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Nerve Growth Factor–Evoked Masseter Muscle
Sensitization and Perturbation of Jaw Motor Function
in Healthy Women

There is now good evidence that neurotrophic protein nerve
growth factor (NGF) is a potent modulator of nociceptive
transmission.1,2 For example, increased levels of NGF have

been implicated in various inflammatory pain conditions such as
pancreatitis, prostatitis, and cystitis3–5 and also appear to be
involved in the pathophysiology of chronic headache conditions.6,7
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Aim: To replicate and extend previous findings of nerve growth
factor (NGF)-induced mechanical sensitization in healthy young
men to women and test for associations between mechanical sensi-
tization and oral motor function. Combined these data would
indicate if injection of NGF into the masseter muscle is a valid
model of muscle pain related to temporomandibular disorders
(TMD). Methods: A double-blind, placebo-controlled study was
conducted on 14 healthy women. Each subject received an injec-
tion of NGF (5 µg in 0.2 mL) into 1 masseter muscle and buffered
isotonic saline (control, 0.2 mL) into the other. Pressure pain
thresholds (PPT) and pressure pain tolerance (PPTOL) as well as
self-assessed pain intensity (numeric rating scale of 1 to 10) with
the jaw at rest and in relation to various motor activities (chewing,
yawning, talking, swallowing, drinking, and smiling) were
recorded prior to and 3 hours, 1 day, 7 days, 14 days, and 21 days
postinjection. ANOVAs were used to test data. Results: It was
found that NGF significantly reduced PPT and PPTOL 3 hours, 1
and 7 days postinjection (P < .001). Numerical rating scale (NRS)
scores during chewing and yawning were significantly increased 3
hours and 1 day following NGF injection (P < .001). After 3
hours, there were significant correlations between relative changes
in PPTs and NRS scores during chewing (r = –0.556; P = .037),
between relative changes in PPTOL and NRS scores during yawn-
ing (r = –0.607; P = .020), and between relative changes in
PPTOL and maximum unassisted jaw-opening capacity (r =
0.868; P < .001). Conclusion: This study shows that injection of
NGF into the masseter muscle of women causes local signs of
mechanical allodynia and hyperalgesia that persist for at least 7
days as well as pain during strenuous jaw movement. Taking the
authors’ previous results on NGF effects in men into considera-
tion, these findings lend additional support to the suggestion that
this model may serve as a proxy of some of the clinical features of
TMD-related muscle pain. J OROFAC PAIN 2008;22: 340–348
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NGF has also been mentioned as a possible thera-
peutic target in the treatment of osteoarthritis and
pain.8 However, relatively little is still known
about NGF actions on muscle tissue despite the
large number of persistent pain conditions that
afflict this tissue. 

Studies in animal preparations with intramuscu-
lar injections of NGF into the cervical muscles
have also shown long-lasting facilitatory effects on
the jaw-opening reflex9,10 that may lead to neuro-
plastic changes in nociceptive synaptic transmis-
sion indicative of a process of central sensitization.
The initiator of this central sensitization may
involve NGF-evoked excitation of nociceptive 
C-fibers, which has been reported to occur upon
intramuscular injection of NGF into the rat gastro-
cnemius muscle.11 Recently these findings were
extended by intracellular recordings of dorsal horn
neurons which indicated that 8 of 15 neurons did
not react to injection of NGF, 4 neurons
responded with excitatory postsynaptic potentials,
and 3 neurons showed both excitatory postsynap-
tic potentials and action potentials.12 This pattern
of neuronal response was suggested by the authors
to be sufficient to induce a sensitization of central
nociceptive neurons but inadequate to evoke overt
painful sensations in humans after NGF injections
into the masseter muscle.

Indeed, recent studies in humans have shown
that direct administration of small doses (5 µg) of
NGF into the masseter muscle of healthy male sub-
jects is associated with a prolonged period of
increased sensitivity to mechanical pressure stimuli
and stimulation of the masseter and movement-
produced pain.13 These features in many ways
mimic the clinical symptoms of myofascial tem-
poromandibular disorders (TMD), which are char-
acterized by pain on palpation of the jaw muscles,
pain in the masticatory muscles, and pain on
movement.14 Furthermore, it has recently been
found that within 1 hour of injection of human
NGF into the rat masseter muscle, the mechanical
threshold of A� fibers decreases in female rats,
which may suggest that females are particularly
sensitive to elevated levels of NGF.15

Taken together with the fact that the majority of
myofascial TMD patients are women, the aim of
this study was to replicate and extend previous
findings of NFG-induced mechanical sensitization
of the masseter muscle and to test for associations
between mechanical sensitization and oral motor
function.

