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Myofascial Pain

RESEARCH ARTICLE

The Myofascial Trigger Point Region

Correlation Between the Degree of Irritability and the
Prevalence of Endplate Noise

ABSTRACT

Kuan T-S, Hsieh Y-L, Chen S-M, Chen J-T, Yen W-C, Hong C-Z: The myofascial
trigger point region: correlation between the degree of irritability and the preva-
lence of endplate noise. Am J Phys Med Rehabil 2007;86:183—-189.

Objective:  This study was designed to investigate the correlation
between the irritability of the myofascial trigger point (MTrP) and the
prevalence of endplate noise (EPN) in the MTrP region of human skeletal
muscle.

Design: Twenty normal subjects with latent MTrPs and 12 patients
with active MTrPs in the upper trapezius muscles were recruited for this
study. The patients reported the subjective pain intensity of the active
MTrP (0—10). The MTrP and an adjacent non-MTrP site were confirmed
and marked for the measurement of pressure pain threshold (with a
pressure algometer) and the prevalence of EPN (with electromyographic
recordings).

Results: The prevalence of EPN in the MTrP regions was significantly
higher (P < 0.01) in the active MTrPs than in the latent ones. However,
no EPN could be found in the non-MTrP region near either the active or
the latent MTrPs. The pain intensity and the pressure pain threshold were
highly correlated with the prevalence of EPN in the MTrP region (r =
0.742 and —0.7186, respectively).

Conclusions:  The irritability of an MTrP is highly correlated with the
prevalence of EPN in the MTrP region of the upper trapezius muscle. The
assessment of EPN prevalence in an MTrP region may be applied to
evaluate the irritability of that MTrP.
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Myofascial trigger point (MTrP) presence is
characteristic of myofascial pain syndrome.! An
MTrP has been defined as a highly localized painful
or sensitive spot in a palpable taut band of skeletal
muscle fibers.! An active MTYP is an irritable spot
with spontaneous pain or pain in response to
movement, and a latent MTYP is a tender spot with
pain or discomfort in response to compression
only.! Two important characteristics of MTYP are
referred pain and a local twitch response (LTR).
LTRs can be elicited by snapping palpation on the
MTrP in some muscles, or by needling in almost all
cases.> More LTRs can be elicited by needling of a
highly irritable MTrP than a less painful one.?
The mechanism of LTR has been extensively
studied on the animal model developed by Hong
and Torigoe.* The most tender spot in the ham-
string muscle of rabbit could be identified by ob-
serving the animal’s behavior. This hyperirritable
spot was marked and the animal was anesthetized.
It was found that many LTRs (similar to those
observed in humans) could be elicited by needling
of this hyperirritable spot, but this was possible in
very few or none in the control sites. It was also
found that LTRs could not be elicited after the
transection of the innervation nerve (sciatic nerve).
LTRs could also not be elicited in the hamstring
muscle immediately after transection of the upper
thoracic spinal cord, but they recovered almost to
the original level after the spinal shock period
(about 2.5 hrs later).? It has been concluded that
LTR is elicited via the spinal reflex by stimulating
the sensitive site in the MTrP region. Hong and
Simons? have hypothesized that there are multiple
sensitive loci in the MTrP region. Mechanical stim-
ulation of this tiny locus can elicit pain, referred
pain, and LTR (with high-pressure stimulation,
such as needling).>® This tiny sensitive site has
been defined as a sensitive locus,® or an LTR locus.?
In 1993, Hubbard and Berkoff” recorded spon-
taneous electrical activity in the MTrP region of the
upper trapezius muscle. Similar electrical activity
could also be recorded from the rabbit skeletal
muscles.® Hubbard and Berkoff” described this ac-
tivity as the action potential generated from the
intrinsic muscle fibers when a muscle spindle is
mechanically irritated.” However, this low-ampli-
tude electrical activity is similar to the endplate
noise (EPN) rather than action potentials. After
reviewing old literature, Simons® concluded that
EPN is a consequence of excessive acetylcholine
leakage, which may cause focal contracture in the
endplate zone to form the contracture nodule or
taut band.»*~! In recent studies, Simons et al.
have demonstrated that there is a much higher
prevalence of EPN in the MTrP region compared
with the non-MTYP site in either animals® or hu-
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man subjects.'? The tiny site from which EPN can
be recorded in the MTYP region has been defined as
active locus? or EPN locus.'®

