
Reduction of Clinical Temporomandibular Joint Pain Is
Associated with a Reduction of the Jaw-Stretch Reflex

Temporomandibular disorders (TMD) are characterized by
pain or tenderness in the jaw muscles, several types of joint
sounds, and/or restriction of mandibular motion.1–4 The pain

is usually described as dull, aching, continuous, and increasing with
jaw function and is typically located around the ear, the mandibular
angle, and the temporal area. Pain can also be reported in the jaw
and diffusely throughout one side of the face. Tenderness of jaw
muscles to palpation can be found in the clinical examination of
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Aims: To examine the jaw-stretch reflex after injection of local
anesthetic (LA) into painful temporomandibular joints (TMJs),
since the functional role of jaw-stretch reflexes in patients with
painful temporomandibular disorders is still not well understood.
Methods: Thirteen female patients with a clinical diagnosis of disc
displacement without reduction and TMJ pain participated in this
open study. Reflex responses were evoked by fast stretches at 15%
of the maximal voluntary contraction level before and after injec-
tion of 1 mL carbocaine into the painful TMJ. Electromyographic
(EMG) activity was recorded from the left and right masseter and
temporalis muscles, and the mean level of prestimulus EMG activ-
ity and peak-to-peak amplitude of the stretch reflex were mea-
sured. Visual analog scale ratings of TMJ pain and TMJ pressure
pain thresholds (PPTs) were also obtained. Eleven healthy women
were examined with the same protocol (except for PPT determina-
tions) before and after injection of LA into the TMJ. Results: In
patients, injection of LA reduced the TMJ pain during jaw move-
ments and maximum clenching (P � .021) and increased the PPTs
in the painful TMJ (P � .01). The prestimulus EMG activity in the
masseter on the painful side (feedback muscle) was unaffected by
the injection of LA (P � .262). There were no significant side-to-
side asymmetries of latency or amplitude measures of the stretch
reflex in the patient group. Both the peak-to-peak amplitude and
the normalized peak-to-peak amplitude of the stretch reflex were
reduced in the masseter and temporalis muscles on the painful side
and in the masseter on the nonpainful side after LA injections (P
� .048). There were no effects of LA injections into the TMJ in
the healthy group on any EMG or stretch parameters. Conclusion:
These results do not support the notion of asymmetries in the jaw-
stretch reflex in patients with TMJ pain, but they do suggest that
the reflex sensitivity can be influenced by nociceptive activity from
the TMJ area. J OROFAC PAIN 2004;18:33–40.

Key words: local anesthesia, pain, pain thresholds, stretch reflex,
temporomandibular joint, trigeminal nerve 



Wang et al

34 Volume 18, Number 1, 2004

TMD and is in most cases accompanied by clini-
cally tender neck or shoulder muscles.5

The stretch reflex has been previously studied in
patients with TMD, with equivocal results.6

Studies using controlled chin taps to evoke the
reflex have reported a significant side-to-side
asymmetry in onset latency but no amplitude dif-
ferences in the jaw-jerk reflex in patients with
painful TMD.7 Other studies have demonstrated
bilateral amplitude “imbalance” of the reflex in
TMD patients before treatment, as compared to
normal subjects and following treatment.8,9 The
asymmetry of the onset latency of the stretch
reflex is thought to be the result of facilitation of
muscle spindles on the side with muscle pain or
tenderness.10 A significantly longer onset latency
and smaller amplitudes of the jaw-stretch reflex
(jaw jerk) have been shown on the painful side in
TMD patients.10,11 In contrast to the above find-
ings, other studies have shown different results.
The pattern of the complex reflex responses to
tooth tapping appears to be similar in patients
with different types of TMD symptoms and in
healthy subjects when the background electromyo-
graphic (EMG) activity is controlled by visual
feedback.12 Furthermore, the jaw-stretch responses
are not significantly changed, and bilateral asym-
metries cannot be found in TMD patients, as com-
pared with control subjects, when the background
EMG activity is controlled and the reflex ampli-
tude is normalized.13 Discrepancies in methodol-
ogy and criteria for selection of TMD patients
may, in part, explain such divergent findings;
therefore, assessment of the jaw-stretch reflex may
require highly standardized techniques and proto-
cols to determine the excitability of the trigeminal
motoneuron pool in well-defined subgroups of
TMD patients.6,14,15

