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Chapter 1

Myofascial Trigger Points: Translating
Molecular Theory into Manual Therapy

John M. McPartland, DO, MS 

David G. Simons, BSc, MD, DSc (Hon), DSc (Hon)

Introduction
Simons, Travell, and Simons1 defined the myofascial trigger point (MTrP) as “. . . a hyper-
irritable spot in skeletal muscle that is associated with a hypersensitive palpable nodule in
a taut band. The spot is tender when pressed, and can give rise to characteristic referred
pain, motor dysfunction, and autonomic phenomena. . . .” Thus, each MTrP contains a
sensory component, a motor component, and an autonomic component. These compo-
nents comprise a new “integrated hypothesis” regarding the etiology of MTrPs.1 This
hypothesis involves local myofascial tissues, the central nervous system (CNS), and sys-
temic biomechanical factors. The “integrated hypothesis” has changed our approach to
treating MTrPs. The purpose of this chapter is to review new concepts concerning MTrPs
and to describe our evolving approach to their treatment.

The Motor Endplate: Epicenter of 
the Myofascial Trigger Point
Simons2 implicated the motor endplate as the central etiology of MTrPs. The motor end-
plate is synonymous with the neuromuscular junction (the first term describes structure,
the latter term describes function); it is the site where an α-motor neuron synapses with its
target muscle fibers. The α-motor neuron terminates in multiple swellings termed presy-
naptic boutons. Each bouton contains many acetylcholine (ACh) vesicles, clustered around
structures called dense bars (see Figure 1-1). Voltage-sensitive calcium channels (VsCCs,
specifically P/Q-type VsCCs) also cluster near dense bars. When voltage running down an

Courtesy of John M. Medeiros, PT, PhD, Managing Editor of the Journal of Manual and Manipulative
Therapy.
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Figure 1-1 The motor endplate—proposed site of trigger point dysfunction. Top illustra-
tion: The junction between the α-motor neuron and the muscle fiber. Bottom illustration:
Presynaptic boutons are separated from the postsynaptic muscle cell by the synaptic cleft.
Within each bouton are many vesicles containing ACh, clustered around dense bars (Db).
Also clustered around the Db are calcium channels. The Db is the site of ACh release into
the synaptic cleft. Across the synaptic cleft from the Db, the postsynaptic muscle cell
membrane forms junctional folds that are lined with nicotinic ACh receptors (nACh). ACh
released into the synaptic cleft activates nACh receptors, then is inactivated by the acetyl-
cholinesterase enzyme (AChE).

Source: Redrawn with permission from: McPartland JM, Simons DG. Myofascial trigger points:
Translating molecular theory into manual therapy. J Manual Manipulative Ther 2006;14:232–239.
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α-motor neuron reaches VsCCs in the bouton, the VsCC channels open, leading to an
influx of calcium ions (Ca2+) into the bouton from the extracellular space. The influx of
Ca2+ causes the ACh vesicles to release their transmitter into the synaptic cleft (Figure 1-1). 

Across the synaptic cleft, the postsynaptic muscle cell membrane forms junctional folds
that are lined with nicotinic ACh receptors (nAChs). The nACh is a ligand-gated cation
channel, and ACh is its ligand. Binding of ACh to nACh opens its channel, allowing sodium
ions (Na+) and potassium ions (K+) to move in and out of the muscle cell membrane.
Movement of Na+ and K+ depolarizes the postsynaptic cell, forming a miniature endplate
potential (MEPP). A sufficient number of MEPPs activate VsCCs (specifically L-type VsCCs),
which subsequently trigger another Ca2+ channel, the ryanodine receptor. The ryanodine
receptor is imbedded in the membrane of an intracellular structure called the sarcoplasmic
reticulum, which houses intracellular stores of Ca2+. Activation of the ryanodine receptor
releases Ca2+ from the sarcoplasmic reticulum into the cytoplasm of the muscle cell. This
triggers the interaction between actin and myosin, and the sarcomere contracts. 

Electromyography (EMG) studies of MTrPs have reported spontaneous electrical
activity (SEA) in MTrPs, while adjacent muscle tissues are electrically silent.3 Hubbard and
Berkoff3 originally attributed the source of SEA action potentials to sympathetically acti-
vated intrafusal muscle spindles. These researchers were unaware of previous work by
Liley of New Zealand, who had demonstrated that SEA was a consequence of ACh release
at motor endplates.4 Simons5 “connected the dots” by correlating SEA with “endplate
noise” that had been described by electromyographers, and he linked SEA to excessive
ACh release, which he proposed as the primary cause of MTrP development. This “motor
endplate” hypothesis was tested in Hong’s laboratory,6 where MTrPs were injected with
botulinum toxin type A, which blocks ACh release at the motor endplate. This treatment
significantly decreased SEA activity. Mense et al7 confirmed the hypothesis using a rat
MTrP model. They injected diisopropylfluorophosphate (DFP), a drug that increases
synaptic ACh, into the proximal half of the gastrocnemius muscle, and the motor nerve
was electrically stimulated for 30–60 minutes to induce muscle contractions. The distal
half of the muscle, which performed the same contractions, served as a control. Proximal
and distal sections of the muscle were then examined for morphological changes. The
DFP-injected proximal half exhibited significantly more contracted and torn muscle
fibers compared to the distal half of the muscle. 