It has been suggested that the amount of sen-
sitive loci (LTR loci) in an MTrP region is propor-
tionate to the degree of irritability of the MTrP.>1*
However, it is unclear whether the amount of ac-
tive loci (EPN loci) is also related to the degree of
irritability of MTrP. This study is designed to in-
vestigate the correlation between the prevalence of
EPN loci and the degree of irritability (pain inten-
sity, pain threshold) in the MTyP region.

MATERIALS AND METHODS
General Design

Normal subjects with latent MTrPs and pa-
tients with active MTrPs in one side of the upper
trapezius muscles were included in this study. Pa-
tients were initially requested to report the subjec-
tive pain intensity of the active MTrP according to
a numeric rating scale (0-10). For each subject
(either normal subject or patient), pressure pain
threshold was measured at both MTrP and non-
MTYP sites. Then, the prevalence of EPN was assessed
with needle electromyographic (EMG) recordings in
both the MTYP region and non-MTrP region of the
upper trapezius muscle for each subject.

Subjects

Twenty normal subjects (age 43.5 + 11.1) with
latent MTyPs and 12 patients (age 43.7 = 11.9)
with active MTrPs in the upper trapezius muscle
were recruited for this study. Subjects in both
groups were matched for age and sex. They all
signed the informed consents as approved by the
human subject research committee of the National
Cheng Kung University, Tainan, Taiwan. The gen-
eral criteria for selection of subjects included (1)
no acute or serious medical problems, (2) no neu-
rologic disorders other than muscle pain, (3) no
coagulopathy or any other bleeding disorder, (4) no
serum hepatitis B or acquired immunodeficiency
syndrome, (5) no pain therapy (pain medications,
physical therapy, etc.) for at least 2 wks, and (6) no
cognitive impairment or psychiatric disorder.

Identification of MTrPs and Non-MTrPs
Normal Subjects with Latent MTrPs

Normal subjects who had latent MTrPs in the
upper trapezius muscles in either side or both sides
were recruited. If MTrPs existed in both sides of
upper trapezius muscles, only one side was ran-
domly selected for the study. The latent MTyP was
identified on the basis of the following criteria: (1)
a localized tender spot (without spontaneous pain)
in a palpable taut band of muscle fibers, and (2)
characteristic and consistent referred pain when it
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was compressed firmly. As soon as this latent MTrP
was confirmed, it was marked by an investigator
who did not perform the assessment of pain thresh-
old or EPN prevalence.

Patients with Active MTrPs

Patients who had active MTrPs in the upper
trapezius muscles in either side or both sides were
recruited. If MTrPs existed in both sides of upper
trapezius muscles, only one side was randomly
selected for this study. The active MTyP was iden-
tified on the basis of the following criteria, as
recommended by Simons®: (1) a localized tender
spot in a palpable taut band of muscle fibers, (2)
recognized pain (as the usual clinical complaint)
when the tender spot was compressed, and (3)
characteristic and consistent referred pain. Simi-
larly, this active MTrP was marked by the same
investigator who marked the latent MTyP.

Localization of Non-MTrPs

After identification of the MTYP site in each
subject, a control site (non-MTrP site) some dis-
tance away from the MTyP site was also marked by
the same investigator who marked the MTYP site.

Subjective Pain Intensity (Numeric
Rating Scale)

Initially, the patient was requested to report
pain intensity of the selected MTrP on the basis of
the numeric rating scale. The patient was informed
of the numeric rating scale from 0 to 10. Zero
represents no pain at rest or during movement, and
10 represents the worst pain ever experienced in
one’s life. The other numbers represent different
degrees of pain level. In general, pain intensity
below 5 is considered a tolerable level.

