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Effect of Peripheral NMDA Receptor Blockade with
Ketamine on Chronic Myofascial Pain in
Temporomandibular Disorder Patients: A Randomized,
Double-blinded, Placebo-Controlled Trial

The etiology and pathogenesis of myofascial temporo-
mandibular disorders (TMD), which are characterized by
symptoms of localized ongoing and activity-provoked mas-

ticatory muscle pain and are more common in women than in
men, remain unclear.1–3 It has been hypothesized that elevated lev-
els of interstitial glutamate in the masseter muscle may play a role
in the development and maintenance of myofascial TMD pain, in
part based on previous findings that injection of glutamate into
the human masseter muscle evokes pain, induces mechanical sensi-
tization, and increases the amplitude of the jaw-stretch reflex.4–7

Consistent with the idea that elevated glutamate levels could play
a role in myofascial TMD mechanisms is the finding that gluta-
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Aims: To investigate the effects of local intramuscular injection of
the N-methyl-D-aspartate (NMDA) receptor antagonist ketamine
on chronic myofascial pain and mandibular function in temporo-
mandibular disorder patients. Methods: Fourteen myofascial tem-
poromandibular disorder pain patients (10 women and 4 men)
were recruited. The subjects completed 2 sessions in a double-
blinded randomized and placebo-controlled trial.  They received a
single injection of 0.2 mL ketamine or placebo (buffered isotonic
saline [NaCl], 155 mmol/L) into the most painful part of the mas-
seter muscle. The primary outcome parameters were spontaneous
pain assessed on an electronic visual analog scale and numeric rat-
ing scale. In addition, numeric rating scale of unpleasantness,
numeric rating scale of pain relief, pressure pain threshold, pres-
sure pain tolerance, completion of a McGill Pain Questionnaire
and pain drawing areas, maximum voluntary bite force and maxi-
mum voluntary jaw opening were obtained. Paired t tests and
analysis of variance were performed to compare the data. Results:
There were no main effects of the treatment on the outcome
parameters except for a significant effect of time for maximum
voluntary bite force (analysis of variance; P = .030) and effects of
treatment, time, and interactions between treatment and time for
maximum voluntary jaw opening (analysis of variance; P < .047).
Conclusion: These results suggest that peripheral NMDA recep-
tors do not play a major role in the pathophysiology of chronic
myofascial temporomandibular disorder pain. Although there was
a minor effect of ketamine on maximum voluntary jaw opening,
local administration may not be promising treatment for these
patients. J OROFAC PAIN 2008;22:122–130
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mate-evoked muscle pain is significantly greater in
women than in men.4,5,8 Moreover, some studies
have demonstrated high levels of glutamate in
patients with chronic painful tendinosis or trapez-
ius myalgia.9,10 Further, a recent animal study has
suggested that a modest elevation of interstitial
glutamate concentrations (~2 to 3 times above
baseline) can excite and mechanically sensitize
masseter muscle nociceptors.11 Taken together,
these findings suggest that glutamate, either alone
or through its interactions with other algesic sub-
stances, may play an important role in the devel-
opment and/or maintenance of chronic myofascial
TMD pain conditions.

Several lines of evidence suggest that many of the
effects induced by elevated interstitial concentra-
tions of glutamate are mediated through activation
of peripheral N-methyl-D-aspartate (NMDA)
receptors: Nociceptors that innervate the masseter
muscle express NMDA receptors, NMDA applica-
tion to the masseter muscle excites masseter noci-
ceptive afferents, and glutamate-evoked masseter
nociceptor discharge as well as glutamate-induced
masseter nociceptor mechanical sensitization are
attenuated by NMDA receptor antagonists.11–14 In
humans, local administration of the noncompetitive
NMDA receptor antagonist ketamine has been
shown to attenuate glutamate-evoked masseter
muscle pain and glutamate-induced mechanical
sensitization.13,15 Also, peripheral NMDA receptors
are localized to nerve structures in patients with
chronic painful tendinosis.9 Therefore, if elevated
interstitial concentrations of glutamate in the mas-
seter muscle contribute to pain in myofascial TMD
patients, it would be predicted that local adminis-
tration of an NMDA receptor antagonist should
attenuate this pain. 

