MUSCLE PAIN SYNDROMES

Chang-Zern Hong

Muscle pain is common in clinical practice. The most fre-
quently described muscle pain syndromes are myofascial
pain syndrome (MPS) and fibromyalgia syndrome (FMS).
Many question whether these two syndromes exist,!?1°%
but in the past 2 decades many well-controlled studies
have strongly supported their existence. In light of this con-
troversy, it is best to consider myofascial pain and fibro-
myalgia as clinical syndromes rather than distinct disease
entities.

Both MPS and fibromyalgia can be caused by many dif-
ferent etiologies. If one considers a myofascial trigger point
(MTrP) to be a local lesion containing sensitized (centrally
or peripherally) or persistently irritated nociceptors, with
associated phenomena (e.g., taut band, referred pain, local
twitch response [LI'R]), many unnecessary arguments can
be avoided. It is well recognized that pain is elicited by irri-
tation or sensitization of nociceptors. This chapter will fea-
ture this concept to describe muscle pain, with an emphasis
on the pain encountered in MPS and fibromyalgia.

Etiology and Classification
of Muscle Pain

Pathophysiologic Considerations
in Muscle Pain

Muscle pain can be elicited by any irritation of the pain
pathway from the muscle to the cerebral cortex. This can
include peripheral sensitization of nociceptors in the mus-
cle or central sensitization in the central nervous system
(CNS). 437,149

A basic peripheral “sensory unit” is defined as the dor-
sal root ganglion plus the peripheral nerve fibers (the
peripheral axon and the centrally extended dendrite) and
the supplied nociceptors (Figure 43-1). The location of
pain is determined by the traditional physiologic concept
of the law of projection. The cerebral cortex can perceive
pain at a certain site via transmission of stimuli from
the corresponding sensory unit to the dorsal horn of the
spinal cord, and then via the spinothalamic tract to the
thalamus and brain (Figure 43-2). The intensity of pain is
determined by both the spatial and temporal summation
of action potentials generated by the sensory unit (Figure
43-3). The discrimination of the character of pain is based
on the simultaneous stimulation on two or more different
sensory units with different entities (Figure 43-4).

The pain pathway for muscle pain appears to be dif-
ferent from that of skin. In fact, there is no evidence for
the existence of an ascending tract that exclusively medi-
ates muscle pain.'?” After the first synapse with the dorsal

horn cell in the spinal cord, the nociceptive information
from muscle is largely mixed with information from other
tissues. The dorsal horn cells receiving information from
muscles are convergent neurons (both wide dynamic range
neurons and nociceptive-specific neurons). The spinotha-
lamic tract is the main ascending pathway for muscle pain
in the spinal cord, but it also mediates pain from other
tissues. A specific cortical “center” for muscle pain does not
seem to exist.'?” The cortical perception of the site, inten-
sity, or characteristic of muscle pain is a complex process
probably involving areas such as the anterior cingulate cor-
tex, in addition to the primary sensory cortex.'#

The ability of the CNS to react to a short-duration
input of noxious stimulation with a long-lasting devia-
tion from normal synaptic function (neuroplasticity) is par-
ticularly obvious in the case of muscle pain.*!'*? Increased
muscle sensitivity can be manifested as (1) increased pain
intensity evoked by a noxious stimulus (hyperalgesia), (2)
pain evoked by an innocuous stimulus (allodynia), or (3)
increased size and number of referred pain areas with asso-
ciated somatosensory changes.*

Referred pain can be elicited by a strong stimulation
to a sensory unit with spread to the sensory pathways of
different sensory units at the spinal cord (or higher) level
of the CNS (Figure 43-5). Peripheral sensitization (noci-
ceptor sensitization) occurs when there is an increase of
excitability in the nociceptors of a sensory unit as a result
of peripheral irritation (Figure 43-6). Central sensitiza-
tion occurs when there is an increase of excitability of the
spinal dorsal horn neuron (or higher center) for a long
period.*14? This is why a mild stimulus to a sensory unit
can cause a cortical perception of severe pain in its recep-
tive field (Figure 43-7).

Etiologic Classification of Muscle Pain

Based on its site along the pain pathway, muscle pain can

be divided into five categories:

1. Peripheral irritation or sensitization of the nociceptors
in the muscle: The muscle tissues can be injured by a
sudden powerful overcontraction or stretch (strain) or by
an external agent (e.g., contusion, wound, burn). Acute
inflammation of injured tissues can irritate the muscle
nociceptors. An incompletely repaired acute lesion or
a chronic repetitive minor trauma can cause chronic
inflammatory reaction in the muscle tissues. The inflam-
matory substances can cause direct biochemical irrita-
tion or peripheral sensitization of muscle nociceptors.
Muscle soreness or pain can also occur after overactivity
or doing unaccustomed exercise. The proposed causes
of this include excessive production of lactic acid and
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FIGURE 43-2 Discrimination of the pain location.

minor injury to the muscle fascia. Many muscle diseases
(myopathies) can also result in either direct compres-
sion or biochemical irritation of the muscle nociceptors
to elicit muscle pain.

. Irritation of the peripheral nerves involved in the trans-

mission of pain messages to the CNS: This is a type of
neuropathic pain. Many other tissues (e.g., skin, liga-
ment, joint capsule, and tendon) other than muscle
tissue can also be painful if supplied by the same irri-
tated nerve. Direct trauma or chronic entrapment of the
sensory nerves that supply a muscle can cause pain in
that muscle. Examples include severe carpal tunnel syn-
drome with thenar muscle pain, as well as radiculopa-
thy with soreness or pain in the innervated muscles.

. Irritation of the pain pathway in the CNS: This is also

a type of neuropathic pain, sometimes called central pain.
Many CNS lesions can cause pain in the muscles when
the central sensory pathway is affected by the lesion. The
muscle and other tissues (e.g., skin, ligament, joint cap-
sule, and tendon) that are supplied by the same irritated
neural pathway can also be painful.

. Central sensitization in the spinal cord or a higher CNS

center: A muscle can be painful without having a local
lesion or a CNS lesion in its pain pathway as a result
of a lesion that is remote from this muscle via central

sensitization. When the pain intensity in the remote
lesion is strong enough, the pain message can spread to
the pain pathway of that muscle. The remote lesion can
be at another muscle or in other tissues such as tendon,
ligament, bursa, joint, or bone. It can also be induced by
an increased excitability of a certain site in the pain path-
way as a result of an unknown cause. Central sensitiza-
tion can cause referred pain, hyperalgesia, and allodynia.?

Central sensitization is also an important mechanism for

the activation of an MTrP and will be explained below.
5. Systemic decrease of the pain threshold: This type of

muscle pain can also be considered to be a consequence
of central sensitization. The exact mechanism, however,
is still not clear. The major clinical findings in fibro-
myalgia are due to a generalized decrease in the pain
threshold.

[n summary, any irritation or sensitization of the mus-
cle nociceptors or the muscle pain pathway can result in
muscle pain (Figure 43-8). The causes of muscle pain are
listed in Box 43-1. Russell has developed a system to clas-
sify soft tissue pain.'®%163 [n his system, focal muscle pain
is localized pain, myofascial pain syndrome is regional pain,
and fibromyalgia is generalized pain. Although this classifi-
cation is convenient for clinical practice, it cannot provide
the mechanism of muscle pain.
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FIGURE 43-6 Peripheral sensitization (one example).

Myofascial Pain Syndrome

Definition of Myofascial Pain Syndrome

Clinically MPS has been defined as a regional pain syn-
drome characterized by muscle pain caused by MTrPs.* In
a broader sense, however, MPS includes a regional muscle
pain syndrome of any soft tissue origin that is associated
with muscle tenderness.”*!'#? In this chapter, MPS includes
any pain phenomenon that is due to the activation of latent
MTrPs. This can be secondary to pathologic conditions such
as chronic repetitive minor muscle strain, poor posture,
systemic diseases, and neuromusculoskeletal lesions (such

*References 53, 56, 75, 84, 98, 149, 159, 184, 187, 193.

as strain, sprain, enthesopathy, bursitis, arthritis, spinal
disk lesion, etc.).®?® Considerable evidence exists to sug-
gest that myofascial pain syndrome is frequently caused by
or related to a lesion in another soft tissue, as described in
the next section.

Association of Myofascial Pain and Other
Lesions (The Underlying Pathologic Lesions)

It can be observed clinically that although myofascial pain
can be suppressed by an effective myofascial pain therapy,
such as an MTrP injection, the pain often recurs a few
days or weeks later if the related pathologic lesion is not
eliminated.®**/%% When the underlying etiologic lesion
is completely eliminated, the MTrPs can be inactivated
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“permanently” unless reinjured. The underlying patho-
logic lesions are usually found in other regions remote to
the activated MTrP. This remote activation of MTrP is due
to central sensitization. Overuse or inappropriate use of
a muscle can activate the MTrP in that muscle as a result
of peripheral sensitization. Repetitive use of a muscle can
reduce the pain threshold of the MTrP in that muscle.?”
A recent study demonstrated that an MTrP (a sensitive
spot in a palpable taut band with reduced pressure-pain

threshold) of the extensor digitorum muscle can be induced
by repeated eccentric exercise of that muscle.'?” The MTrP
can be successtully inactivated, however, by the avoidance
of overuse or inappropriate use. Persistent or recurrent
MTrPs are usually related to remote lesions, rather than to
lesions in the affected muscle.

It has been reported that the number and pain inten-
sity of MTrPs were significantly reduced after physical
therapy or surgery for lumbar disk herniation.?%? The
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BOX 43-1

Etiologic Classification of Muscle Pain

Peripheral irritation or sensitization of the nociceptors
in the muscle

* Muscle trauma (strain)

e Actively induced: Acute strain, chronic strain, chronic
repetitive minor trauma

e Passively induced: Mechanical (e.g., contusion,
compression, laceration, penetration, traction), chemical
(e.g., strong acid), thermal (burns or hypothermia),
electrical (burns), radiation, etc.

e [nappropriate muscle activity (delayed onset muscular
soreness): Overactivity, inaccurate activity (unaccustomed
exercise)

e Muscle diseases (myopathies): Polymyositis, myotonia,
muscular dystrophy, congenital myopathy, muscle
infection, muscle tumors, etc.

Peripheral irritation (mechanical or chemical) to the
peripheral nerve

e Nerve traumas: Compression, traction, laceration, etc.

e Nerve entrapments: Carpal tunnel syndrome with thenar
muscle pain, radiculopathy with soreness or pain in the
innervated muscles, piriformis syndrome with pain in the
ipsilateral lower limb, etc.