Pressure Pain Threshold Measurement

Measurement of pressure pain threshold on
the MTYP and non-MTrP sites was performed be-
fore the EMG recordings. A pressure algometer was
used for this measurement.'® A study by Ohrbach
and Gale'® found that pain threshold measurement
with this algometer was reliable and had no signif-
icant differences among multiple trials in painful
muscles. Initially, the algometer was placed on the
marked MTrP site, perpendicular to the surface of
the skin. The pressure of compression was in-
creased gradually at a rate of movement approxi-
mately 1-2 mm/sec until the subject began to feel
any pain or discomfort (for latent MTrPs) or until
the patient began to feel an increase of pain or
discomfort (for active MTrPs). At that point, the
subject informed the examiner by saying “yes.” The
compression stopped as soon as the subject said
“yes.” The subject was asked to remember this level

March 2007

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

of pain discomfort and to apply the same criterion
for the consecutive measurements. The reading of
pressure (kg/cm?) at that point was considered the
pressure pain threshold level. The subject might
demonstrate pain by pulling away or grimacing,
which would indicate that the pain threshold had
been exceeded.® If this was the case, the subject
would be given instructions again, and a repeat mea-
surement would be taken to ensure that the “real”
threshold was obtained. Three repetitive measure-
ments at an interval of 30—60 secs were performed at
each site. The average values of the three readings
were used for data analysis. The same routine was
also performed at the control site (non-MTYP site).
Two investigators who participated in measuring the
threshold were trained extensively to minimize the
intratester and intertester variability. They were
blinded as to whether subjects had latent or active
MTrPs.

Electrophysiological Recordings
Equipment

A four-channel Nicolet EMG machine was used
to record the electrical activity from MTrPs by
using disposable monopolar Teflon-coated EMG
needle electrodes.

Settings

As shown in Figure 1, the first channel recorded
the electrical activity from the active electrode (ex-
perimental needle electrode) in the MTYP region. The
reference needle electrode was placed in a site approx-
imately 3-4 c¢cm from MTrP. The second channel
recorded the electrical activity from the control site.
For the control recordings, the active recording elec-
trode was placed in a non-MTyP region outside the
endplate zone. The reference electrode was connected
to the reference electrode of the first channel through
a bridge connector (to form a common reference
electrode). A ground electrode was placed on the skin
near the recording sites. For both channels, the sen-
sitivity of recording was set at 20 mV per vertical
division, and the time-sweep speed was set at 10
msecs per horizontal division. The high-frequency
filter was set at 10 kHz, and the low-frequency filter
was set at 20 Hz.

Procedure

Regarding the assessment of EPN, the preva-
lence of EPN in 24 sites of three needle-insertion
tracks in the MTrP region was measured as de-
scribed in the previous reports (Fig. 2).%'2 In this
way, only one penetration into the skin was re-
quired. We did not measure the amplitude and
duration of the EPN because the amplitude and
duration varied during needle movement either
because of changes in electrode distance or direct
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FIGURE 1

Schematic arrangement of electrodes and typical examples of recordings.

mechanical injuries to the muscle fibers. In the
experimental study of one MTyP site, the exploring
electrode (active recording needle electrode) was
inserted progressively into the MTrP region. The
needle was advanced gently and slowly through the
least possible distance (usually 1-2 mm) by simul-
taneously rotating the needle to facilitate smooth
entry through the tissue. After eight thrusts (ad-
vancements of the needle in one track), the needle
was pulled out to the original insertion depth and
reinserted in a slightly different direction (a near
track). This procedure was repeated again to ex-
plore a total of 24 thrusts (eight thrusts per inser-
tion; three insertions). All occurrences of EPN were
recorded. As soon as an EPN appeared, the needle
remained there without further movement. Sam-
ple EMG recordings (Fig. 1) were taken until the
amplitude of the EPN activity became indistin-
guishable from that recorded from the control nee-
dle. The time required for the disappearance of

EPN was less than 10 mins, usually 2-3 mins.
Advancement of the needle continued after disap-
pearance of the EPN. The subject reported the pain
intensity and feeling when an EPN was recorded.
The routine used at the control site (non-MTrP
site) was the same as that used at the MTYP site
with regard to insertion procedure. The investiga-
tor who performed this procedure was blinded as to
whether subjects had latent or active MTrPs.

