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INTRODUCTION BY THE SERIES EDITOR 

Peter A. Huijbregts, PT, MSc, MHSc, DPT, OCS, FAAOMPT, FCAlv1T 
Series Editor, Contemporary Issues in Physical Therapy and Rehabilitation Medicine 

Victoria, British Columbia, Canada 

Other than a summary mention of myogelosis as a possible palpatory finding that might 
be relevant when choosing from among massage techniques, I remember no discussion of 

pain of myofascial origin as part of my entry-level degree in physical therapy in The 
Netherlands. And although at least one of the required texts for the postgraduate degree 

in manual therapy that I completed in Belgium discussed the topic in depth,l clinical 

diagnosis and management of myofascial trigger points similarly was not dealt with in 
class during this degree program. During further postgraduate study in orthopaedic 
manual therapy in the United States, myofascial trigger points were either not discussed 
or were summarily dismissed as a nonexistent condition.2 When I served as a physical 
therapy clinical instructor while working in the United States, I insisted that my interns 
provide some convincing evidence or otherwise stop wasting their time (and, more impor
tantly, their patients' time) on unproven concepts and instead concentrate on the tried

and-true articular dysfunction as the main cause for most patients' complaints. I 
considered any myofascial abnormality I found in my patients to be secondary to the pri
mary articular dysfunction and was quite convinced that such minor issues would disap
pear once I had adequately dealt with the dysfunctional joint. 

Of course, I could deny some of the responsibility for my past joint-centered convictions 
by stating that the account above is just reflective of earlier and simpler times. However, to 
some (certainly not minor) extent this primacy of the articular dysfunction remains at the 
core of many educational programs in orthopaedic manual therapy available to physical 
therapists today. For me personally, myofascial trigger points only entered into my clinical 

reasoning process as a relevant construct after completing a course in dry needling. It was 
not that I agreed with the hypothesis of a radiculopathic etiology for all chronic myofascial 

pain presented there3 Rather it was the admittedly anecdotal evidence of clinical effects I 
observed in my patients once I incorporated dry needling into my existing approach of edu
cation, manual therapy, and specific exercise interventions. Perhaps even more important 
was the fact that I started considering myofascial trigger points as a possible primary or at 
least contributory dysfunction rather than solely as an almost irrelevant secondary 
problem. Based both on the literature and on my own clinical experience, I started considering 

Xill 
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xiv INTRODUCTION BY THE SERIES EDITOR 

trigger in the differential diagnosis for a great 
those with intervertebral disk dysfunction, 

craniomandibular dysfunction, headaches (including tension-
type, and cluster headache), pelvic pain and other urologic 
syndromes, 46 

this elegant 
research? In recent 

active points seem to support the n"r.nrn,'c 

abnormalities have been described that can lead to the endplate that is central 
to this hypothesis9 The also allows us to almost seamlessly 

knowledge in the area of pain on the role of ceorral and peripheral 
'';>U''''''C''JU, as have been shown to occur in chronic myofascial pain states. But how does 

relate to seemingly in some of my that neu-
ropathic of the nerve root or be responsible for the clin-
ical signs and symptoms that we associate with trigger 

Questions also remain with and management. With 
on the relevance of the findings of noise proposed to 

to trigger 8,11 recent research into 
from a research but it to us with 

accessible clinical gold standard test. Many interventions have been described for 
but research support often exceeds the anecdotal leveL 

Dry needling can serve as an Although preliminary evidence exists for its use in 
with chronic low back pain,14 a recent could not support that it 

is to other interventions or even to However, this be due less to 
actual effect size of this intervention and more to lack of study which, con-

the multitude of treatment and interaction-related variables, may not come as a 
Similar problems occur when studying other 

This book does not purport to answer all of the 
and there are many. In 
will provide the reflective clinician with new and unexpected 
meant as a or uncritical resource on all things with its 
combination of research, clinical experience and 

clinical practice, critical and the 
to serve solely as an introduction for those clinicians 
centered that is still so central in many schools of 
manual therapy and perhaps 

not addressed under that 
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INTRODUCTION 

pain is arguably one of the more common clinical in pre-
with musculoskeletal pain. a very limited number of academic pro-

grams in physical therapy, medicine, and include courses 

on the idenrification and managemenr of the impres-
sive surge over the last decade in the number of research literature 

and case smdies providing a solid basis for myofascial pain concepts 
inro clinical practice and academic there remains a noted degree 
of resistance among health-care providers, and legislators. Some state 
boards of physical therapy, associations, and societies continue to be reluctant 
when it comes to acknowledging and incorporating For �fi'�""t-"'�, 

as recent as October of2008 the Nevada Board Examiners concluded 

unanimously that trigger point dry needling would not be within the scope of physical 

although skeletal muscle constitutes 
organ that is not linked to a medical 1 This may 

why the scientific study of muscle-specific ailments in the sense of 
and diagnostic and treatment has not evolved until 

