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ABSTRACT

This cross-sectional, double blind randomized study evaluated the immediate effects of
Pulse Radio Frequency Energy (PRFE) on ipsilateral and contralateral
Temporomandibular joint (TMJ) pain. Thirty-eight subjects, 5 male and 33 female, with
unilateral TMJ pain participated in this investigation (age 21 to 62 years). Subjects were
randomly assigned to one of two groups: (1) one group received PRFE using the Energex
unit (Orthsonix, Inc. Tappen N.J) on the ipsilateral side (16 subjects) and (2) the other
group received PRFE on the contralateral side (22 subjects). The immediate effects were
assessed by surface electromyography (sEMG), which recorded resting values of the
anterior temporalis, masseter, sternocleidomastoid and trapezius muscles. An 11-point
(0-10) numeric rating scale (NRS) was used to assess pain in the face, ear, neck,
temporalis, masseter, and TMJ. Statistical analysis involved comparing, by ANOVA, the
mean difference within the same subject between the ipsilateral and contralateral sides. A
Two-sample t-test was utilized to compare between treatment groups. Application of
PRFE demonstrated a significant effect in terms of changes in resting mean (SD) sEMG
values on the ipsilateral side for anterior temporalis 0.08 (0.45), p=0.5742 and masseter
muscle 0.20(0.45), p=0.658. No significant change in resting mean sEMG values was
seen for the contralateral side. Significant pain score mean (SD) reduction was seen on
ipsilateral ear 0.74(1.29), p=0.0011, face 0.71(1.59), p= 0.0092, TMJ 0.61(1.67),
p=0.0315, masseter 1.26(2.2), p=0.0011 and neck 0.76(1.17), p=0.0003. On the
contralateral side significant mean (SD) changes were seen with anterior temporalis
0.74(1.94), p= 0.0248, face 0.63(1.48), p=0.0122, TMJ 0.61(1.69), p=0.0331, masseter

iv

1.39(2.15), p=0.0003 and neck pain 0.55(1.37), p=0.0175. These findings suggest that
treating an ipsilateral joint for pain has a positive effect on the contralateral side and that
the effect is not limited to joint pain but also pertains to muscle pain.
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INTRODUCTION

It has been hypothesized that pain in the Temporomandibular Joint (TMJ) results in
dysfunction of the mandibular muscles accounting for limitation of movement and
accompanying pain in those muscles.1,2 The concept in orthopedics known as Hilton’s
law3,4 states that the muscles acting upon any joint have the same nerve supply as the
joint. This connection is traced back to embryological development. It is possible that
muscles react according to the health of the joint. Therefore, it is not uncommon to find
that patients who present with joint pain also have adjoining muscular pain.1

This understanding of interrelationship that exists in regards to any joints and muscles
will provide valuable information in the dental field for better treatment options of
temporomandibular disorders.

It is with this in mind that the present study analyzed the effects of treating either a
symptomatic joint or the opposite non-symptomatic joint by evaluating the outcome in
terms of objective and subjective complaints of pain.

2

LITERATURE REVIEW

Traditional radiofrequency therapy (RF) is an invasive procedure that uses an electrode to
conduct a current that destroys tissue with high temperatures or charged particles. Pulsed
Radio Frequency (PRF) uses a much lower temperature at the tip of the needle, a
temperature that does exceed the subject’s normal body temperature.5,6 RF heat
treatment has been used for over 30 years for various pain symptoms such as
cervicogenic headaches7, occipital neuralgia8, whiplash injury9, low back pain, cervical
radicular pain10 and intercostal neuralgia.11 Lesioning using RF current has been
performed in clinical practice for the treatment of pain since it was first described by
Rosomoff et al.12 in 1964. The rationale for the application of RF denervation is that
selective heating of nervous structures impedes nociceptive input.10 Such blockage is
achieved by percutaneous placement of small electrodes at target neural tissues to
produce controlled lesions.

Initial clinical investigations have shown that PRF could be used safely as an alternate to
heat lesioning in patients suffering from refractory pain.6, 11, 13, 14 Presently published
studies on PRF applications are commonly based on small clinical series. 5, 15-17 Munglani
et al. 5 used PRF to treat four patients having neuropathic pain and poor response to prior
treatment. At various follow up intervals three out of the four had a marked reduction or
were free of pain. One subject at seven-month follow up was experiencing 90% relief
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from his pain and occasionally taking analgesics. No motor deficit or loss of sensation
was seen in the four subjects.

Erdine et al.18 examined the effects of conventional radiofrequency and PRF on rabbit
dorsal root ganglion morphology, including control and sham operated groups.
Specimens were analyzed both with light microscopy and electron microscopy two weeks
after the procedure. They observed that the conventional radiofrequency resulted in
mitochondrial degeneration, nuclear membrane disorders or loss of nuclear membrane,
and neurolemma integrity whereas PRF did not. These results suggest that PRF is less
destructive to cellular morphology than conventional radiofrequency therapy. In a review
article written by Malik and Benzon,19 that reviewed 32 articles, complications reported
from continuous RF were limited mainly to sensory disturbances that were infrequent and
self-limiting, and no notable complaints about PRF were reported.

A limited number of published and unpublished studies have examined the effects of the
non- invasive application of pulsed radiofrequency energy (PRFE) for the treatment of
pain and improvement in joint function.20-24 Crawford et al.23 conducted an animal study
with induced arthritis to investigate whether PRFE therapy could be used to treat arthritis
and to inhibit the progression of inflammation. In addition, PRFE was administered at
two frequencies (two and four 11-seconds bursts) to a healthy joint to determine whether
it would have any adverse effects. Crawford et al. concluded that significant effects were
obtained when PRFE was used in arthritic right middle carpal joints. Reduced severity
and duration of lameness, reduced swelling of the carpus and reduced severity of gross
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pathological and radiographic signs of inflammation were observed and a dose-response
effect was evident. No detectable harmful effects were present in normal joints exposed
to PRFE.

Tsou et al.25 assessed the effectiveness of PRFE treatment for providing pain relief in
patients with chronic low-back pain with or without lower-limb pain. In this study, 127
patients who had chronic low-back pain with or without lower-limb pain due to a
herniated intervertebral disc or previous failed back surgery underwent PRF treatment.
The patients’ conditions were evaluated by clinical features, physical examination, and
imaging studies. Low-back pain was treated with PRF applied to the L-2 dorsal root
ganglion (DRG) and lower-limb pain was treated with PRF applied to the L3-S1 DRG.
Patients underwent unilateral or bilateral treatment depending on whether their low-back
pain was unilateral or bilateral. A visual analog scale (VAS) was used to assess pain. The
patients were followed up for 3 years postoperatively. The results of this prospective
analysis showed that treatment with PRF applied at the L-2 DRG is safe and effective for
treating chronic low-back pain. Satisfactory pain relief was obtained in the majority of
patients in Group A with the effect persisting for at least 3 months. The results indicate
that PRF provided intermediate-term relief of low-back pain.