Myofascial tension may play a role in excess ACh release. Chen and Grinnell8 showed
that a 1% increase in muscle stretch at the motor endplate evoked a 10% increase in ACh
release. These researchers postulated that tension upon integrins (cell-surface proteins
that bind connective tissues) in the presynaptic membrane was transduced mechanically
into ACh vesicle release.

Expanding the Endplate Hypothesis
Simons’ description of a presynaptic dysfunction (excessive ACh release), however, is only
one way to interpret the endplate hypothesis. We can expand the hypothesis to include

Expanding the Endplate Hypothesis ■ 5
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presynaptic, intrasynaptic, and postsynaptic dysfunctions.9 Intrasynaptic ACh must be
deactivated; otherwise, it will continue to activate nAChRs in the muscle cell membrane.
ACh is normally deactivated by the enzyme acetylcholinesterase (AChE), which is held in
the synaptic cleft by a structural protein (collagen Q, ColQ) that anchors it to the plasma
membrane (Figure 1-1). AChE deficiency permits excess ACh to accumulate in the
synaptic cleft, tonically activating nAChRs. Several genetic mutations cause AChE defi-
ciency, including mutations in ColQ. The gene for AChE expresses several splice vari-
ants,10 which are alternative ways in which a gene’s protein-coding sections (exons) are
joined together to create a messenger RNA molecule and its translated protein. AChE
splice variants are less effective at deactivating ACh, and the expression of these splice vari-
ants can be induced by psychological and physical stress.10 Drugs and other chemicals
may cause AChE deficiency. DFP, the drug used in the aforementioned experiment by
Mense et al,7 is an AChE antagonist. Organophosphate pesticides are AChE antagonists,
and poisoning by these pesticides causes changes in motor endplates and MTrP-like
pathology.11–13 Muscle damage caused by AChE antagonists has been reduced by pre-
treatment with postsynaptic L-type VsCC blockers such as quinidine12 and diltiazem.13

Postsynaptically, a “gain-of-function” defect of the nAChR may confer muscle hyper-
excitability, a hallmark of MTrPs. Gain of function refers to an increased response by the
nAChR, via several possible mechanisms: nAChR overexpression, constitutively active
nAChRs,14 nAChRs that gain responsiveness to choline (an ordinary serum metabolite),14

or nACHRs whose channels remain open longer than normal.15 The nAChR is an
assembly of 5 subunits; at least 16 genes encode these subunits, so that the nAChR is par-
ticularly susceptible to mutational defects. Motor endplate nAChRs express a unique sub-
unit assembly, whereas nAChRs in the central nervous system and in autonomic nerves
express a different subunit configuration.16

The relative consequences of presynaptic, synaptic, and postsynaptic dysfunctions are
under debate. Wang et al17 used a variety of pharmacological tools to conclude that presy-
naptic mechanisms modulate the motor endplate rather than synaptic (AChE) or postsy-
naptic (nAChR density) mechanisms. Conversely, Nakanishi et al18 determined that
postsynaptic manipulation (using α-bungarotoxin, an nAChR antagonist) modulated
motor endplates to a greater degree than presynaptic manipulation (using botulinum
toxin, an inhibitor of ACh release). 

Motor Component
MTrPs have a motor component, whereas tender points found in patients with
fibromyalgia do not. MTrPs have been biopsied and found to contain “contraction knots”
described as “large, rounded, darkly staining muscle fibers and a statistically significant
increase in the average diameter of muscle fibers. . . .” 19 Thus, the structure of contraction
knots differed from that of normal muscle fibers. Functionally, excessive motor activity
initiates several perverse mechanisms that cause MTrPs to persist. Muscle contraction
compresses local sensory nerves, which reduces the axoplasmic transport of molecules

6 ■ Chapter 1 Myofascial Trigger Points

79740_CH01_FINAL.QXP  11/5/09  11:29 AM  Page 6

© Jones and Bartlett Publishers, LLC. NOT FOR SALE OR DISTRIBUTION



that normally inhibit ACh release.20,21 Muscle contraction also compresses local blood ves-
sels, reducing the local supply of oxygen. Reduced oxygen, combined with the metabolic
demands generated by contracted muscles, results in a rapid depletion of local adenosine
triphosphate (ATP).

The resultant “ATP energy crisis” 1 triggers a cascade of pre- and postsynaptic decom-
pensations. Presynaptic ATP directly inhibits ACh release,22 so depletion of ATP increases
ACh release. Postsynaptic ATP powers the Ca2+ pump that returns Ca2+ to the sar-
coplasmic reticulum. Hence, loss of ATP impairs the reuptake of Ca2+, which increases
contractile activity, creating a vicious cycle.19 Excess Ca2+ may snowball into “Ca2+-induced
Ca2+ release,” where Ca2+ induces further Ca2+ release from intracellular stores via ryan-
odine receptors, triggering actin and myosin, leading to muscle spasm.

