has been shown to excite trigeminal ganglion
neurons through the activation of NMDA and non-NMDA
receptors (46-48). The authors have recently identified a novel
peripheral nociceptive role for glutamate within the TMJ and
craniofacial muscles by demonstrating that injection of gluta-
mate into the TMJ or masseter and temporalis muscles evokes
both peripheral and central sensitization through the activa-
tion of peripheral EAA receptors. In the authors’ acute rat
model of TMJ injury, glutamate injection into the TMJ evoked a
concentration-related reflex increase in jaw muscle EMG activ-
ity (15) similar to that evoked by the inflammatory irritants
and algogenic compounds in mustard oil (14) and capsaicin
(74). This glutamate-evoked reflex response appears to reflect
the integration of primary afferent drives with the central sen-
sitization of central neurons involved in the TMJ reflex path-
way because it can be abolished by brainstem lesions of the
trigeminal subnucleus caudalis (75,76). The reflex response
includes the co-contraction of jaw-opening and jaw-closing
muscles, which is thought to represent a physiological ‘splinting’
action to limit movement and prevent further injury (77-79).
Moreover, this glutamate-evoked jaw muscle activity can be sig-
nificantly attenuated by the co-injection of NMDA and non-
NMDA receptor antagonists into the TMJ (15). Thus, these
results suggest that peripheral ionotropic glutamate receptors
are present in deep craniofacial tissues and, when activated,
can evoke nociceptive responses similar to those evoked by
algogenic compounds. Peripheral metabotropic glutamate
receptors also cannot be overlooked, but their relative contri-
bution to peripheral nociceptive responses has not been stud-
ied in detail in the trigeminal system. However, they may
contribute to craniofacial nociception because they have been
shown to modulate both peripheral and central spinal nocicep-
tive transmission (80-83).

Intramuscular (masseter or temporalis) or TMJ injection of glu-
tamate can also preferentially evoke activity in small-diameter,
mechanosensitive afferent fibres and sensitize muscle and TMJ
afferent fibres through the activation of peripheral EAA recep-
tors (16-18,21,22,84). In particular, peripheral NMDA recep-
tors may play an important role in glutamate-induced effects
on nociceptive afferent fibres because NMDA receptor antag-
onists applied locally into the masseter muscle significantly
decrease glutamate-evoked afferent discharges (23). Moreover,
the concentration of glutamate injected into the masseter mus-
cle to evoke afferent discharges through peripheral NMDA
receptor activation approximates the concentration of gluta-
mate that could be released on afferent excitation from presy-
naptic vesicles in masseter muscle afferent fibre terminals

(84,85). This glutamate-evoked sensitization of primary affer-
ent fibres may contribute to the primary hyperalgesia or allo-
dynic states characteristic of craniofacial pain conditions such
as TMD. Moreover, glutamate injection into the rat TMJ also
evokes activity and central sensitization (receptive field
expansion, mechanical activation threshold reduction and
increases in responses to suprathreshold stimuli and neuronal
spontaneous activity) in brainstem nociceptive neurons
(86,87) similar to the neuronal changes evoked by the inflam-
matory irritants and small-fibre excitants capsaicin and mustard
oil (86,88,89). Glutamate-evoked receptive field expansion,
mechanical activation threshold reduction, increases in responses
to suprathreshold stimuli and neuronal spontaneous activity
may be centrally operating mechanisms contributing to pain
spread and referral, allodynia, hyperalgesia and pain at rest in
craniofacial pain conditions such as TMD.

In addition to the direct activation and modulation of noci-
ceptive neuronal responses, EAA receptors may also indirectly
modulate nociception via interactions with other nociceptive
receptors. There is evidence suggesting that NMDA receptor
mechanisms may modulate TRPV1 activity in the central
nervous system. For example, studies have demonstrated that
both the capsaicin-evoked release of spinal substance P (90) as
well as the capsaicin-evoked antinociception at the periaque-
ductal grey level (91) may be dependent on the release of glu-
tamate acting on NMDA receptors. Indeed, EAA receptor
mechanisms may modulate TRPV1 processes in peripheral tis-
sues. The authors have recently shown that there are functional
TRPV1 receptors in deep craniofacial tissues and that they
appear to be modulated by peripheral EAA receptor mecha-
nisms. The authors first documented that capsaicin injected
into the rat TMJ or craniofacial muscles produces an inflam-
matory response (92), evokes activity and peripheral sensitiza-
tion in small-diameter, mechanosensitive fibres (21,22),
induces a dose-dependent reflex increase in jaw muscle EMG
activity (74) and evokes central sensitization in brainstem
nociceptive neurons (86,93). The authors have also recently
demonstrated that both trigeminal nociceptive afferent
(21,22) and brainstem (87,94) nociceptive neuronal responses
to capsaicin injected into the TMJ are significantly increased
following glutamate injection into the TMJ or craniofacial
muscles. These findings suggests that glutamate may sensitize
primary afferent fibres and brainstem nociceptive neurons with
deep craniofacial tissue receptive fields in rats and produce
larger (eg, increased response magnitude and peak frequency),
more immediate (eg, decreased response latency) and pro-
longed (increased response duration) nociceptive responses to
subsequent noxious stimulation (eg, with capsaicin) of the
TMJ. Peripheral NMDA receptors, in particular, may play a
role in mediating capsaicin-evoked increases in jaw muscle
EMG activity because preinjection of either the noncompeti-
tive NMDA receptor antagonist MK-801 (95) or the competi-
tive NMDA receptor antagonist 2-amino-5-phosphonovalerate
acid (96) into the TMJ attenuates jaw muscle EMG activity
evoked by capsaicin.