¢ Other nerve lesions

Central irritation to the pain pathway in the CNS

e (NS traumas
e (NS diseases
e Other CNS lesions

Central sensitization in the spinal cord or a higher CNS
center

¢ Referred pain

e llyperalgesia

¢ Allodynia

e Activation of MTrPs

e Other

Systemic decrease of pain threshold

¢ Fibromyalgia
¢ Other

CNS, Central nervous system; MTrP, myofascial trigger point.

association of active MTrPs with cervical disk lesions,'"’
cervical facet lesions,'’ cervical radiculopathy,'” lumbar
disk lesions,'Y osteoarthritis of knee,® teres minor tendi-
nitis,'”? lateral epicondylitis,*” floating kidney,'"” septic
arthritis,"”® and herpes zoster’® has been demonstrated.
Spinal adjustment'’” and local injection'?? of a cervical
facet can effectively relieve the pain caused by MTrPs. It
has been suggested that facet nociceptors and MTrP noci-
ceptors might be connected in the spinal cord and might
use the same nociceptive pathway to the higher center.'”
Suppressing the facet pain suppresses the MTrP pain, and
vice versa. However, during physical examination, com-
pression of the related level facet joint can elicit pain in
the MTrP regions, but needle stimulation to the associated
MTTP can rarely induce pain in the correlated facet joint.
Therefore facet dysfunction could be one of the important
causes of the activation of MTrPs. It appears that, at least
in some cases, MTrP pain is caused by the facet lesion or
another musculoskeletal cause. It less frequently occurs as
a consequence of primary muscle lesion.®”7%98 Activation

of MTrPs can cause pain to avoid any movement that could
interfere with the healing process of the primary lesion.
Muscle pain can be an important defense mechanism to
avoid further injury before complete healing of the etio-
logic lesion.%?:78

Myofascial Pain Syndrome Controversies

The most important controversy in MPS is the problem of

the lack of a set of specific diagnostic criteria. This set of
agreed-on specific diagnostic criteria is required if different
clinicians are to be able to agree on when it is present (with
acceptable interrater reliability).!>* "% Acceptable interra-
ter reliability of many of the indicators of MTrPs appears
to be obtainable only after the examiners have undergone
special training.””

Although identification of an MTrP is clinically difficult,
recent advances in MTrP research provide strong evidence
that MTrPs exist. The electrophysiologic and morphologic
findings of MTrPs cannot realistically be part of the criteria
for the diagnosis of MTrP'% because they are expensive
and time consuming. The practical diagnostic procedure
still has to depend on a palpatory examination, which
requires special clinical skills. Nonexpensive and simple
devices for the measurement of MTrP characteristics are
essential, and it is hoped that they can be developed in the
near future.

Myofascial Trigger Point

Definition

Travell and Simons defined MTrP as the most tender
(hyperirritable) circumscribed spot in a palpable taut band
of skeletal muscle fibers.'®* 3 Pressure stimulation of a
typical MTrP can elicit pain, referred pain, and LTR (brisk
contraction of the muscle fibers in its taut band). The
pain elicited by compression of this spot is familiar to the
patient as the usual pain complaint (pain recognition).'"

Latent MTrPs are tender but not spontaneously pain-
ful. 154193 They can be identified in most normal adult
skeletal muscles but not in newborns or babies less than
1 year old."? Active MTrPs are painful spontaneously or in
response to movement of the involved muscle and are often
so painful on palpation that the patient jumps (the “jump
sign”). A latent MTrP can be observed clinically to evolve
into an active MTrP. When an active MTrP is suppressed
with treatment, it is still tender but not spontaneously
painful because it has become a latent MTrP, Compression
of the MTrP can reproduce or aggravate the patient’s usual
complaint (pain recognition'’#), and elimination of the
MTrP (or more appropriately, inactivation of the MTrP)
can relieve the pain and other symptoms.

A myofascial pain patient can have many active M1rPs.
Typically the syndrome begins with the patient having
only one active MTrP in the affected muscle as a result of
a soft tissue lesion. If it is not appropriately treated or the
associated underlying pathologic lesion is not eliminated,
the pain region can expand to other regions and develop
additional active MTrPs. The original MTrP is called the
primary MTrP or key MTrP, and the ones that occur later



Table 43-1 Characteristics of Latent and Active
Myofascial Trigger Points

Active MTrPs

Characteristics Latent

of MTrP MTrPs  Mild Moderate Severe

Taut band (tension) + ++ ¥+ ++++

Tenderness o ok it ++++

Referred i + 4 +++
tenderness

Local twitch = + ++ +++
response

Restricted range of +/- + i) +++
stretch

Pain (spontaneous) - + ir] +++

Referred pain “ = + +%
(spontaneous)

Motor dysfunction - o + /= +

Autonomic = - = +f=
phenomena

MTrP, Myofascial trigger point.

are called secondary MTrPs or satellite MTrPs.'3% Inactiva-
tion of a key MTrP can subsequently eliminate the satellite

MTrPs, 84184

Characteristics of Myofascial Trigger Points

The chief characteristics of latent and active MTrPs are
listed in Table 43-1. In clinical practice, active MTrPs can
be further classified into categories based on the severity of
pain and other characteristics. A clear-cut distinction exists
between a latent MTrP and an active one, that being the
existence of spontaneous pain. No clear distinctions, how-
ever, exist to categorize the severity of active MTrPs.

The separation of active MTrPs into three categories
(mildly, moderately, and severely active MTrPs, listed in
Table 43-1) is artificial. The common characteristics of any
MTrP include taut band, spot tenderness, referred tender-
ness, LI'R, and restricted range of stretch. Referred tender-
ness, LI'R, and restricted range of stretch, however, are not
always elicited in latent MTrPs. In a mildly active MTrD, it is
painful, but the referred pain is often not obvious. In a mod-
erately active MTrD, referred pain usually develops. Patients
with severely active MTrPs typically show motor dysfunc-
tion and autonomic phenomena. As seen in Figure 43-9, for
MTrPs the change in symptom severity is continuously vari-
able. The degree of sensitized nociceptors in an MTrP region
is the most important factor in determining the degree of
MTrP severity.”? Any MTrP phenomenon (characteristic)
shown in Figure 43-9 can be continuously variable and not
necessarily follow the straight lines seen in the figure.

MTrPs are usually located within the end-plate zone
because end-plate noise (EPN) can usually be recorded
electromyographically in an MTrP region much more
frequently than in other areas of normal muscle tis-
sue, 174.180,181,184 §imons defined this typical MTrP occur-
ring in the end-plate zone as a central MT7P, and the trigger
points in other locations in the muscle or tendon attach-
ment region as attachment trigger points (A-TrP).'8* The
A-TrPs do not have all the characteristics of central MTrPs.
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FIGURE 43-9 Latent versus active myofascial trigger points (MTrPs).

A-TrPs are always located at the end of a taut band. Pain,
referred pain, and LTR can be elicited, but EPN cannot be
recorded from an A-TrP region of muscle.

Clinical Characteristics of Myofascial Trigger
Points

Painful or Tender Spot

The most important characteristic of an MTrP is a circum-
scribed spot in the muscle with pain or tenderness. For
most muscles, this spot can be identified in approximately
the same region in different persons.!”* !4 The exact loca-
tion of the MTrP in almost every skeletal muscle has been
demonstrated in the “Irigger Point Manual.”184.193.194

Taut Band

Simons et al.'7# !4 have considered that an MTrP is always
found in a taut band of skeletal muscle fibers, and a taut
band is the precursor of an MTTP. A taut band is an essen-
tial component of the definition of an MTrP.!74/184,193,194
Restriction of stretch with reduced range of motion can
occur in a muscle with one or more tense taut bands that
produced pain during stretch. This is different from mus-
cle shortening caused by contraction because no muscle
action potentials can be recorded from the muscle fibers
in a taut band.'?”

Referred Tenderness and Referred Pain

Referred tenderness occurs when a distant muscle has pain
in response to compression of an MTrP. Referred pain
occurs when spontaneous pain is referred to remote sites
from an MTrP.'8* The occurrence of referred tenderness
depends on two factors: the irritability of the MTrP and the
pressure of compression.®+7>?7 “Spontaneous” referred
pain usually occurs clinically in relatively severe cases of
MPS (see Figure 43-9).%% Each muscle tends to have the
same area of referred pain in different persons.!84193:194
Figure 43-10 shows one example of the distribution of
referred pain from an MTrP in the upper trapezius muscle.
Regarding the location and referred pain pattern for all

the exact muscles, please refer to the Travell and Simons
texts, 184,193,194
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FIGURE 43-10 Referred pain pattern of myofascial trigger points in the upper trapezius muscle. (Modified from Simons DG, Travell |G, Simons LS: trapezius muscle.
In Travell & Simons’ myofascial pain and dysfunction: the trigger point manual, vol |, ed 2, Baltimore, 1999, Williams & Wilkins, with permission.)

Local Twitch Responses

['IR is a sudden brisk contraction of a group of muscle fibers
(usually in a taut band) in response to snapping palpation
(quick compression across the muscle fibers perpendicu-
larly of the MTrP) (Figure 43-11).'8%193 The occurrence of
the 'R also depends on the irritability of the MTrP and the
pressure applied for eliciting LTR. High pressure is required
to elicit an LTR in an MTrP with low irritability, and vice
versa. A needle tip can provide high pressure stimulation to
the MTrP and can elicit LTR much easier than using finger
palpation.”’17?

Motor Dysfunction

The clinically observed reduced muscle strength (weak-
ness) caused by an MTrP is neither a true neurogenic nor
a myogenic weakness. It is a pain-induced weakness and
usually occurs only in severe cases of myofascial pain. Dis-
use muscle atrophy occurs rarely, mainly in cases of MPS
with persistent severe pain.'®* Other motor dysfunctions
related to MTrP include increased responsiveness (mus-
cle hyperactivity, referred muscle hyperactivity, referred
inhibition), delayed relaxation, and increased fatigabil-
ity (accelerated fatigability, delayed recovery).*'*? Mense
and Simons'?? called this hyperresponsiveness “muscle
spasm” and “referred muscle spasm” and defined muscle
spasm as involuntary contraction (with electromyographic
[EMG]| activity) of a muscle that is not dependent on
posture.

Autonomic Phenomena

In extremely severe cases of MPS, autonomic phenom-
ena (including abnormal sweating, abnormal tearing,
abnormal salivation, increased vasomotor response, and
increased pilomotor response) can be observed. F'or exam-
ple, an MTrP in the sternocleidomastoideus muscle with
high irritability can result in a discharge of tears and red-
ness of the conjunctiva.'??

Local twitch response

‘(_{ gl_ncal twitch
=== of band

FIGURE 43-11 Local twitch response elicited by snapping palpation. (Modi-
fied from Simons DG, Travell |G, Simons LS: Apropros of all muscles. In Travell &
Simons” myofascial pain and dysfunction: the trigger point manual, vol |, ed 2, Balti-
more, 1999, Williams & Wilkins, with permission.)

The Basic Science of Myofascial
Trigger Points

Myofascial Trigger Points Have Multiple
Sensitive Loci

The concept of multiple sensitive loci in an MTrP region
was first described by Hong®® and was based on clinical
observations during MTrP injections. Using the traditional
technique for MTrP injection with slow movement of the
needle, pain and sometimes referred pain can be elicited
when the needle tip encounters the tiny sensitive locus,
but LTR can rarely be elicited by low-pressure stimulation
(Figure 43-12). Hong®¥%¢ has suggested a new injection
technique by moving the needle in and out in a straight
track and rapidly to avoid damage to the muscle fibers
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— local pain

Faster needle movement
— referred pain

Rapid needle movement
— local twitch response

® Multiple sensitive locus (sensitized nociceptors)
In a myofascial trigger point (MTrP) region

FIGURE 43-12 Pain, referred pain, and local twitch responses elicited during
myofascial trigger point injection.