In previous human studies, a facilitation of the
jaw-stretch reflex during experimentally induced
jaw muscle pain has been clearly demonstrated
under highly standardized conditions.16–21

However, the interaction between clinical tem-
poromandibular joint (TMJ) pain and jaw-stretch
reflexes pathways is less investigated. Thus, the
purpose of the present study was to use injections
of local anesthetic (LA) to reduce the pain in
patients with painful TMJs to examine whether
the sensitivity of the jaw-stretch reflex is influ-
enced by pain in the TMJ region. We also tested
the effect on jaw-stretch reflexes of LA injections
into nonpainful TMJs in healthy volunteers. 

Materials and Methods

Participants 

Thirteen female patients (mean age ± SEM: 28.4 ±
2.4 years) participated this study. All patients
underwent a history and clinical examination com-
patible with a diagnosis of disc displacement with-
out reduction and arthralgia according to the
Research Diagnostic Criteria for TMD.1 Magnetic
resonance imaging (MRI) is not routinely per-
formed in patients with disc displacement prob-
lems in Denmark, and in only 2 patients was the
position of an anteriorly displaced disc verified by
MRI. The healthy group consisted of 11 women
(mean age ± SEM: 25.2 ± 1.2 years) without signs
or symptoms of TMD, periodontal or endodontic
diseases, or distinct orthodontic abnormalities. All
subjects had full dental arches, including the sec-
ond molars. The study was conducted in accor-
dance with the Helsinki Declaration, and all par-
ticipants gave written informed consent to the
procedures, which were approved by the local
ethics committee.

Pressure Pain Thresholds

A pressure algometer (Somedic) was used to mea-
sure the TMJ pressure pain thresholds (PPTs). The
PPT was defined as the amount of pressure (kPa)
that the subject first perceived as painful.22 The 1-
cm-diameter probe was applied perpendicular to
the lateral part of the ipsilateral and contralateral
TMJ. During the pressure stimulation of the TMJ,
each subject was asked to keep her teeth in the
intercuspal position with minimum voluntary con-
traction (EMG was not assessed), stabilize the
mandible, and focus attention on the experimental
task. The subject pushed a button to stop the pres-
sure stimulation when the threshold was reached.
The PPTs were determined twice with a constant
application rate of 30 kPa/s. The time between
repeated measurements was 1 min. The mean value
was used for further statistical analysis. 

Jaw-Stretch Reflex Recordings

Stretch reflexes were evoked in the jaw-closing mus-
cles with a muscle stretcher based on that described
by Miles et al23 and previously described in detail
by the present authors.24,25 During the recordings,
each participant was instructed to bite on a jaw bar
of the stretch device with the incisors. The initial
jaw separation for the subject, which was deter-
mined by the distance between the maxillary and
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mandibular bars, was 4.0 mm. The EMG activity
was recorded with the use of bipolar disposable sur-
face electrodes (4 � 7 mm recording area, 720-01-
k, Neuroline; Medicotest), which were placed 10
mm apart along the central part of the masseter and
the anterior temporalis muscles on both sides. The
skin over the recording positions was cleaned with
alcohol. A ground electrode soaked with saline was
attached to the right wrist. The EMG activity was
amplified 2,000 to 5,000 times (Counterpoint
MK2), filtered with bandpass 20 Hz to 1 kHz, sam-
pled at 4 kHz, and stored for offline analysis.

To obtain the mean EMG value of the maximal
voluntary contraction (MVC) in the 4 muscles
each participant was initially asked to perform 3
maximal clenches, each lasting up to 3 seconds, by
clenching on the bars of the stretch device with the
incisors. The EMG-MVC calculated at the start of
the experiment was used to construct a window of
10% below and above the target level of 15%
EMG-MVC (ie, 13.5% to 16.5%). To help partici-
pants achieve this, online calculation of the root-
mean-square (RMS) value in 200-milliseconds
intervals was performed. The participant received
visual feedback from markers on the computer
screen that changed from green to red upon cross-
ing the upper and lower limits of the window.24–26

The program automatically triggered the stretch
device when the EMG activity remained within the
preset window for more than 400 milliseconds. A
total of 300 milliseconds of EMG activity was
recorded (100 milliseconds prestimulus and 200
milliseconds poststimulus). Twenty sweeps were
recorded in each condition. 