One possible mechanism whereby capsaicin or lowered pH
(eg, elevated H+ levels during inflammation) evokes nocicep-
tive jaw muscle activity could involve autocrine and/or
paracrine regulation of nociceptive excitability via ionotropic
glutamate receptors (Figure 2). No studies to date have demon-
strated the colocalization of peripheral NMDA and TRPV1
receptors on the same trigeminal primary afferent terminal,
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but the authors’ recent evidence that peripherally applied glu-
tamate and capsaicin may activate the same TMJ or craniofa-
cial muscle fibre (21,22) suggests that both receptors may be
found on a single trigeminal primary afferent fibre. Similar
peripheral NMDA receptor mechanisms may also play an
important role in the nociceptive responses evoked by mustard
oil. Jaw muscle activity evoked by mustard oil injected into the
TMJ (14) as well as nocifensive behaviour (97), edema forma-
tion (97) and c-fos expression in the trigeminal brainstem
nuclei (98) evoked by mustard oil injected into the masseter
muscle are also similarly attenuated by local TMJ or muscle
MK-801 pretreatment.

Sex differences in peripheral EAA receptor mechanisms
The prevalence of chronic pain conditions involving deep
craniofacial tissues such as TMD and fibromyalgia is greater in
women than men (1,4,99-102), which suggests that sex-related
factors may play a role in the pathogenesis of these conditions.
Nevertheless, the mechanisms underlying these sex-related
differences in the prevalence of craniofacial pain remain
obscure and may involve a variety of factors, including physio-
logical and psychosocial factors.

The authors’ own data suggest that these sex differences
may, in part, have a peripheral basis. Application of glutamate
to the TMJ or masseter muscle evokes TMJ and muscle affer-
ent and jaw muscle reflex EMG activity of greater magnitude
in female than male rats (16,17,19,23). Also noteworthy is
that there is a sex difference in rats with respect to the periph-
eral application of opioids, where morphine co-application to
the TMJ blocks glutamate-evoked jaw muscle activity in a
dose-dependent and naloxone-reversible manner in male rats,
whereas female rats show no such sensitivity (103). In contrast
to these glutamate-evoked effects, there is no sex-related dif-
ference in the muscle afferent activity evoked by injection of

hypertonic saline into the masseter muscle (23). These results
raise the possibility that there may be distinct sex-related dif-
ferences in some of the mechanisms involved in the processing
of sensory inputs (such as glutamate) from deep craniofacial
tissues and that these differences may contribute to the greater
prevalence of many chronic muscle pain conditions in women.

The glutamate-related effect appears to be mediated, in part,
by estrogen, because female gonadectomy eliminates these sex-
related differences, while estrogen replacement therapy restores
them. In other animal studies, there is evidence for both
peripheral and central neural sites of action for estrogen modu-
lation of somatic sensation and nociceptive behaviour. Estrogen
receptors are found in muscle (104,105), TMJ (106,107), dorsal
root (108) and nodose ganglion neurons (109), indicating that
deep tissues as well as peripheral ganglia are potential targets for
sex steroids to modulate sensory and autonomic functions.
Moreover, the trigeminal subnucleus caudalis region, the initial
brainstem site of integration for nociceptive signals from the
TMJ, may be another important target for sex hormone modu-
lation because the superficial laminae near the caudal subnu-
cleus caudalis region has been shown to express a high density
of estrogen receptor-positive neurons (110,111). Taken together,
these results support the view that female rats may exhibit an
enhanced neural responsiveness to injury of deep craniofacial
tissues, which may be due in part to a sex-related increase in the
excitability of trigeminal primary afferent fibres and central
nociceptive neurons.