Data Analysis
Comparison Between Latent and Active
MTrPs

The data of pressure pain threshold and prev-
alence of EPN in both MTrP and non-MTyP region
were analyzed for the differences between normal
subjects with latent MTrPs and patients with active
MTrPs according to a £ test (pain threshold data) or
a Fisher test (EPN data). A P value less than 0.01
was considered statistically significant.

- Taut Band-.

* EPN Loci

FIGURE 2 Schematic of insertion procedure during the assessment of EPN prevalence.
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Comparison Between MTrP and Non-MTyP
Sites

The data of pressure pain threshold and prev-
alence of EPN in both normal subjects and patients
were analyzed for the differences between MTrP
region and non-MTrP region according to a paired
t test (pain threshold data) or a Fisher test (EPN
data). A P value less than 0.01 was considered
statistically significant.

Correlation Between the Prevalence of EPN
and the Irritability (Pain Intensity or
Pressure Pain Threshold) in the MTrP
Region

The data of the pain intensity and the average
values of three readings for each threshold mea-
surement in all subjects (both normal subjects and
patients) were analyzed for their correlation with
the prevalence of EPNs. Pearson linear regression
analysis was used to analyze statistical significance.

RESULTS
Latent MTrP (Normal Subjects) vs.
Active MTrP (Patients)

As shown in Table 1, age and sex were fairly
matched for patients and normal subjects. All pa-
tients had pain in the MTrP regions, but none had
pain in the non-MTyP regions (with a mean pain
intensity of 0.0 = 0.0). Every patient reported pain
localized in the shoulder without referral. The
mean pressure pain threshold, either at the MTyP
site (1.9 = 0.3 kg/cm?) or at the non-MTyP site
(4.1 = 0.6 kg/cm?), was significantly lower (P <

0.01) in the patients with active MTrPs compared
with the normal subjects with latent MTyPs (3.7 +
0.7 and 5.9 * 1.0 kg/cm?, respectively). The prev-
alence of EPN in the MTyP regions was also signif-
icantly higher (P < 0.01) in the active MTrPs
(7.2 = 4.2 per 24 sites) than in the latent MTrPs
(2.8 = 1.4 per 24 sites).

MTrP vs. Non-MTrP

As expected, the mean pressure pain threshold
at the MTYP site (3.7 = 0.7 or 1.9 = 0.3 kg/cm?)
was significantly lower (P < 0.01) than at the
non-MTYP site (5.9 + 1.0 or 4.1 + 0.6 kg/cm?) for
either latent or active MTrPs. However, no EPN
could be recorded in the non-MTrP region for
either latent or active MTrPs (Table 1).

Prevalence of EPN and Subjective Pain
Intensity of MTrP

The high correlation (r = 0.742) between the
prevalence of EPN and the pain intensity in the
MTYP region for all subjects is demonstrated in
Figure 3. This was also true when the normal
subjects were excluded from the population for
analysis.

Prevalence of EPN and Pressure Pain
Threshold of MTrP

For all subjects, the prevalence of EPN was
highly inversely correlated (»r = —0.716) with the
pressure pain threshold (Fig. 4). Similar to a pre-
vious study,'* the pain intensity and the pressure
pain threshold are also strongly inversely corre-
lated.

TABLE 1 Pain intensity, pressure pain threshold, and prevalence of endplate noise (EPN) in the
myofascial trigger point (MTrP) region and non-MTrP region
Difference,
Patients with Normal Subject Normal vs. Patient
All Subjects Active MTrPs with Latent MTrPs P
No. of subjects 32 12 20
Male 14 5 9
Female 18 7 11
Age 435 +11.2 43.7 =119 435+ 11.1
Pain intensity (0-10)
MTyP site 23*31 6.2+ 1.3 0.0 = 0.0 <0.01
Non-MTrP site 0.0 =0.0 0.0 = 0.0 0.0 = 0.0
Pressure pain threshold,
kg/cm?
MTyP site 3.0+ 1.0 1.9+0.3 3.7+0.7 <0.01
Non-MTYP site 53+ 1.2 41+ 0.6 59+ 1.0 <0.01
Difference P<0.01 P<0.01 P <0.01
Prevalence of EPN,
no./24 sites
MTyP site 46 3.6 72*42 28+ 14 <0.01
Non-MTrP site 0.0 =0.0 0.0 =0.0 0.0 = 0.0
Difference P <0.01 P <0.01 P <0.01
March 2007 Endplate Noise and Myofascial Trigger Point