A special-purpose computer program (Aalborg
University) was subsequently used to analyze the
jaw-stretch reflex responses. First, the mean EMG
activity in the prestimulus interval (–100 to 0 mil-
liseconds) of the averaged and rectified signal was
calculated.13 The onset latency, duration, and
peak-to-peak amplitude of the early reflex compo-
nent, which appeared as a biphasic potential in the
average of the nonrectified recordings, was mea-
sured. The peak-to-peak amplitude was then nor-
malized with respect to the mean prestimulus
EMG activity13,24 (Fig 1).

Experimental Protocol

Each patient rated her TMJ pain on a 100-mm
visual analog scale (VAS) at rest, during maximal
clenching in the intercuspal position, during maxi-
mal unassisted jaw opening, during laterotrusion,
and during protrusion. In addition, PPTs on the
TMJs were measured. The jaw-stretch reflex

responses were then assessed. A total of 1.0 mL
carbocaine (10 mg/mL; Astra) was injected into
the painful TMJ. The intra-articular injections
were made by a lateral approach technique to infil-
trate the superior cavity of the joint.26 Immediately
following the injection, the subjects reported a
slight change in their occlusion on the side of the
injection, which was taken as a clinical indication
that the LA had indeed been placed in the upper
TMJ space. Fifteen minutes after the injection, the
VAS pain scores were measured again during max-
imal clenching and jaw movements, along with
PPTs; this was followed by a new series of jaw-
stretch recordings. The same protocol was fol-
lowed for the healthy subjects, except for measure-
ment of PPTs. The healthy subjects were examined
about 2 to 3 months after examination of the TMJ
pain patients. 

In TMJ pain patients, the term ipsilateral was
used to refer to the painful side and in healthy sub-
jects, ipsilateral referred to the side that was
injected with LA. The painful TMJ was located on
the right side in 4 patients and on the left side in 9
patients. The visual feedback was always from the
masseter muscle on the painful side. In the healthy
subjects, LA was always injected into the left TMJ,
and visual feedback was obtained from the left
masseter muscle.

Statistics

One-way and 2-way analyses of variance
(ANOVA) with repeated measures were performed
and followed by pairwise multiple comparison
procedures (Student-Newman-Keuls [SNK]). The

Prestimulus
Peak-to-peak

Stimulus
100 µV

Fig 1 Example of an averaged reflex response (20
sweeps) in the masseter muscle evoked by fast stretch
(ramp time: 10 milliseconds) in a single subject. The
arrow shows the onset of the stretch stimulus. The
amplitude was measured as the peak-to-peak value. The
normalized peak-to-peak amplitude was calculated as the
peak-to-peak amplitude divided by the prestimulus EMG
activity. 
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factors in the ANOVA were experimental condi-
tions (2 levels: before and after LA injections) and
muscles (4 levels). The TMJ pain patients and
healthy subjects were also compared with ANOVA
models and unpaired t tests. The level of signifi-
cance was set at P � .05. Mean values ± SEM are
presented in the text and figures.

Results

Pain Intensity and PPTs

The pain intensities rated by the TMJ pain patients
during maximal clenching in the intercuspal posi-
tion, maximal unassisted jaw opening, maximal
protrusion, and maximal laterotrusion to the left
were all significantly reduced after LA injection
compared with baseline values (ANOVAs: F �
7.09, P � .021) (Table 1). None of the healthy
subjects reported any pain during maximal clench-
ing or during jaw movements. 

The PPTs measured on the painful TMJ were
significantly higher after the LA injection com-
pared with baseline (ANOVA: F � 8.56, P � .01),
and there were significantly lower PPTs on the
painful TMJ compared with the nonpainful side at
baseline (P = .014) (Fig 2).

Jaw-Stretch Reflexes

The EMG activity from the ipsilateral masseter
muscle, which served as the feedback muscle dur-
ing the reflex recordings, remained constant fol-
lowing the LA injection in both groups (ANOVA:
F � 1.31, P � .262). However, injection of LA

into the TMJ caused a significant increase in the
prestimulus EMG activity from the contralateral
masseter muscle in the TMJ pain patients (SNK: P
= .041) and a tendency toward increase in the
healthy subjects (SNK: P = .091) (Figs 3a and 3b). 