Another study looking at the effects of PRFE on carpal tunnel and tarsal tunnel
syndromes suggested a clear pattern of efficacy. 21 Following PRFE treatment, the
outcome pain scores demonstrated the efficacy of treatment. Results in this study yielded
an approximate 70% rate of improvement in carpal tunnel syndrome and 60%
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improvement rate in tarsal tunnel syndromes. 21 Similarly, another unpublished study by
Cohen et al.22 looked at the effects of PRFE on joint inflammation and pain in various
human joints. Pain and ability to use the joint were evaluated in this study. Treatment
consisted PRFE applied to the anterior and posterior surfaces of the joint in three
consecutive 15-second applications over a two-week period. The various joints treated
were as follows: back, shoulder, knee, hip, wrist, ankle, neck, elbow, finger, toe, and
heel. The results of this study demonstrated that seventy one out of seventy three (97.3%)
of the subjects had some reduction in pain and more than three-quarters, fifty six out of
seventy three (76.7%) experienced an increased ability to use the joint.

In a randomized double blind study by Al-Badawi,20 the effectiveness of applying PRFE
in patients with temporomandibular joint (TMJ) arthralgia was evaluated. The subjects
received six applications of treatment to the TMJ over two weeks. On the basis of
numerical rating scale scores, a significant reduction of joint arthralgia over time was
shown over the control group. In addition, the experimental group showed a significant
increase in mouth opening and lateral movements of the TMJ. No side effects were
reported during the treatment or at the two-week follow up visit. The results of this study
suggest that PRFE is a safe and effective treatment for TMJ arthralgia and also increases
mandibular range of motion. In another unpublished study by Nowailaty, PRFE therapy
was effective in reducing trigger point pain and in improving cervical range of motion,
but was not statistically significantly better than the sham therapy. 24
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Electromyography (EMG) is a technique for evaluating and recording the activation
signal of muscle function through the analysis of the electrical signals emanated during
muscular contractions.26 This technique of measuring muscles has been used as a
sensitive research tool for providing quantitative data since 1949, when it was introduced
in dental research. 27-29

In surface EMG (sEMG), surface electrodes are placed on the skin overlying the muscle
with adhesive pads. This technique provides several advantages, among them, the ability
to be applied easily, safely and painlessly as compared to fine wire electrodes which
involve feeding a fine wire into a muscle belly, allowing for objective quantification of
the energy of the muscle.26 30 In addition, sEMG has commonly been employed for
monitoring muscle activity of masticatory muscles at rest and during function. 31 Surface
EMG has also been used for investigating muscle impairment27 temporomandibular
disorders (TMD), muscle hyper- and hypo-activity,32, 33 muscle imbalance,34 rest
position35 and fatigue.36 The results of sEMG are consistent when the technique is
performed with well-standardized protocols. 28, 37-39

Pressure algometry is an objective tool for quantifying signs and symptoms of muscular
pain. 40 A known force (pressure) can be applied to the body through this rubber disk.
Previous studies have shown that any pressure greater than three pounds on extra oral
sites will elicit pain in most subjects, including controls. 41 42 Studies have demonstrated a
good correlation between the improved pressure threshold values and the degree of pain
alleviation, with the latter usually assessed by visual analog scales. 43-45 Reeves et al.46
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demonstrated the reliability of the pressure algometer as an index of myofacial trigger
point sensitivity. In addition, List et al. 47 recommend that the algometer be used to
evaluate pressure pain thresholds in the masticatory system both in clinical and
experimental studies.

Several studies have involved administering various chemicals within the TMJ and
evaluating their effects on muscle sEMG levels. 48-54 In one study, Cairns et al. 48
administered glutamate into a rat’s TMJ capsule and noted a prolonged increase in the
EMG activity of the jaw muscles. The muscles that showed activity increases, in a doserelated manner, were the ipsilateral digastric and masseter.

Broton and Sessle 55 demonstrated that, in cats, electrical stimulation of TMJ afferents or
injection of algesic chemicals (7% sodium chloride, potassium chloride and histamine)
into the TMJ resulted in an increase in EMG activity in the ipsilateral genioglossus,
anterior digastric, and middle temporalis muscles. Prior to this study no sufficient
evidence had been provided to substantiate that noxious stimulation of the TMJ afferents
can reflexively alter the activity of the masticatory muscles. In a study in which mustard
oil was injected into fifteen anesthetized rats, a statistically significant increase in EMG
amplitude was seen for the ipsilateral digastric and masseter muscles compared to the
baseline EMG level. The EMG level of the contralateral masseter was not statistically
significant different from baseline. 54 In the same study, administration of mustard oil
following lidocaine injection in the same TMJ site did not significantly increase EMG
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activity. This finding indicates that the EMG increase evoked by mustard oil injection
into the TMJ region may be attributed to a centrally mediated reflex response.

Tsai et al. 56 injected mustard oil into the left TMJ of rats, evoking bilateral increases in
EMG activity of the digastric and masseter muscles, which was then significantly
reduced by surgical transection of the left caudal brainstem at the obex level. Mustard oil
injection into the right TMJ region in these same rats still readily evoked an increase in
EMG activity even after the surgical transection. In addition, the literature suggests that
unilateral pain induced by various irritants such as mustard oil, 49 glutamate, 48 or algesic
chemicals 50 caused some bilateral jaw motor effects.

Many sources suggest that noxious stimulation of the TMJ leads to TMJ dysfunction and
pain. Such TMJ pain can reflexively alter the masticatory muscles by inducing
hyperactivity. 57-60 The alteration of masticatory muscles has been demonstrated by
various animal studies as outlined previously. Yu et al. 49 showed that blocking the Nmethyl-D-aspartate (NMDA) receptor using an antagonist (MK-801) in the same joint
into which mustard oil had been injected significantly reduced EMG values. We may
then assume that a decrease in TMJ pain may subsequently decrease muscle activity and
pain.

The purpose of this study was to evaluate the effects of PRFE on unilateral TMJ pain and
the immediate effects of PRFE on masticatory (masseter and temporalis) and cervical
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(sternocleidomastoid and trapezius) surface electromyography (sEMG) levels and
numeric pain rating scores on the treated and non-treated sides of human subjects.

The results of this study may provide a greater understanding of the effects of PRFE
applied to the TMJ as well as its immediate effects on the surrounding and distant
muscles. In addition, in determining whether surrounding and distant muscles have an
effect, it is of interest to see whether there is any effect on the contralateral side after
application of PRFE. The findings of this study are important for dentistry especially
during treatment of temporomandibular disorders.

In light of the above, the aim of this study was to measure changes in surface EMG and
pain scores after the application of PRFE. We hypothesize that application of PRFE on
the ipsilateral side will lead to changes in sEMG values on the ipsilateral side as well as
see changes in pain scores measured using a numeric pain scale on the ipsilateral side. In
addition, we also investigated the following secondary hypotheses: first that application
of PRFE on the contralateral side will lead to changes in sEMG values on the ipsilateral
side as well as changes in pain scores on the ipsilateral side; second that application of
PRFE on the ipsilateral side will yield a greater reduction in sEMG values than the
contralateral side as well greater reduction in pain scores than the contralateral side.
Finally the study evaluated if pain and sEMG values are positively correlated.
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MATERIALS and METHODS