Localized peripheral pain control in orofacial
pain conditions may bring some advantages over
approaches that target pain-related processes in
the central nervous system. For example, higher
local concentrations of the drug in the original site
of pain would avoid systemic drug levels that may
cause some adverse effect and would decrease the
possibility of drug interactions, unless systemic
absorption occurred.16 Therefore, testing the
effects of local application of peripheral NMDA
receptor antagonists such as ketamine, a drug that
was originally introduced as a general anesthetic,
has recently been advocated.17 For these reasons,
the aim of the present study was to investigate the
effects of local intramuscular injection of the
NMDA receptor antagonist ketamine on chronic
myofascial pain and mandibular function in TMD
patients.

Materials and Methods

Volunteers

Ten female patients (mean age, 28.7 ± 2.0 years)
and 4 male patients (mean age, 26.3 ± 2.5 years)
with chronic myofascial TMD pain completed
their participation in this study, which was per-
formed at the Department of Clinical Oral
Physiology in the School of Dentistry at the
University of Aarhus, Denmark. 

The study was approved by the local Ethics
Committee at Aarhus University and conducted in
accordance with the Helsinki Declaration. All the
volunteers read and signed informed consent
forms. For a patient to be included in the study, a
diagnosis of myofascial TMD pain (1a or 1b)
according to the Research Diagnostic Criteria for
TMD (RDC/TMD)18 and a history of characteris-
tic pain intensity in the masseter muscle of more
than 2 out of 10 on a numeric rating scale (NRS)
over a 2-month period were required. The patients
were not tested specifically for the presence of trig-
ger points. Exclusion criteria were the presence of
systemic musculoskeletal pain disorders such as
fibromyalgia; signs or symptoms of systemic
inflammatory joint disease, eg, rheumatoid arthri-
tis19; other serious systemic diseases or malignan-
cies; pregnancy; high blood pressure; or chronic
administration of psychiatric, analgesic, or other
medications that might influence the response to
pain.

Experimental Protocol

A clinical examination according to the RDC/TMD
criteria18 was first performed by a single experi-
menter to confirm a diagnosis of myofascial
TMD.20 Then each subject participated in 2 ses-
sions (separated by an interval of 12.2 ± 1.9 days),
with the same experimenter in which they received
either a single injection of 0.2 mL of ketamine
(Ketalar 10 mmol/L; ~pH 7.0; Park Davis) or
placebo (buffered isotonic saline NaCl 155
mmol/L, Alcon Lab) into the deep masseter muscle.
One injection per session was given into the same
masseter muscle by the same experimenter. The
injection was made into the most painful point (as
determined by palpation) of the masseter muscle
over a 10-second period with a 27-gauge hypoder-
mic needle and a disposable syringe. The treatment
order was randomized between the 2 sessions by a
clinical assistant, and neither the experimenter nor
the volunteers were aware of the contents of the
injections (double blind).
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The concentration of ketamine employed in the
present study was based on the authors’ previous
work, which indicated that a concentration of 10
mmol/L ketamine selectively blocked glutamate-
evoked masseter muscle pain in humans and noci-
ceptor discharges in animals.13,15 Figure 1 illus-
trates the experimental protocol.

Primary Outcome Parameters

Assessment of Pain Intensity. The volunteers con-
tinuously scored their pain intensity on a 10-cm
electronic visual analog scale (VAS) with the lower
extreme marked “no pain” and the upper extreme
marked “most pain imaginable.” Two separate
recordings of 15 minutes were performed. The first
started 15 minutes prior to injection and the sec-
ond immediately after injection. Three parameters
from the outputs of the electronic VAS were con-
sidered; the area under the curve (VAS AUC), the
mean value of the pain rating during the time that
the pain lasted (VAS mean), and the peak value of
the pain rating (VAS peak). The VAS AUC was
calculated by summation of all of the VAS record-
ings for each 15-minute epoch.