Articles and information on myofascial are scattered over many 
and with many of these journals not included in more 

accessible literature databases that have become a cornerstone to current evidence
informed clinical Despite these obstacles to discourse and scientific 

the last decade has seen a increase in the literature the 
nature, and relevance of muscle We should note that the literature 
is far from uniform in the relevance it attaches to 
consider muscle pain as merely an epiphenomenon to 
muscle inflammation, or injuries to 

xvii 
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xviii INTRODUCTION 

muscle pain or muscle soreness is often dismissed as temporary 
discomfort in the context of eccentric Patients complaining about widespread 

often noted in pain conditions are frequently as most 
from somatoform disorders. 

reason with regard to has not per-
meated mainstream medicine and therapy to a greater is that 
manual physical and have directed their attention mostly to artic-
ular dysfunction. This occurred even manual medicine such as medical 

and John Mennell, did include muscle and myofas-
cial influenced by publications by 
Kellgren on nodules and taut bands 
of abnormal muscle tissue with is generally 
as the father of modern manual medicine and manual 

6 Mennell has been honored for his contributions to OMPT with 
an award named after him by the American of 

Medical physician who is credited with the mtroduction 
pain concepts and who documented common referred 

7 worked with Mennell. in contrast to ""'�"."��CA) 

rarely mentioned in the manual medicine literature. In in the history of 
perhaps to the lack of within OMPT on the concepts she devel-

Travell is mostly remembered for physical from m 
the North American of Manipulative Medicine, an she founded in 
1966 with MennelL6 

In the past Ut:Ld,I..!t:. there has been an increased research emphasis on the neurobiology 
of pain with on the mechanisms of m usde-related M usde and more 
specifically, 
the anterior 
des is inhibited 

pain have been shown to activate cortical structures, 
gyrus.8-10 Under normal initiated ftom mus-

the descending pain-modulating with a 
of activation of dorsal horn neurons and the �'�JL<.UCUU 

inhibitory systems. nociceptive input from myofascial 
in the central nervous system and can lead to 

hyperalgesia and an expansion of fields. 11,12 The scientific basis point 
therapies has evolved much beyond the observations of many astute clinicians 
over the past five decades. The integrated point hypothesis, introduced in IS 

the best available model to the phenomena. Several publications 
have since expanded upon this hypothesis based on more recent and 

studies and other related fields. 14-17 

We can all agree that the management of patients with musculoskeletal and myofascial 
trigger should be based on a thorough understanding of the under-

mechanisms of motor, sensory, and autOnomic Understanding the 
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requires detailed knowledge of the motor end plate, the 
sarcomere the nature of the taut and the of trigger points on 
movement patterns. Recent studies have been able to visualize and explore characteristics 
of the taut considered one feature of trigger by way 
of resonance has demonstrated an "n,."·",,p 

system that can be used to points20 To better understand 
the sensory aspects of trigger including local and referred 

and paresthesiae, the mechanisms and function of muscle spinal cord 
mechanisms, and and central sensitization need to be Recent studies 
at the National Institutes of Health in the United States have considerably advanced the 
basic science base with to the chemical milieu of 21,22 We 
need to acknowledge here that the of the autonomic components of 

points is still rather 
In consideration of the still limited of and at times outright resistance 

to myofascial within the various health involved, we aim for 
this book to offer a current best-evidence review of the underlying 

and clinical of points. We have brought 
together a collection of both work and published or adapted 
from published papers with the intent of providing as comprehensive an overview as pos
sible. Contributing authors from seven different countries and three different profes-
sional backgrounds therapy, and osteopathy) 
scientific aspects points. the book, an is placed on the sci-
entific merits of the literature. Ra.ther than being a book that without critical evaluation 
introduces and discusses the point concept, the contributing authors out 
where scientific evidence is Hypothetical considerations are identified as 

the reader a realistic perspective of our current with regard to 
points. 