The jaw stretch evoked a short-latency reflex
response in all participants. The mean onset
latency of the stretch reflex was 8.7 ± 0.3 ms, with
a duration of 12.4 ± 0.3 ms in the TMJ pain
group. There were no significant side-to-side dif-
ferences (P = .773). The onset latency and duration
of the stretch reflex in the healthy group were 8.8
± 0.2 ms and 12.2 ± 0.4 ms, respectively, with no
significant difference compared to the TMJ pain
group (P � .385). There were no significant effects
of the LA injections on the onset latency and dura-
tion in the TMJ pain patients and healthy subjects
(ANOVAs: F � 0.723, P � .495). 

The peak-to-peak amplitude of the stretch reflex
normalized to the prestimulus EMG was signifi-
cantly influenced by the LA injection in the TMJ
pain group (ANOVA: F = 5.52, P = .037) (Fig 3c).
Thus, the normalized peak-to-peak amplitude was
significantly reduced after the LA injection com-
pared with baseline in the ipsilateral masseter
(SNK: P = .005), contralateral masseter (SNK: P =
.021), and ipsilateral temporalis (SNK: P = .04)
(Fig 3c). 

In the healthy subjects, the normalized peak-to-
peak amplitude of the stretch reflex was not signif-
icantly influenced by injection of LA into the TMJ
(ANOVA: F � 0.917, P � .361) (Fig 3d). There
were no significant differences in the normalized
peak-to-peak amplitude at baseline between the
TMJ pain patients and healthy subjects (ANOVAs:
F � 2.846, P � .122).

Table 1 Pain Intensity Measured on a 0–100
mm VAS Before and After Administration of
Local Anesthetic to the TMJ

Exercise Before After P value

Rest 15.8 ± 8.3 1.2 ± 0.8 .074
Clench 31.2 ± 8.4 7.7 ± 5.3 .014*
Opening 34.2 ± 7.0 5.0 ± 2.1 .001*
Protrusion 30.2 ± 8.0 8.1 ± 3.6 .013*
Left 27.7 ± 8.9 8.9 ± 5.7 .021*
Right 21.5 ± 7.5 6.1 ± 4.6 .057

*Indicates significant difference between before and after values 
(P � .05).

*

400

300

200

100

0

P
P

T 
(k

P
a)

Ipsilateral Contralateral

Before
After

Fig 2 PPTs (mean values + SEM) measured in the ipsi-
lateral (painful side) and contralateral TMJs before and
after intra-articular injection of LA (n = 13). *Indicates
significant difference between conditions (SNK: P � .05). 
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Discussion

The main finding in the present study was that
injection of LA into painful TMJs reduced pain
significantly and was associated with a significant
reduction in the amplitude of the stretch reflex in
the jaw-closing muscles. There were no such
effects of LA injections on the stretch reflex in
healthy subjects. Furthermore, no significant side-
to-side asymmetries in measures of the jaw-stretch
reflex were observed in patients with TMJ pain. 

Methodologic Issues

This study involved experiments in which the jaw-
stretch stimuli and prestimulus EMG activity in the
masseter muscle were all carefully controlled for
and standardized. Overall, the net effectiveness of
the jaw-stretch stimuli was decreased by the LA
injection when the level of muscle excitation was
taken into account. We were very careful to ensure
that a number of control procedures were incorpo-

rated into the experimental design. This included a
careful selection of the TMJ pain patients, selecting
only women to avoid gender differences in the jaw-
stretch reflex.21 Furthermore, the TMJ pain
patients were selected according to the interna-
tional criteria for disc displacement without reduc-
tion and arthralgia.1 Although it was impossible for
us to verify with MRI the exact position of the disc
in all patients, the history and clinical examination
of the patients strongly suggested a clinical diagno-
sis of disc displacement and, most important for
this study, all patients complained of pain in the
TMJ region either at rest or during jaw function. 