Some controversy surrounds adenosine, a breakdown product of ATP. Adenosine nor-
mally decreases motor endplate activity by activating presynaptic adenosine A1 receptors,
which reduce P/Q VsCC currents, thus reducing ACh release.23 However, high levels of
synaptic adenosine, from excess ATP breakdown (as is hypothesized to occur in the ATP
energy crisis model), may activate postsynaptic adenosine A2 receptors, which recruit L-
type VsCCs currents, thus triggering muscle contraction.24

MTrPs exert profound, yet unpredictable, influences upon motor function. MTrPs may
excite or inhibit normal motor activity in their muscle of origin or in functionally related
muscles. Latent MTrPs can be equally influential upon motor function. Motor inhibition is
often identified clinically as muscle weakness, but treatment often focuses on strengthening
exercises that only augment abnormal muscle substitution until the inhibiting MTrPs are
inactivated. This inhibition can also cause poor coordination and muscle imbalances. These
MTrP effects have gone largely unrecognized because of a lack of published research studies.
Headley has explored these effects using surface electromyography, describing inhibition of
the trapezius by MTrPs in the same muscle,25 inhibition of anterior deltoid by MTrPs in the
infraspinatus,25 inhibition of gluteal muscles by MTrPs in the quadratus lumborum,25 and
excitation (referred spasm) of the paraspinals by MTrPs in the tensor fascia lata.26,27

Sensory Component
MTrPs are painful. Pain begins in peripheral tissues as nociception, transmitted by Aδ-
and C-fiber afferent sensory neurons (nociceptors). Mechanical pressure, thermal stimuli,
and many chemicals activate nociceptors; potassium ions, protons, and free O2 radicals
are by-products of muscle metabolism and the hypothesized ATP energy crisis.
Histamine is released from mast cells that migrate into injured tissues. Serotonin is
released from platelets after they are exposed to platelet-activating factor (released from
the mast cells). Bradykinin is cleaved from serum proteins. All of these chemical “activators”
bind to receptors in the nociceptor and initiate an action potential. “Sensitizers” are also
released from damaged tissue; examples include prostaglandins, leukotrienes, and sub-
stance P. Sensitizers decrease the activation threshold of a neuron, so that the nociceptor
fires with less activation. This leads to peripheral sensitization and hyperalgesia.

Sensory Component ■ 7
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Sensitizing substances may also generate a focal demyelination of sensory nerves.
Demyelination creates abnormal impulse-generating sites (AIGS) capable of generating
ectopic nociceptive impulses.28 Shah et al29 used a microdialysis needle to sample tissue
fluids from the upper trapezius muscle in nine subjects; elevated concentrations of pro-
tons, bradykinin, serotonin, substance P, norepinephrine, calcitonin gene-related peptide,
tumor necrosis factor-α, and interleukin-1b were detected in active MTrPs, compared to
latent MTrPs and control subjects without MTrPs. The difference was statistically signif-
icant (P <0.01) despite the small sample size.

A persistent barrage of nociceptive signals from MTrPs may eventually cause “central sen-
sitization,” a form of neural plasticity involving functional and/or structural change within
the dorsal horn of the spinal cord. The sensitized dorsal horn becomes a “neurologic lens,”
consolidating other nociceptive signals that converge upon the same segment of the spinal
cord, including other somatic dysfunctions and visceral dysfunctions.1 As a result, postsy-
naptic spinal neurons exhibit decreased activation thresholds, increased response magni-
tudes, and increased recruitment of receptive field areas. They fire with increased frequency
or fire spontaneously, transmitting nociceptive signals to supraspinal sites, such as the thal-
amus and cerebral cortex. Central sensitization may also modulate spinal interneurons and
descending inhibitory pathways. Central sensitization is symptomatically expressed as allo-
dynia (pain to normally nonpainful stimuli) and hyperalgesia (abnormally increased sensa-
tion of pain). Simons, Travell, and Simons1 described the CNS as an “integrator” of MTrPs,
akin to Korr’s description30 of the CNS as an “organizer” of somatic dysfunction. 

Autonomic Component
Autonomic phenomena associated with MTrPs include localized sweating, vasoconstric-
tion or vasodilation, and pilomotor activity (“goose bumps”).1 MTrPs located in the head
and neck may cause lacrimation, coryza (nasal discharge), and salivation.1 The autonomic
nervous system (ANS) is primarily involved in reflex arcs, exerting control of cardiac muscle
and smooth muscle in blood vessels, glands, and visceral organs. Hubbard and Berkoff3

reviewed the literature that demonstrated ANS involvement in skeletal muscles and MTrP
formation. Sympathetic neurons innervating vessels in skeletal muscles may exit the
perivascular space and terminate among intrafusal fibers within muscle spindles.
Sympathetic neurons release norepinephrine, a neurotransmitter involved in the “fight-or-
flight” response. Norepinephrine activates α1-adrenergic receptors in the intrafusal muscle
cell membrane. Activation of α1-adrenergic receptors depresses the feedback control of
muscle length, detrimentally affecting motor performance and possibly contributing to
the ATP energy crisis.31 Norepinephrine has been shown to augment the amplitude and
duration of MEPPs in frog leg motor endplates.32 Phentolamine, an antagonist of α1-adren-
ergic receptors, decreases SEA in MTrPs.33 Similar effects have been seen with local intra-
muscular injections of phenoxybenzamine, another α1-adrenergic antagonist.34

The ANS may indirectly exacerbate MTrP formation via viscerosomatic reflexes.
Visceral autonomic afferents from disturbed viscera carry signals to the dorsal horn.