The book is divided into four main sections. The initial pathophysiology section 
includes three In I, McPartland and Simons take the reader 
a fascinating review of the The main motor, sen-
sory, and autonomic features of points are within the context of 
clinical manual medicine and manual therapy. 2, prepared by Dommerholt, 

and Franssen, a brief historical review of early about trigger 
and discusses in detail their clinical relevancy for current clinical 

is on the of with a critical overview of current con-
cepts. This ends with a section of medical and metabolic 
upon which Dommerholt and Gerwin elaborate in great detail in '-..Ul"-I.'LL) 

physical and other clinicians seem not to consider metabolic 
factors in their clinical a growing of evidence 
importance. 
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The second section of the book deals 
lack of criteria for the identification of 
where McEvoy and an 
studies with to the identification of 

and discuss the interrater reliability of point In 
S. Arendt-Nielsen, and Simons 

explore the contribution of myofascial points in the of chronic tension-
rype headaches in 6. This also includes a detailed review of the 
role of trigger in peripheral and central sensitization. 

The third section of the book discusses clinical management of with painful 
trigger In 7, Rickards provides a analysis of the evi-

dence with regard to effectiveness of noninvasive treatments. Dommerholt, del 
Moral, and GrobE review invasive with attention to trigger dry 
neecUing in 8. Issa and conclude this section with a detailed case his-
tory of a with chronic daily the of trigger 

into a broader 
The final section of the book contains one chapter, but it is the most 

and provoking. In this fmal Gerwin identifies many areas of 
interest where the scientific basis is lacking. This will be of great benefit to any 
basic or clinical researcher looking for pertinent research projects the 
of points, the of treatment issues, and the 
role of in various 

We hope that this book will of closer for 
both clinicians and researchers. We have objective case 

and we anticipate that an increasing number of clinicians will 
consider trained in the identification and management of myofascial 
points. Only through a thorough of the scientific literature will clinicians 
be able to evidence-informed management Eventually, our will 
benefit from we clinicians this into our clinical 
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Chapter 1 

Myofascial Trigger Points: Translating 
Molecular Theory into Manual Therapy 

John M. McPartland) DO) MS 
David C. Simons) BSc) MD) DSc (Han)) DSc (Han) 

Introduction 

Simons, Travell, and Simonsl defined the myofascial trigger point (MTrP) as (c • • •  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.l 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 a-motor neuron synapses with its 
target muscle fibers. The a-motor neuron terminates in multiple swellings termed presy
naptic bourons. 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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a-motor nerve 

Motor endplate region 

ne rve terminal 

.
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. . : .. .
'
: :.;: �: ;' . .  '.: 

.
� " ;'," . .  

Figure 1-1 The motor endplate-proposed site of trigger point dysfunction. Top il lustra

tion: The junction between the a-motor neuron and the muscle fiber. Bottom ill ustration: 
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 l ined 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 penn iss ion from: McPartland ]M, Simons DG. Myofascial trigger points: 
Translating molecular theory into manual therapy. } Manual Manipulative Tiler 2006;14:232-239. 
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(X-motor neuron reaches VsCCs in the bouton, the VsCC channels open, leading to an 
inf1LL'\ of calcium ions (Caz+) 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 ofMEPPs activate VsCCs (specifically L-type VsCCs), 
which subsequently trigger another Caz+ 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 Caz+. Activation of the ryanodine receptor 
releases Caz+ 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 demon sua ted that SEA was a consequence of ACh release 
at motor endplates4 Simonss "connected the dots" by correlating SEA with "end plate 
noise" that had been described by electromyographers, and he linked SEA to excessive 
ACh release, which he proposed as the primary cause ofMTrP development. This "motor 
end plate" hypothesis was tested in Hong's laboratory,6 where MTrPs were injected with 
botulinum toxin type A, which blocks ACh release at the motor end plate. This treatment 
significantly decreased SEA activity. Mense et at? confirmed the hypothesis using a rat 
MTi.-P 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 Grinne1l8 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 end plate hypothesis. We can expand the hypothesis to include 
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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, CoIQ) 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 CoIQ. The gene for AChE expresses several splice vari
ants,1O which are alternative ways in which a gene's protein-coding sections (exons) are 
joined rogether ro 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.IO Drugs and other chemicals 
may calise AChE deficiency. DFP, the drug used in the aforementioned experiment by 
Mense et at,7 is an AChE antagonist. Organophosphate pesticides are AChE antagonists, 
and poisoning by these pesticides causes changes in moror end plates and MTrP-like 
pathology.II-13 Muscle damage caused by AChE antagonists has been reduced by pre
treatment with postsynaptic L-type VsCC blockers such as quinidine12 and diltiazem. I3 