A. Subjects

Thirty-eight subjects (5 males and 33 females) ranging in age from 21 to 62 years were
recruited from the patient population of the Center for TMJ Therapy located in
Alpharetta, Georgia. The subjects were recruited based on experiencing unilateral pain;
however, upon examination, all 38 subjects also had some degree of pain on the opposite
side. The term “unilateral” will be used to refer to the side on which subject initially
complained about experiencing pain. The study population was comprised of incoming
patients as well as previously untreated patients. Previously untreated patients were
contacted and invited to participate in the study via a phone call and/or a letter. The study
was also advertised to the public and letters were sent to other dentists for potential
subject referrals (Appendix C).
The study population was divided into two groups. One group received treatment on the
unilateral side and the other on the contralateral side. In order to have sufficient power to
find a two point reduction of pain on the affected side with 80% power and a Type I error
rate of 5%, a minimum of 17 subjects per group were needed to be enrolled (nQuery
Advisor 7.0). The primary outcome, a two-point reduction in pain, was measured on the
numeric pain scale.
The original goal of this study was to compare treatment on the ipsilateral side verses the
contralateral side to determine if there were differences in pain scores and sEMG values.
ANOVA analyses were performed to compare whether there were differences in the pre-

11

and post-treatment measurements. The groups that were compared were: (1) treatment
on ipsilateral side and measurement taken on ipsilateral side; (2) treatment on ipsilateral
side and measurement taken on opposite side; (3) treatment on contralateral side and
measurement taken on same side; and finally, (4) treatment on contralateral side and
measurement on opposite side.

After evaluating the ANOVA results, we found that the changes in pain levels were not
statistically significantly different between the original comparison groups. As a result we
then compared the change in pain scores and sEMG in the treated sides versus the
untreated sides. Paired t-tests were utilized for these comparisons in each location and
muscle.

Inclusion criteria

Subjects who were males or females aged 18-65 years and reporting unilateral face pain
were eligible to be included in the study.

Exclusion criteria

Potential subjects were excluded from the study if they possessed: any history of severe
head and neck trauma (fractures or whiplash injury); major abnormalities of postural
alignment of the cervical spine; facial hair (which would obstruct electrode placement);
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presence of systemic illnesses; cardiac diseases; wearing a pacemaker or other
conditions that could be affected by radio frequency discharge beams; presence of
prosthetic joint replacement or placement of any metallic surgical device in or around the
area of treatment; presence of an inter-articular steroid injection in the past three months;
allergy to adhesives (sEMG adhesives); bilateral joint and muscle pain; pregnancy; NRS
less than 3; and finally not be able to speak English.

Screening examination

The same investigator performed all of the examinations to the specifications of the
Research Diagnostic Criteria for Temporomandibular Disorders. 61

Coding

As subjects entered the study they were assigned a random code that was generated using
Microsoft Excel 2003- Random Number Generator. A list linking the code to the subject
was kept by the office manager.

The study was approved by the Western IRB. Informed consent was obtained from each
subject, and the study protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki. Subjects were assigned randomly to two groups:
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1. One group received PRFE treatment to the ipsilateral joint area using the Energex
unit; and 2. The other group received PRFE treatment to the contralateral joint area using
the Energex unit.

B. Measuring Equipment

BioEMG II sEMG (BioResearch ® Inc, Milwaukee, WI)

The recording device employed was a surface electromyography (Figure 1) device
through which electrical activity of muscles is detected, amplified and finally analyzed by
a computer.
The value is expressed in microvolts (µV) corresponding to the root mean square (RMS)
of the electrical activity detected during a time frame.

Disposable Electrode

Bioflex disposal no gel flexible EMG electrodes was used (Figure 2)

Software

Biopak Version 5.1, Bioresearch Associates Inc, Milwaukee, Wisconsin.
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Numerical Rating Scale (NRS)

The NRS is an 11-point scale consisting of numbers from 0 (zero) to 10 (ten).62 Zero is
representative of no pain whereas ten represents the worst pain imaginable. The outcomes
rated on the NRS by the subject were joint pain, facial pain, neck pain, ear pain, and
muscle pain levels of the masseter and anterior temporalis at the site where the surface
electrodes were placed. The patient rated the level of pain after palpation with a set
pressure level from an algometry device on the lateral pole of the TMJ, masseter and
anterior temporalis muscle. This evaluation was completed before and after PRFE
application.

C. Treatment Equipment

Electromagnetic pulsed radio frequency is a type of physiotherapy, used for treating
various inflammatory joint conditions. Energex® (Orthosonics, Inc. Tappan, NJ) is a
noninvasive therapeutic device that utilizes radio frequency-generated audio energy in the
form of a combined visible and audible corona discharge beam emanating from a
discharge electrode (Figure 3). The pulsed corona discharge energy is generated by an
AC power source. The discharge ionizes the air within the applicator tube, and the
electrode beams are delivered at a constant preset distance from the skin. The discharged
energy is ground-seeking and will be directed towards the affected joint. The output
frequency of the device is in the 460 kHz range, and the energy is pulsed on and off at
660 Hz. This device fits into the electromagnetic spectrum of other medical therapeutic
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modalities currently being used. On the upper end of this electromagnetic spectrum is
ordinary diathermy and infrared therapy; while on the lower end of the spectrum is
therapeutic ultrasound.

D. sEMG Recording

The muscles analyzed in this study were the masseter, temporalis, sternocleidomastoid,
and trapezius (Figure 4). Since sEMG has a large pick-up area, the electric activity of
other muscles (deep to or adjacent to that muscle) might overlap those of the muscles
being tested. As a result, when reference is made to a muscle, it actually refers to a
muscle site. All measurements were taken during one visit without removing the
electrodes between recordings. The measurements were taken with the patient sitting in a
chair with the back in an upright position, head unsupported and looking straightforward.

sEMG levels were recorded for all muscles in a resting position. Subjects were instructed
to keep their teeth apart and lips together. This recording lasted approximately ten
seconds.

Location of sensors:

The areas over the muscles on which the BioFlex electrodes were to be placed were first
wiped with an alcohol pad (95% alcohol). The careful cleaning of the skin helps reduce
electrode impedance. 37 A surface ground electrode was placed over the shoulder. The
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following muscles were tested bilaterally: masseter, temporalis, sternocleidomastoid,
and trapezius. Position and placement of the electrodes on the muscles were as follows
(Figure 5):

•

Masseter muscle – The belly of the muscle was palpated during clenching
and the electrodes were placed parallel to the fibers 2.5cm above the
mandibular angle so as to avoid influence from the end plate location. 28, 63

•

Temporalis muscle – The belly was palpated during clenching, and the
electrodes were placed along the anterior margin of the muscle 2cm above
the zygomatic arch. 28, 64

•

Sternocleidomastoid muscle – The electrode was placed at the midpoint of
the sternocleidomastoid muscle length (from the mastoid process to the
jugular notch of the sternum)

•

Trapezius muscle – The electrode was placed at the midpoint between
acromian process and the cervical prominence of the seventh cervical
vertebra (spine). 65, 66
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The values taken for analysis were based on a sampling rate of BioEMGII set at
1000Hz. This value is the default set by the manufacturer and is consistent with the
values reported in the literature. 67, 68

The data used for this study were based on a ten-second recording. The instrument
(BioEMG II sEMG) was interfaced with a computer, which presented the data
graphically (Figure 6) and also recorded onto a magnetic media (hard drive) for further
quantitative and qualitative analyses. Muscular electrical potential was recorded from 0-2
seconds, 4-6 seconds, and 8-10 seconds. The averages of these three 2-second values
were used.