8 ■ Chapter 1 Myofascial Trigger Points
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Chronic input eventually facilitates neurotransmission at that spinal level.35 This form of
central sensitization accelerates in the presence of nociceptor AIGS and ephaptic crosstalk
with neighboring autonomic nerves.9 Ephaptic crosstalk (cross-excitation) is the nonsy-
naptic interaction between two nerves that are parallel and relatively close together so that
their action potentials influence each other. 

Translating Theory to Therapy
The motor endplate and ATP energy crisis hypotheses have changed our approach to
treating MTrPs. For example, the 1999 edition of Travell and Simons’ Myofascial Pain and
Dysfunction: The Trigger Point Manual,1 abandoned the application of heavy ischemic com-
pression upon MTrPs. Deep digital pressure that produces additional ischemia is not bene-
ficial. Instead, Simons, Travell, and Simons1 recommended applying gentle digital pressure
to MTrPs to avoid exacerbating tissue hypoxia. They named their technique ‘“trigger point
pressure release.” A single finger pad palpates the MTrP while the affected muscle is pas-
sively lengthened to a point of tissue resistance. Next, the MTrP is pressed with slowly
increasing pressure until the palpating finger encounters a barrier (local tissue resistance).
The engaged barrier is held until a release of tension is palpated. The finger “follows” the
released tissue by taking up tissue slack, engaging a new barrier, and repeating the sequence.
This press and stretch is believed to restore abnormally contracted sarcomeres to their
normal resting length. We hypothesize that press and stretch mechanically uncouples
myosin from actin, a process that normally requires ATP, so that the technique reduces ATP
demand and breaks the energy crisis cycle. Press and stretch may also help release the “stuck”
spring function of the titin connection to the Z bands within sarcomeres.

Simons, Travell, and Simons’ new manual1 also emphasized the relationship between
MTrPs and nearby articular dysfunctions. They correlated suboccipital MTrPs with
occipito-atlantal dysfunction, semispinalis capitis MTrPs with occipito-atlantal and
atlanto-axial dysfunctions, and splenius MTrPs with upper thoracic articular dysfunc-
tions.1 This close association between MTrPs and articular dysfunctions is the result of a
positive feedback loop. Lewit has emphasized this close association in several publica-
tions.36,37 An MTrP in a muscle that crosses an articulation reduces this articulation’s full
range of motion, and the MTrP taut band exerts continuous compression upon the artic-
ulation. Soft tissues surrounding the articulation cannot withstand chronic compression
or tension, and they respond with increased sensitivity. When sufficiently sensitized, these
structures send continuous nociceptive messages to the CNS, which responds by further
activation of MTrPs, which in turn increases the muscle tension. This positive feedback loop
aggravates the articular distress. Articular dysfunctions can be treated directly by muscle
energy technique (similar to contract-relax or postisometric relaxation techniques), joint
mobilization, and high-velocity, low-amplitude thrust techniques. Articular dysfunctions
can be treated indirectly with techniques that address dysfunctional muscles or fascia that
cross the articulations, such as strain-counterstrain and myofascial release. Indications
and precautions for these techniques are the same as with any articular dysfunctions.

Translating Theory to Therapy ■ 9
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Methods for treating MTrPs and articular dysfunctions work best when combined with
patient education. 

Patient Education
Postural training is paramount. Postural disorders often contribute to the perpetuation
of MTrPs. For example, postural strain of the suboccipital muscles may cause MTrPs in
these muscles,1 thus leading to further deterioration in muscle structure and function,
including radiating somatic pain and atrophic changes, such as muscle atrophy, fibrosis,
and decreased tensile strength.38 Suboccipital muscles contain a high density of proprio-
ceptors,39 so muscle atrophy leads to a loss in proprioceptive balance and a loss of propri-
oceptive “gate control” at the dorsal horn. This gives rise to chronic pain syndromes,
including neck pain and headache.38 In these patients, proprioceptive exercises can be very
helpful, such as close-eyed balance training. Biomechanical factors that stress muscles,
such as repetitive activities, must be avoided. Biomechanical stress of a cold muscle is a key
factor in the formation of MTrPs.1 Cooling the muscle apparently up-regulates nAChR
activity at the motor endplate.40

Patients with MTrPs should avoid excess coffee41; caffeine up-regulates the motor end-
plate by acting as a ryanodine receptor agonist.42 Tobacco should also be avoided, because
nicotine up-regulates L-type VsCCs and nAChR expression, which may lead to muscle
hyperexcitability.43 Nicotine activates nAChRs in the CNS and autonomic nerves.
Although nAChRs in motor endplates are not normally activated by nicotine, mutational
defects may sensitize motor endplate nAChRs. One study indicated that ethanol also facil-
itates motor endplate activity, via a presynaptic mechanism.44