Materials and Methods

Subjects

Fourteen healthy female volunteers with a mean
age of 25.4 ± 2.3 years were recruited from among
the students at the University of Aarhus. All of
them were taking estrogen-containing oral contra-
ceptives to minimize the impact of hormonal
changes on pain sensitivity across the menstrual
cycle. None of the subjects reported painful TMD
or other orofacial pain complaints or had taken
analgesics within 48 hours of the investigation. The
subjects were screened for TMD in accordance
with the Research Diagnostic Criteria (RDC) for
TMD.14 The local ethics committee approved the
experiments, and informed consent was obtained
from all participants. The study was conducted in
accordance with the Declaration of Helsinki.

Study Design

The study was performed in a randomized, dou-
ble-blinded, placebo-controlled manner. The
sequence and side (left or right) of the single NGF
and buffered isotonic saline (control) injections
were both randomized. The subjects were asked to
score the perceived intensity of pain on a 0- to 10-
cm electronic visual analog scale (VAS) after each
injection. Fifteen minutes after the first injection
on 1 side, a second injection with the other sub-
stance was done on the contralateral side. One
examiner prepared the NGF or saline injection
while the second examiner performed all assess-
ments at baseline before injection of NGF or
saline. The tests performed were assessment of
pressure pain threshold (PPT) and pressure pain
tolerance (PPTOL) in the masseter muscles on
both sides, maximum bite force (MBF) on both
sides in the posterior area (first molars), maximum
unassisted jaw opening, and a chewing test which
consisted of 6 minutes of unilateral chewing on 1
piece of chewing gum.16 Moreover, all subjects
described the sensation of pain after the injections
on a Danish version of the McGill Pain
Questionnaire (MPQ) and drew the distribution of
pain on a anatomic figure of the head.17 After the
second injection, MPQ and pain drawings were
assessed again. Three hours after the first injection,
the second examiner repeated all the measure-
ments, and the subjects filled in questionnaires
about pain and were asked to rate their pain inten-
sity on a 0-to-10 numerical rating scale (NRS) dur-
ing various jaw functions. The exact same mea-
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surements were repeated 1, 7, 14, and 21 days
after the injections. All subjects and the second
examiner were blinded to administration of NGF
or saline. The code was broken after data entry
and analysis. 

NGF Administration and Subjective Sensations

Based on previous studies13,18,19 a single dose of 5
µg was given in 0.2 mL (~ 0.1 µg/kg) as a bolus
injection to all 14 subjects. The manual injection
into the masseter muscle followed published tech-
niques.20 As a control, 0.2 mL buffered isotonic
saline was injected into the contralateral masseter
muscle. Sterile solutions of recombinant human
NGF (25 µg/mL) were prepared by the pharmacy
at Aalborg Hospital. 

The subjects used an electronic 0- to 10-cm VAS
to score their perceived pain intensity of the NGF
and isotonic saline injection. The VAS signal was
sampled and stored in a computer every 5 seconds.
The areas under the VAS curve (VASauc) and the
maximum pain (VASpeak) were calculated. 

The area of perceived pain on the MPQ drawings
was digitized and expressed in arbitrary units.21

Mechanical Sensitivity

A pressure algometer (Somedic, Hörby, Sweden)
was used to test the sensitivity to deep stimuli
applied to the masseter muscles. The PPT was
defined as the amount of pressure (kPa) that the
subjects first perceived to be painful.20 The subject
pushed a button to stop the pressure stimulation
when the threshold was reached. Subjects were
instructed to keep their teeth slightly apart to
avoid contraction of the jaw-closing muscles dur-
ing pressure stimulation. The PPTs were deter-
mined in duplicate with a constant application rate
of 30 kPa/s and a probe diameter of 1 cm2. The
mean value was used for further statistical evalua-
tion. PPTOLs, however, were measured just once
at the end of each session to avoid sensitization
that might be caused by the procedure itself.
PPTOL was defined as the maximum pain that the
subjects were willing/able to accept. 

Assessment of Oral Motor Function

Based on the RDC/TMD questionnaire,14 the sub-
jects were asked how much pain on a 0-to-10 NRS
was evoked with the jaw at rest and by various
oral motor activities: chewing, yawning, talking,
swallowing, drinking, and smiling. 