The patients were also asked to assess pain
intensity prior to injection (–15 minutes) and after
injection (1, 3, and 24 hours) on a 0-to-10 NRS.
NRS pain was not assessed 15 minutes after injec-
tion but was determined instead from the elec-
tronic VAS data for the 15-minute postinjection
time point (Fig 1).

Secondary Outcome Parameters

Assessment of Unpleasantness and Pain Relief.
The patients were asked to assess with an NRS the
intensity of the pain unpleasantness prior to injec-
tion (–15 minutes) and after injection (15 minutes
and 1, 3, and 24 hours). In addition, the magni-
tude of pain relief in percentage (0% to 100%)
was also registered on an NRS after injection (1, 3,
and 24 hours). 

Pressure Pain Threshold and Pressure Pain
Tolerance. A pressure algometer (Somedic, Hörby,
Sweden) was used to measure masseter muscle
pressure pain threshold (PPT) and pressure pain
tolerance (PPTOL) (kPa) bilaterally. During assess-
ments, the patients were asked to keep their jaws
at rest without tooth contact by maximum relax-
ation of the masticatory muscles. Pressure was
applied with a 1-cm2 diameter probe to the muscle
at a rate of 30 kPa/s, and the volunteers pushed a
button when they reached their PPT or PPTOL.20

The PPTs and PPTOLs were determined from a
single measurement every 5 and 15 minutes,
respectively, except for the PPT at baseline (15
minutes prior to injection), which was the average
of 2 repeated measurements (Fig 1). 

McGill Pain Questionnaire and Pain Drawing.
The volunteers were asked to fill out a Danish ver-
sion of the McGill Pain Questionnaire (MPQ)
form21 and to draw the distribution of perceived
pain on a lateral view of the face 15 minutes prior to
the injection and 15 minutes after the injection (Fig
1). The pain drawings were digitized (Sigma Scan
Pro 4.01.003) and expressed as arbitrary units.22

Maximum Voluntary Bite Force. The maximum
voluntary bite force (MVB) was measured (kPa)
between the incisors by asking the patient to bite
on a bite-force transducer (Aalborg University,
Aalborg, Denmark). They were encouraged to
make their best effort to reach their maximum
force and  asked to release the pressure when this
was reached. MVB was assessed 15 minutes prior
to injection, immediately after the injection (0
min), and 15 minutes after the injection (Fig 1).
The muscle pain evoked by the MVB task was
assessed on a 0-to-10 cm NRS.

Maximum Voluntary Opening. The maximum
voluntary opening (MVO) was recorded in millime-
ters with a metallic ruler between the incisal edges
of the first incisors. The values of the vertical over-
lap between the incisors were added.18 The record-
ing was performed every 5 minutes from 15 min-
utes prior to the injection until 15 minutes after the
injection (Fig 1). The muscle pain evoked by the
MVO task was assessed on a 0-to-10 cm NRS.
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Fig 1 Schematic diagram of the experimental protocol.
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Statistical Analysis

The present study was designed to be able to detect
a decrease in pain of at least 25%. Power analyses
indicated that 10 subjects would be needed to detect
such a difference with an intraindividual variability
of 20% and a risk of type I and II errors of 5% and
20%, respectively. Data were normalized to obtain
the relative changes after injections. This was done
by dividing the values obtained after the injections
by the values obtained at baseline (15 minutes prior
to the injections). Paired t tests were used for com-
paring sessions (placebo or ketamine injection) at
baseline and for relative changes. Two-way repeated
measures analysis of variance (ANOVA) with time
and treatment as factors were used to determine
whether there was an effect of treatment on primary
and secondary outcome parameters. Tukey tests
were used for post-hoc comparison when appropri-
ate. Post-hoc Pearson correlation analyses were
applied to test at 15 minutes post-ketamine injection
(the time point that showed the strongest effect of
ketamine in a previous study15) for an association
between VAS relative changes and for changes from
PPT or PPTOL baseline values in the ketamine ses-
sion. The level of significance was set at P < .05.