Proposed mechanisms of peripheral glutamate-mediated pain
The above data suggest that changes in peripheral glutamate
levels through cytosolic release from tissue damage, inflamma-
tion or neurogenic (vesicular) release from nociceptive activa-
tion may play an important role in modulating the sensitivity of
deep craniofacial tissues through autocrine and/or paracrine reg-
ulation of ionotropic glutamate receptor mechanisms. Another
possibility is that glutamate levels in deep tissues may be elevated
by exogenous sources under certain conditions, for example after
ingestion of food containing large quantities of monosodium
glutamate. Ingestion of gram quantities of monosodium gluta-
mate significantly elevates skeletal muscle content of glutamate
(112) and sometimes results in facial pressure, burning and chest
pain (113). Thus, in acute pain conditions, tissue injury, inflam-
mation or noxious stimulation activates peripheral EAA recep-
tors as well as other peripheral nociceptive receptors such as
TRPV1. The activation of peripheral EAA receptors and conse-
quent Ca2+ influx may enhance nociception via Ca2+-dependent
phosphorylation of EAA and other receptors and/or further
release of glutamate from neuronal terminals. The release of glu-
tamate can then activate additional EAA receptors on the same
neuronal terminal or adjacent surrounding peripheral terminals
to amplify the release of glutamate in the peripheral tissues, sen-
sitize other receptors such as TRPV1 and enhance nociceptive
responses (Figure 2). It is then possible for chronic pain condi-
tions to develop or be maintained via the continual autocrine
and/or paracrine-regulated release of glutamate from peripheral
neuronal terminals. In addition to the release of glutamate from
affected neurons, non-neuronal cells such as macrophages (60),
blood serum (61) or Schwann cells (62) that contain EAAs may
also contribute to the increase in peripheral levels of glutamate
following tissue damage, inflammation or nociceptive activa-
tion. This amplification of peripheral glutamate levels in deep
craniofacial tissues may thus evoke peripheral sensitization and
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Figure 2) Proposed ionotropic glutamate receptor regulation of capsaicin
or H+-induced nociceptive excitability. 1) Capsaicin or H+ activates vanil-
loid type 1 (TRPV1) receptors in temporomandibular joint (TMJ) affer-
ent fibres resulting in Na+, K+ and Ca2+ influx and consequent
membrane depolarization. 2) Capsaicin or H+-induced membrane depo-
larization results in neurogenic release of glutamate. 3) Released glutamate
may act in an autocrine fashion to further depolarize the same TMJ affer-
ent fibre via N-methyl-D-aspartate (NMDA) receptors and result in
enhanced glutamate release or act in a paracrine fashion to activate
NMDA receptors of adjacent TMJ afferent fibres
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central sensitization as well as nociceptive jaw muscle reflex
responses which may contribute to typical features of TMD
(ie, neuromuscular changes reflected in limitations in jaw
movements, plus pain spread and referral, allodynia, hyperalge-
sia and pain at rest).

Human experimental masticatory pain model
An important question is, do these various findings in rats
have any relevance to nociceptive mechanisms in humans?
The answer is yes. The demonstration of a novel nociceptive
role for peripheral glutamate receptors in animal models led to
investigations into whether injection of glutamate into the
masseter muscle induces pain in human volunteers (16,24,25).
Glutamate injection into the masseter muscle has been found
to cause significantly higher levels of peak pain, duration of
pain, overall pain and pain spread than injection of isotonic
saline in human volunteers (16). The glutamate-evoked pain
spread, peak pain and overall muscle pain has also been found
to be significantly greater in women than in men (16,24,25).
One possible mechanism to account for this difference
between the sexes may be that women’s masseter muscle affer-
ent fibres have a greater sensitivity to glutamate, as demon-
strated in the authors’ animal model mentioned above. More
recently, it has been demonstrated that the effect of glutamate-
evoked masseter muscle pain on the human jaw-stretch reflex
also differs in men and women. Baseline jaw-stretch reflex
responses were larger and glutamate injections into the mas-
seter muscle were significantly more painful in women than in
men, but glutamate significantly facilitated jaw-stretch reflex
responses in men but not in women (24). Since one possible
function of facilitated jaw-stretch reflex responses during jaw
muscle pain may be to reduce jaw mobility and, thus, protect
against further injury, the finding of a sex-related difference in
the modulation of jaw-stretch reflex responses may prove to be
important in clarifying why the prevalence of many chronic
muscle pain conditions such as TMD and fibromyalgia is
greater in women than in men.