FIGURE 43-13 A small nerve ending (pointed by the black arrow) found in
the vicinity of the iron deposit site (purple stain, pointed by the blue arrow)
from where a local twitch response was elicited.

caused by side movement of the sharp-edged needle or
resulting from the grabbing of the needle by an elicited
LTR.'* An L'TR can be easily elicited during rapid needle
insertion (high-pressure stimulation because pressure =
force/area, and force = mass x acceleration) when the
needle tip encounters a sensitive locus (see Figure 43-12).
Many LIRs can be elicited by needle insertions into dif-
ferent sensitive loci. More LTRs can be elicited in a pain-
ful MTrP region than in a region having low-grade pain.
This 1s because the more sensitive loci (sensitized nocicep-
tors) are located in the MTrP with high irritability rather
than low irritability (see Figure 43-9). The sensitive locus
has also been defined as an LTR locus because an I'I'R can
be elicited by a strong pressure stimulation on this tiny
locus.”® Histologic study revealed a nerve ending (noci-
ceptor) at the LTR locus (Figure 43-13).7° Injection of cer-
tain dyes into the area of the nociceptors can cause the dye
to spread up to the sensory neurons.!?*

Animal Models for Myofascial Trigger Point
Studies

An animal model for myofascial pain study was initially
reported in 1994.? A sensitive spot could be found in
the biceps femoris muscle of a rabbit. When this sensitive
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FIGURE 43-14 Myofascial trigger spot (MTrS) in rabbit skeletal muscle.

spot was compressed before anesthesia, the rabbit kicked
and exhibited signs of pain. This spot was marked, and
under anesthesia, a brisk muscle twitch that was similar
to LI'Rs elicited in human skeletal muscle could be elicited
by needle stimuli in the marked spot but rarely in other
unmarked spots.”” Similar to human studies, spontaneous
electrical activity (SEA), including EPN and end-plate spike
(EPS), could be frequently recorded in this marked sensi-
tive spot, but rarely from other sites in the end-plate zone
and never in the non-end-plate zone.'®%18! To distinguish
it from human MTrP, this sensitive spot in the rabbit was
defined as a myofascial trigger spot (MT11S).”? This animal
model provided at least three important characteristics
similar to human MTrP: pain, LTR, and SEA (Figure 43-14).
Other similarities exist between human MTrP and rabbit
MTTS as described below.”®

Studies on Taut Band

Electron microscopy has shown morphologic evidence
of taut bands and contraction knots (or locally short-
ened sarcomeres) in the MTrP region (end-plate zone) of
human muscles.!”” In a light microscopic study with tri-
chrome stain on canine muscles, Simons and Stolov!®?
demonstrated the contraction knot (Figure 43-15). A light
microscopic study on rat muscles,'” an ultrasonic study
on human muscles,”® and an magnetic resonance elastog-
raphy study on human muscles’® have all shown the exis-
tence of taut band.

Studies on Myofascial Trigger Point Pain

To assess the effectiveness of a certain therapeutic modal-
ity or technique for myofascial pain relief, subjective pain
intensity can be assessed with a numerical rating scale or
a visual analogue scale (VAS). The scale usually ranges from
0 to 10, with 0 representing no pain and 10 the worst pain
that could be experienced. The numerical rating scale is
verbally reported by the patient based on the feeling of
pain intensity. For VAS assessment, the patient is requested
to mark the subjective feeling of pain at a 10-cm line on a
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FIGURE 43-15 Microscopic finding of a contraction knot; sarcomeres in the
end-plate region are shortened, and sarcomeres in the non—end-plate regions
(in the other two ends) are relatively elongated. (Modified from Simons DG,
lravell |G, Simons LS: General overview. In Travell & Simons’ myofascial pain and
dysfunction: the trigger point manual, vol |, ed 2, Baltimore, 1999, Williams & Wilkins,
with permission.)

card. The two ends of the line are marked with 0 and 10
to represent “no pain” and “worst pain,” respectively. The
pain intensity is assessed by reading the distance between
the 0 point and the marked point using the scale on the
reverse side of the card.

Pressure algometer, developed by Andrew Fischer, is a
useful tool to document MTrP irritability.??°!82 The pres-
sure applied on the MTrP can be read from a scale on this
device as soon as the patient reports pain. Three consecu-
tive measurements separated by intervals of at least a few
minutes are required to confirm the consistency of repeated
measures. This device can provide a semiobjective mea-
surement because the patient cannot see the scale on the
algometer. It has been reported that the pressure algom-
eter is a reliable and valid device to help assess myofascial
pain.'>® The pressure algometer is also useful in assessing
the effectiveness of MTrP therapy.*

Spontaneous Electrical Activity Assessment

Recent studies have suggested that the irritability of an
MTTP is proportional to the prevalence!'?? and the ampli-
tude?? of EPN recorded from that MTrP region. It is likely
that the measurement of SEA (including EPN) in an MTrP
region can be used for the assessment of the effectiveness
of a certain therapeutic method.

Studies on Referred Pain

Referred pain from a muscle to another distant muscle has
been demonstrated in animal studies.3%81.144-150 Pain sig-
nals from peripheral stimuli can be electrophysiologically
recorded from sensory neurons in the dorsal horn of the
spinal cord in a rat. The receptive field of a dorsal horn
neuron can be identified by mapping the peripheral sites
receiving stimuli. In a study by Hoheisel et al.®! (Figure
43-16) the original receptive field could be expanded to

*References 86, 103, 106, 108, 110, 131.
t References 22, 23, 102, 122, 127, 195,

other sites 5 minutes after a noxious chemical substance
was injected into another distant muscle. It appears that
the brain can perceive pain at other sites in addition to the
originally stimulated site. Fifteen minutes after a noxious
injection, an innocuous stimulation could also induce a
response in the original receptive field (allodynia). This
phenomenon cannot be simply explained by the traditional
“convergence-projection theory” (synaptic connections of
a dorsal horn neuron with two separate innervation areas)
because the size, number, and nature (high threshold or
low threshold) of receptive fields for a dorsal horn neuron
can be changed rapidly in the presence of noxious stimuli
to muscle.®0 12149 Mense!44146.147 considered this mecha-
nism to be secondary to the unmasking of formerly ineffec-
tive synaptic connections among neurons corresponding
to different receptive fields. Many synaptic connections
described in the convergence-projection theory are not
functionally effective in a normal situation. However, some
of these connections can become effective under the influ-
ence of certain conditions, such as a longstanding pain-
ful stimulus or a particularly strong painful stimulus.'*’
A strong noxious stimulus can send the impulse to the
corresponding dorsal horn neuron and induce it to release
substance P and calcitonin gene-related peptide (CGRP),
which diffuse to other dorsal horn neurons and promote
silent synaptic connections.'*® This is a type of central
sensitization.

[n human studies, referred tenderness could also be
elicited from a latent MTrP region or even normal muscle
tissues if a strong pressure was applied.””'?? The pressure
required to elicit referred pain from a compressed site is
proportional to the degree of irritability (amount of sensi-
tized nociceptors) at that site (Figures 43-17 to 43-21). The
concept demonstrated in Figure 43-9 has been developed
based on the above important studies.””'?” However, it is
unclear why referred pain can also be elicited from a non-
MTTP region, especially for that near an active MTrP. The
non-MTrP region might also contain few nociceptors (see
Iigure 43-18). It is also likely that the high-pressure com-
pression can indirectly stretch the muscle fibers in the taut
band containing the M'ITP.

Studies on the Local Twitch Response

EMG activity of an LTR elicited by stimulation of an MTrP
can be recorded in the taut band containing that MTrP.>4179
LIR is most easily elicited when the MTrP, but not any
other site, is mechanically stimulated (Figure 43-22) and is
best recorded electromyographically in the taut band (Fig-
ure 43-23).”? In one case study, the TR could not be elec-
tromyographically recorded from the extensor digitorum
communis muscle in a patient with brachial plexus injury
involving the posterior cord.”’ The injured nerve partially
recovered 6 months later, and then the I'I'R could be par-
tially recorded.

Animal studies have also demonstrated that L'TRs can be
elicited and electromyographically recorded from a mus-
cle only if the innervated nerve is intact with a complete
connection with the spinal cord (Figure 43-24).°7 LTRs
recorded from a muscle could be transiently suppressed
after a complete transection of the spinal cord at a level
higher than that providing innervation to that muscle but



Before 5 min after
injection of injection of
bradykinin bradykinin
Original RF Original RF

of a DHN of a DHN

Noxious stimul
cause DHN
responses

Injection of
bradykinin

CHAPTER 43 Muscle Pain Syndromes

15 min after
injection of
bradykinin

Original RF
of a DHN

Innocuous
stimuli
cause DHN
responses

‘Noxious stimuli
cause DHN
responses

FIGURE 43-16 Unmasking of receptive field (RF) of a dorsal horn neuron (DHN) by a painful stimulation (injection of bradykinin) to muscle. (Modified from
Hoheisel U, Mense S, Simons DG, et al: Appearance of new receptive fields in rat dorsal horn neurons following noxious stimulation of skeletal muscle: a model for refer-

ral of muscle pain? Neurosci Lett 153:9-12, 1993.)
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FIGURE 43-17 Referred pain threshold is proportionate to pain intensity of
a myofascial trigger point.

nearly completely recovered after the spinal shock period
(Figure 43-25).'90 It has been concluded that L'TR is medi-
ated via a spinal cord reflex.8>?%190 ['TR can also be moni-
tored by sonography.”®

Surface Electromyographic Studies on
Myofascial Trigger Point—Related Motor
Dysfunction

As demonstrated in surface EMG, MTtP, as well as other soft
tissue lesions such as ligamentous sprain or articular dys-
function, can induce muscle hyperactivity (so-called “mus-
cle spasm”) in associated muscles.#!:01.76.78117 Because of
muscle hyperactivity, the surface EMG amplitude recorded
over a muscle with MTrP was 20% greater than the asymp-
tomatic muscle. Headley’® further demonstrated that when
pressure was applied on the MTrP of the supraspinatus

muscle, a referred muscle hyperactivity could identified
from surface EMG recordings in a distant muscle. Carlson
et al.?? also found a significant reduction in surface EMG
activity of the masseter muscle after MTrP injection of the
trapezius muscle. On the other hand, referred inhibition
of gluteal muscle hyperactivity by an active MTrP in the
quadratus lumborum was demonstrated in surface EMG
recordings.”® In studies on experimental acute muscle pain
by Arendt-Nielsen’s group, reduced activation of the painful
muscle was frequently observed.?#>40.06.190 [t is unclear why
this finding is opposite to that seen in patients with chronic
pain conditions.

Delayed relaxation of a muscle with active MTrP can
occur during a repetitive exercise (alternative contraction
and relaxation), and loss of relaxation at each end of con-
traction can be found.”7-14?

Acceleration fatigability with delayed recovery has been
demonstrated in surface EMG studies.”* 7714 Evidence of
initial fatigue (increased amplitude and reduced median
power frequency of surface EMG activity) was found in a
work tolerance study on the upper trapezius muscle with
painful MTrPs compared with the contralateral pain-free
muscle.”?