Postsynaptically, a "gain-of-function" defect of the nAChR may confer muscle hyper
excitability, a hallmark ofMTrPs. Gain of function refers to an increased response by the 
nAChR, via several possible mechanisms: nAChR overexpression, constitutively active 
nAChRs,I4 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. Moror end plate nAChRs express a unique sub
unit assembly, whereas nAChRs in the central nervous system and in auronomic nerves 
express a different subunit configurationI6 

The relative consequences of presynaptic, synaptic, and postsynaptic dysfunctions are 
under debate. Wang et all? used a variety of pharmacological tools to conclude that presy
naptic mechanisms modulate the moror endplate rather than synaptic (AChE) or postsy
naptic (nAChR density) mechanisms. Conversely, Nakanishi et ailS determined that 
postsynaptic manipulation (using a-bungaroroxin, an nAChR antagonist) modulated 
motor end plates 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 ro 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 
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that normally inhibit ACh release.20,21 Muscle contracrion also compresses local blood ves
sels, reducing the local supply of oxygen. Reduced oxygen, combined with the metabolic 
demands generated by contracred muscles, results in a rapid depletion of local adenosine 
triphosphate (ATP). 

The resultant "ATP energy crisis" I 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 
contracrile activity, creating a vicious cycle19 Excess Ca2+ may snowball into "Ca2+-induced 
Ca2+ release," where Ca2+ induces further Ca2+ release from intracellular stores via ryan
odine receptors, triggering acrin and myosin, leading to muscle spasm. 

Some controversy surrounds adenosine, a breakdown producr of ATP. Adenosine nor
mally decreases motor end plate activity by activating presynaptic adenosine Al 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 contracrion.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 srudies. 
Headley has explored these effecrs using surface electromyography, describing inhibition of 
the trapezius by MTrPs in the same muscle,2s inhibition of anterior deltoid by MTrPs in the 
infraspinarus,2s inhibition of gluteal muscles by MTrPs in the quadratus lumborum,2s 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 Ao
and C-fiber afferent sensory neurons (nociceptors). Mechanical pressure, thermal stimuli, 
and many chemicals activate nociceptors; potassium ions, protons, and free 0

2 
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. 
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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 
f luids 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-a, and interleukin-lb 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. I 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 Simonsl described the CNS as an "integrator" ofMTrPs, 
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").l 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 inrrafusal fibers within muscle spindles. 
Sympathetic neurons release norepinephrine, a neurotransmitter involved in the "fight-or
flight" response. Norepinephrine activates a I-adrenergic receptors in the intrafusal muscle 
cell membrane. Activation of ai-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 ofMEPPs in frog leg motor endplates.32 Phentolamine, an antagonist of ai-adren
ergic receptors, decreases SEA in MTrPs.33 Similar effects have been seen with local intra
muscular injections of phenoxybenzamine, another ai-adrenergic antagonist34 

The ANS may indirectly exacerbate MTrP formation via viscerosomatic reflexes. 
Visceral autonomic afferents from disturbed viscera carry signals to the dorsal horn. 
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Chronic input evenrually facilitates neurotransmission at that spinal leve[.35 This form of 
central sensitization accelerates in the presence of nociceptor AIG S and ephaptic crosstalk 
with neighboring autonomic nerves9 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 end plate and ATP energy crisis hypotheses have changed our approach to 
treating MTrPs. For example, the 1999 edition of Travel! and Simons' Myofascial Pain and 
Dysfunction: The Trigger Point Manual, I 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 Simons] 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 manua[l 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 ofMTrPs, 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-counters train and myofascial release. Indications 
and precautions for these techniques are the same as with any articular dysfunctions. 
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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, I 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.38In 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.l 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 agonisr.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 Simonsl 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 su p
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 ofMTrPs that must be corrected to achieve lasting results from treat
ment.45 Inadequate hemoglobin perpetuates the hypoxia present in MTrPs46 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 
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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 muration may enable 
choline to direcdy acrivate the murated receptors14 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 medicines48 
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 officina/is), kava kava (Piper methysticum), skullcap (Scutellaria laterijlora), pas
sionflower (Passijlora 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 
linaloo!, 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.5o 
Sativex, a standardized extracr dispensed as an oromucosal spray, has been approved for the 
treatment of muscle spasticity and pain in CanadaSJ THC works by mimicking an endoge
nous neurotransmitter named anandamideso 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 levelss3 