Glutamate injection in humans also results in allodynia and
pain spread, which is suggestive of peripheral sensitization and
central sensitization, which the authors have shown can be
induced by glutamate injections in rats (see above). It has been
demonstrated that masseter muscle pressure pain thresholds
were reduced (a sign of allodynia [25]), and that muscle pain
also spread to involve the TMJ, the temporal regions and the
teeth in many of the volunteers (16) following injection of glu-
tamate into the masseter muscle. These findings suggest that
activation of peripheral EAA receptors may excite nociceptors
that contribute to pain responses in humans and is consistent
with the association between the development of hyperalgesia
and elevated tissue levels of glutamate elsewhere in the body
(50). Furthermore, consistent with the authors’ findings in
rats, peripheral NMDA receptors may play a role in these
effects of glutamate because it has been shown that ketamine
(an NMDA antagonist) applied in combination with gluta-
mate selectively decreases glutamate-evoked muscle pain in
humans (23).

CLINICAL RELEVANCE AND 

FUTURE DIRECTIONS
Peripheral glutamate receptor mechanisms may have an
important role in chronic pain conditions because peripheral

glutamate levels (43,49,50) as well as the number of peripheral
glutamate receptors (51) are elevated during tissue inflamma-
tion. In particular, in craniofacial pain conditions such as
TMD, an increase in peripheral levels of glutamate in cranio-
facial tissues may occur and result in the activation of periph-
eral glutamate receptors, modifying the excitability of
trigeminal afferent fibres, thereby evoking pain. One possible
mechanism that may contribute to the development of cranio-
facial pain involves autocrine and/or paracrine regulation of
nociceptive neuronal excitability via injury or inflammation-
induced release of glutamate. Recent studies in animals and
humans do indeed suggest that the activation of peripheral
glutamate receptors may contribute to craniofacial pain and
to the female predominance in chronic pain disorders such
as TMD and fibromyalgia. As detailed above, intramuscular
or TMJ injection of glutamate in rats can evoke reflex
increases in jaw muscle EMG activity (15), peripheral sensi-
tization in deep craniofacial nociceptive primary afferent
fibres (16-18,21,22), and central sensitization in brainstem
nociceptive neurons with deep craniofacial receptive fields
(86). There is also a sex difference in rats with respect to the
peripheral application of glutamate; TMJ and muscle afferent
fibre and reflex jaw muscle responses are greater in female rats
(16,19). Similarly, intramuscular injection of glutamate can
evoke pain and other features indicative of peripheral and cen-
tral sensitization in humans, and there are sex differences in
some of these effects (16,24,25). The finding of a sex-related dif-
ference in pain responses to peripherally injected glutamate sug-
gests that if selective peripheral EAA receptor antagonists can
be developed, they could be used to determine whether periph-
eral EAA receptor activation is involved in the development or
maintenance of craniofacial pain conditions in women.

Although a novel antinociceptive role for peripheral
NMDA receptor antagonists in animal and human craniofacial
pain models has been demonstrated (15,23,95,96), there has
been a paucity of reports on the effects of locally administered
NMDA receptor antagonists in other human experimental
craniofacial pain models, and data from the few existing
human experimental pain models are not consistent. For
example, Warncke et al (114) showed that local pretreatment
with ketamine inhibited the development of mechanical
hyperalgesia in a forearm burn injury model, and Pedersen et al
(115) demonstrated that peripheral ketamine pretreatment
reduced spontaneous pain during burn injury induction and
increased the heat pain threshold using a similar burn injury
model. In contrast to the results of the burn injury models and
our finding that pre-injection of an NMDA receptor antago-
nist into the TMJ attenuates capsaicin-evoked jaw muscle
EMG activity (95,96), Gottrup et al (116,117), using a cap-
saicin model, showed that ketamine had no effect on reducing
spontaneous pain, evoked pain and areas of hyperalgesia
induced by intradermal capsaicin injection in humans.
Differences in pain models, dosages and timing of NMDA
receptor antagonists and injury may explain the discrepancy in
experimental results.

Animal and human studies suggest that the elevation of
peripheral glutamate levels in deep craniofacial tissues may
contribute to neuromuscular changes, pain spread and referral,
allodynia, hyperalgesia, pain at rest and the female predomi-
nance manifested in many craniofacial pain conditions such as
TMD and fibromyalgia. However, further studies are clearly
required to achieve a better understanding of the role of
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peripheral glutamate receptors in the pathobiological mecha-
nisms underlying these craniofacial pain conditions. The
demonstration of a relationship between peripheral glutamate
receptor mechanisms and craniofacial pain may lead to the
development of novel diagnostic and therapeutic approaches
for TMD and other craniofacial pain conditions of peripheral
origin. Thus, peripheral glutamate receptors may be potential
novel targets for the treatment of craniofacial pain conditions
and may provide a rationale for nonopioid pain therapy. The
formulation of specific peripheral ionotropic glutamate recep-
tor antagonists that do not cross the blood-brain barrier may be
of potential benefit by reducing peripheral nociceptive
excitability and sensitization while avoiding any harmful cen-
tral side effects associated with central glutamate receptor
antagonism.
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