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

187



EPN
127
8 L
4 L
0 , Pl
5 10 15 20
FIGURE 3 The correlation befween the prevalence of
endplate noise (EPN) and subjective pain
intensity (PI) of myofascial trigger points
(MTrPs).
DISCUSSION

The pathophysiology of the MTrP has become
better understood as a result of recent studies on
both human and animal subjects.2>781214.17-24
Hong has hypothesized that there are multiple
basic units in an MTrP region.>®?® He has specu-
lated that each MTYP unit contains a sensitive locus
(a minute site from which a LTR can be elicited
when this site is mechanically stimulated) and an
active locus (a minute site from which spontaneous
electrical activity can be recorded).? The sensitive
locus is probably nociceptors (sensory compo-
nent),>?° and the active locus is possibly dysfunc-
tional endplates (motor component).?%%12 Spon-
taneous electrical activity (EPN) recorded from an
active locus of MTrP has been theorized to be
abnormal endplate potentials attributable to exces-
sive release of acetylcholine,®®%12 with the exces-
sive acetylcholine release responsible for the for-
mation of taut bands, which contain MTrPs.?%° In
an electron microscopic study,'! remarkable short-
ening of the sarcomeres in a contraction nodule
(probably in or near the endplate zone) with

, , , . PPT

5 10 15 20

FIGURE 4 The correlation between the prevalence of
endplate noise (EPN) and pressure pain
threshold (PPT) of myofascial trigger
points (MTrPs).

0
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lengthening of the sarcomeres outside the nodule
was observed in some fibers (taut fibers). The total
length of these muscle fibers was unchanged, but
the tension of the muscle fibers was increased (taut
band).

In previous studies, it has been suggested that
the irritability of an MTyP is closed related to the
LTR loci in the MTrP region.> ® The pressure pain
threshold can be used for the assessment of MTrP
irritability.'*~'® In this study, we have demon-
strated the high correlation between the irritability
(measured with pain intensity and pressure pain
threshold) and the prevalence of EPN loci in an
MTYP region of upper trapezius muscle. It is our
experience during EMG examination that when the
EMG needle approaches a painful locus, EPN fre-
quently can be recorded from this site. Therefore,
an EPN locus may be in the immediate vicinity of
an LTR locus. However, it is unclear whether every
EPN locus in the MTyP region is closely connected
with an LTR locus. Because the irritability of MTrP
is related to the prevalence of both LTR loci and
EPN loci, it is very likely that the vast majority of
EPN loci are connected with LTR loci. Stated dif-
ferently, in most endplates in the MTrP region,
there are nociceptors (free nerve endings, as ob-
served in animal study?®) in the nearby region. It
has also been demonstrated that free nerve endings
were frequently found near the sites from which
EPN could be recorded.?! However, this does not
indicate any neural connection between an EPN
locus and an LTR locus.

It has been suggested that MTrP formation is
related to a central mechanism on the basis of the
studies on referred pain®* and LTRs.>'® However,
the mechanism of the connection between EPN
loci and LTR loci is unknown. The correlation
between them is possibly attributable to a periph-
eral interaction rather than a central sensory con-
nection. It is possible that the persistent contrac-
ture of taut band may cause hypoxia and ischemia
in the local region (within the endplate zone),
which subsequently cause the release of inflamma-
tory substance to sensitize the nociceptors (LTR
loci).! This is the peripheral sensitization of an
MTrP. Gunn?® also suggested that local contraction
of the muscle fibers (local depolarization without
action potentials) may cause hypersensitivity of
nociceptors. Therefore, the sensitivity of the noci-
ceptors (irritability of MTrP) seems closely related
to the prevalence of EPN, which could be related to
the degree of local depolarization.

In conclusion, the irritability of an MTyP in the
upper trapezius muscle is closely related to the
prevalence of EPN in this MTyP region. In future
research, assessment of EPN prevalence may be
used for the estimation of MTrP irritability.
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