Getting to the Point 

Needling may be necessary to inacrivate 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 Cal. channels (respecrively) in normal adult motor end
plates. The P/Q-specific antagonist omega-agatOxin IVA (also known as omega-conotoxin 
G VIIC) has shown promise in rat studies,55 while verapamil, a L-type VsCC blocker, 
reduced MTrP excitability in rabbits.56 The drug had no effecr on MEPP (a presynaptic 
measure), but it decreased postsynaptic currents.S7 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 down regulates nAChRs and may restore AChE 
activity.'2 Diltiazem also merits investigation. This L-type Ca2+ channel blocker correcrs 
myopathies caused by defecrs in AChE activity.l3 However, nifedipine, yet another L-type 
antagonist, unexpecredly increased ACb activity at motOr endplates due to a unique effecr 
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 effecrive as bot
ulinum toxin type A and much less expensive. 
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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 suggested60 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+ cha1U1e1s (conferring its anesthetic effect), but it also 
acts as an nAChR antagonist61 Its potency is much greater than lidocaine and procaine, 
and dimethisoquin is uniquely selective for the motor end plate 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, TRPVl 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. 
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Myofascial Trigger Points: 
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Introduction 

During the past few decades, myofascial trigger points (MTrPs) and myofascial pain syn
drome (MPS) have received much attention in the scientific and clinical literature. 
Researchers worldwide are investigating various aspects of MTrPs, including their specific 
etiology, pathophysiology, histology, referred pain patterns, and clinical applications. 
Guidelines developed by the International Federation of O rthopaedic Manipulative 
Therapists (IFOMT) confirm the importance of muscle dysfunction for orthopedic 
manual therapy clinical practice. The IFOMT has defined orthopedic manual therapy as "a 
specialized area of physiotherapy/phys.i.cal therapy for the management of neuromuscu
loskeletal conditions, based on clinical reasoning, using highly specific treatment 
approaches including manual techniques and therapeutic exercises." The IFOMT's edu
cational standards require that skills be demonstrated in-among other areas-"analysis 
and specific tests for functional status of the muscular system," "a high level of skill in 
other manual and physical therapy techniques required to mobilize the articular, mus
cular or neural systems," and "knowledge of various manipulative therapy approaches as 
practiced within physical therapy, medicine, osteopathy and chiropractic."! 

However, articles about muscle dysfunction in the manual therapy literature are sparse, 
and they generally focus on muscle injury and muscle repair mechanisms2 or on muscle 
recruitment.3 Until very recently, the current scientific knowledge and clinical implica
tions of MTrPs were rarely included.4-7 It appears that orthopedic manual therapists have 
not paid much attention to the pathophysiology and clinical manifestations of MTrPs. 

Courtesy of John M. Medeiros, PT, PhD, Managing Editor of the Journal of Manual and Manipulative 
Therapy. 
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Manual therapy education programs in the Uni ted States seem to reflect this orientation 
and tend to place a strong emphasis on joint dysfunction, mobilizations, and manipula
tions, wi th only about 10-15% of classroom education devoted to muscle pain and muscle 
dysfunction. 