Electrophysiologic Findings in a Myofascial
Trigger Point Region: Spontaneous Electrical
Activity (End-Plate Noise + End-Plate Spikes)

Hubbard and Berkoff''* were the first to record SEA from
an MTrP region of the upper trapezius muscle in 1993.
They suggested that SEA were potentials recorded from a
muscle spindle.''? SEA can be recorded only in the end-
plate zone, more frequently from an MTrP region than
from other regions, including normal muscle tissues.*
Further studies by Simons et al.'®V 181 indicated that there
are two components in the SEA recorded from the MTrP

*Reterences 38, 126, 175, 176, 180, 181, 184,
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FIGURE 43-18 In normal muscle (rare nociceptors), stimulation at point A with light intensity (top) induces no pain sensation, with moderate intensity (middle)

S

induces mild pain sensation at A, and with strong intensity (bottom) induces moderate pain sensation at A with referred pain at B.
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FIGURE 43-19 In latent myofascial trigger point (few nociceptors), stimulation at point A with light intensity (second) induces mild pain sensation, with moderate
intensity (third) induces moderate pain sensation at A with referred pain at B, and with high intensity (bottom) induces severe pain sensation at A with referred pain

at B and C.
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FIGURE 43-20 In mild active myofascial trigger point (some nociceptors), stimulation at point A with light intensity (second) induces moderate pain sensation at
A with referred pain at B, with moderate intensity (third) induces severe pain sensation at A with referred pain at B and C, and with high intensity (bottom) induces

extreme pain sensation at A with strong referred pain at B and C.

region, including the low-grade continuous electrical
activity and few sharp spikes with much higher ampli-
tude (Figure 43-26). The low-grade continuous activity
is the EPN, which is an accumulation of nonpropagated
miniature end-plate potentials (MEPPs), and the spike is
an EPS, which is a propagated action potential generated
from the end-plate.!'”#176 EPS is probably elicited by a
strong irritation of the recording needle on the "hyperir-
ritable” end-plate because it occurs much frequently in
hyperirritable active MTrPs than latent ones.!2?/174.176,180
When the SEA is recorded by an EMG needle, the patient
always complains of a sharp pain sensation.'® This
painful locus trom where SEA is recorded was originally
defined as an active locus,'® and later as an SEA locus”®
or EPN locus.'?” Simons!'’* has suggested that the occur-
rence of EPN indicates excessive leakage of acetylcho-
line (ACh) in the end-plate region based on extensive
reviews of old literature. Previous studies indicated that
only MEPPs were observed in a normal end-plate, and
EPN were recorded only after a mechanical or chemical
stimulation to the end-plate that induced excessive ACh
leakage.!'®138 These ACh molecules can cause calcium
release from the t-tubules of the sarcomeres in the end-
plate zone but not in other portions of muscle fibers.
This is because EPN potentials are not propagated action

potentials (no action potential can be recorded from
a taut band). Muscle tension from a taut band is com-
pletely different from that caused by muscle hyperactivity
(“spasm”) because propagated action potentials can be
recorded from a muscle with hyperactivity secondary to a
hyperirritable active MTrP. |

This focal contracture of sarcomeres can produce a con-
traction knot as shown in the electron microscopic find-
ings (see Figure 43-15).'%% Based on this finding, Simons!'®>
brought an “energy crisis” hypothesis to explain the forma-
tion of a taut band (Figure 43-27). Sarcomere contracture
can cause an increase in metabolism and a decrease in local
circulation, so that the sarcomere cannot relax because of
an inadequate energy supply. Sarcomere shortening occurs
only in the end-plate region, but the sarcomeres outside
the end-plate zone in either direction become somewhat
elongated (because the muscle fiber length is unchanged)
(see Figure 43-15). In this way, the muscle tension in the
end-plate region is increased.

In an animal study, SEA persisted after transection
of peripheral nerve and a high-level spinal cord.'’! This
results in the leakage of ACh in the end-plate region not
being under the immediate control of the nervous system.
In a single-fiber EMG study in rabbits, Kuan et al.!?" found
no increase in neuromuscular jitter in the MTrS region and
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FIGURE 43-21 In severe active myofascial trigger point (many nociceptors), stimulation at point A with light intensity (second) induces severe pain sensation at A
with referred pain at B and C, with moderate intensity (third) induces extreme pain sensation at A with strong referred pain at B, and with high intensity (bottom)

induces severe pain sensation at A with very strong referred pain at B and C.
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FIGURE 43-22 Local twitch responses (LTR) can be recorded only when the
myofascial trigger point (MTrP) is stimulated.

suggested that the neuromuscular transmission itself was
not impaired. This would indicate that the excessive ACh
leakage is a secondary phenomenon and not caused by an
abnormality in neuromuscular transmission. These find-
ings support the theory that energy crisis in the MTrP region
iIs a focal reaction and not related to neural controls. Once
the nociceptors are involved in the integrated mechanism

stimulation EMG recording
at MTrP of LTR

Local twitch responses

FIGURE 43-23 Local twitch responses (LTR) can be best recorded only in
the taut band.

(see below), however, the spinal cord is involved in the
mechanism of central phenomena such as pain, referred
pain, and LTR. In a recent single-fiber EMG study, Chang
et al.”! found evidence of degeneration in motor nerve end-
ings in the MTTP region. Further study is required to clarify
whether any motor nerve lesion is involved in the patho-
genesis of MTrD.
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FIGURE 43-24 Local twitch response (LTR) is a reflex that cannot be elicited
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FIGURE 43-25 Local twitch response (LTR) is a reflex at the spinal cord level.
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FIGURE 43-26 Spontaneous electrical activity (SEA) including end-plate noise
(EPN) and end-plate spikes (EPS) recorded in a myofascial trigger point region.
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Biochemicals Associated With Pain
and Inflammation in a Myofascial
Trigger Point Region

Using a microanalytic technique, Shah et al.'”!"'”? mea-
sured biochemicals (associated with pain and inflamma-
tion) at GB-21 (acupuncture point in the MTrP region) in
the upper trapezius muscle in subjects identified as active
(having neck pain and MTrP), latent (no neck pain but with
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FIGURE 43-27 Excessive acetylcholine (ACh) leakage to cause energy crisis
and taut band formation.

MTrP), or normal (no neck pain and no MTrP). They found
that concentrations of all analyzed biochemicals were sig-
nificantly higher in active than latent or normal subjects.
[t appears that substances related to either pain or inflam-
mation are elevated in the vicinity of active MTrPs. These
findings strongly support Simons’ integrated hypothesis of
“energy crisis.”'’!!72 They also found a marked elevation
of biochemicals during the L'TR followed by a slow, variable
return to baseline. Substance P and CGRP were the only
two analytes for which concentrations during the recovery
period after the LTR were significantly below the baseline
concentrations.!”? This interesting finding could possibly
explain the immediate relief of pain (reduced substance P
and CGRP) after eliciting 'I'Rs during MTrP injection, but
the overall mechanism is still unclear.

Studies on Myofascial Trigger Points in Early
Life and Formation of Myofascial Trigger
Points

Kao'”? was the first to report that no latent MTrPs could be
identified in children less than 1 year of age. It appears that
latent MTrPs develop as the child is growing up. It is still
unclear, however, when and how the nociceptors in the MTrP
region become sensitized in later life. Gunn®®*? suggested
that the formation of MTrP is due to minor lesions in the
peripheral nerve, especially in the nerve root. This hypothesis
cannot be generalized for all kinds of MTrPs because MTrPs
can be activated as a result of a lesion other than nerve.??7% [t
is not unlikely, however, that the formation of a latent MTrP
in early life is related to minor peripheral nerve injury during
the growing-up period.®’ In clinical observation, the author
has found that many adult patients with diffuse MTrPs in
the upper back and shoulders related to cervical facet lesions
have related neck injuries in early life.

Summary of Myofascial Pain Theory

Multiple Myofascial Trigger Point Loci
in the Myofascial Trigger Point Region

[t has been hypothesized that there are multiple MTrP loci
in an MTrP region (Figure 43-28).”7° An MTrP locus contains
a sensory component (the sensitive locus or LTR locus) and
a motor component (the active locus or SEA locus). An LTR
locus is a sensitized nociceptor (free nerve ending),”” and
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FIGURE 43-28 Multiple MTrP loci in an MTrP region. LTR, Local twitch
response; MTrP. myofascial trigger point; SEA, spontaneous electrical activity
recorded from an end-plate.

an SEA locus is a dysfunctional end-plate.!'”*17¢ An SEA
locus is in the close vicinity of an LTR locus. They interact
mutually for the formation of a taut band. Stimulation of
an LI'IR locus can elicit pain, referred pain (as a result of
central sensitization), and LTR (via spinal cord reflex).

Simons’ Integrated Hypothesis of Myofascial Trigger
Point

Based on the studies mentioned above, Simons et al.!4?:184
has postulated three essential features of MTrPs: excessive
ACh release, sarcomere shortening, and release of sensi-
tizing substances. These three essential features relate to
one another in a positive feedback cycle (Figure 43-29)
that is self-perpetuating once it is started (but which can
be interrupted at several points in the cycle in a number
of ways).!4?.177.175.18% An increased ACh release in the neu-
romuscular junctions (motor end-plates) can cause an
increase of the muscle fiber tension. This results in a taut
band that contains an MTrP and subsequently can cause
“energy crisis” with increased metabolism and local isch-
emia with hypoxia, which can then induce secretion of
sensitizing substances to cause pain. The sensitizing sub-
stances can then cause abnormal ACh release so that a
vicious cycle is activated. It is unclear, however, whether
the abnormal ACh release initially occurs to trigger the
sensitization of nociceptors (peripheral sensitization) or
the inflammatory reaction initially causes the release of
inflammatory and pain substance'”!'“? and then induces
abnormal ACh release. This is a “chicken-egg” question. In
fact, Shah’s findings!”""!'7? can support either one because
the inflammation reaction can be secondary to the isch-
emic reaction in the contracture knot.

“MTrP Circuit”—Spinal Cord Mechanism of Pain,
Referred Pain, and Local Twitch Response

[rritation or sensitization of nociceptors can cause sponta-
neous pain. Central sensitization can also cause spontane-
ous pain without stimulation of the nociceptors. Central
sensitization is the main cause of MTrP activation in a
remote lesion. Nociceptors in an MTrP region connect to a
group of dorsal horn cells (sensory neurons) in the spinal
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FIGURE 43-30 Connection of "myofascial trigger point circuit” (“MTrP cir-
cuit”) in the spinal cord.

cord. These MTrP-related sensory neurons are responsible for
central sensitization and for transmission of pain informa-
tion to the brain. The neural network with connections
among these MTrP-related sensory neurons is defined as
an MTrP circuit (Figure 43-30).577? These MTrP-related
sensory neurons also send nerve branches to connect with
the other groups of dorsal horn neurons corresponding
to other MTrPs. These connections are silent (ineffective
synaptic connections) in normal situations. When a strong
stimulation is applied on a nociceptor of this MTrP, how-
ever, strong impulses are transmitted to these MTrP-related
sensory neurons and also spread to MTrP-related sensory
neurons corresponding to other MTrPs to induce referred
pain, and even spread to corresponding motor neurons in
the anterior horn to elicit an LTR via the spinal cord reflex.
The MTrP circuit for an MTrP is responsible for all MTrP
phenomena, including pain, referred pain, ['TR, motor dys-
function, and autonomic phenomena.




BOX 43-2

Summary of the Evidence for the Existence
of Myofascial Trigger Points

Clinical observations

e Pain recognition only with compression at an MTrP region

e Consistent location of an MTrP in each individual muscle
across different persons

e Consistent referred pain pattern for an MTrP in each indi-
vidual muscle across different persons

e Multiple tiny loci (nociceptors) in an MTrP region

e Pain, referred pain, and local twitch response elicited by
stimulation of a sensitive tiny locus in the MTrP region
(depending on the intensity of pressure stimulation)

e Immediate pain relief after appropriate treatment of the
responsible MTTP

Experimental studies

e SEA (EPN + EPS) recorded in the MTrP region

e High concentration of biochemicals associated with pain
and inflammation in the active MTrP region

e Nerve ending (nociceptor) in the locus for eliciting UIR
(TR locus)

 Connection between LIR locus and sensory neuron

 Morphologic evidence of taut band and contracture knot in
the MTrP region

EPN, End-plate noise; EPS, end-plate spike; LTR, local twitch response;
MTrP, myofascial trigger point; SEA, spontaneous electrical activity.

Evidence for the Existence of Myofascial
Trigger Points

Based on the above scientific findings, the existence of
MTTP is obvious. The evidence for the existence of MTTP is
summarized in Box 43-2.