Simons, Travell, and Simons1 recommended a diet adequate in vitamins and minerals
for the prevention of MTrPs. Amazingly, in the more than 20 years since that recommen-
dation, no well-designed study has been published concerning the effects of vitamin sup-
plementation upon MTrPs. However, a wealth of clinical experience suggests that
low-normal and subnormal levels of vitamins and minerals act as strong perpetuating fac-
tors of MTrPs. Many case histories attest to patients who responded weakly to manual
and/or injection treatment, but adequate supplementation (the return of blood vitamin
levels to within mid-normal range) brought about an effective response to the same treat-
ment, and with continued supplementation the patients had no relapse. Interestingly, in
two cases a VA hospital physician advised discontinuation of “unnecessary” vitamin sup-
plements, and within a few months the patients returned to the myofascial pain clinic
with active MTrPs as before. Reinstatement of their supplement regimen and a replication
of previous treatment restored their health (Simons, unpublished data). Similarly, anemia is
a perpetuating factor of MTrPs that must be corrected to achieve lasting results from treat-
ment.45 Inadequate hemoglobin perpetuates the hypoxia present in MTrPs.46 The impor-
tance of calcium and magnesium for normal muscle function is well documented, and trace
elements are well known to be essential for many body functions, including muscle func-
tion. Supplementing the diet with phosphatidyl choline has been recommended for the

10 ■ Chapter 1 Myofascial Trigger Points
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treatment of fibromyalgia,47 but this may actually provoke MTrPs in some patients.
Choline is a precursor to ACh, and an nAChR gain-of-function mutation may enable
choline to directly activate the mutated receptors.14 High doses of phosphatidyl choline
are found in supplements containing lecithin, with lower amounts in raw egg yoke, organ
meats, soybeans, peanuts, wheat germ, and brewer’s yeast.

An estimated 50% of patients with chronic musculoskeletal pain take herbal remedies, so
it behooves all health practitioners to understand the mechanisms of herbal medicines.48

Clinical experience has shown that myofascial pain can be improved with many herbal reme-
dies and essential oils,47 including lavender (Lavandula angustifolia), lemon balm (Melissa officinalis),
rosemary (Rosmarinus officinalis), kava kava (Piper methysticum), skullcap (Scutellaria lateriflora), pas-
sionflower (Passiflora incarnata), rose (Rosa species), and valerian (Valeriana officinalis). Nearly all
these herbs contain linalool, a monoterpene that inhibits ACh release (a presynaptic mecha-
nism) and nAChRs (a postsynaptic mechanism).49 Marijuana (Cannabis species) also produces
linalool, although the herb’s efficacy may be due to tetrahydrocannabinol (THC), which
inhibits P/Q-, N-, and L-type VsCCs via cannabinoid receptors found in the motor endplate.50

Sativex, a standardized extract dispensed as an oromucosal spray, has been approved for the
treatment of muscle spasticity and pain in Canada.51 THC works by mimicking an endoge-
nous neurotransmitter named anandamide.50 Anandamide and THC bind to the same neu-
roreceptor, known as the cannabinoid receptor. Enhanced release of “endocannabinoids”
may be one of the mechanisms of osteopathic manipulative treatment,52 parallel to the effects
of manipulative treatment upon serum endorphin levels.53

Getting to the Point
Needling may be necessary to inactivate MTrPs. The motor endplate hypothesis led to the
injection of MTrPs with botulinum toxin type A , which blocks ACh release.54 A variety
of VsCC blockers have also been injected. Recall that P/Q-type and L-type VsCCs are the
primary pre- and postsynaptic Ca2+ channels (respectively) in normal adult motor end-
plates. The P/Q-specific antagonist omega-agatoxin IVA (also known as omega-conotoxin
GVIIC) has shown promise in rat studies,55 while verapamil, a L-type VsCC blocker,
reduced MTrP excitability in rabbits.56 The drug had no effect on MEPP (a presynaptic
measure), but it decreased postsynaptic currents.57 Thus, verapamil may function as an
nAChR antagonist, rather than by way of its known VsCC antagonism. Similarly, quini-
dine, another L-type antagonist, also downregulates nAChRs and may restore AChE
activity.12 Diltiazem also merits investigation. This L-type Ca2+ channel blocker corrects
myopathies caused by defects in AChE activity.13 However, nifedipine, yet another L-type
antagonist, unexpectedly increased ACh activity at motor endplates due to a unique effect
upon ryanodine-sensitive intracellular Ca2+ stores.58 Hence, research with VsCC blockers
has generated conflicting results, and recent clinical trials with botulinum toxin type A
have produced mixed results.59 Dry needling is usually as effective as injecting anything;
if the procedure elicits a local twitch response, dry needling should be as effective as bot-
ulinum toxin type A and much less expensive.

Getting to the Point ■ 11
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Some nAChR antagonists and channel blockers can directly penetrate skin, so they need
not be injected. Lidocaine patches have recently been suggested.60 In 1983, Simons, Travell,
and Simons1 recommended dimethisoquin ointment  for massaging MTrPs in superficial
muscles such as the orbicularis oculi, frontalis, and occipitalis. Dimethisoquin, a local
anesthetic, inhibits voltage-gated Na+ channels (conferring its anesthetic effect), but it also
acts as an nAChR antagonist.61 Its potency is much greater than lidocaine and procaine,
and dimethisoquin is uniquely selective for the motor endplate nAChR subtype. Massage
with capsaicin cream (available over the counter as a 0.075% cream) is useful for treating
MTrPs located in surgical scars,62 which are particularly refractory to treatment.1 This
seems counterintuitive: Capsaicin is the primary active ingredient in hot peppers, and it
activates the vanilloid receptor (TRPV1) in nociceptors. However, with repeated exposure to
capsaicin, TRPV1 receptors become desensitized, which explains the seemingly paradoxical
use of capsaicin as an analgesic.63 Another massage treatment of MTrPs uses frequency-
specific microcurrent (FSM), which delivers electromagnetic currents through graphite-
conducting gloves. In relation to the MTrP ATP energy crisis model, studies have shown
that FSM increases ATP production in muscle tissues as well as reducing cytokine levels.64

To successfully treat MTrPs with FSM, a clinician must be skillful at finding MTrPs.