E. Pressure Algometry device

The algometer (Model: FPK 5, Wagner Instruments, Greenwich CT) was fitted with a
rubber disk with a surface area of 1cm2 (Figure 7). Prior to the application of the surface
electrodes on the masseter and the anterior temporalis, both muscle groups were palpated
over the site to which the electrodes would be applied by placing the algometer
perpendicular to the skin with two pounds of pressure for three seconds. The lateral poles
were palpated by placing the gauge perpendicular to the skin with one pound of pressure
for a total of three seconds.
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F. Sequence of events

During the first visit, Investigator One explained the study to the subject. A questionnaire
on Medical and Dental history was given to the subject and time was allocated for the
subject to answer it (Appendix D). Investigator Two reviewed the questionnaire with the
subject to ensure completion and accuracy. A dental exam was performed, consisting of
charting the range of motion of the mandible, examining and palpating the TMJ, listening
for jaw joint sounds, palpating muscles of the head and neck, determining cervical range
of motion restrictions and pain, determining dental and skeletal midlines, a cranial nerve
exam and a posture screening (Appendix E). Subjects scored their pain levels verbally, in
regards to algometric palpation and facial, ear and neck pain. Discussion and background
of the study were explained to the subject. For those subjects who met the required
inclusion criteria and agreed to participate, the investigator provided the informed
consent form (Appendix F), and reviewed it with the subject and obtained a signature.

Subjects that were accepted into the study were randomized by Investigator One into one
of two treatment groups, and re- appointed within a week for visit 2 (Figure 8).

During the second visit, Investigator Two reviewed the general steps that were going to
take place at this visit. The subjects were given a sheet of paper stating what would be
done during the visit and the purpose of this study by Investigator Three, who only had
knowledge on which side the treatment needed to be rendered. There was a sheet for the
group receiving treatment on the ipsilateral side (Appendix G) and another for the group
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receiving treatment on the contralateral side (Appendix H). Any jewelry from the ears
and neck was removed. The subjects were seated in a chair, and an NRS sheet (Appendix
I) was given to the subjects to rate their level of facial pain, neck pain, and ear pain by
Investigator Two.

The anterior temporalis, masseter and lateral pole of the TMJ were palpated with an
algometer (Figure 9). The lateral poles were palpated by placing the gauge perpendicular
to the skin with one pound of pressure for a total of three seconds. Investigator Two
completed all the palpations. Between palpating each joint, the subjects were given
enough time to record their pain level. The skin over the muscle areas that were evaluated
was first cleaned with 95% alcohol gauze for approximately 10 seconds in each area.

Prior to the application of the surface electrodes on the masseter and the anterior
temporalis, both muscle groups were palpated over the site to which the electrodes would
be applied by placing the algometer perpendicular l to the skin with two pounds of
pressure for three seconds (Figure 10). The right side was palpated first followed by the
left side. The subject were given time to register each palpated area’s pain level prior to
the palpation of the next. Once the four muscles were palpated, the remaining electrodes
were applied as described earlier. A ground electrode was also applied over the subject’s
right shoulder.

During the recording the subjects were instructed to keep their teeth apart and lips
together. A ten-second recording was captured and saved.
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Investigator Three applied PRFE in a slow circular motion one inch over the TMJ.
Investigator One indicated the side of application of PRFE. A total of six treatments were
applied, three applications with the mouth closed position and another three with the
mouth open position. The surface electrode on the masseter from the side of TMJ
application was not removed. However, the wire leads were disconnected from the
masseter electrode prior to application of PRFE. The leads were reconnected after the
application of PRFE back onto the masseter surface electrode.

After the application of PRFE, Investigator Two, instructed the subject to keep his or her
teeth apart and lips together and a sEMG recording was performed and saved. Electrodes
were removed from the trapezius, sternocleidomastoid and the ground (Figure 11). The
masseter electrode was removed from the right side followed by re-palpation (as
described earlier) with two pounds of pressure using the algometer for three seconds.
Palpation sites were the same as the base line palpation areas, i.e., over the area where the
electrodes were placed. The subjects were given time to record their pain level on the
post –intervention NRS sheet. The anterior temporalis electrode was removed from the
right side and the muscle was re-palpated with the algometer with the pressure and time
described above. The same opportunity was given to the subject to record his or her pain
levels. The lateral pole of the TMJ was palpated with one pound of pressure for three
seconds on the same side as the other areas palpated, and the subjects were given time to
record their pain levels. The same was repeated on the left side. Finally, the subjects
recorded the levels of facial pain, neck pain, and ear pain (Appendix J).
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At the completion of the study the subjects were offered to choose one gift card
(Starbucks, Target Store, and QT gas card) valued at $25, for their time in participation in
this study.

RESULTS

Initially forty subjects participated in this study; however, two subjects did not meet the
inclusion criteria and were rejected from the study due to being older than 65. Of the 38
subjects who were eligible for the study, the mean age was 42.6 years (SD: 11.6), with a
range of 21-62 years. Five subjects were male and thirty-three were female.

Statistical analysis of the data was performed using SAS Version 9.2 (SAS Institute,
Cary, NC). A paired t-test was used for the combined group analysis and ANOVA for the
inter-group analysis. The level of significance was set at p<0.05.

sEMG

The results obtained with the sEMG recordings are shown in Table 1.

Temporalis
The group receiving treatment on the ipsilateral side had a pre-treatment resting mean
(SD) EMG activity (µV) on the ipsilateral side of 1.64 (0.95) and on the contralateral side
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of 2.87 (3.46). The post-treatment resting mean (SD) on the ipsilateral side was 1.56
(1.06) and on the contralateral side, 2.14 (1.73). The difference among the 4 groups was
not statistically significant (p=0.5742).

The group receiving treatment on the contralateral side had a pre-treatment resting mean
(SD) EMG activity on the ipsilateral side of 2.38 (1.74) and on the contralateral side of
2.07(1.08). The post-treatment resting mean (SD) on the ipsilateral side was 2.56 (2.25)
and on the contralateral side was 1.74 (0.92). The difference among the 4 groups was not
statistically significant (p= 0.5742).

Masseter
The group receiving treatment on the ipsilateral side had a pre-treatment resting mean
(SD) EMG activity (µV) on the ipsilateral side of 1.53 (0.67) and on the contralateral side
of 1.61 (0.70). The post-treatment resting mean (SD) on the ipsilateral side was 1.33
(0.49) and on the contralateral side was 1.60 (0.83). The difference among the 4 groups
was not statistically significant (p= 0.658).

The group receiving treatment on the contralateral side had a pre-treatment resting mean
EMG activity on the ipsilateral side of 1.42 (0.65) and on the contralateral side of
1.89(1.05). The post-treatment resting mean on the ipsilateral side was 1.40 (0.52) and on
the contralateral side, 1.64 (0.92). The difference among the 4 groups was not statistically
significant (p= 0.658).
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Sternocleidomastoid
The group receiving treatment on the ipsilateral side had a pre-treatment resting mean
EMG activity (µV) on the ipsilateral side of 1.57 (0.70) and on the contralateral side of
1.57 (0.75). The post-treatment resting mean on the ipsilateral side was 1.49 (0.59) and
on the contralateral side, 1.33 (0.69). The difference among the 4 groups was not
statistically significant (p= 0.4447).