The MBF was measured with the use of a 7-mm-
high bite force meter as previously described.22

The subjects were asked to bite as hard as possible
on the bite force meter placed between the first
molars. Verbal encouragement was given to the
subjects during this task, which lasted 3 to 5 sec-
onds. The MBF recording was repeated 3 times
with 1 to 2 minutes between recordings to prevent
fatigue and allow recovery. The mean of the 3
measurements was used for the further analysis.
MBF was measured on both sides (NGF and con-
trol side) in randomized order.

In addition, the influence of NGF injections on
normal chewing was assessed using the same
paradigm as Karibe et al.16 The subjects were
asked to chew 1 portion of chewing gum on their
preferred chewing side (approximately 8 g; 6
pieces of Dental V-6 sugar-free chewing gum,
Dandy A/S DK) for 6 minutes. The subjects
reported on a 0-to-10 NRS the intensity of pain in
the masseter muscles every 1 minute. After comple-
tion of the chewing task the subjects were also
asked to draw the perceived pain area on a figure
of the head. These pain areas were also digitized
and expressed in arbitrary units. 

Statistical Analyses

The results are presented as mean ± standard
errors of the mean (SEM). The PPT and PPTOL
were normalized to the baseline values to calculate
the relative changes. Analysis of variance
(ANOVA) was used to test the normalized PPT
and PPTOL data with injection type (treatment) as
one factor and time as the repeated factor (6 levels:
baseline, 3 hours, 1 day, 7 days, 14 days, and 21
days). MBF data were analyzed with a repeated
measure ANOVA (6 time levels). The NRS scores
and pain drawing areas from the chewing test were
analyzed with repeated measures ANOVA with
time (6 levels) and trials (6 levels) as the factors.
Post-hoc tests were performed with Tukey tests.
Associations between relative changes in PPTs and
PPTOLs and NRS scores during oral motor func-
tion were tested with Spearman correlation tests.
The level of significance was set at P < .05. 

Results

At baseline, all subjects were free of TMD com-
plaints or signs with normal nonpainful responses
to standardized palpation of the masseter and tem-
poralis muscles and unrestricted jaw movements.
Intramuscular injection of NGF and buffered iso-
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tonic saline was not associated with any sponta-
neous pain reports (VASpeak and VASauc equal to
zero), and there were no reports of systemic
adverse effects.

Influence on Mechanical Sensitivity

The absolute values at baseline were 257 ± 13 kPa
for PPT and 543 ± 32 kPa for PPTOL, with no sig-
nificant differences between sides (paired t test:
PPT: P = .81; PPTOL: P = .94).

A 2-way ANOVA test of the normalized PPTs
showed that there was a strong main effect of time
(ANOVA: F = 61.04; P < .001), as well as treat-
ment (ANOVA: F = 32.19; P < .001), with a sig-
nificant interaction between factors (ANOVA: F =
9.51; P < .001). For the masseter muscle injected
with NGF, the PPTs were significantly different
from baseline, with significantly lower PPTs after
3 hours, 1 day, and 7 days (ie, allodynia) (Tukey:
P < .05; Fig 1a). The masseter muscle injected with
isotonic saline demonstrated significantly lower
PPT after 1 day compared with baseline values
(Tukey: P < .03) (Fig 1b), but the relative PPT
changes from baseline to day 1 were significantly
smaller for the isotonic injections (24.0% ± 4.7%)
compared with the NGF injections (66.3% ±
4.2%; paired t test: P < .001). 

For the normalized PPTOLs, there was a main
effect of time (ANOVA: F = 39.99; P < .001), as
well as treatment (ANOVA: F = 13.13; P = .001)
with a significant interaction between factors
(ANOVA: F = 4.65; P < .001). The PPTOL in the
masseter muscle injected with NGF was signifi-
cantly different from baseline values, with signifi-
cantly lower PPTOL after 3 hours, 1 day, and 7
days (ie, hyperalgesia; Tukey: P < .001; Fig 1a).
The control injection of isotonic saline into the
masseter muscle showed consistent decreases in
PPTOL values after 3 hours and 1 day (Tukey: 
P < .003; Fig 1b), but again the relative PPTOL
changes from baseline to 3 hours and 1 day were
significantly smaller for the isotonic injections
(24.8% ± 5.1%; 21.7% ± 4.9%) compared with
the NGF injections (52.3% ± 5.3%; 49.5% ±
4.8%; paired t tests: P < .004). 