This review of the MTrP  literature is based on current best scientific evidence. The field 
of manual therapy has joined other medical disciplines by embracing evidence-based med
icine, which proposes that the results of scientific research need to be integrated into clin
ical practice.8 Evidence-based medicine has been defined as "the conscientious, explicit, and 
judicious use of current best evidence in making decisions about the care of individual 
patients."9,lO Within the evidence-based medicine paradigm, evidence is not restricted to 
randomized con trol led trials, systematic revi ews, and meta-analyses, although this 
restricted view seems to be prevalent in the mecLcal and physical therapy literature. Sackett 
et al9,IO emphasized that external clinical evidence can inform but not replace individual 
clinical expertise. C linical expertise determines whether external clinical evidence applies to 
an individual patient, and, if so, how it should be integrated into clinical decision making. 
Pencheon II shared this perspective and suggested that high-quality health care is about 
combining "wisdom produced by years of experience" with "evidence produced by general
izable research" in "ways with which patients are happy." He sugges ted shifting from 
evidence-based to evidence-informed medicine, where clinical decision making is informed 
by research evidence, but not driven by it, and always includes knowledge from experience. 
Evidence-infor med manual therapy involves integrating the best available external scien
ti fic evidence wi th individual clinicians' judgmen ts, exper tise, and clinical decision 
making. 12 The purpose of this chapter is to provide a best-evidence-informed review of the 
current scientific understanding of MTrPs, including the etiology, pathophysiology, and 
clinical implications, against the background of extensive clinical experience. 

Brief Historical Review 

W hile Dr. Janet Travel! (1901-1997) is generally credited for bringing MTrPs to the atten
tion of health-care providers, MTrPs have been described and rediscovered for several cen
turies by various clinicians and researchers. 13,14 As far back as the 16th cen tury, de Baillou 
(1538-1616) described what is now known as myofascial pain syndrome (MPS)lS MPS is 
defined as the "sensory, motor, and autonomic symptoms caused by MTrPs" and has 
become a recognized medical cLagnosis among pain specialists .IG,17 In 1816, British physi
cian Balfour described "nodular tumors and thickenings which were painful to the touch, 
and from which pains shot to neighboring parts ."18 In 1898, the German physician 
Strauss discussed "small, tender and apple-sized nodules an d pain ful, pencil-sized to 
little-finger-sized palpable bands."19 The first trigger-poin t manual was published in 1931 

in Germany, nearly a decade before Travell became interested in MTr Ps.20 Although these 
early descriptions may appear a bit archaic and unusual-for example, in clinical practice 
one does not encoun ter "apple-sized nodules"-these and other historic papers did illus
trate the basic features of MTrPs quite accurately. 14 

Copyrighted Material



Brief Historical Review • 19 

In the late 1930s, Travell, who at that time was a cardiologist and medical researcher, 
became particularly interested in muscle pain following the publication of several articles on 
referred pain.21 Kellgren's descriptions of referred pain patterns of many muscles and spinal 
ligaments after injecting these tissues with hypertonic saline22-25 eventually moved Travel! to 
shift her mecLcal career from carcLology to musculoskeletal pain. During the 1940s, she pub
lished several articles on injection techniques of MTrPs.26-28 In 1952, she described the 
myofascial genesis of pain, with detailed referred pain patterns for 32 muscles.29 O ther clini
cians also became interested in MTrPs. European physicians Lief and Chaitow developed a 
treatment method, which they referred to as "neuromuscular technique."3o German physi
cian Gutstein described the characteristics ofMTrPs and effective manual therapy treatments 
in several papers under the names of Gutstein, Gutstein-Good, and Good.31-34 In Australia, 
Kelly produced a series of articles about fibrositis, which paralleled Travel's writingsJ5-38 

In the United States, chiropractors Nimmo and Vannerson39 described muscular "noxious 
generative points," which were thought to produce nerve impulses and eventually result 
in "vasoconstriction, ischemia, hypoxia, pain, and cellular degeneration." Later in his 
career, Nimmo adopted the term "trigger point" after having been introduced to Travell's 
writings. Nimmo maintained that hypertonic muscles are always painful to pressure, a 
statement that later became known as "Nimmo's law." Like Travell, Nimmo described dis
tinctive referred pain patterns and recommended releasing these dysfunctional points by 
applying the proper degree of manual pressure. Nimmo's "receptor-tonus control 
method" continues to be popular among chiropractic physicians 39,4o According to a 1993 
report by the National Board of Chiropractic Economics, over 40% of chiropractors in the 
United States frequently apply Nimmo's techniques.41 Two spinoffs of Nimmo's work are 
the St. John Neuromuscular Therapy (NMT) method and the NMT American version, 
which have become particularly popular among massage therapists.3D 

In 1966, Travell founded the North American Academy of Manipulative Medicine 
together with Dr. John Mennell, who also published several articles about MTrPs42,43 
Throughout her career, Travell promoted integrating myofascial treatments with articular 
treatments.16 One of her earlier papers described a technique for reducing sacroiliac dis
placement44 However, Paris reported that Travell45 maintained the opinion that manipu
lations were the exclusive domain of physicians, and she rejected membership in the 
North American Academy of Manipulative Medicine by physical therapists. 