Results

Baseline Values

Baseline clinical characteristics of the patients are
shown in Table 1. There were no significant differ-
ences in clinical characteristics between patients
first receiving the placebo injection and those first
receiving the ketamine injection (P > .423; Table 1).
Furthermore, there were no significant differences

between the placebo and ketamine sessions in the
baseline values (–15 minutes) of the various pri-
mary and secondary outcome parameters (P > .139;
Table 2).

Primary Outcome Parameters

VAS Pain Intensity. Paired t tests were used to
compare the relative changes of the VAS parame-
ters: VAS AUC, VAS mean, and VAS peak values
between treatments. There were no significant dif-
ferences in these parameters between the ketamine
and placebo sessions (P > .483).

NRS and VAS Pain. For statistical comparison
purposes 8 different time point values were ana-
lyzed together with respect to NRS and VAS pain.
NRS pain values from  –15 minutes (baseline) and
1, 3, and 24 hours were analyzed, as were elec-
tronic VAS scores from  0, 5, 10, and 15 minutes
(Fig 2). All the values were normalized to baseline.
The test showed that there were no significant
effects of treatment, time, or the interaction of
treatment and time (Fig 2; ANOVA; P > .761).

Secondary Outcome Parameters

NRS Unpleasantness and NRS Pain Relief.
ANOVAs of the relative changes of the NRS
unpleasantness and the values of NRS pain relief
did not reveal any significant treatment or time
effect (ANOVAs: P > .147).

PPT and PPTOL. ANOVA of the PPT relative
change values showed a significant effect of time
(ANOVA: P = .004) but no effect of treatment and
no interaction between treatment and time.
Moreover, there was no significant effect of time
or treatment on PPTOL (ANOVAs: P > .072). 

Table 1 Baseline Clinical Characteristics of the Myofascial TMD Pain
Patients Before the Placebo or Ketamine Session

Placebo Ketamine 

Baseline characteristics Mean SEM Mean SEM

Spontaneous pain (NRS 0 to 10) 4.0 0.5 3.6 0.5
Unpleasantness (NRS 0 to 10) 4.2 0.5 4.3 0.6
Maximum unassisted opening without pain (mm) 50.9 2.7 49.6 2.6
Maximum unassisted opening with pain (mm)  52.6 2.6 53.0 2.5
Maximum assisted opening with pain  (mm)  53.8 2.7 54.1 2.7
Pain upon maximum opening (NRS 0 to 10) 4.4 0.5 3.9 0.6
No. of masticatory muscle sites with pain on 10.5 1.1 10.1 1.3
palpation (0 to 20)
No. of TMJ sites with pain on palpation (0 to 4) 1.2 0.4 0.8 0.3

Mean age ± SEM, 28.3 ± 1.7 y; mean duration of myofascial TMD pain ± SEM, 8.0 ± 1.6 y. Two
patients exhibited temporomandibular joint (TMJ) sounds. 
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Pain Drawings and MPQ. The relative changes
of pain drawing area and MPQ total scores were
compared with paired t tests. No significant effect
of treatment was observed (P > .364).

MVB and MVO. The relative changes of MVB
showed a significant time effect (ANOVA: P =
.030) but no effect of treatment or any interaction
between time and treatment. For MVO, there was

a significant effect of treatment and time as well as
interactions between treatment and time
(ANOVAs: P < .047). Tukey post-hoc analyses
showed differences between the 2 different treat-
ments at 0, 5, 10, and 15 minutes (Tukey: P <
.31). Moreover, in the ketamine session, there
were significant differences between baseline and
5, 10, and 15 minutes (Tukey: P < .008; Fig 3).