Influence on Oral Motor Function

Injection of NGF caused pain in the ipsilateral mas-
seter muscle on chewing in 1 of 14 subjects after 15
minutes, 10 of 14 subjects after 3 hours and 1 day,
6 of 14 subjects after 7 days, and 2 of 14 subjects
after 14 days. The NRS scores of pain on chewing
were significantly increased (ANOVA: F = 9.95; 
P < .001), with significantly higher NRS scores

NGF-induced mechanical sensitization
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compared with baseline after 3 hours and 1 day
(Tukey: P < .01; Fig 2). Also yawning was signifi-
cantly influenced by the NGF injection (ANOVA: 
F = 6.00; P < .001), with significantly higher NRS
scores compared with baseline after 3 hours and 1
day (Tukey: P < .04). No significant effects of NGF
on talking, swallowing, drinking, smiling, and with
the jaw at rest could be detected, although a few
subjects (< 5/14) reported some disturbance in 1 or
more of these oral functions (Fig 2). 

The maximum unassisted jaw-opening capacity
was also significantly influenced by the NGF injec-
tion (ANOVA: F = 11.344; P < .001), with signifi-
cantly lower values after 3 hours (48.9 ± 1.9 mm)
and 1 day (49.4 ± 1.7 mm) compared with base-
line values (52.4 ± 5.2 mm; Tukey: P < .001).

The MBF at baseline was 58 ± 3.6 kg, with no
differences between sides (paired t test: P = .78).
Injection of NGF was associated with a significant
change over time (ANOVA: F = 4.093; P = .001),
with the lowest MBF values after 3 hours on the
ipsilateral side (10% ± 5.3% decrease; P < .02).
Also on the contralateral side, there was a time
effect (ANOVA: F = 2.655; P = .03), but post-hoc
tests could not identify at which timepoints this
occurred.

Analysis of the NRS scores in response to the
chewing test revealed a significant effect of time
(ANOVA: F = 9.333; P < .001) and trials
(ANOVA: F = 7.427; P < .001), with no interaction
between the 2 factors. Compared to baseline val-
ues, the NRS scores after chewing on days 7, 14,
and 21 were significantly increased (Tukey: 
P < .001) and the NRS scores after the 5th and 6th
trials were significantly higher than after the first
trial (Tukey: P < .014). However, the scores were
generally low, ranging from 1 to 2 on the 0-to-10
NRS. 

Analysis of the pain-drawing areas obtained fol-
lowing the chewing tests showed a significant
effect of time (ANOVA: F = 6.671; P < .001), with
significantly higher values after 1 day (65.6 ± 16.6
arbitrary units) compared with the values immedi-
ately after (15 min) the injections (2.7 ± 2.7 arbi-
trary units; Tukey: P < .001; Fig 3).

After 3 hours, but not after 24 hours, there were
significant correlations between relative changes in
PPTs and NRS scores during chewing (r = –0.556; P
= .037), between relative changes in PPTOL and NRS
scores during yawning (r = –0.607; P = .020), and
between relative changes in PPTOL and maximum
unassisted jaw-opening capacity (r = .868; P < .001).
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Fig 2 NRS scores of various oral motor functions at
various time points following the administration of
NGF in women (n = 14; mean values). * Indicates sig-
nificantly different values from baseline values, which
all were zero (Tukey: P < .05). For clarity, the SEMs
have not been shown.

Fig 3 Pain-drawing areas in arbitrary units following a
6-minute chewing task at various timepoints after
administration of NGF in women (n = 14; mean values
± SEM). * Indicates significantly different values from
first values (Tukey: P < .001).
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Discussion

The main finding in this study was the consistent
and long-lasting increase in mechanical sensitivity
(allodynia and hyperalgesia) in the NGF-injected
masseter muscle and pain associated with jaw
functions but without spontaneous pain or any
systemic side-effects in healthy young women. 