Diagnosis of Myofascial Pain

Diagnostic Criteria for the Myofascial
Trigger Point

In clinical practice, the identification of MTrPs depends on
manual palpation and clinical judgment. Because manual
palpation has been considered to be an unreliable tech-
nique,'>? special training is usually required to obtain
interrater reliability and common agreement regarding the
palpation criteria.””

[t has been suggested that spot tenderness, taut band,
and pain recognition are the three most important criteria
for the diagnosis of MTrP (Box 43-3).>? In other words, an
exquisitely tender spot in a taut band with pain in response
to digital compression that can induce or aggravate the
patient’s usual clinical complaint is an MTrP responsible for
the clinical symptoms. Referred pain and ['T'Rs can be con-
firmatory signs of MTrP diagnosis.”” For an MTrP with low
irritability, high-pressure stimulation is required to elicit a
referred pain or an LTR. Applying high-pressure compres-
sion during palpation is not recommended because some
patients cannot tolerate the high pressure.

The tender spot can always be pointed out by the patient
using one finger. When it is associated with a referred pain,

CHAPTER 43 Muscle Pain Syndromes

BOX 43-3

Diagnosis of Myofascial Trigger Points

Basic diagnostic criteria
e [Exquisite spot tenderness
e Pain recognition

¢ Taut band

Confirmatory signs

e Referred pain
e [ocal twitch response

History and physical examination

e Pain distribution pattern

* Pointed out by the patient

e Palpation: Tender spot, taut band, referred pain, local
twitch response

® Provocative tests: Pain recognition, secondary MTrPs

Laboratory findings

* Biochemicals associated with pain and inflammation
¢ Thermography

e Sonography

* Magnetic resonance elastography

MTrP, Myofascial trigger point.

however, it can be difficult to point out this spot clearly
because the pain has spread out to the surrounding area.
When performing palpatory examination on the MTrP, it
Is important to confirm that the pain elicited from this
tender spot is similar to the patient’s usual clinical com-
plaint (pain recognition) so that the correct MTrP can be
treated.!’41%4 In some cases, two or more M1rPs in one or
more muscles are responsible for the clinical pain, and the
patient might not be able to point out those spots exactly
and thus reports that the whole area is painful.

To identify a primary (key) MTrP among many MTrPs,
provocative testing can be applied. Compression of a pri-
mary MTrP can also cause pain in secondary (satellite)
MTrPs. Compression of any secondary M1rP, however, can-
not elicit pain in the primary MTrP. In many cases, second-
ary MTrPs are found in the referred zone (area of referred
pain) of the primary MTrP.84

Physicians treating MPS should be familiar with the
anatomic location of MTrPs of all the commonly affected
muscles and the distribution of referred pain patterns for
these muscles. In many cases, M'1rPs can be identified accu-
rately and quickly just based on the patient’s description
of the pain pattern, and can then be confirmed by apply-
ing the three basic criteria (spot tenderness, taut band, and
pain recognition).

Laboratory Findings of Myofascial Trigger
Points

Routine blood chemistries and radiographic studies are
not helpful for the diagnosis of myofascial pain. Thermog-
raphy has been used to assess MTrPs, but its use is still con-
troversial. 12>/ 184191 The use of innovative techniques for
MTrP assessment includes the measurement of biochemi-
cals associated with pain or inflammation in the MTrP
region,!”1172 the sonographic study of MTrP°% and the
magnetic resonance elastography for taut band images.**
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Although these techniques might become important in the
objective assessment of MTrP in the future, they are rela-
tively expensive at this time.

Identification of the Underlying Pathologic
Lesion of Myofascial Pain

As soon as a patient has confirmed MTrPs, the treating phy-
sician should attempt to identify the underlying etiologic
lesion. This requires a careful medical history and physi-
cal examination as described below, and includes the items
listed in Box 43-4.

Medical History

[t is important to gather information regarding history of
trauma and disease, occupation (any particular posture at
work), sports, and other injuries. This can help identify the
underlying etiology of MTrP activation.

Identification of Etiologic Lesions Based on Clinical
Presentation of Active Myofascial Trigger Point

Mapping the distribution of MTrPs can help discover the
basic pathologic lesion causing activation of MTrPs. MTrPs
found in the muscles corresponding to a certain myotome
can be caused by radiculopathy.'”¥ MTrPs around a joint
can be caused by a lesion of that joint.® MTrPs in a group of
agonists can be caused by a lesion in the common tendon
of those muscles. For example, MTrPs in the wrist and hand
extensors are often due to lateral or medial epicondylitis
of the elbow. MTrPs in the upper trapezius and rhomboid
muscles are most frequently related to cervical facet joint

BOX 43-4

Identification of Underlying Etiologic Lesion-
Induced Myofascial Trigger Points

Medical history

e Pain distribution

e History of injury and disease
® Sports
e Occupation
e Others

Distribution of MTrPs

¢ MTrPs in muscles innervated by the same nerve root —
radiculopathy

e MTrPs surrounding joints — arthropathy of that joint, or
ligament lesions around that joint

e MTrPs in agonists — lesion of the common tendon

e MTrPs in certain muscles related to facet joints — facet joint
lesion

Provocative tests

e MTrP pain during compression of a spot with a soft tissue
lesion — soft tissue lesion at that spot

e MTrP pain during active contraction — tendinopathy of the
contracting muscle

e MTrP pain during stretching of a ligament — lesion of that
ligament

e MTrP pain during compression of a bursa — lesion of that
bursa

e MTrP pain during facet joint compression/stretch — facet
lesion

MTrP, Myofascial trigger point.

lesions. 72132 MTrPs in the gluteal muscles are frequently
secondary to lumbar facet joint lesions.”?

Provocative tests to cause reproduction or aggravation of
pain in an MTrP are frequently used to identify the lesion
causing MTrP activation. If the MTrP pain can be reproduced
or aggravated by digital compression of a spot over a soft tis-
sue lesion, this soft tissue lesion is responsible for the activa-
tion of MTrP pain. MTrP pain elicited during contraction of
the involved muscle is frequently due to a strain or tendinitis
of that muscle. Similarly, if MTrP pain can be reproduced by
stretching of a ligament or compression of a bursa, the MTrP
pain is usually caused by a lesion of that ligament or bursa.

An MTrP in a specific muscle can be associated with a
specific level of a facet joint lesion. This can be confirmed
by provocative tests that irritate the facet joint to repro-
duce or aggravate pain in that MTrP. Irritation of a facet
joint can be performed by a direct finger compression (for
a cervical facet joint) or by immobilizing the lower verte-
bra of that facet joint and then rotating the neck to the
involved side, followed by an extension movement of the
neck (facet sign).?%22132 An MTrP in the upper trapezius
or levator scapula muscle is frequently related to a C4-C5
facet joint lesion, and an MTrP in the rhomboid minor
muscle is often related to a C5-C6 facet joint lesion.'? In
the lower limb, an MTrP in the gluteus minimus muscle is
often related to a lesion in the L4-L5 facet joint. An MTrP
in the piriformis muscle is frequently related to a lesion in
the L5-S1 facet joint.””

Provocative tests can also be used to make an accurate
diagnosis of certain types of soft tissue lesions that can
cause activation of MTrPs. Stretching a ligament or tendon
can cause pain in the ligament or tendon having a patho-
logic lesion. For example, pain in the dorsal aspect of the
thumb can be elicited by extreme flexion of the thumb
metacarpal phalangeal joint (MCP joint) if a pathologic
lesion is in either a dorsal ligament of the thumb MCP
joint or a tendon lesion in the dorsal surface of thumb
MCP. Pain caused by a tendon lesion can be reproduced
or aggravated by a resistive isometric contraction of the
muscles attached to that tendon, but pain caused by the
dorsal ligament lesion typically does not occur with such
a muscle contraction. In this way, the ligament or tendon
lesion over the same region can be distinguished. If the
lesion is arthropathy, the pain can be elicited by grinding
this joint. Pain caused by bursitis or tenosynovitis can be
aggravated by compression of the synovial tissues in the
bursa or tendon sheath. Appropriate provocative tests can
be used to make an accurate diagnosis of soft tissue lesions.

Management of Myofascial Pain
Syndrome

Basic Principles in the Management
of Myofascial Pain

Treating the underlying etiologic lesions that cause the
activation of MTrPs is the most important strategy in
MPS therapy.* If the underlying pathology is not appro-
priately and completely treated, the MTrP can only be

*Reterences 55, 84, 87, 92, 98, 184.



inactivated temporarily, and never completely. Treatment
(inactivation) of active MTrPs, however, is necessary in
certain situations (Box 43-5), including the presence of
severe intolerable pain, pain or discomfort that interferes
with functional activities, persistent pain and tightness
(can interfere with the healing process of the injured tis-
sue) in the MTrP region after the underlying etiologic
lesion is appropriately treated, difficulty in identifying
the underlying pathology, and failure in treating the
underlying pathology. Release of muscle tightness after
inactivation of MTrPs often improves the local circula-
tion to facilitate the healing process of the underlying
etiologic lesion. Whether treating active MTrPs or their
underlying pathology, conservative treatment (such as
manual therapy or physical therapy modalities) should
be performed before more aggressive therapy (such as
needling), especially for acute or mild lesions. 48792123
[t is also important to eliminate any perpetuating fac-
tor that might cause persistent existence or recurrence
of active MTrPs, and to provide adequate education and
home programs to patients, so that recurrent or chronic
pain can be avoided. >71%4

BOX 43-5

Indications for Inactivation of Myofascial Trigger
Points

e linable to identify the underlying pathology of MTrP
activation

e Failure in treating the underlying pathologic lesion

e Persistent pain resulting from MTrP even after complete
elimination of the underlying pathology

e Persistent tightness caused by MTrP even after complete
elimination of the underlying pathology

¢ Intolerable pain resulting from MTrP

e Pain or discomfort interfering with functional activity

MTrP, Myolascial trigger point.
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Treatment of the Underlying Pathologic
Lesions Producing Myofascial Pain

Treatment of soft tissue lesions or others that can cause
activation of MTrP has been described in other chapters of
this book. In this chapter, only those treatments related to
chronic recurrent MTrPs will be discussed.

For any acute lesion, it is important to facilitate the heal-
ing process by using appropriate local therapies such as
icing and stabilization. Physical therapy including thermo-
therapy and manual therapy can begin as soon as any active
bleeding or local heat has subsided. Immobilization in the
acute stage might be required to avoid reinjury during the
healing period. Frequently some MTrPs can be found in
the acute stage. It is not necessary, however, to treat these
MTrPs because they can be part of a defense mechanism as
mentioned above.

If an acute lesion is not well controlled (usually as a
result of severe tissue damage, repeat injury, or inadequate
treatment), it can become a chronic lesion with progres-
sive scar tissue formation. This scar tissue is the major
cause of degenerative lesions, which can be a source of
MTrP activation in later life.'8 The pathogenesis of soft
tissue lesions is demonstrated in Figure 43-31. Degenera-
tion can develop at middle age or even younger if previ-
ous injury was severe or not treated appropriately (Figure
43-32). Degenerative tissue resulting from previous injury
Is vulnerable to reinjury, especially in elderly persons (Fig-
ure 43-33). Consequently, appropriate treatment of an
injured soft tissue lesion is important to avoid chronic
myofascial pain.