We also acknowledge that this was an open
study that was not controlled for placebo or vol-
ume effects. However, the exact same protocol
applied to healthy subjects did not change the jaw-
stretch reflex, which seems to suggest that placebo
or volume effects are unlikely to explain the LA-
induced reduction of stretch reflex amplitude in
the TMJ pain patients. We could not replicate pre-
vious findings of a difference in the amplitude and

Figs 3a to 3d Effects of injections of LA into the TMJ in patients with pain (n = 13) and in healthy subjects without
pain (n = 11) on mean prestimulus EMG activity and normalized peak-to-peak amplitude of the short-latency reflex
response recorded from the ipsilateral (painful and injection side) and contralateral masseter and temporalis muscles
(Ipsi-MAS, Contra-MAS, Ipsi-TEM, Contra-TEM). Mean values + SEM shown. *Indicates significant difference
between conditions (SNK: P � .05); (*)indicates P = .019.
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Figs 3a and 3b Effect of LA on mean prestimulus EMG activity (left) in patients with pain and (right) in healthy sub-
jects.
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latency between TMJ pain patients and healthy
subjects,7–9 but the lack of statistical differences
could be the result of methodologic issues, eg, lack
of statistical power (the low number of partici-
pants in each group) or sequence effects (because
all the TMJ pain patients were studied before the
healthy subjects). Future studies should employ a
randomized, placebo-controlled, double-blind
design. However, the level of muscle excitation on
the painful side was controlled by visual feedback
and computer-controlled triggering of the jaw-
stretch stimulus. This is important because during
isometric contractions, the amplitude of the jaw-
stretch reflex is proportional to the prestimulus
EMG level.24,27–29

In the present study, prestimulus EMG activity
in the contralateral masseter (noninjection side)
was significantly increased after the LA injection in
the TMJ pain group, and a similar trend was
observed in the healthy group (Figs 3a and 3b).
This phenomenon was also observed at the con-
tralateral masseter muscle in previous studies that
used painful injection of hypertonic saline into the
masseter in healthy subjects.16,17,30 Although the
mechanisms behind the reduced EMG activity in
these 2 different types of pain conditions might not
be the same, it can be speculated that when the
sensory input is changed on one side, the subject
has to adjust the excitatory descending drive, and
the predominant bilateral, but not symmetric, vol-
untary control of the jaw-closing muscles31,32

would then change the total output of the con-
tralateral muscle to reach the target EMG level in
the homonymous muscle. Thus, subtle bilateral
differences in prestimulus EMG activity could
probably explain the asymmetry in the amplitude
of the jaw-stretch reflex in patients with painful
TMD conditions when the prestimulus EMG level
is not carefully controlled.7,10,11 In the present
study, the peak-to-peak value of the short-latency
and biphasic response was considered the reflex
amplitude,11,33 and the normalization of the peak-
to-peak amplitude with respect to the prestimulus
EMG was performed to exclude the influence of
the prestimulus EMG. 

TMJ Pain

The pain intensity during maximum clenching and
jaw movements, as well as PPTs in the TMJ region
before and after LA injections, was recorded to
document the effect of the LA (Fig 2, Table 1).
Nevertheless, some limitations of this approach
also need to be mentioned. We assumed that the
injection of LA would have an effect on the afferent

inputs from nociceptive endings in the TMJ region;
however, mechanoreceptive inputs and motor nerve
fibers to the posterior deep temporal nerve, masse-
teric nerve, or lateral pterygoid nerve might also
have been influenced by the injection of LA.
However, there were no changes in prestimulus
EMG activity for either the ipsilateral masseter or
the temporalis (injection side), which suggests that
the decrease in jaw-stretch reflex amplitude cannot
be explained by a decrease in EMG activity in mus-
cles supplied by the masseteric and deep temporal
nerves. Furthermore, we applied the stretch stimu-
lus to the jaw but carried out no experiments to try
to resolve whether the reflex effects were solely the
result of the activation of jaw muscle spindles or
TMJ mechanoreceptors, or whether other mecha-
noreceptors (eg, periodontal) that might contribute
to the jaw-stretch reflex were involved.34–36 One
study reported, for example, that the jaw-stretch
reflex amplitude can be influenced by injections of
LA into healthy TMJs,37 although we were unable
to replicate this finding in a double-blinded
placebo-controlled study with our experimental
setup.26 The lack of LA effect in the healthy group
could have been the result of anesthetic failure, but
a complete effusion of the LA from the TMJ to the
surrounding structures or systematic misplacement
of the injection needle in the healthy subjects seems
unlikely, since at least part of the intra-articular LA
would have remained in the region and we used the
same standard injection techniques for TMJs in
both groups. Thus, we believe that the present
study provides preliminary evidence that the jaw-
stretch reflex responses are influenced to a signifi-
cant extent by nociceptive activity but not by
mechanoreceptive inputs from the TMJ region.