Conclusion
The MTrP, according to our working hypothesis, centers upon dysregulated motor end-
plates, sustained by a neural loop of sensory afferents and autonomic efferents. The
resulting ATP energy crisis links with a spinal reflex disorder known as central sensitiza-
tion. Treatment must simultaneously address the symptomatic trigger points and their
underlying causes. Appropriate treatment includes dry needling (also know as acupunc-
ture), vapocoolant spray-and-stretch, and thermal treatment (including ultrasound and
infrared laser), some of which are discussed in other chapters of this book. New approaches
described in this chapter, including manual techniques (“press-and-stretch” and articular
methods), patient education, and ACh- or VsCC-attenuation techniques (e.g., medications,
herbs, and nutrition), have evolved from our new etiological concepts. 

References 
1. Simons DG, Travell JG, Simons LS. Travell and Simons’ Myofascial Pain and Dysfunction: The Trigger

Point Manual. Volume 1: Upper Half of Body. 2nd ed. Baltimore, MD: Williams & Wilkins; 1999.
2. Simons, DG. Clinical and etiological update of myofascial pain from trigger points. J Musculoskel

Pain 1996;4:97–125.
3. Hubbard DR, Berkoff GM. Myofascial trigger points show spontaneous needle EMG activity.

Spine 1993;18:1803–1807.
4. Liley AW. An investigation of spontaneous activity at the neuromuscular junction of the rat. 

J Physiol (Lond) 1956;132:650–666.
5. Simons DG. Review of enigmatic MTrPs as a common cause of enigmatic musculoskeletal pain

and dysfunction. J Electromyogr Kinesiol 2004;14:95–107.

12 ■ Chapter 1 Myofascial Trigger Points

79740_CH01_FINAL.QXP  11/5/09  11:29 AM  Page 12

© Jones and Bartlett Publishers, LLC. NOT FOR SALE OR DISTRIBUTION



6. Kuan TS, Chen JT, Chen SM, Chien CH, Hong CZ. Effect of botulinum toxin on endplate noise
in myofascial trigger spots of rabbit skeletal muscle. Am J Phys Med Rehabil 2002;81:512–520.

7. Mense S, Simons DG, Hoheisel U, Quenzer B. Lesions of rat skeletal muscle after local block of
acetylcholinesterase and neuromuscular stimulation. J Appl Physiol 2003;94:2494–2501.

8. Chen BM, Grinnell AD. Kinetics, Ca2+ dependence, and biophysical properties of integrin-
mediated mechanical modulation of transmitter release from frog motor nerve terminals. J
Neurosci 1997;17:904–916.

9. McPartland, JM. Travell trigger points: Molecular and osteopathic perspectives. J Am Osteopath
Assoc 2002;104:244–249.

10. Grisaru D, Sternfeld M, Eldor A, Glick D, Soreq H. Structural roles of acetylcholinesterase vari-
ants in biology and pathology. Eur J Biochem 1999;264:672–686.

11. Wecker L, Mrak RE, Dettbarn WD. Evidence of necrosis in human intercostal muscle following
inhalation of an organophosphate insecticide. Fundam Appl Toxicol 1986;6:172–174.

12. De Bleecker JL, Meire VI, Pappens S, Quinidine prevents paraoxon-induced necrotizing
myopathy in rats. Neurotoxicology 1998;19:833–838.

13. Meshul CK. Calcium channel blocker reverses anticholinesterase-induced myopathy. Brain Res
1989;497:142–148. 

14. Zhou M, Engel AG, Auerbach A. Serum choline activates mutant acetylcholine receptors that
cause slow channel congenital myasthenic syndromes. Proc Natl Acad Sci USA 1999;96:10466–
10471.

15. Shen XM, Ohno K, Sine SM, Engel AG. Subunit-specific contribution to agonist binding and
channel gating revealed by inherited mutation in muscle acetylcholine receptor M3–M4 linker.
Brain 2005;128:345–355. 

16. Gentry CL, Lukas RJ. Local anesthetics noncompetitively inhibit function of four distinct nico-
tinic acetylcholine receptor subtypes. J Pharmacol Exp Ther 2001;299:1038–1048.

17. Wang X, Li Y, Engisch KL, Nakanishi ST, Dodson SE, Miller GW, Cope TC, Pinter MJ, Rich MM.
Activity-dependent presynaptic regulation of quantal size at the mammalian neuromuscular
junction in vivo. J Neurosci 2005;25:343–351. 

18. Nakanishi ST, Cope TC, Rich MM, Carrasco DI, Pinter MJ. Regulation of motor neuron
excitability via motor endplate acetylcholine receptor activation. J Neurosci 2005;25:2226–2232.