The group receiving treatment on the contralateral side had a pre-treatment resting mean
EMG activity on the ipsilateral side of 2.28 (2.34) and on the contralateral side of 1.95
(2.14). The post-treatment resting mean on the ipsilateral side was 1.63 (0.88) and on the
contralateral side, 1.90 (1.93). The difference among the 4 groups was not statistically
significant (p= 0.4447).

Trapezius
The group receiving treatment on the ipsilateral side had a pre-treatment resting mean
EMG activity (µV) on the ipsilateral side of 1.26 (1.27) and on the contralateral side of
1.55 (1.90). The post-treatment resting mean on the ipsilateral side was 1.30 (1.69) and
on the contralateral side, 1.53 (1.43). The difference among the 4 groups was not
statistically significant (p= 0.2969).
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The group receiving treatment on the contralateral side had a pre-treatment resting
mean EMG activity on the ipsilateral side of 1.20 (0.72) and on the contralateral side of
1.19 (0.66). The post-treatment resting mean on the ipsilateral side was 0.91 (0.28) and
on the contralateral side, 0.97 (0.48). The difference among the 4 groups was not
statistically significant (p= 0.2969).

Pain Scores
The results for the pain scores can be found in Table 2.

Anterior Temporalis
The group receiving treatment on the ipsilateral side had a pre-treatment NPR on the
ipsilateral side of 2.3 (2.60) and on the contralateral side of 1.05 (1.70). The posttreatment score on the ipsilateral side was 1.55 (1.96) and on the contralateral side, 0.95
(1.32). The difference among the 4 groups was not statistically significant (p= 0.0846).

The group receiving treatment on the contralateral side had a pre-treatment NPR on the
ipsilateral side of 2.61 (2.77) and on the contralateral side of 2.11 (2.52). The posttreatment score on the ipsilateral side was 1.17 (1.58) and on the contralateral side, 2.00
(2.59). The difference among the 4 groups was not statistically significant (p= 0.0846).
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Temporomandibular Joint
The group receiving treatment on the ipsilateral side had a pre-treatment NPR on the
ipsilateral side of 1.95 (2.46) and on the contralateral side of 0.90 (1.71). The posttreatment score on the ipsilateral side was 1.20 (1.54) and on the contralateral side, 0.70
(1.17). The difference among the 4 groups was not statistically significant (p= 0.4275).

The group receiving treatment on the contralateral side had a pre-treatment NPR on the
ipsilateral side of 3.22 (3.06) and on the contralateral side of 1.39 (1.79). The posttreatment score on the ipsilateral side was 2.17 (2.28) and on the contralateral side, 0.94
(1.47). The difference among the 4 groups was not statistically significant (p= 0.4275).

Masseter
The group receiving treatment on the ipsilateral side had a pre-treatment NPR on the
ipsilateral side of 4.75 (2.75) and on the contralateral side of 2.70 (2.11). The posttreatment score on the ipsilateral side was 3.10 (2.43) and on the contralateral side, 2.10
(1.89). The difference among the 4 groups was not statistically significant (p= 0.0648).

The group receiving treatment on the contralateral side had a pre-treatment NPR on the
ipsilateral side of 4.78 (2.76) and on the contralateral side of 3.06 (2.53). The posttreatment score on the ipsilateral side was 2.50 (2.31) and on the contralateral side, 2.22
(2.26). The difference among the 4 groups was not statistically significant (p= 0.0648).
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Ear
The group receiving treatment on the ipsilateral side had a pre-treatment NPR on the
ipsilateral side of 2.20 (2.17) and on the contralateral side of 0.45 (1.19). The posttreatment score on the ipsilateral side was 1.50 (2.14) and on the contralateral side, 0.25
(0.91). The difference among the 4 groups was not statistically significant (p= 0.2287).

The group receiving treatment on the contralateral side had a pre-treatment NPR on the
ipsilateral side of 1.83 (1.76) and on the contralateral side of 1.39 (2.12). The posttreatment score on the ipsilateral side was 1.78 (2.24) and on the contralateral side, 0.61
(1.46). The difference among the 4 groups was not statistically significant (p= 0.2287).

Facial Pain
The group receiving treatment on the ipsilateral side had a pre-treatment NPR on the
ipsilateral side of 3.25 (2.02) and on the contralateral side of 0.95 (1.90). The posttreatment score on the ipsilateral side was 2.60 (2.14) and on the contralateral side, 0.65
(1.42). The difference among the 4 groups was not statistically significant (p= 0.5584).

The group receiving treatment on the contralateral side had a pre-treatment NPR on the
ipsilateral side of 3.61 (2.73) and on the contralateral side of 1.94 (2.48). The posttreatment score on the ipsilateral side was 2.61 (2.68) and on the contralateral side, 1.17
(1.89). The difference among the 4 groups was not statistically significant (p= 0.5584).
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Neck
The group receiving treatment on the ipsilateral side had a pre-treatment NPR on the
ipsilateral side of 2.85 (2.32) and on the contralateral side of 1.40 (1.96). The posttreatment score on the ipsilateral side was 2.05 (2.14) and on the contralateral side, 1.05
(1.61). The difference among the 4 groups was not statistically significant (p= 0.6608).

The group receiving treatment on the contralateral side had a pre-treatment NPR on the
ipsilateral side of 3.33 (2.68) and on the contralateral side of 2.22 (2.56). The posttreatment score on the ipsilateral side was 2.56 (2.59) and on the contralateral side, 1.50
(2.38). The difference among the 4 groups was not statistically significant (p= 0.6608).

Intra-group differences
Comparisons of the differences within the groups can be found in Table 3.

Temporalis
The treated side had a mean (SD) difference in resting EMG (µV) between pre-treatment
and post-treatment of 0.19 (0.58) and on the contralateral side of 0.3 (2.87). Resting
EMG activity was decreased on the treated side significantly (p=0.0427). However, on
the contralateral side there was no significant decrease in resting EMG (p=0.5276).
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Masseter
The treated side had a mean (SD) difference in resting EMG (µV) between pre-treatment
and post-treatment of 0.22 (0.67) and on the contralateral side of 0.02 (0.74). Resting
EMG activity was decreased on the treated side significantly (p=0.0482). However, on
the contralateral side there was no significant decrease in resting EMG (p=0.8959).

Sternocleidomastoid
The treated side had a mean (SD) difference in resting EMG (µV) between pre-treatment
and post-treatment of 0.07 (0.94) and on the contralateral side of 0.43 (1.49). Neither the
treated side nor the contralateral side showed a statistically significant change (p=0.6702
and p=0.0806, respectively).

Trapezius
The treated side had a mean (SD) difference in resting EMG (µV) between pre-treatment
and post-treatment of 0.09 (0.58) and on the contralateral side of 0.15 (0.66). The treated
side had no significant effect of its resting EMG activity (p=0.3619). On the contralateral
side there was no significant decrease in resting EMG (p=0.1682). Neither the treated
side nor the contralateral side showed a statistically significant change (p=0.3619 and
p=0.1682, respectively).
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Anterior Temporalis
The treated side had a mean (SD) difference on pain score between pre-treatment and
post-treatment of 0.45 (1.78); the results on the contralateral side were 0.74 (1.94). The
treated side demonstrated no significant effect on pain score (p=0.1301). However on the
contralateral side there was significant decrease in pain score (p=0.0248).