The relationship between nociceptive activity and
stretch reflex responses is still controversial. A
series of animal studies demonstrated that various
algogenic substances including hypertonic saline
can induce significant changes in muscle spindle
afferent activity.38–40 Thus, the changes in muscle
spindle afferent activity could be mediated via
fusimotor reflexes. It has also been suggested that
hypertonic saline–induced changes in the proprio-
ceptive properties of brain stem neurons are in
accordance with the notion that muscle nociceptors
acting through interneurons alter fusimotor drive,
which in turn alters muscle spindle primary and
secondary endings.41,42 In contrast, but also rele-
vant to the present study, are the consistent facilita-
tory effects of nociceptive activity from the TMJ
region of rats and cats on bilateral EMG activity in
the masseter muscle and digastric muscle (which
lacks muscle spindles).43–49 The present finding of a
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bilateral reduction of the normalized amplitude of
the jaw-stretch reflex following LA injection is also
in accordance with our previous studies, which
have indicated bilateral effects of experimental jaw-
muscle pain,16,17,19,20 although it may be difficult to
make direct comparisons between the effect of a
clinical TMJ pain condition and an experimental
jaw muscle pain condition on the sensitivity of the
jaw-stretch reflex.

The present study has shown that the amplitude
of the jaw-stretch reflex is significantly reduced
after injection of LA into painful TMJs. It is there-
fore suggested that the sensitivity of the jaw-
stretch reflex is influenced by nociceptive activity
from the TMJ region. Further controlled studies
will be needed to test the implications of such
changes in neuromuscular function in patients
with painful TMD. 

Acknowledgments

The Danish National Research Foundation and the Danish
Dental Association supported the present study. The participa-
tion of volunteers is greatly appreciated.

References 

1. Dworkin SF, LeResche L (eds). Research Diagnostic
Criteria for Temporomandibular Disorders: Review,
Criteria, Examinations and Specifications, Critique. J
Craniomand Disord Facial Oral Pain 1992;6:301–355.

2. Zarb GA, Carlsson GE, Sessle BJ, Mohl ND (eds).
Temporomandibular Joint and Masticatory Muscle
Disorders. Copenhagen: Munksgaard, 1994.

3. Okeson JP (ed). Orofacial Pain. Guidelines for Assess-
ment, Diagnosis, and Management. Chicago: Quintes-
sence, 1996.

4. Mongini F. Pain in temporomandibular joint dysfunction.
Curr Rev Pain 1999;3:109–115.

5. Turp JC, Kowalski CJ, O’Leary N, Stohler CS. Pain maps
from facial pain patients indicate a broad pain geography.
J Dent Res 1998;77:1465–1472.

6. De Laat A, Svensson P, Macaluso GM. Are jaw and facial
reflexes modulated during clinical or experimental orofa-
cial pain? J Orofac Pain 1998;12:260–271.

7. Murray GM, Klineberg IJ. Electromyographic recordings
of human jaw-jerk reflex characteristics evoked under
standardized conditions. Arch Oral Biol 1984;29:
537–549.

8. Buchner R, Brouwers JE, van der Glas HW, Bosman F.
The bilateral amplitude imbalance in the jaw-jerk reflex
after a transient mandibular load in patients with myoge-
nous craniomandibular disorders as compared with nor-
mal subjects. In: van Steenberghe D, De Laat A (eds).
Electromyography of Jaw Reflexes in Man. Leuven,
Belgium: Leuven University Press, 1989:377–388.

9. Kitagawa Y, Enomoto S, Nakamura Y, Hashimoto K.
Asymmetry in jaw-jerk reflex latency in craniomandibular
dysfunction patients with unilateral masseter pain. J Oral
Rehabil 2000;27:902–910.

10. Cruccu G, Frisardi G, van Steenberghe D. Side asymmetry
of the jaw jerk in human craniomandibular dysfunction.
Arch Oral Biol 1992;37:257–262.

11. Cruccu G, Frisardi G, Pauletti G, Romaniello A, Manfredi
M. Excitability of the central masticatory pathways in
patients with painful temporomandibular disorders. Pain
1997;73:447–454. 