Table 2 Baseline Primary and Secondary Outcome Parameters Values
of the Myofascial TMD Pain Patients

Placebo Ketamine 

Baseline parameters Mean SEM Mean SEM

Primary outcome parameters
VAS AUC (0 to 10,000) 2793.7 451.8 3181.5 485.7
VAS peak (0 to 10) 3.5 0.5 3.9 0.6
NRS pain (0 to 10) 4.0 0.5 3.6 0.5

Secondary outcome parameters
NRS unpleasantness (0 to 10) 4.2 0.5 4.3 0.6
PPT (kPa) 134.5 12.4 135.8 12.9
PPTOL (kPa) 294.9 29.6 281.0 32.9
Pain drawing area (arbitrary units) 105.3 24.2 139.6 32.8
MPQ total scores (0 to 112) 11.5 2.0 12.1 2.4
MVB (kPa) 19.4 2.2 19.1 2.2
MVO (mm) 49.5 2.5 48.4 2.7

There were no significant differences in these baseline values between placebo and ketamine
sessions (P > .139).
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Fig 2 The horizontal black lines represent the mean values (n = 14) of
the relative changes in NRS/VAS pain as a response to the placebo (NaCl
155 mmol/L) or ketamine (10 mmol/L ketamine) injection into the most
painful part of the masseter muscle.  There was no significant effect of
sessions or time (ANOVAs: P > .686). Values at –15 minutes, 1 hour, 3
hours, and 24 hours were NRS pain scores, while those at 0 minutes, 5
minutes, 10 minutes, and 15 minutes were values obtained from the elec-
tronic VAS scores. Dotted lines represent 50% of relief and increase of
pain after injections. There were 4 female patients with a decrease of ≥
50% of their baseline pain levels of pain after 1, 3, and 24 hours follow-
ing the injection of ketamine. One female patient reported a 200%
increase 1 and 3 hours following the injection of ketamine.
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Correlation

At 15 minutes post-ketamine, the time point that
showed the strongest effect of ketamine in the
authors’ previous study,15 post-hoc Pearson corre-
lation analyses revealed no associations between
PPT or PPTOL baseline values and the relative
VAS changes in the ketamine session (P > .520).

Discussion

Glutamate by itself or through its interactions with
other algesic substances may play an important role
in the development and/or maintenance of chronic
myofascial TMD pain conditions due to the activa-
tion of peripheral NMDA receptors. In animal
models of masseter muscle pain, glutamate, or
NMDA-induced activation of these receptors can
be attenuated by NMDA receptor antago-
nists,11–13,23 and in humans, local administration of
the noncompetitive NMDA receptor antagonist
ketamine has been shown to attenuate acute gluta-
mate-evoked masseter muscle pain and glutamate-
induced mechanical sensitization.13,15 Moreover,
some studies have demonstrated the presence of