Temporomandibular Joint
The treated side had a mean (SD) difference on pain score between pre-treatment and
post-treatment of 0.61 (1.67) the results on the contralateral side were 0.61 (1.69). The
treated side demonstrated a significant effect on pain score (p=0.0315). On the
contralateral side there was significant decrease in pain score (p=0.0331).

Masseter
The treated side had a mean (SD) difference on pain score between pre-treatment and
post-treatment of 1.26 (2.2) the results on the contralateral side were 1.39 (2.15). The
treated side demonstrated a significant effect on pain score (p=0.0011). On the
contralateral side there was significant decrease in pain score (p=0.0003).
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Ear
The treated side had a mean (SD) difference on pain score between pre-treatment and
post-treatment of 0.74 (1.29) the results on the contralateral side were 0.13 (1.23). The
treated side demonstarted a significant effect on pain score (p=0.0011). On the
contralateral side there was no significant decrease in pain score (p=0.5151).

Facial Pain
For the treated side, there was a mean (SD) difference in pain score between pretreatment and post-treatment of 0.71 (1.59) the results on the contralateral side were 0.63
(1.48). The treated side demonstrated a significant effect on pain score (p=0.0092). On
the contralateral side there was significant decrease in pain score (p=0.0122).

Neck
The treated side had a mean (SD) difference on pain score between pre-treatment and
post-treatment of 0.76 (1.17) the results on the contralateral side were 0.55 (1.37). The
treated side demonstrated a significant effect on pain score (p=0.0003). On the
contralateral side there was significant decrease in pain score (p=0.0175).
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Correlation between sEMG and Pain scores.

Correlation between sEMG and pain for baseline temporalis muscle was -0.015. No
significance was found (p=0.901). Correlation between sEMG and pain for baseline of
masseter muscle was found to be -0.112. No significance was found (p=0.337).

DISCUSSION

Previous studies demonstrating the success of PRFE treatment in the area of pain
prompted this study, whose purpose was to evaluate the immediate effect of PRFE on
ipsilateral and contralateral temporomandibular joint pain and its outcomes on face pain,
neck pain, ear pain, temporalis muscle pain, masseter muscle pain, and
temporomandibular joint pain. Subjective values using a numerical pain scale as well as
surface electromyography levels were evaluated.

A therapeutic effect of PRFE was observed in reducing pain in the TMJ on the ipsilateral
side, as well as having a beneficial effect on the contralateral side, both with regard to
joint pain and muscle pain.

The present study was drawn from a population of subjects that complained of unilateral
face pain. Application of PRFE on the ipsilateral side or the contralateral side showed no
significant changes on sEMG and pain scores on the ipsilateral side. Additionally there
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was no relationship between pain scores and sEMG values. This observation is
consistent with findings in the literature. 33, 69 70

One possible explanation for this might be that even though patients presented with
unilateral face pain, on subjective and objective examination they also experienced
various pain levels on both sides. This observation of either symptomatic or
asymptomatic contralateral pain is common in subjects who present with unilateral
symptomatic pain. 71 Another aspect of such a phenomenon may be related to the
neurobiology of pain in the trigeminal system. The crossed spinothalamic tract carrying
pain and temperature from below the neck runs just below the trigeminal nuclei in the
medulla. In chronic pain (such as TMD), central sensitization and secondary
hyperalgesia are prominent features. Normal tissues in the vicinity of the primary painful
site often develop increased sensitivity to stimuli. Also, dorsal horn neurons, can develop
new and non-injured receptive fields. 72 Additionally, the somatotopic organization of the
trigeminal system is left versus right as well as peri-oral distribution, which could be
contributory to bilateral symptomology of facial pain. 73

To better understand the effect of PRFE application and its effects on the contralateral
side the subjects were combined and analyzed since they did experience some level of
pain on the opposite side. To facilitate ease of understanding this discussion, the
following groups will discuss the findings: 1. Surface electromyography findings; 2.
Numeric pain rating and pain threshold rating.
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Surface electromyography

The application of PRFE to the side of measurement resulted in statistically significant
decreased muscle activity for the temporalis and masseter muscles. However, there was
no significant change in values of the temporalis muscle and masseter muscle on the
contralateral side. These results indicate that application of PRFE on the TMJ reduced
muscle activity on the ipsilateral side. In regards to the sternocleidomastoid muscle and
trapezius muscle, no statistical significance was seen on either the ipsilateral or
contralateral side.

This observation seen in reduction of muscle activity with the temporalis and masseter
with application of PRFE on the ipsilateral side is consistent with the understanding of
Hilton’s law. This law states that the muscles acting upon the joint have the same nerve
supply as the joint. Similar reverse effects such that application of a noxious substance
increases muscle activity have been outlined previously in the literature review section of
this manuscript.

Numeric pain rating & Pain threshold rating

Pain rating for facial pain, ear pain, and neck pain showed a statistically significant
decrease with application of PRFE on the ipsilateral side. In addition there were
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statistically significant decreases in facial pain and neck pain on the contralateral side.
No significant difference was present on the contralateral ear pain.

Pain rating using a constant threshold showed that there was a statistical significant
reduction on TMJ pain and masseter muscle pain with application of PRFE on the
ipsilateral side. No statistical significance was demonstrated with the anterior temporalis
muscle pain. In regards to the contralateral side the anterior temporalis muscle pain, TMJ
pain, and masseter muscle pain showed a statistical significant reduction.

It is clear that muscles react according to the health of the joint; it is not uncommon to
find that subjects with joint pain also have muscular pain 1, 57, 59, 60. Bilateral effect from a
unilateral application has been seen in other studies by Audette et al. (2004) 72 and
Nowailaty (2008). 24 Audette et al. (2004) 72 studied electromyographic differences
between active and latent myofascial trigger points (MTrPs) during trigger point
needling. The active MTrPs (or latent MTrPs in the control group) were identified in the
trapezius or levator scapulae muscles, followed by insertion of needle electrodes
ipsilaterally into the muscle with the MTrPs and into the same muscle on the contralateral
side. Electromyographic activity was recorded bilaterally and local twitch responses were
obtained using an acupuncture dry needling technique only on the side of the active
MTrPs. Audette (2004) 72 demonstrated that in subjects with active MTrPs, bilateral
motor unit activation could be obtained with unilateral needle stimulation of the trigger
point. In contrast, in all the subjects with latent MTrPs, only unilateral motor unit
activation could be obtained in the muscle on the same side of the needle stimulation. The
motor unit potentials seen on the electromyography were similar in morphology to a
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fasciculation potential but more complex. They demonstrated bilateral or mirror-image
electromyography activity associated with unilateral needle stimulation of active MTrPs.
Their study supports the concept that the perpetuation of pain and muscle dysfunction in
active MTrPs may be related to abnormal central nervous system processing of sensory
input at the level of the spinal cord. The same could be inferred from our data regarding
the treatment effect on the contralateral side.
Travell and Simons 74 have also stated in their Trigger Point Manual that application of a
moist heat pad for several minutes to warm the skin of the lower limb on one side also
relaxes the limb on the opposite side. Further, they noted that if the hamstring length is
restricted in both lower limbs, then releasing the tightness of the hamstring muscle of one
limb using intermittent cold with stretch affects the length of the untreated hamstring.