12. Bjørnland T, Brodin P, Larheim TA, Aars H. Reflex
responses of the masseter muscle in patients with chronic
arthritis or internal derangement of the temporomandibu-
lar joint. A comparison with symptom-free subjects. J
Oral Rehabil 1996;23:805–810.

13. Lobbezoo F, van der Glas HW, van der Bilt A, Buchner R,
Bosman F. Sensitivity of the jaw-jerk reflex in patients
with myogenous temporomandibular disorder. Arch Oral
Biol 1996;41:553–563.

14. De Laat A. Reflexes elicitable in jaw muscles and their
role during jaw function and dysfunction: A review of the
literature. Part I: Receptors associated with the mastica-
tory system. J Craniomandib Pract 1987;5:140–151.

15. De Laat A. Reflexes elicitable in jaw muscles and their
role during jaw function and dysfunction: A review of the
literature. Part II: Central connections of orofacial afferent
fibers. J Craniomandib Pract 1987;5:246–253.

16. Wang K, Svensson P, Arendt-Nielsen L. Effect of tonic
muscle pain on short-latency jaw-stretch reflexes in
humans. Pain 2000;88:189–197.

17. Wang K, Arendt-Nielsen L, Svensson P. Excitatory actions
of experimental muscle pain on early and late components
of human jaw stretch reflexes. Arch Oral Biol 2001;46:
433–442.

18. Wang K, Arendt-Nielsen L, Svensson P. Capsaicin-induced
muscle pain alters the excitability of the human jaw-
stretch reflex. J Dent Res 2002;81:650–654.

19. Svensson P, Miles TS, Graven-Nielsen T, Arendt-Nielsen
L. Modulation of stretch-evoked reflexes in single motor
units in human masseter muscle by experimental pain.
Exp Brain Res 2000;132:65–71.

20. Svensson P, Macaluso GM, De Laat A, Wang K. Effects of
local and remote muscle pain on human jaw reflexes
evoked by fast stretches at different clenching levels. Exp
Brain Res 2001;139:495–502.

21. Cairns BE, Wang K, Hu JW, Sessle BJ, Arendt-Nielsen L,
Svensson P. The effect of glutamate-evoked masseter mus-
cle pain on the human jaw-stretch reflex differs in men
and women. J Orofac Pain 2003;17:317–325.

22. Svensson P, Arendt-Nielsen L, Nielsen H, Larsen JK.
Effect of chronic and experimental jaw muscle pain on
pain-pressure thresholds and stimulus-response curves. J
Orofac Pain 1995;9:347–356.

23. Miles TS, Pollakov AV, Flavel SC. An apparatus for con-
trolled stretch of human jaw-closing muscles. Neurosci
Meth 1993;46:197–202.

24. Wang K, Svensson P. Influence of methodological parame-
ters on human jaw-stretch reflexes. Eur J Oral Sci 2001;
109:86–94.

25. Svensson P, De Laat A, Graven-Nielsen T, Arendt-Nielsen
L. Experimental jaw-muscle pain does not change het-
eronymous H-reflexes in the human temporalis muscle.
Exp Brain Res 1998;121:311–318. 



Wang et al

40 Volume 18, Number 1, 2004

26. Lobbezoo F, Wang K, Aartman IHA, Svensson P. Effects
of TMJ anesthesia and jaw gape on jaw-stretch reflexes in
humans. Clin Neurophysiol 2003;114:1656–1661.

27. Lund JP, Lamarre Y, Lavigne G, Duquet G. Human jaw
reflexes. Adv Neurol 1983;39:739–755.

28. Lobbezoo F, van der Glas HW, Buchner R, van der Bilt A,
Bosman F. Gain and threshold of the jaw-jerk reflex in
man during isometric contraction. Exp Brain Res 1993;
93:129–138.

29. Van der Bilt A, Ottenhoff FAM, van der Glas HW,
Bosman F, Abbink JH. Modulation of the mandibular
stretch reflex sensitivity during various phases of rhythmic
open-close movements in humans. J Dent Res 1997;76:
839–847.

30. Romaniello A, Cruccu G, McMillan AS, Arendt-Nielsen
L, Svensson P. Effect of experimental pain from trigeminal
muscle and skin on motor cortex excitability in humans.
Brain Res 2000;882:120–127.