The suggested physical therapy for an injured soft tissue
(without active bleeding or acute inflammation) includes
thermotherapy and manual therapy.'®”? Local steroid
injection is often helpful if the injured lesion responds
poorly t0 conservative treatment. Spinal facet joint injec-
tion can inactivate many MTrPs simultaneously if those
active MTrPs can be triggered by spinal facet irritation
based on provocative tests.?"72: 132
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FIGURE 43-31 Pathogenesis of soft tissue lesions as related to activation of myofascial trigger points.
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FIGURE 43-32 Age at which degeneration begins is proportionate to the
severity of previous injury.
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FIGURE 43-33 The force required to cause damage to soft tissue is related
to age, strength of soft tissue, speed of force, and severity of previous injury.

Perpetuating Factors

Two major categories of factors that can perpetuate pain
are the mechanical and the systemic.”” %4193 Mechanical
factors include abnormal posture, leg length discrepancy,
scoliosis, etc.””'?3 These factors can cause repetitive minor
trauma to muscles, tendons, and ligaments that can per-
petuate the activation of MTrPs. It has been suggested that
systemic factors include nutritional deficiency, vitamin
deficiency, anemia, and endocrine disorders (e.g., hypothy-
roidism, estrogen deficiency).””-13 For chronic or recurrent
myofascial pain, it is important to identify any perpetuat-
ing factors and eliminate them if possible to avoid persis-
tence or recurrence of active MTrPs.

Patient Education and Home Program

Patient education is critical in the treatment of myofas-
cial pain. The patient should be schooled in the causes of
MTrPs, principles of treatment, and prevention strategies
(e.g., body mechanics). Demonstrations about self-stretch
techniques, focal massage, local heat application, thera-
peutic home exercise program, etc. are also required to
help the patient eliminate or control pain.

Inactivation of Active Myofascial
Trigger Points

Commonly Applied Techniques to Inactivate
(Immediately Release) Myofascial Trigger
Points

The management of myofascial pain caused by MTrPs

has been extensively reviewed by many authorities.* The
commonly used methods for inactivating MTrPs are listed
in Box 43-6. The conservative programs for myofascia
pain recommended by Simons et al.'® and ‘Travell and
Simons!?? include intermittent cold and stretch (spray anc
stretch), deep pressure soft tissue massage, trigger point
pressure release, and postisometric relaxation. Simons
et al.'® also recommend the use of thermotherapy, elec-
trotherapy, laser therapy, muscle energy technique (con-
tract-relax), reciprocal inhibition, or spinal manipulation
as an adjunct for myofascial pain therapy. Needling of
MTrP (MTrP injection, dry needling, or acupuncture) can
be effective techniques for MTrP pain control if applied
appropriately and accurately.t A combination of various
methods is typically used to treat myofascial pain in clini-
cal practice because there is no single treatment that is suc-
cessful in every case.

Physical Therapy Modalities for Inactivating
Myofascial Trigger Points

Effective modalities for treating myofascial pain have tra-
ditionally included ultrasound and electrotherapy.$ It has
been demonstrated that ultrasound can provide immedi-
ate pain relief ”* 1! or immediate increase of pressure pain
threshold.!®® In addition to the thermal effect, ultrasound
might also provide mechanical stimulation from the sound
waves.

Electrical stimulation to the nerve, such as transcutane-
ous nerve stimulation, can assist in pain control via the
gate-control mechanism if low-intensity currents are given
or via counterirritation (hyperstimulation analgesia) if
high-intensity currents are applied. Electrical stimulation
to the muscle, such as interferential current therapy, can
provide a massage effect from intermittent muscle contrac-
tions. It has been suggested that electrical muscle stimu-
lation can be used for release of tight muscles with taut
bands.'"Y Combined therapy with electrotherapy and ultra-
sound can provide better effectiveness together than when
used alone.? It is also suggested that thermotherapy be
applied before and after any manual therapy.®/ % Applica-
tion of heat can improve focal circulation through reflex
vasodilatation.!'?!

Low-power laser therapy has also been applied in treat-
ing MTrPs with good results in some studies, V7174185186
but no significant effect in other studies.>** This discrep-
ancy could be due to the different dosages applied in
different studies. The mechanism of laser therapy is still
unclear. In a recent animal study, Chen et al.*’ showed that

* References 14, 50, 52, 53, 57, 75, 87, 123, 149, 159, 161, 184, 187, 193.
"References 7, 8, 31-33, 40, 50, 52, 68-70, 84, 86-88, 92, 136, 193.
References 14, 65, 87, 94, 110, 131, 184, 192.




BOX 43-6

Treatment Methods for Active Myofascial Trigger
Points

Manual therapy

e Stretching: Intermittent cold and stretch
* Deep pressure soft tissue massage
e ‘[rigger point pressure release (modified myotherapy)
e [schemic compression, acupressure, myotherapy, shiatsu
e Spinal and joint manipulation and mobilization
e Voluntary contraction and release methods
* Muscle energy technique
e Reciprocal inhibition
* Postisometric relaxation

Others

Modality application (physical medicine)

e Thermotherapy: Hydrocollator hot pack, ultrasound, etc.

¢ Electrotherapy: Interferential current, transcutaneous nerve
stimulation, etc.

e Laser therapy: Cold laser

e Others

Needling

¢ Traditional acupuncture

¢ Dry needling /749

e Myofascial trigger point injection®% 184193 and preinjection
block>"

Others: Medication, exercise therapy, biofeedback,
hypnosis, etc.

Combination

MTrP, Myofascial trigger point.

the prevalence of EPN in the trigger point region was sig-
nificantly reduced after application of low-power laser on
the trigger spot (animal equivalent to the human MTrP).
Although the studies on the use of low power laser on an
MTrP are still unclear, it is frequently helpful in practice in
the author’s experience.

Shockwave therapy is another newly developed device
used to help inactive MTrPs.” Its efficacy and the mecha-
nism involved in the treatment of MTrPs are also still
unclear.

Manual Therapy for the Inactivation
of Myofascial Trigger Points

Manual therapy is commonly used for myofascial pain
therapy and has been described by various authorities.*
Frequently applied techniques include stretch with inter-
mittent cold spray,'®* deep pressure massage,”* ischemic
compression, " 123 trigger point pressure release (modified
myotherapy),'** manipulation, 9% 197134 and postisometric
relaxation.'3>-137

The traditional method of stretch with intermittent
cold spray is the “spray and stretch” technique recom-
mended by Travell and Simons.'”? The taut band is often
released immediately after stretch with cold spray. The cold
spray can inhibit cutaneous nociceptors that can cause
reflex muscle hyperactivity during stretch.'”’ Stretch with

*References 123, 124, 134, 184, 193, 194,
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intermittent ice massage is an alternative method of releas-
ing muscle tightness.

Deep pressure massage on the MTrP region can provide
a focal stretch effect in addition to improving local circula-
tion. One controlled study has shown that deep pressure
massage was the most effective treatment for an immediate
relief of pain of the MTrP compared with the use of hot
packs, ultrasound, and stretch.”® Ischemic compression
might not be favorable for some patients because it can
cause severe pain with local ecchymosis.'® Many of the
commonly used myofascial release techniques are modi-
fied massage therapies.

Spinal manipulation can provide immediate relief of
certain types of pain caused by MTrPs. 0197134 The strong
mechanical stimulation to the facet joint during a quick
manipulative thrust might provide an effect similar to
needling (hyperstimulation analgesia).'*’

Alternating contraction-relaxation techniques include
muscle energy techniques, postisometric relaxation, recipro-
cal inhibition, and some myofascial release techniques.'**
It has been suggested that the postisometric relaxation
technique developed by Lewit et al.'*>!'37 is effective for
stretch of a taut band and for pain relief. It is a combi-
nation of contraction and relaxation alternately. The tight
muscle fibers can typically be stretched easily immediately
after an isometric contraction.

Many other techniques have been claimed to be effec-
tive in treating myofascial pain. In clinical practice, many
patients reported good results after treatment with some
of these unfamiliar techniques. As of yet, however, none of
them have controlled studies showing long-term effective-
ness from those therapies.

Needling for Inactivation of Myofascial
Trigger Points

The traditional MTrP injection technique was described by
Travell and Simons.'”? The needle technique was “move
in-and-out to multiple directions” to encounter the sen-
sitive loci in an MTrP region. MTrP pain can typically be
eliminated nearly completely immediately after injection
of local anesthetic. Hong® has modified the traditional
MTTP injection method with quick needle movement as
mentioned above. This new injection technique has been
recommended by Simons'®* and will be described in detail
in the next section.

Gunn® used an acupuncture needle and Chu’! used an
EMG needle to perform dry needling to avoid the tissue
damage that can be done by the sharp edge of the inject-
ing needle. This technique has been further modified by
adding electrical stimulation during treatment (electri-
cal twitch-obtaining intramuscular stimulation).**#> This
modified technique is similar to electrical acupuncture.

The technique of superficial dry needling (inserting the

needle into the subcutaneous but not the muscle tissues)
has also been suggested for treating myofascial pain.’8¢°
Several authors reported the therapeutic effectiveness
of pain control by MTrP injection with botulinum toxin
A 12762200203 Botulinum toxin A can presynaptically
block the ACh release and relieve the taut band in the
MTrP region. In a controlled animal study, EPNs recorded
in the MTrP region were suppressed after the injection of
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botulinum toxin A.'?7 The effectiveness of botulinum toxin
A on the myofascial pain relief, however, is probably only
due to the needling effect because some studies indicated
no benefit from botulinum toxin injection compared with
dry needling''® 133 or bupivacaine injection.*

Chou et al.”® have recently developed a new technique
of acupuncture therapy. This technique is similar to MTrP
dry needling by insertion of the acupuncture needle into
multiple sites of the MTrP region with a fast insertion speed
(high pressure) to elicit ITRs. Simultaneous rotation of
the needle (fast screwed-in and screwed-out technique) is also
performed to facilitate the needle movement and to avoid
bending of the small-diameter acupuncture needle. Use of
a small-diameter acupuncture needle can reduce focal tis-
sue damage and decrease postinjection pain or discomfort.
Because the temporary postinjection discomfort was much
stronger in patients with FMS than in others, and lasted lon-
ger in patients with FMS compared with patients with sim-
ple MPS,”° it was suggested that this new treatment might
be particularly beneficial to patients with FMS.2®

Many authors have indicated the importance of eliciting
I'TRs during needling to obtain immediate and complete
pain relief.* When an LIR is elicited, the patient usually
feels a sharp pain with referred pain and muscle twitch-
ing. Such feeling is similar to that when a “De-Qui” effect
is obtained during acupuncture therapy. Eliciting an [TR
indicates that a sensitive locus (nociceptor) is encountered
by the needle tip. In an animal study, both LTR and SEA
were suppressed after repeated needling on the same locus
in the rabbit MTrS region.”?!8Y [t appears that after a sensi-
tive locus is encountered and an LIR is elicited, the irrita-
bility of this sensitive locus (nociceptor) can be suppressed.
Needling of a key MTrP could also inhibit the irritability
of satellite MTrPs as a result of the central desensitization
phenomenon.'V8

The most likely mechanism of pain relief by needle
stimulation is hyperstimulation analgesia.'*? The strong pres-
sure stimulation to the MTrP loci (nociceptors) can pro-
vide strong neural impulses to the dorsal horn cells in the
spinal cord, which might then break the vicious cycle of
the “MTrP circuit.”879?