Spontaneous Pain and Mechanical Sensitization

The present study has shown that NGF injections
into the masseter muscle of women do not evoke
painful sensations that can be recorded on the VAS
or MPQ. This finding suggests that NGF in itself
does not activate a sufficient number of nocicep-
tive afferents necessary for a conscious sensation
of pain and that volume effects of the injected
solution play a minor role. The lack of significant
spontaneous pain in relation to NGF injections is,
indeed, an important point and was also found in
a previous study in healthy male subjects.13 Recent
findings suggest that injection of NGF into jaw-
closing muscles does not evoke significant dis-
charge in A� fibers in either male or female rats
but does induce a prolonged mechanical sensitiza-
tion of these fibers that lasts for at least 3 hours.15

In contrast, Hoheisel et al11 found a robust activa-
tion of 10 of 28 C-fibers in the gastrocnemius-
soleus muscle of rats but no significant changes in
C-fiber discharges in response to fixed mechanical
stimuli, which indicates a lack of mechanical sensi-
tization in these fibers. These findings suggest that
mechanical sensitization of muscle nociceptors
may contribute to the effects of NGF when
injected into the masseter muscle but that different
mechanisms appear to be involved in the effects of
NGF on other muscles. 

A consistent finding in this study and the previ-
ous study in healthy men13 was the pronounced
sensitization of the masseter muscle in a localized
area around the injection site. Smaller decreases in
PPT and PPTOL values on the control side (iso-
tonic saline injections) (Fig 1b) occurred, suggest-
ing that the insertion of the needle and the injec-
tion itself may lead to some degree of sensitization
in women; however, in the previous experiment in
healthy men the isotonic saline injection was not
associated with significant decreases in PPTOLs.13

The previous study in men examined mechanical
sensitivity 1 hour after NGF injections and indi-
cated no allodynia or hyperalgesia. In the present
study in women, the first examination after NGF
injections was delayed to 3 hours, and a significant
decrease in both PPTs and PPTOLs was found.

This effect could be mediated by a peripheral
mechanism, as it has been found that NGF also
sensitizes masseter muscle A�-fibers within 1 to 3
hours after injection into the rat masseter muscle.
However, we cannot rule out the possibility that
increases in mechanical sensitivity observed after 1
and 7 days are due, at least in part, to a central
mechanism involving upregulation of sensory neu-
ropeptides and neuromodulators such as calcitonin
gene-related peptide, substance P, and brain-
derived neurotrophic factor; receptors such as
TRPV1 and P2X3, and ion channels such as TTX
and TTXr (for a review see Pezet and McMahon1).
The findings from Makowska et al10 indicate that
there is indeed a central component to the changes
in nociceptive transmission following intramuscu-
lar injection of NGF. Furthermore, recent intracel-
lular recordings of dorsal horn neurons have 
suggested that injection of NGF into the rat 
gastrocnemius-soleus muscles may produce a pat-
tern of neuronal response that is sufficient to induce
a sensitization of central nociceptive neurons but
inadequate to evoke overt painful sensations.12

Additional studies in animals will be required to
separate the peripheral versus the central compo-
nent of NGF-induced mechanical sensitization.

NGF as a Model of Myofascial TMD Pain?

Myofascial TMD is characterized by fluctuating
levels of spontaneous pain, and it has been shown
that there are substantial variations in present VAS
pain scores, average VAS pain scores during a
month, and the highest (worst) VAS pain scores.23

However, it is a highly consistent finding in
myofascial TMD patients that their PPTs in the
masseter muscles are decreased compared to
matched controls.20,23–26 A number of studies also
suggest that the mechanical sensitivity outside the
trigeminal region is increased in myofascial TMD
patients (eg, Maixner et al23). Epidemiologic data
strongly suggest that women are at higher risk
than men to develop a TMD problem, and in par-
ticular the use of oral contraceptives seems to be
an additional risk factor.27–29 While the mecha-
nisms which underlie sex-related differences in the
prevalence of TMD have yet to be elucidated,
there is some indirect evidence that suggests estro-
gen levels may play a role. It recently has been
shown that artificial manipulation of the estradiol
levels (low versus high) in healthy women was
associated with distinct differences in regional
increases in baseline mu-opioid receptor availabil-
ity in vivo and activation of endogenous opioid
neurotransmission during pain induced by infusion
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of hypertonic saline into the masseter muscle.30

This finding suggests a role for estrogen in modu-
lating endogenous opioid neurotransmission and
psychophysical measures of experimental jaw-mus-
cle pain and is in accordance with the clinical liter-
ature demonstrating that low levels of estrogen
during the menstrual cycle are associated with
small but significant increases in TMD pain.28 In
addition, the mechanical threshold of masseter
nociceptors in female rats is decreased in associa-
tion with a drop in serum estrogen levels.15,31

Taken together, these findings suggest that both
peripheral and central changes in masticatory mus-
cle pain processing are associated with natural
fluctuations in the level of sex hormones. To mini-
mize the effect that natural fluctuations in sex hor-
mone levels might exert on PPTs and PPTOLs,
women in the present study were required to be
taking oral contraceptives, and so it was not possi-
ble to examine the influence of serum sex hormone
concentrations on NGF-evoked sensitization.
Nevertheless, the literature supporting an associa-
tion between TMD-related pain and menstrual
cycle stage suggests that future studies be under-
taken to examine the effect of NGF in normally
cycling women.