Implications have been made suggesting that mirror pain (damage on one side of the
body also results in pain in the opposite healthy side of the body) occurs through
activation of glial cells. 75 It has also been suggested that spinal cord glia exhibit
extensive gap junctional connectivity, raising the possibility that glia are involved in the
contralateral spread of excitation resulting in mirror image pain. 76 To date little is
understood regarding how mirror pain occurs. Intraspinal and brain to spinal cord
neuronal circuits has been proposed. 77, 78 It has been demonstrated that disrupting spinal
cord glial and IL-1 function blocks the development and maintenance of mirror pain. 79, 80
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Presently there is no explanation available for the mechanism of action by which PRFE
provides the beneficial effects on pain as seen by the relative outcomes described above.
What is available is that PRFE has been shown to reduce pain. 20 24

Studies have shown that the placebo effect ranges from approximately 25% to 39%. 81, 82
Literature on randomized control trials provides evidence that the placebo effect is real
and measurable. 83 The fact that therapy (PRFE) was administered in itself may also lead
to a placebo effect due to expectation of a positive effect. 84

LIMITATIONS AND FUTURE DIRECTIONS

It is evident that a therapeutic effect has been achieved using PRFE as a treatment
modality in reducing pain in the TMJ; however we do not know the exact mechanism of
action of such therapy. Future studies looking into basic science behind the PRFE would
be helpful in understanding its efficacy better.

In addition this population of subjects presented with a lower level of pain experience
possibly due to sample bias. This study was done in a private practice setting, which
caters to a fee-for-service facility thus potentially biases, the sample. More studies with
larger sample size, longer duration, and follow-up are required to better understand longterm effects.
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CONCLUSION

The result of this study showed that using PRFE therapy over a painful TMJ not only
reduced pain on the ipsilateral side but also has a positive effect on the contralateral side
not limited to only joint pain but also muscle pain.
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Figure 1. BioEMG II Unit, Bioresearch Associates Inc, Milwaukie, Wisconsin

Figure 2. BioFlex EMG Electrodes, Bioresearch Associates Inc, Milwauki, Wisconsin
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Figure 3. Energex® (Orthosonics, Inc. Tappan, NJ)

Source http://www.anatomy.tv
Figure 4. Muscles analyzed in study.
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Figure 5. Electrode placement.

Figure 6. Data Acquisition screen
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Figure 7. Algometer Model: FPK 5, Wagner Instruments, Greenwich CT.

Figure 8. Sequence of events
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Figure 9. Algometer palpation sites.

Figure 10. Steps taken prior to Energex application
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Figure 11. Steps taken after Energex application
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Table 1. ANOVA for surface EMG values of treatment on Ipsilateral and Contralateral
Temporomandibular Joint.
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Table 2. ANOVA for pain scores of treatment on Ipsilateral and Contralateral
Temporomandibular Joint.
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Table 3. Paired t-test mean change results for pre- and post-treatment surface EMG
values and pain scores.
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Date:

Dear Patient

We are conducting a research study here at the Center of TMJ Therapy and have
determined from your initial visit that you may be a potential subject to participate in this
study.
The study consists of application of a noninvasive therapy using a Pulsed Radiofrequency
unit to reduce your jaw joint pain and to see the effects of such therapy on several of your
head and neck muscles.
The study will comprise of two visits approximately sixty minutes each. For your time
and interest in participation we will provide you with a twenty-five dollar gift card from
one of three choices (Target stores, Starbucks and QT gas card) after completion of such
study.
If you have an interest in participating please contact our office at 770 521 1978 so that
we may schedule you with an appointment to discuss the study further as well as
determine eligibility in participating in this study.

Sincerely

Dr Mayoor Patel
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Date:

Dear Dr. John Doe

We are conducting a study here at the Center of TMJ Therapy and are informing you in
assisting us in recruiting potential subjects for this study.
We are looking for patients that may be complaining of one-sided face pain. The study
consists of application of a noninvasive therapy using a Pulsed Radiofrequency unit to
reduce your jaw joint pain and to see the effects of such therapy on several head and neck
muscles.
The study will comprise of two visits approximately sixty minutes each. Participants will
be provide with a twenty-five dollar gift card from one of three choices (Target stores,
Starbucks and QT gas card) after completion of such study.
If you have any interested patients please provide them with our contact information. We
will be happy schedule them with an appointment to discuss the study further as well as
determine eligibility in participating in this study.

Sincerely

Dr Mayoor Patel
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RESEARCH SUBJECT INFORMATION AND CONSENT FORM

TITLE:

The Immediate Effect of Pulse Radio Frequency Energy
(PRFE)
on
Ipsilateral
and
Contralateral
Temporomandibular
Joint
Pain
and
Surface
Electromyography Levels (sEMG)

PROTOCOL NO.:

None
WIRB® Protocol #20091877

SPONSOR:

Mayoor Patel, DDS
Alpharetta, Georgia
United States

INVESTIGATOR:

Mayoor Patel, D.D.S.
3590 Old Milton Parkway
Alpharetta, Georgia 30005
United States

SITE(S):

Center for TMJ Therapy
3590 Old Milton Parkway
Alpharetta, Georgia 30005
United States

STUDY-RELATED

PHONE NUMBER(S):

Mayoor Patel, D.D.S.
770-521-1978

This consent form may contain words that you do not understand. Please ask the study
doctor or the study staff to explain any words or information that you do not clearly
understand. You may take home an unsigned copy of this consent form to think about or
discuss with family or friends before making your decision.
A person who takes part in a research study is called a research or study subject.
SUMMARY

You are being asked to be in a research study. The purpose of this consent form is to
help you decide if you want to be in the research study. Please read this form carefully.
To be in a research study you must give your informed consent. “Informed consent”
includes:
•
•

Reading this consent form,
Having the study doctor or staff explain the research study to you,
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•
•

Asking questions about anything that is not clear, and
Taking home an unsigned copy of this consent form. This gives you time to think
about it and to talk to family or friends before you make your decision.

You should not join this research study until all of your questions are answered.
Things to know before deciding to take part in a research study:
• The main goal of a research study is to learn things to help patients in the future.
• No one can promise that a research study will help you.
• Taking part in a research study is entirely voluntary. No one can make you take
part.
• If you decide to take part, you can change your mind later on and withdraw from
the research study.
After reading and discussing the information in this consent form you should know:
• Why this research study is being done;
• What will happen during the research;
• What device or procedures will be used;
• Any possible benefits to you;
• The possible risks to you;
• The other medical procedures, drugs or devices that could be used instead of
being in this research study; and
• How problems will be treated during the study and after the study is over.
If you take part in this research study, you will be given a copy of this signed and dated
consent form.
PURPOSE OF THE STUDY

It has been found through past research that subjects with jaw joint (TMJ) pain also
complain and or experience muscle pain either on the same side or on the opposite side of
their face. This study is designed to see if a pulsed radiofrequency unit (Energex) will
reduce TMJ pain. In addition, the study will also see if there is an effect on the muscles as
measured by surface electromyography and pain scores.
There will be approximately 60 subjects participating in this study.
Energex, the study device, is a portable, tabletop
therapeutic device that is used for treatment of temporomandibular joint
symptoms. A treatment consists of placing the end of the applicator over
the temporomandibular joints for approximately 90 seconds. You may feel
warmth over the area of application.
Surface electromyography (sEMG) involves the placement of adhesive sensor
pads on the surface of your face, neck, upper back and shoulders. While wearing
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the sensors you will be asked to perform 2 different tasks (relax your mouth and teeth
together) before and after application of Energex.
Algometer palpation will be applied over 3 areas on both
sides of your face. A constant force will be applied with a blunt rubber
stopper over your temporomandibular Joint (jaw joint), masseter (cheek
muscle) and temporalis (temple muscle). The discomfort you may
experience will be scored by you on a scale of zero (no Pain) to 10 (most
severe pain).
PROCEDURES