19. Mense S, Simons DG. Muscle Pain: Understanding its Nature, Diagnosis, and Treatment. Philadelphia,
PA: Lippincott Williams & Wilkins; 2001.

20. Hohmann AG, Herkenham M. Cannabinoid receptors undergo axonal flow in sensory nerves.
Neuroscience 1999;92:1171–1175.

21. Gessa GL, Casu MA, Carta G, Mascia MS. Cannabinoids decrease acetylcholine release in the
medial-prefrontal cortex and hippocampus. Eur J Pharmacol 1998;355:119–124. 

22. Giniatullin RA, Sokolova EM. ATP and adenosine inhibit transmitter release at the frog neuro-
muscular junction through distinct presynaptic receptors. Br J Pharmacol 1998;124:839–844.

23. Silinsky EM. Adenosine decreases both presynaptic calcium currents and neurotransmitter
release at the mouse neuromuscular junction. J Physiol 2004;558:389–401.

24. Oliveira L, Timoteo MA, Correia-de-Sa P. Tetanic depression is overcome by tonic adenosine
A(2A) receptor facilitation of L-type Ca(2+) influx into rat motor nerve terminals. J Physiol
2004;560:157–168.

25. Headley BJ. The use of biofeedback in pain management. Orthop Phys Ther Pract 1993;2(2):29–40. 
26. Headley BJ. Evaluation and treatment of myofascial pain syndrome utilizing biofeedback. In:

Cram JR, ed. Clinical Electromyography for Surface Recordings. Vol. 2. Nevada City, NV: Clinical
Resources; 1990:235–254.

References ■ 13

79740_CH01_FINAL.QXP  11/5/09  11:29 AM  Page 13

© Jones and Bartlett Publishers, LLC. NOT FOR SALE OR DISTRIBUTION



27. Headley BJ. Chronic pain management. In: O’Sullivan SB, Schmitz TS, eds. Physical Rehabilitation:
Assessment and Treatment. Philadelphia, PA: F.A. Davis; 1994:577–600. 

28. Butler DS. The Sensitive Nervous System. Adelaide, Australia: Noigroup Publications; 2000.
29. Shah JP, Phillips TM, Danoff JV, Gerber LH. An in vivo microanalytical technique for measuring

the local biochemical milieu of human skeletal muscle. J Appl Physiol 2005;99:1977–1984.
30. Korr IM. The spinal cord as organizer of disease processes. In: Peterson B, ed. The Collected Papers

of Irvin M. Korr. Newark, OH: American Academy of Osteopathy; 1979:207–221.
31. Roatta S, Windhorst U, Ljubisavljevic M, Johansson H, Passatore M. Sympathetic modulation of

muscle spindle afferent sensitivity to stretch in rabbit jaw closing muscles. J Physiol 2002;540:
237–248. 

32. Bukharaeva EA, Gainulov RKh, Nikol’skii EE. The effects of noradrenaline on the amplitude-
time characteristics of multiquantum endplate currents and the kinetics of induced secretion of
transmitter quanta. Neurosci Behav Physiol 2002;32:549–554. 

33. Chen JT, Chen SM, Kuan TS, Chung KC, Hong CZ. Phentolamine effect on the spontaneous
electrical activity of active loci in a myofascial trigger spot of rabbit skeletal muscle. Arch Phys
Med Rehabil 1998;79:790–794. 

34. Rivner MH. The neurophysiology of myofascial pain syndrome. Curr Pain Headache Rep
2001;5:432–440. 

35. Kuchera ML, McPartland JM, Myofascial trigger points as somatic dysfunction. In Foundations
for Osteopathic Medicine. 2nd ed. Baltimore, MD: Williams & Wilkins; 2002:1034–1050.

36. Lewit K. Chain reactions in disturbed function of the motor system. Manual Medicine
1987;3:27–29.

37. Lewit K. Manipulative Therapy in Rehabilitation of the Locomotor System. 2nd ed. Oxford, UK:
Butterworth Heinemann; 1991.

38. McPartland JM, Brodeur R, Hallgren RC. Chronic neck pain, standing balance, and suboccipital
muscle atrophy. J Manipulative Physiol Ther 1997;21:24–29.

39. Peck D, Buxton DF, Nitz A. A comparison of spindle concentrations in large and small muscles
acting in parallel combinations. J Morphology 1984;180:243–252.

40. Foldes FF, Kuze S, Vizi ES, Deery A. The influence of temperature on neuromuscular perfor-
mance. J Neural Transm 1978;43:27–45.

41. McPartland JM, Mitchell J. Caffeine and chronic back pain. Arch Phys Med Rehab 1997;78:61–63.
42. Hsu KS, Kang JJ, Lin-Shiau SY. Muscle contracture and twitch depression induced by arsenite in

the mouse phrenic nerve-diaphragm. Jpn J Pharmacol 1993;62:161–168.
43. Katsura M, Mohri Y, Shuto K, Hai-Du Y, Amano T, Tsujimura A, Sasa M, Ohkuma S. Up-

regulation of L-type voltage-dependent calcium channels after long-term exposure to nicotine
in cerebral cortical neurons. J Biol Chem 2002;277:7979–7988.

44. Yu J, Lu G, Xu J. [The effects of ethanol on neuromuscular junctions of adult toad.] Hua Xi Yi Ke
Da Xue Xue Bao 2001;32:274–276. 