high levels of glutamate in patients with chronic
painful tendinosis or myalgia in the trapezius mus-
cle.9,10 Therefore, it was logical that local adminis-
tration of an NMDA receptor antagonist should
attenuate pain in myofascial TMD patients. The
results of this study showed that although some
individual patients showed clinical pain relief,
intramuscular injection of the NMDA receptor
antagonist ketamine did not have a statistically sig-
nificant effect on perceived pain intensity, NRS
unpleasantness, NRS pain relief, pain drawing area,
MPQ total scores, PPTs, or PPTOLs in chronic
myofascial TMD pain patients. These findings con-
trast with the authors’ earlier findings that local
administration of ketamine attenuates acute pain
and mechanical sensitization experimentally
induced by glutamate injection into the masseter
muscle of healthy humans.15 These various findings
are in line with previous studies which reported
potent and long-lasting inhibition of the develop-
ment of secondary hyperalgesia following an injec-
tion of the NMDA receptor antagonist ketamine on
experimental cutaneous thermal injuries24 but a
lack of effect after the application of topical
ketamine in patients with cutaneous (neuropathic)
pain.25
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Fig 3 Mean values (± SEM; n = 14) of the relative changes of (a) MVB and (b) MVO in response to the 2 different
types of  injections (isotonic NaCl 155 mmol/L [placebo] or ketamine 10 mmol/L) into the most painful part in the
masseter muscle.  There was a time effect for MVB (ANOVA: P = .030). For MVO, there was a session effect
(ANOVA: P = .046), a time effect (ANOVA: P < .001), and significant interaction between time and session (ANOVA:
P = .032). Post-hoc analyses showed differences between groups at all time points (Tukey: P < .031; indicated by an
asterisk) and differences from baseline in reaction to the ketamine injection (Tukey: P < .007; indicated by †).
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The findings of the present study could be inter-
preted to suggest that activation of peripheral
NMDA receptors may not play an important role
in the maintenance of myofascial pain in TMD
patients. However, limitations to this interpreta-
tion related to other glutamatergic-initiated effects
and the concentration, volume, and disposition of
intramuscularly injected ketamine need to be care-
fully considered before entirely ruling out a role
for peripheral NMDA receptors in chronic
myofascial TMD pain. For example, it has been
suggested that only a brief elevation of intramus-
cular glutamate concentration is sufficient to trig-
ger a cascade of events within the muscle and alter
the response properties of muscle afferent fibers.15

Furthermore, although the activation of peripheral
NMDA receptors alone may be sufficient to induce
mechanical sensitization upon injection of gluta-
mate into the masseter muscle, this does not
exclude the possibility of a contribution by other
receptor mechanisms. There is evidence that non-
NMDA receptors as well as metabotropic gluta-
mate receptors may also contribute to glutamate-
induced mechanical sensitization of the masseter
muscle12,26 and that elevated interstitial levels of
glutamate in the masseter muscle could result in
the release of neuropeptides27; these are mecha-
nisms that could affect mechanical sensitivity with-
out ongoing NMDA receptor activation and thus
not be amenable to NMDA receptor blockade.

In the case of the concentration and volume of
ketamine, the values used (10 mmol/L, 0.2 mL) for
injection into the masseter muscle in this study
were based on evidence from the authors’ previous
experimental studies, which indicated that this
concentration of ketamine, when coinjected with
glutamate, could significantly attenuate acute glu-
tamate-evoked muscle pain and glutamate-induced
mechanical sensitization of the masseter muscle in
men and attenuate glutamate-evoked nociceptor
discharge in male and female rats.13,15 However, a
recent study using this concentration of ketamine
with glutamate found that it did not significantly
attenuate either acute glutamate-evoked muscle
pain or glutamate-induced mechanical sensitiza-
tion in healthy young women.7 The majority of
chronic myofascial TMD pain sufferers in the pres-
ent study were women. Although the number of
male volunteers in this study was too small to
determine any gender difference, it is possible that
the absence of significant effects of ketamine on
muscle pain resulted from too low a concentration
being employed and that a higher concentration of
ketamine might have shown more remarkable
results. The problem with this approach is that

while the present study demonstrated that 10
mmol/L ketamine does not exert nonselective,
local anesthetic-like actions,13 it is possible that
higher concentrations of ketamine probably would
exert local anesthetic effects and thus would have
confounded interpretation of the data collected.28

The site of injection of ketamine in the current
study was determined by palpation of each sub-
ject’s masseter muscle to identify the area with the
greatest hyperalgesic action. A limitation of this
approach is that the relatively small volume of
ketamine may not have permitted distribution of
ketamine to a sufficient number of painful sites
within the muscle to effect a significant decrease in
the overall pain ratings.  Indeed, injection of a sim-
ilar volume of local anesthetic into the masseter
muscle of TMD sufferers has previously been
found to be no more effective than isotonic saline
in reducing pain and mechanical sensitivity in
myofascial TMD sufferers.29,30 Another related
factor may be the rapid clearance of ketamine
from the masseter muscle. The blood flow in the
masseter muscle is 3 times higher than in somatic
muscles, and the clearance of other injected chemi-
cals, such as glutamate (t1/2 ~100 seconds) is
rapid, which suggests that ketamine may have
been cleared from the masseter muscle at a rapid
rate, limiting its ability to interact with peripheral
NMDA receptors within the muscle.31–33