1. We would place sensor pads on 8 areas of your face and upper back and one
ground sensor pad on your shoulder.
2. We will record the muscle activity of your muscles in 2 different jaw positions.
Each recording would be approximately 10 seconds.
3. You will rate your pain level on your face, neck and ear using a 0-10 numeric
scale.
4. You will rate pain levels of your TMJ, masseter and temporalis muscle after
palpation with an Algometer.
5. We will apply 6 applications (15 seconds each) of pulsed radiofrequency over one
of your joints using the Energex study device.
6. We will record the same two positions of your jaw as mentioned on line 2.
7. You will rate your pain level on your face, neck and ear using a 0-10 numeric
scale after the application of the Energex.
8. You will rate pain levels of your TMJ, masseter and temporalis muscle after
palpation with an algometer after the application of the Energex.
RISKS AND DISCOMFORTS

Possible risks include discomfort and skin irritation which may occur at the treatment
site. There may be side effects that are not known at this time.
Women who are pregnant may not take part in this study. If you think that you have
gotten pregnant during the study, you must tell your study doctor immediately. Pregnant
women will be taken out of the study.
Your condition may not get better or may get worse during this study.
NEW INFORMATION

You will be told about anything new that might change your decision to be in this study.
You may be asked to sign a new consent form if this occurs.
BENEFITS

Your TMJ pain may be temporarily relieved. However, it cannot be promised that you
will receive any medical benefits from being in this study.
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COSTS

There will be no cost to you to participate in this study.
PAYMENT FOR PARTICIPATION

A $25 gift card will be provided to you if you complete the study. You can choose from
one of three gift cards (Target store, QT gas card, or a Starbucks coffee card).
ALTERNATIVE TREATMENT

If you decide not to enter this study, there is other care available to you. You may return
to our clinic to continue with active therapy possibly involving medications, injections or
appliance therapy.
There is no penalty if you choose not to join the research study. If you are currently
receiving services and you choose not to volunteer in the research study, your services
will continue.
AUTHORIZATION TO USE AND DISCLOSE INFORMATION FOR RESEARCH
PURPOSES
What information may be used and given to others?

The study doctor will get your personal and medical information. For example:
•
•
•
•
•

Before and after electromyographic values (EMG)
Before and after algometer palpation values
Before and after numeric pain ratings
Research records
Information gathered for this research about:
Dental exams

Who may use and give out information about you?

The study doctor and the study staff. They may also share the research information with a
statistician for analysis of the study.
Your information may be given to:
•

Western Institutional Review Board® (WIRB®)

Why will this information be used and/or given to others?

•
•
•

to do the research,
to study the results, and
to see if the research was done right.

If the results of this study are made public, information that identifies you will not be
used.
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What if I decide not to give permission to use and give out my health information?

Then you will not be able to be in this research study.
May I review or copy my information?

Yes, but only after the research is over.
May I withdraw or revoke (cancel) my permission?

•

Yes, but this permission will not stop automatically.

You may withdraw or take away your permission to use and disclose your health
information at any time. You do this by sending written notice to the study doctor. If
you withdraw your permission, you will not be able to stay in this study.
When you withdraw your permission, no new health information identifying you will be
gathered after that date. Information that has already been gathered may still be used and
given to others.
Is my health information protected after it has been given to others?

There is a risk that your information will be given to others without your permission.
Confidentiality

The research team will make every effort to keep all the information you tell us during
the study strictly confidential, as required by law. All subject records will be maintained
under lock and key by the study doctor and will be available only to the study doctor and
research staff. After analyzing the results of the study, all data that can possibly identify
you will be destroyed.
The results of this research study may be presented at meetings or in publications. Your
identity will not be given out during those presentations.
COMPENSATION FOR INJURY

There are no plans to pay for dental or medical care if you are injured as a direct result of
your participation in this study.
However, you will be assisted in finding appropriate care if you are injured. Medical
services will be offered to you, and treatment provided, at the usual change.
If you believe you have been injured or harmed as a result of your participation in this
study, you should notify Dr. Mayoor Patel at your earliest opportunity. You have not
given up your right to make a claim for research-related injury payment by signing this
consent form.
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VOLUNTARY PARTICIPATION AND WITHDRAWAL

Your participation in this study is voluntary. You may decide not to participate or you
may leave the study at any time. Your decision will not result in any penalty or loss of
benefits to which you are entitled.
The study is expected to end after all subjects have completed all study related
procedures and all the information has been collected. The study may be stopped by the
study doctor or sponsor at any time without your consent for the following reasons:
•
•
•
•
•

The study doctor feels it is best for your safety and/or health. You will be
informed of the reasons why your participation has ended.
You have not followed the study instructions.
The study doctor can stop the study anytime.
You do not consent to continue in the study after being told of changes in the
research that may affect you.
Or for any other reason.

If you leave the study before the planned final visit, you may be asked by the study
doctor to have some of the end of study procedures done.
SOURCE OF FUNDING FOR THE STUDY

The sponsor Dr. Mayoor Patel will pay for this research study.
QUESTIONS

Contact: Mayoor Patel, DDS at 770-521-1978 for any of the following reasons:
•
•
•

if you have any questions about this study or your part in it,
if you feel you have had a research-related injury or a bad reaction to the study
device, or
if you have questions, concerns or complaints about the research.

If you have questions about your rights as a research subject or if you have questions,
concerns or complaints about the research, you may contact:
Western Institutional Review Board® (WIRB®)
3535 Seventh Avenue, SW
Olympia, Washington 98502
Telephone: 1-800-562-4789 or 360-252-2500
E-mail: Help@wirb.com.
WIRB is a group of people who independently review research.
WIRB will not be able to answer some types of questions, such as questions about
appointment times. You may contact WIRB if you cannot reach the research team or if
you want to talk to someone else.
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Do not sign this consent form unless you have had a chance to ask questions and have
gotten satisfactory answers.
If you agree to be in this study, you will receive a signed and dated copy of this consent
form for your records.
CONSENT

I have read this consent form (or it has been read to me). All my questions about the
study and my part in it have been answered. I freely consent to be in this research study.
I authorize the use and disclosure of my health information to the parties listed in the
authorization section of this consent for the purposes described above.
By signing this consent form, I have not given up any of my legal rights.

Subject Name
CONSENT SIGNATURE:

Signature of Subject (18 years and older)

Date

Signature of Person Conducting Informed Consent Discussion

Date

------------------------------ Use the following only if applicable ----------------------------

I confirm that the information in the consent form and any other written information was
accurately explained to, and apparently understood by, the subject. The subject freely
consented to be in the research study.

Signature of Impartial Witness

Date

Note: This signature block cannot be used for translations into another language. A
translated consent form is necessary for enrolling subjects who do not speak English.
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