45. Gerwin R, Gevirtz R. Chronic myofascial pain: Iron insufficiency and coldness as risk factors.
J Musculoskel Pain 1995;3(suppl 1):120 [abstract].

46. Brückle W, Suckfüll M, Fleckenstein W, Weiss C, Müller W. Gewebe-pO2-Messung in der
verspannten Rückenmuskulatur (m. erector spinae) [Tissue pO2 measurement in hypertonic
back muscles]. Z Rheumatol 1990;49:208–216. 

47. Starlanyl D, Copeland M. Fibromyalgia and Chronic Myofascial Pain Syndrome: A Survival Manual.
Oakland, CA: New Harbinger Publications; 1996.

48. Berger J. Vermont DO urges peers to learn about herbal medicine. The DO 1999;40(3):58–60.

14 ■ Chapter 1 Myofascial Trigger Points

79740_CH01_FINAL.QXP  11/5/09  11:29 AM  Page 14

© Jones and Bartlett Publishers, LLC. NOT FOR SALE OR DISTRIBUTION



49. Re L, Barocci S, Sonnino S, Mencarelli A, Vivani C, Paolucci G, Scarpantonio A, Rinaldi L, Mosca
E. Linalool modifies the nicotinic receptor-ion channel kinetics at the mouse neuromuscular
junction. Pharmacol Res 2000;42:177–182.

50. McPartland JM, Pruitt PP. Side effects of pharmaceuticals not elicited by comparable herbal
medicines: The case of tetrahydrocannabinol and marijuana. Alternative Therapies Health Medicine
1999;5(4):57–62.

51. Barnes MP. Sativex: Clinical efficacy and tolerability in the treatment of symptoms of multiple
sclerosis and neuropathic pain. Expert Opin Pharmacother 2006;7(5):607–615.

52. McPartland JM, Giuffrida A, King J, Skinner E, Scotter J, Musty RE. Cannabimimetic effects of
osteopathic manipulative treatment. J Am Osteopath Assoc 2005;105:283–291.

53. Vernon HT, Dhami MS, Howley TP, Annett R. Spinal manipulation and beta-endorphin: A con-
trolled study of the effect of a spinal manipulation on plasma beta-endorphin levels in normal
males. J Manipulative Physiol Ther 1986;9:115–123.

54. Cheshire WP, Abashian SW, Mann JD. Botulinum toxin in the treatment of myofascial pain syn-
drome. Pain 1994;59:65–69.

55. Taguchi K, Shiina M, Shibata K, Utsunomiya I, Miyatake T. Spontaneous muscle action poten-
tials are blocked by N-type and P/Q-calcium channel blockers in the rat spinal cord-muscle co-
culture system. Brain Res 2005;1034:62–70.

56. Hou CR, Chung KC, Chen JT, Hong CZ. Effects of a calcium channel blocker on electrical
activity in myofascial trigger spots of rabbits. Am J Phys Med Rehabil 2002;81:342–349.

57. Sharifullina ER, Afzalov RA, Talantova MV, Vyskochil F, Giniatullin RA. Pre- and postsynaptic
effects of the calcium channel blocker verapamil at neuromuscular junctions. Neurosci Behav
Physiol 2002;32:309–315. 

58. Piriz J, Rosato Siri MD, Pagani R, Uchitel OD. Nifedipine-mediated mobilization of intracellular
calcium stores increases spontaneous neurotransmitter release at neonatal rat motor nerve ter-
minals. J Pharmacol Exp Ther 2003;306:658–663.

59. Ferrante FM, Bearn L, Rothrock R, King L. Evidence against trigger point injection technique for
the treatment of cervicothoracic myofascial pain with botulinum toxin type A. Anesthesiology
2005;103:377–383. 

60. Dalpiaz AS, Dodds TA. Myofascial pain response to topical lidocaine patch therapy: A case
report. J Pain Palliat Care Pharmacoth 2002;16:99–104. 

61. Gentry CL, Lukas RJ. Local anesthetics noncompetitively inhibit function of four distinct nico-
tinic acetylcholine receptor subtypes. J Pharmacol Exp Ther 2001;299:1038–1048.

62. McPartland JM. Use of capsaicin cream for abdominal wall scar pain. Am Fam Phys
2002;65:2211–2212. 

63. McPartland JM, Pruitt PL. Sourcing the code: Searching for the evolutionary origins of cannabi-
noid receptors, vanilloid receptors, and anandamide. J Canna Therapeut 2002;2:73–103.

64. McMakin CR, Gregory WM, Phillips TM. Cytokine changes with microcurrent treatment of
fibromyalgia associated with cervical spine trauma. J Bodywork Movement Ther 2005;9:169–176. 

References ■ 15

79740_CH01_FINAL.QXP  11/5/09  11:29 AM  Page 15

© Jones and Bartlett Publishers, LLC. NOT FOR SALE OR DISTRIBUTION



79740_CH01_FINAL.QXP  11/5/09  11:29 AM  Page 16

© Jones and Bartlett Publishers, LLC. NOT FOR SALE OR DISTRIBUTION



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Malloy's general settings for optimal printing.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [684.000 864.000]
>> setpagedevice