Recommended Myofascial Trigger
Point Injection Techniques

Basic Principles of Myofascial Trigger Point
Injection

The important principles of MTrP injection are listed in
Box 43-7. Before injecting an MTrP, it is important to con-
firm that the underlying pathologic lesion has been elimi-
nated and conservative therapies for MTrP inactivation
have been tried. Then the key MTrP in the muscle should
be identified, and pain recognition on this MTrP should
be confirmed. During MTrP injection, the exact location
of the MTrP should be identified. Then the needle tip is
directed toward the MTrP region and moved in and out
quickly to ensure that side-to-side movement of the needle
is minimized. The quick needle movement can minimize

*References 32, 33, 69, 84, 86, 88, 89.

tissue damage and can also provide a high-pressure stimu-
lation to facilitate the occurrence of LTRs. After completion
of MTrP injection, both the skin-penetrating site and nee-
dle insertion sites should be compressed firmly to reduce
bleeding (excessive bleeding can cause postinjection pain
Or soreness).

Preparation for Myofascial Trigger Point
Injection

The recommended solution for MTrP injection is 0.5%
lidocaine without epinephrine.®*184 [njection of local anes-
thetic might reduce the postinjection sore pain.®® Usually
0.5 to 1 mL of solution is enough to inject one MTrP region.
A 25-gauge needle that is 1.5 inches long can be used for
deep muscles, or a 27-gauge needle that is 1.25 inches long
can be used for superficial muscles. A 5- or 10-mL syringe
can be held most comfortably for the MTrP injection.

The patient should be recumbent or in a comfortable
sitting position for injection.®* A recumbent position is rec-
ommended for a patient with no previous experience in
MTrP injection to avoid vasovagal syncope. The physician
who performs MTrP injection should be in a comfortable
sitting position with elbows (or forearms) and wrists (or
hands) well supported. A pillow or blanket can be placed
on the patient’s body part to aid this support if the physi-
cian has to put the wrist or hand on a certain body part of
the patient.

Myofascial Trigger Point Injection Procedure

The injection procedure is outlined in Box 43-8. The exact
site of the MTrP should be carefully located for needle pen-
etration by the index or long finger of the nondominant
hand. The fingertip compresses the MTrP region firmly
to direct the needle tip placement. The syringe is held
tightly by the dominant hand with its thumb and long
fingers, allowing the index finger to control the moving
part of syringe for either a pushing or pulling movement

BOX 43-7

Basic Principles of Myofascial Trigger Point Injection

Before considering MTrP injection

e Treat etiologic lesions

® ‘Treat with conservative techniques for MTrP inactivation

* [ain recognition

¢ |[dentification of key trigger points

During MTrP injection

e Accurately localize the area of sharp tenderness and taut
band

e Accurate placement of the needle tip

e Quick movement of the needle (fast-in and fast-out
technique)

e Multiple needle insertions to elicit as many local twitch
responses as possible

After MTrP injection

¢ Hemostasis: Firm compression on the area of injection
* Home program
* Physical therapy as indicated

MTrP, Myofascial trigger point.



(Figure 43-34). After skin sterilization, the needle is pushed
through the skin at a site about 0.5 to 1.0 cm (depending
on the depth of the MTrP) from the center of the MTrP with
the needle approximately 45 degrees oblique to the skin
surface. The oblique angle can be smaller if a deep muscle
is injected. The needle 1s initially placed in the subcuta-
neous tissue layer in a direction toward the MTrP region
under the site compressed by the directing the fingertip of
the nondominant hand (Figures 43-35 and 43-36). Then
the needle is moved quickly (about 20 to 30 mm/s) into
the MTTP region. The solution is then injected into the
sensitive locus when an LTR is elicited. A drop of solution
(about 0.02 to 0.05 mL) is enough to inject into a sensitive
locus (and the needle track). Injection of the solution into
a site with no LTR elicited (nonsensitive locus) 1s not neces-
sary but is also not harmful. As soon as a drop of solution
is injected, the needle is quickly pulled back to the subcu-
taneous layer. Then the needle is turned into a different
direction for another in-and-out movement to search for
another sensitive locus. This in-and-out needle movement
is repeated many times to elicit as many LTRs as possible.
Excessive insertions are unnecessary, however, and can
cause tissue damage with subsequent excessive bleeding.
If no LTRs can be elicited in several subsequent insertions
in different sites (loci), the needle can be pulled out, and
the injection procedure is completed. An experienced phy-
sician can make an accurate judgment about the adequacy
of needle insertions by palpation of the MTrP to feel the
consistency of the taut band. Immediately after injection,
both epidermal and intramuscular sites of needle insertion
should be compressed firmly for at least 3 minutes. A cold
pack can be applied if there is any swelling at the injection
site or excessive bleeding.

Preventing Adverse Effects of Myofascial
Trigger Point Injection

The possible adverse effects of MTrP injection are listed in
Box 43-9. The most likely complication of MTrP injection
is the damage to muscle fibers with subsequently scar tissue
formation (fibrosis). The muscle fiber is much smaller than
the needle, and a direct cut of the muscle fibers is unlikely.

BOX 43-8

Procedure of Myofascial Trigger Point Injection

Identification of the MTrP

Skin preparation: Sterilization (and analgesia)

Skin penetration: To subcutaneous tissue layer

Palpation of MTrP: Firm compression of MTrP with index

or middle finger of the nondominant hand to direct the

needle placement

e Insertion of the needle into the minute tender site with a
“fast-in and fast-out” technique for searching sensitive loci
(eliciting L'TRs)

e Pulling the needle back to the subcutaneous layer after
each insertion

¢ [njection of MTrP with a drop of 0.5% lidocaine if an LTR
elicited

e Eliciting as many LIRs as possible by repeated needle

insertions

LTR, Local twitch response; MTrP, myofascial trigger point.
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A large-bore needle or a side movement of the needle, how-
ever, can cause a stretching injury that can break the mus-
cle fibers. This can be prevented by straight, quick needle
movements and by using a needle with a small diameter.

Another possible complication is an injury to the nerve
fibers. Nerve fibers are even smaller than the muscle fibers.
Nerve injury is prevented by the same methods used above
to prevent muscle injury. When a nerve is penetrated or
encountered by the injection needle, the patient will com-
plain of a tingling sensation similar to electrical shock. The
feeling only lasts for a few seconds and then completely
subsides.

FIGURE 43-34 Control of syringe—injection and withdrawal.

” Subcutaneous tissue
Muscle fibers
MTrP

FIGURE 43-35 Injection of myofascial trigger point (MTrP).

Thick fat tissue

. Muscle fibers

MTrP
FIGURE 43-36 Injection of a myofascial trigger point (MTrP) covered under
thick subcutaneous tissue (fat).
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An injury to the surrounding blood vessels should also
be avoided. Injection to a high vascularity region should
be avoided. The pulsations of a large artery can be felt by a
careful palpation. In case a small vessel is penetrated, firm
compression on the injected region for several minutes
can avoid excessive bleeding. Infection over the injected
region can be avoided by careful sterilization. Occasionally
patient can faint during or immediately after MTrP injec-
tion as a result of vasovagal syncope (e.g., fear of needle).
Keeping the patient in a recumbent position during injec-
tion can avoid syncope. Other possible reasons of fainting
include an excessive dose of local anesthetics or acciden-
tal intravenous injection of local anesthetics. The dosage
for injection to each site is 0.5 to 1 mL of 0.5% lidocaine,
which is a relatively low dosage.

Potential Causes of an Unsuccessful Myofascial
Trigger Point Injection

Cause of Failure in Immediate Pain Relief

Most patients can have nearly complete pain relief imme-
diately after an injection using the above technique (Box
43-10). If the palpation technique is unsatisfactory, how-
ever, the precise location of MTrP cannot be located, and
either no or an inadequate number of sensitive loci will
be encountered to elicit I'TRs. Excessive needle insertions

BOX 43-9

Possible Adverse Effects of Myofascial Trigger Point
Injection

[njury to muscle fibers

[njury to nerve fibers

Injury to blood vessels: Ecchymosis and/or hematoma
Infection, rarely

Syncope or anaphylactic reaction

Internal organ injury

MTrP, Myofascial trigger point.

BOX 43-10

Causes of Failure in Immediate Pain Relief
After Myofascial Trigger Point Injection

Technical factors

e No precise location of an MTrP

e Failure to elicit LTRs (not encountering the nociceptors)

e Incomplete inactivation of all sensitive loci in an MTrP
region

e Excessive damage to muscle fibers, nerve fibers, or blood
vessels

Diagnostic factors

e Inappropriate determination of a responsible MTrP (pain
recognition)

¢ |nappropriate determination of a key MTrP

e linreliable information from patients (e.g., pain location,
Intensity)

e Superimposed fibromyalgia syndrome

e Neurogenic pain or central pain

1R, Local twitch response; MTrP, myofasci gge int.
LTR, Local twitch 1 mse; MTrP, myofascial trigger point

can cause muscle fiber damage and bleeding. Other fac-
tors are related to the inaccurate diagnosis of the key MTrP
responsible for all clinical complaints (pain recognition)
as a result of inappropriate provocative tests or inaccurate
information from the patient. Patients with FMS, neuro-
genic pain, or central pain typically cannot have complete
pain relief immediately after an MTrP injection.

Causes of Early Recurrence

If the underlying etiologic lesion cannot be eliminated,
the duration of effectiveness of one MTrP injection is usu-
ally about 2 weeks.?*8°¢ For the reasons listed in Box 43-11,
however, MTTP pain recurrence after injection can occur
earlier. The most likely factors causing an early return of the
pain are incomplete inactivation of sensitive loci, excessive
needle insertions that can cause bleeding, and inadequate
hemostasis after injection. The self-care and home care are
also essential in avoiding early recurrence of pain. Some
conditions such as long-standing myofascial pain, FMS,
neuropathic pain, or central pain, as well as existence of
perpetuating factors, can also cause early recurrence after
Injection.

Summary of Myofascial Pain Therapy

The first step to treat myofascial pain is identifying and
treating the underlying pathologic lesions that cause acti-
vation of MTrPs. To inactivate an MTrP, conservative treat-
ments including manual therapy combined with physical
therapy modalities should be tried before aggressive pro-
cedures such as needling. Thermotherapy should be given
before and after any manual therapy. Needling can provide
immediate and complete relief of myofascial pain if it is

BOX 43-11

Causes of Early Recurrence After Myofascial Trigger
Point Injection

Technical factors

* Incomplete inactivation of all sensitive loci in an MTrP
region

e Excessive damage to muscle fibers, nerve fibers, or blood
vessels

e [nadequate hemostasis after injection

Diagnostic factors

e Inaccurate diagnosis of the etiologic lesions

* [nappropriate treatment of the etiologic lesions

* [nappropriate evaluation and control of perpetuating factor
e Long-standing or chronic myofascial pain

e Superimposed fibromyalgia syndrome

e Neuralgic pain or central pain

Aftercare factors

e [nappropriate (excessive, inadequate, or inaccurate) medi-
cal care
e Medication, physical therapy, etc.
¢ Inadequate or inappropriate home program
¢ [nappropriate physical and/or mental activity
¢ Posture, daily living activity, working status (body
mechanics, working environment, etc.), exercise, recre-
ation, social actuvity, etc.

MTrP, Myotascial trigger point.




performed appropriately and accurately. Selection of treat-
ment procedures should be individualized.