31. Cruccu G, Berardelli A, Inghilleri M, Manfredi M.
Functional organization of the trigeminal motor system in
man. A neurophysiological study. Brain 1989;112:
1333–1350.

32. Nordstrom MA, Miles TS, Gooden BR, Butler SL,
Ridding MC, Thompson PD. Motor cortical control of
human masticatory muscles. Prog Brain Res 1999;123:
203–214.

33. Kimura J, Daube J, Burke D, et al. Human reflexes and
late responses. Report of an IFCN committee. Electro-
encephalogr Clin Neurophysiol 1994;90:393–403.

34. Hellsing G. Human jaw muscle motor behaviour. II.
Reflex and receptor mechanisms. Swed Dent J 1988;12:
47–56.

35. Louca C, Cadden SW, Linden RW. The roles of periodon-
tal ligament mechanoreceptors in the reflex control of
human jaw-closing muscles. Brain Res 1996;731:63–71. 

36. Lobbezoo F, Verheij JG, Naeije M. Influence of periodon-
tal receptors on the jaw-jerk reflex amplitude in man. Eur
J Oral Sci 2001;109:40–43.

37. Erkelens CJ, Bosman F. Influences of periodontal and
mandibular-joint receptors on reflex sensitivity of human
jaw-closing muscles. Arch Oral Biol 1985;30:545–450.

38. Johansson H, Djupsjöbacka M, Sjölander P. Influences on
the gamma-muscle-spindle system from muscle afferents
stimulated by KCl and lactic acid. Neurosci Res 1993;
16:49–57.

39. Pedersen J, Sjölander P, Wenngren BI, Johansson H.
Increased intramuscular concentration of bradykinin
increases the static fusimotor drive to muscle spindles in
neck muscles of the cat. Pain 1997;70:83–91.

40. Thunberg J, Ljubisavljevic M, Djupsjöbacka M,
Johansson H. Effects on the fusimotor-muscle spindle sys-
tem induced by intramuscular injections of hypertonic
saline. Exp Brain Res 2002;142:319–326.

41. Capra NF, Ro JY. Experimental muscle pain produces
central modulation of proprioceptive signals arising from
jaw muscle spindles. Pain 2000;86:156–162.

42. Ro JY, Capra NF. Modulation of jaw muscle spindle
afferent activity following intramuscular injections with
hypertonic saline. Pain 2001;92:117–127.

43. Broton JG, Sessle BJ. Reflex excitation of masticatory
muscles induced by algesic chemicals applied to the tem-
poromandibular joint of the cat. Arch Oral Biol 1988;33:
741–747.

44. Yu XM, Sessle BJ, Vernon H, Hu JW. Administration of
opiate antagonist naloxone induces recurrence of in-
creased jaw muscle activities related to inflammatory irri-
tant application to rat temporomandibular joint region. J
Neurophysiol 1994;72:1430–1433. 

45. Yu XM, Sessle BJ, Vernon H, Hu JW. Effects of inflam-
matory irritant application to the rat temporomandibular
joint on jaw and neck muscle activity. Pain 1995;60:
143–149.

46. Yu XM, Sessle BJ, Haas DA, Izzo A, Vernon H, Hu JW.
Involvement of NMDA receptor mechanisms in jaw elec-
tromyographic activity and plasma extravasation induced
by inflammatory irritant application to temporomandibu-
lar joint regions of rats. Pain 1996;68:169–178.

47. Cairns BE, Sessle BJ, Hu JW. Evidence that excitatory
amino acid receptors within the temporomandibular joint
region are involved in the reflex activation of the jaw mus-
cles. J Neurosci 1998;18:8056–8064.

48. Cairns BE, Sessle BJ, Hu JW. Activation of peripheral
GABAA receptors inhibits temporomandibular joint-
evoked jaw muscle activity. J Neurophysiol 1999;81:
1966–1969.

49. Cairns BE, Sessle BJ, Hu JW. Temporomandibular-evoked
jaw muscle reflex: Role of brain stem NMDA and non-
NMDA receptors. Neuroreport 2001;12:1875–1878.


	COPYRIGHT © 2004 BY QUINTESSENCE PUBLISHING CO, INC: 
	 
PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY: 
	 
NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM
WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER: COPYRIGHT © 2004 BY QUINTESSENCE PUBLISHING CO, INC. 
PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM
WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.