Stohler,32 in a response to a review on TMD
pain,33 was the first to consider a potential sex-
related link between NGF and myofascial TMD.
Levels of NGF or analysis of TrkA receptor distri-
bution and density have not yet been performed in
TMD pain patients, but the present investigation
and a previous study by the present authors13

examined the hypothesis that experimental eleva-
tions of NGF in the masseter muscle leads to a
localized sensitization of the injected muscle.
Numerous other models of myofascial pain exist,
eg, endogenous activation of nociceptors through
extensive and primarily eccentric muscle work (for
a review see references 34,35) or via injections of
algesic compounds such as hypertonic saline, acid
solutions, serotonin, bradykinin, substance P,
ATP, capsaicin, and glutamate.21,24,36–42 For exam-
ple, single injections of substance P and serotonin
are associated with no or very little pain, which is
comparable to the findings with NGF injections.
However, none of the mentioned algesic sub-
stances have in any study been shown to lead to
prolonged periods (weeks) of increased sensitivity
to mechanical stimuli. Some algesic substances,
such as capsaicin, acting on the TRPV1 receptor
lead to very high pain ratings (VAS scores > 6)38

but again, with relatively little and rather short-
lasting (hours) changes in mechanical sensitivity.
We have systematically examined the importance

of peripherally administered glutamate and identi-
fied sex-related differences in the muscle pain
intensity41 and ~15% to 20% decrease in the PPTs
that lasted only 30 to 60 minutes, but without sex
differences. Subcutaneous administration of gluta-
mate in the trigeminal area, however, evokes a
larger area of pin-prick hyperalgesia in women
than in men.43 The magnitude of the NGF-medi-
ated mechanical sensitization in the present study
was in the range of 65% in women compared to
about 40% in men13 after 1 day and in both stud-
ies persisted for up to 7 days. Future studies will
need to be designed to address whether there are
indeed sex-related differences in these pain and
sensitization phenomena.44 Nonetheless, injection
of NGF into the masseter muscle seems to be a rel-
evant model of myofascial TMD pain with pro-
nounced sensitization and influence on oral motor
function. Furthermore, most TMD conditions do
not show clear evidence of tissue inflammation,
and there is evidence from animal studies that
injection of NGF does not lead to overt inflamma-
tion as assessed by plasma extravasation in rat
masseter muscles.15 This is a marked difference to
other animal models of myositis, such as injection
of complete Freund adjuvant, mustard oil, or for-
malin (eg, Hu et al,45 Watanabe et al,46 and
Sugiyo et al47). 

Another important point is that NGF injections
are associated with significant perturbations in
normal oral motor function such as chewing and
yawning, with significant correlations between
measures of mechanical sensitization and NRS
scores. Thus, greater levels of sensitization
(expressed as relative changes in PPTs or PPTOLs)
were associated with higher pain scores evoked by
chewing, yawning, and reduction in maximum
unassisted jaw-opening capacity. This sensory-
motor interaction is also supported by studies on
the jaw-opening reflex in animals receiving NGF
injections into the cervical muscles.10 Although the
NRS scores following the chewing tasks were low
in the present study, they consistently indicated
that chewing leads to higher pain scores, in accor-
dance with clinical reports.48,49 Injections of
hypertonic saline also lead to alterations in jaw-
motor function and reflex sensitivity (eg, Svensson
et al50,51 and Wang et al52), but chewing is fre-
quently associated with a decrease and reduction
of pain, which also can be observed in some (6%
to 30%) myofascial TMD pain patients.49

However, the majority of myofascial TMD pain
patients experience an increase in pain when chew-
ing, and this feature was replicated in the present
study.
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Based on previous observations in men13 and the
current observations, it is therefore proposed that
intramuscular administration of NGF is an inter-
esting model or proxy of some aspects of TMD-
like muscle pain without an inflammatory compo-
nent and could be used to obtain more insight into
the mechanisms of mechanical sensitization of
deep nociceptive afferent fibers in the craniofacial
region.
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