Another factor to consider for effects of
ketamine is that there may be sex-related differ-
ences in pain perception mediated through activa-
tion of peripheral NMDA receptors. As already
mentioned, acute glutamate-evoked masseter mus-
cle pain is significantly attenuated by coinjection
of ketamine in healthy young men but not in
healthy young women.7,13 In female but not male
rats, the magnitude of masseter nociceptor dis-
charge acutely evoked by activation of peripheral
NMDA receptors is positively correlated with
serum estrogen levels, a phenomenon that appears
to be due to an estrogen-mediated increase in the
number of masseter nociceptors that express
NMDA receptors.14 If this effect also occurs in
women, it might explain not only why women
report a greater intensity of pain than men after
injection of glutamate into the masseter muscle but
also why higher doses of ketamine might be
required in women to adequately attenuate pain
related to increased interstitial concentrations of
glutamate. Unfortunately, there were too few male
myofascial TMD patients in the present study to
permit the analysis of sex-related differences in the
effects of ketamine. However, the individual
results of male volunteers in this study did not
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reveal any major pain-relieving effects from the
ketamine injection (Fig 2).

An additional consideration is that even though
it has been suggested that human experimental
models of pain applied to the orofacial area are
valuable and can provide clinically relevant infor-
mation, the myofascial TMD patients and the
characteristics of their persistent pain experience
are more complex than acute experimental pain.
Those differences could be due to the fluctuation
of pain, the chronicity of the pain, psychosocial
distress, functional disabilities, and concomitant
pain conditions that may influence their pain per-
ception.34 Such factors limit the direct comparison
of the results obtained from clinical experiments
on this type of patient with experimental pain in
healthy human subjects.34 Pain is influenced by a
multitude of factors, including psychologic factors,
that have been shown to be important determi-
nants of the pain experience.35,36 It has been
reported that patients suffering from myofascial
TMD pain dysfunction or atypical facial pain are
more likely to show elevations in psychometric
scales for hypochondriasis and depression.36 It has
also been shown that psychosocial variables, such
as coping strategies, may have implications for the
underlying physiology of pain and the prediction
of important clinical outcomes, including pain
severity and disability.37 All these factors suggest
awareness and caution when comparing the results
of the current study with those obtained from
human experimental pain models. 

A final point of discussion is the interpretation of
the results from the secondary outcome parameters,
namely MVB and MVO. There were significant
increases of MVB over time, but no difference
between treatments. It is unclear why this occurred.
On the other hand, there was a significant effect of
time and treatment on MVO, with a significant
improvement in this parameter after treatment with
ketamine when compared with placebo control.
While this is the first documentation that MVO
may be influenced by NMDA receptor mechanisms
in humans, it is consistent with findings in rats that
a peripherally applied NMDA receptor antagonist
reduces jaw-muscle clenching activity induced by
elevated glutamate levels in deep craniofacial 
tissues.38 However, alternative mechanisms such as
changes in contractile properties of the muscle or
modulation of non-nociceptive reflex circuitries
could also be considered. Although the effect of
ketamine used in the present study on MVO was
statistically significant, the improvement in MVO
was very small (< 5%); thus, the clinical signifi-
cance of this finding is not clear. 

Conclusions 

In summary, there were no major effects of the
local injection of ketamine on masseter muscle
pain in chronic myofascial TMD pain patients.
These results suggest that peripheral NMDA
receptors do not play a major role in the patho-
physiology of chronic myofascial TMD pain.
Although there was a significant effect of ketamine
on MVO, the clinical significance of this finding is
not clear.  The current findings do not support the
treatment of chronic myofascial TMD pain
patients with local injections of ketamine.
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