Fibromyalgia Syndrome

Definition of Fibromyalgia Syndrome

FMS is a generalized chronic pain syndrome character-
1ized by widespread pain and tenderness to palpation at
multiple anatomically defined soft tissue body sites.!®? Its
comorbidities include depression, anxiety, insomnia, cog-
nitive dysfunction, chronic fatigue, endocrinopathies, irri-
table bowel syndrome, and dysfunction of the autonomic
system. Primary FMS is defined as “pure” FMS having no
association with any other medical condition. In some
patients, FMS can accompany and complicate a variety of
medical conditions, such as rheumatoid arthritis, systemic
lupus erythematosus, and hypothyroidism. FMS associated
with another medical condition is secondary FMS. The diag-
nosis of FMS is based on the American College of Rheuma-
tology (ACR) 1990 criteria for the classification of FMS (Box
43-12).”%' The major problem with these criteria is the lack
of a gold standard diagnostic test for FMS. However, the
development of ACR criteria has facilitated research regard-
ing this common painful condition, and these criteria have
been applied to community clinical care.!!

BOX 43-12

The 1990 American College of Rheumatology Criteria
for the Classification of Fibromyalgia Syndrome

From history: Widespread musculoskeletal pain

Definition: For the past 3 months, pain has been experienced
in four quadrants; the locations are counted as follows: both
sides of the body, above and below the waist, in the trunk
(e.g., cervical spine, anterior chest, thoracic spine, low back
areas). Shoulder and buttock involvement count for both
sides of the body. “Low back” counts as lower segment.

From examination: Pain induced by palpation of tender
points

Definition: Pain must be inducible at 11 or more of the fol-
lowing 18 (9 bilateral) tender point sites:

1, 2. Occipitus: At the suboccipital muscle insertion

3, 4. Low cervical: At the anterior aspects of the intertrans-
verse spaces at C5-C7

5, 6. Trapezius: At the midpoint of the upper muscle border
7, 8. Supraspinatus: Near the origins, above the spine of the
scapula

9, 10. Second rib: Upper surface just lateral to the second
costochondral junction

11, 12. Lateral epicondyle: Extensor muscle, 2 cm distal to the
epicondyle

13, 14. Gluteal: In upper outer quadrants of buttocks in ante-
rior fold of muscle

15, 16. Greater trochanter: Posterior to the trochanteric
prominence

17, 18. Knees: At the medial fat pad proximal to the joint line
and condyle

Modihed from Wolfe I, Smythe HA, Yunus MB, et al: The American Col-
lege of Rheumatology 1990 criteria for the classification of fibromyalgia,
Arthritis Rheum 33:160-172, 1990.
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Pathogenesis of Fibromyalgia Syndrome

The cause of FMS is still unclear. In the past, FMS was con-
sidered to be a somatic manifestation of an affective dis-
order.1>15> More evidence is accumulating, however, that
FMS patients have reactive depression in response to this
devastatingly painful illness.?? 79,163,164

Some evidence has shown anatomic abnormality!??
and energy deficit'’!10 in the skeletal muscles of people
with FMS, but others have considered these abnormal find-
ings the result of the chronic deconditioning that typically
occurs in FMS.'7320% It has been suggested that patients
with FMS have low chemical energy levels because lower-
than-normal adenosine triphosphate levels in red blood
cells have been detected.4316?

Neuroendocrine dysfunctions, such as functional abnor-
malities in the hypothalamic-pituitary-adrenal axis, sympa-
thoadrenal gland, and in the hypothalamic-pituitary-growth
hormone axis, have been reported.”3”45°7 Some FMS patients
complain of dizziness and lightheadedness resulting from
orthostatic hypotension.'>'¢3 Measures of heart rate variabil-
ity (ratio of low frequency band divided by high frequency
band = sympathetic activity/ parasympathetic activity) have
shown persistently high sympathetic activity at night.'#! This
finding could be related to insomnia, morning stiffness, and
daytime fatigue in FMS patients.!®3

The above phenomena could be directly related to or
secondary to the basic cause of fibromyalgia. The most
important characteristic finding relating to the patho-
genesis of FMS is neurosensory dysfunction.'®® The neuro-
chemicals probably involved in the pathogenesis of FMS
are serotonin (5-HT) and substance P. Serotonin is a neu-
rotransmitter for the descending antinociceptive system
from brainstem raphe nuclei to the spinal cord. Activated
Ad and C fiber afferent neurons release substance P into
the spinal cord dorsal horn. Substance P can contact with
the neurokinin-1 receptors and facilitate nociception. In
the spinal cord, 5.HT can inhibit the release of substance P.
A dysfunction of the descending antinociceptive system is the
most likely mechanism for the pain of fibromyalgia.> 36163

In 1978, Moldofsky and Warsh'! first suggested that
5-HT might be involved in the pathogenesis of FMS. This
was based on the finding of a clinical correlation between
FMS pain and the plasma concentration of tryptophan
that can be metabolized by oxidative decarboxylation to
5-HT.'>! The serum and CSF concentrations of tryptophan
were lower in FMS patients than in normal subjects.1066.168
Low serum concentration ot 5HT was also found in FMS
patients. V>/165

It was found that the CSF concentration of substance
P was higher in FMS patients than in normal subjects.!®’
[t has been suggested that CSF substance P is integrally
related to changes in the severity of the symptomatic pain
of FMS. 163

A new development was the finding of elevated CSF
level of nerve growth factor in some primary FMS patients
but not in secondary FMS patients.®” Nerve growth fac-
tor can facilitate the growth of substance P-containing
neurons and is involved in the process of neuroplasticity.
[t is likely that nerve growth factor can be important for
the initiation or perpetuation of the painful symptoms of
FMS.’“
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Genetic predisposition in FMS patients has been found
in a few studies.'®:17:156.160.205 Eyidence produced by fam-
ily studies has suggested that heritable, etiologic factors
are shared by FMS and psychiatric disorders that tend to
co-occur within individuals and their family members.!®
Recent studies of the genetic linkage of FMS clinical pat-
terns has provided strong support for the concept that
there are subgroups of FMS, which present with unique but
overlapping clinical manifestations.!36.162

A much higher prevalence of FMS among females than
among males can be explained by the fact that females
have lower antinociceptive activity than males.!®? This is
supported by a study showing that a higher conversion rate
of 5-H'I' to methylated 5-hydroxyindole acetic acid was sig-
nificantly lower in women than in men.!'>?

Fibromyalgia Versus Myofascial Pain

The difference between myotascial pain syndrome and FMS
is the pathogenesis: MPS is soft tissue injury induced by
activation of MTrPs, whereas FMS is caused by a lower pain
threshold related to dysfunction of the descending anti-
nociceptive system. Because FMS has lower pain thresh-
old, all nociceptors in the body are hyperirritable.!®3 1”8 [n
addition to the sensitized nociceptors in the MTrP region,
a patient with FMS also has sensitized nociceptors (usually
centrally sensitized) in other tissues (Figure 43-37). Theo-
retically the pain intensity should be symmetrical. Many
FMS patients have asymmetrical pain, however, because
of the FMS pain being superimposed on previous trauma.
Before the onset of fibromyalgia, those affected might have
no symptomatic pain (“cured”) from previous injury, but
they still have lower threshold at the tender spots in the
injured region. When they suffer FMS with generalized
decrease of pain threshold, this previously injured region
should be much more painful than the noninjured spots
in the other side.

Tender Point Versus Trigger Point

In a broad sense, any point with tenderness is a tender
point. Rheumatologic definition of a tender point, how-
ever, is “one of the eighteen designated soft tissue body

sites that, when tender to palpation, help to identify fibro-
myalgia.”'*? In fact, some of these defined tender points are
MTrPs (points 5, 6, 7, 8, 11, 12, 13, and 14 in Box 43-12).
A tender point should contain nociceptors and can have
some characteristics of MTrP such as pain, referred tender-
ness, and referred pain.®? In many FMS patients, however,
the pain distribution is so intense and widespread that
referred pain cannot be perceived.

Clinical Manifestation of Fibromyalgia
Syndrome

A typical FMS patient complains of chronic widespread
severe pain involving bilateral body sites including the
posterior neck, anterior chest, upper and lower back, shoul-
ders, buttock, and extremities.'®? Most patients have pain
for longer than 3 months. The pain description includes
aching, throbbing, stabbing, lancing, or burning.!®® The
other common symptoms associated with FMS are listed in
Box 43-13. These symptoms can “mix or match” at differ-
ent times in a given patient, but none of them is required
for classifying a patient as having FMS. %3

Management of Fibromyalgia Syndrome

The suggested approach to an FMS patient is summa-
rized in Box 43-14.'%% Both the treating physician and
the patient should accept the concept and the fact of FMS

HOCEDE

Common Symptoms of Fibromyalgia Syndrome

Widespread pain

Chronic insomnia

Depression, anxiety

Daytime tiredness resembling physical fatigue
Prolonged morning stiffness
Lightheadedness, dizziness, syncope

[rritable bowel, abdominal pain, diarrhea
Urinary frequency, urgency, sterile dysuria
Others

Other || Cutaneous | | Subcutaneous | | Ligament
TPs TP TP TP

]

i Muscle TF‘_‘”
at non-MTrP
l region |
Tendon
TP

Fibromyalgia
tender points (TPs)

L el

FIGURE 43-37 Myofascial trigger point (MTrP) and fibromyalgia tender points (TPs).




before management can be successful. The next step is to
establish a diagnosis of FMS based on medical history, as
well as careful examination according to the criteria sug-
gested by ACR (see Box 43-12). Laboratory and imaging
studies should be used as needed to exclude other pos-
sible diseases. After that, the patient and family should
be educated regarding the nature of FMS, options of
treatment, prognosis, self-care programs, family support,
interaction with the society, etc. Many education materi-
als are now available.'® 189 [t is important to educate the
patient to take responsibility for the overall management
of FMS.

A recently developed cognitive behavior therapy has
been used in the control of pain for FMS patients.? Patients
treated with this cognitive behavior therapy program
needed significantly fewer analgesics, and they achieved
better responses in respect to depression and mental health
than the control subjects.**

Many FMS patients have MTrPs in the painful regions
and can be treated with physical therapy as mentioned
above. A general exercise program has been recommended
for FMS patients.'*? It has been demonstrated that con-
ditioning exercise can activate the endogenous opioid
system. ' UInaccustomed physical exertion, however, can
induce severe body pain for several days.!®’

The most commonly advocated medication programs
involve the use of low-dose tricyclic, sedative, hypnotic
medication and analgesic-level dosage of a nonsteroidal
antiinflammatory drug (NSAID).'®3 Amitriptyline, cyclo-
benzaprine, alprazolam, trazodone, and fluoxetine can
Increase serotonin availability. Hypnotic medication is
used for sleep disorder, and low-dose NSAID is used for
hain. Recent studies suggest that different subgroups of
"MS patients might respond to different drugs, and some
patients can benefit from the concurrent use of education,
cognitive behavior, and exercise programs that address the
comorbid problems frequently seen in FMS patients.?°
Close and regular follow-up evaluation is important in the
management of these patients.

In conclusion, the pathogenesis of FMS is still uncertain,
and the management is mainly focused on pain control.
Most patients with FMS require long-term care. Further
research studies on the pathology and management are
critically necessary:.

BOX 43-14

Suggested Management of Fibromyalgia Syndrome

e Accepting the existence of fibromyalgia syndrome by both

physician and patient

Making accurate diagnosis via comprehensive evaluation

Educating the patient, family, and society

Encouraging patient to take an active role in self-care

Supporting patient with psychologic or psychiatric

management

e ‘Treating patient with rehabilitation programs (including
physical therapy, occupational therapy)

* ‘Treating patient with medication

* Monitoring progress via regular follow-up evaluation

Modified from Russell 1]: Fibromyalgia syndrome. In Mense S, Simons
DG, editors: Muscle pain: understanding its nature, diagnosis, and treatment,
Philadelphia, 2001, Lippincott Williams & Wilkins.
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