In the early 1960s, Dr. David Simons was introduced to Travell and her work, which 
became the start of a fruitful collaboration eventually resulting in several publications, 
including the Trigger Point Manuals, consisting of a 1983 first volume (upper half of the 
body) and a 1992 second volume (lower half of the body)46,47 The first volume has since 
been revised and updated, and a second edition was released in 1999.16 The Trigger Point 
Manuals are the most comprehensive review of nearly 150 muscle referred pain patterns 
based on Travell's clinical observations, and they include an extensive review of the scien
tific basis of MTrPs. Both volumes have been translated into several foreign languages, 
including Russian, German, French, Italian, Japanese, and Spanish. Several other clini
cians worldwide have also published their own trigger point manuals48-54 
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Clinical Aspects of Myofascial Trigger Points 

An MTrP is described as "a hyperirritable spot in skeletal muscle that is associated with a 
hypersensitive palpable nodule in a taut band." J 6 Myofascial trigger points are classified 
into active and latent trigger points.16 An active MTrP is a symptom-producing MTrP and 
can trigger local or referred pain or other paresthesiae. A latent MTrP does not trigger 
pain without being stimulated. Myofascial trigger points are the hallmark characteristics 
ofMPS and feature motor, sensory, and autonomic components. Motor aspects of active 
and latent MTrPs may include dismrbed motor function, muscle weakness as a result of 
motor inhibition, muscle stiffness, and restricted range of motion.55,56 Sensory aspects 
may include local tenderness, referral of pain to a distant site, and peripheral an d central 
sensitization. Peripheral sensitization can be described as a reduction in threshold and an 
increase in responsiveness of the peripheral ends of nociceptors, whereas central sensiti
zation is an increase in the excitability of neurons within the central nervous system. Signs 
of peripheral and central sensitization are aUodynia (pain due to a stimulus that does not 
normally provoke p ain) and hyperalgesia (an increased response to a stimulus that is nor
mally painful) .  Both active and laten t MTrPs are painful on compression. Vecchiet et 
aI57-59 described specific sensory changes over MTrPs. They observed significant lowering 
of the pain threshold over active MTr Ps when measured by electrical stimulation, not only 
in the m uscular tissue, but also in the overlying cutaneous and subcutaneous tissues. In 
contrast, with latent MTrPs the sensory changes did not involve the cutaneous and sub
cutaneous tissues.57-59 Autonomic aspects of MTrPs may include, among others, vasocon
striction, vasodilatation, lacrimation, and piioerection I6.60-63 

A detailed clinical history, examination of movement patterns, and consideration of 
muscle referred pain patterns assist clinicians in determining which muscles may harbor 
clinically relevant MTrPs.64 Muscle pain is perceived as aching and poorly localized. At 
present, no laboratory or imaging tests are available for use in the clinic that can confirm 
the presence of MTrPs. Myofascial trigger points are identified through either a f1at pal
pation technique (Figure 2-1) in which a clinician applies finger or thumb pressure to 
muscle against underlying bone tissue, or a pincer palpation technique (Figure 2-2) in 
which a particular muscle is palpated between the clinician's fingers. 

By definition, MTrPs are located within a taut band of contracmred muscle fibers 
(Figure 2-3), and palpating for MTrPs starts with identifying this t aut band by palpating 
perpendicular to the fiber direction. Once the taut band is located, the clinician moves 
along the taut band to find a discrete area of intense pain and hardness. 

Two smdies have reported good overall interrater reliability for identif)/ing taut bands, 
MTrPs, referred pain, and local twi tch responses 65.66 The minimum criteria that must be 
satisfied in order to distinguish an MTrP from any other tender area in muscle are a taut 
band and a tender point in that taut band.65 Although Janda maintained that systematic 
palpation can differentiate between myofascial taut bands and general muscle spasms, elec
tromyography is the gold standard to differentiate taut bands from contracted muscle fibers 
associated with general muscle spasms.67.68 Spasms can be defined as electromyographic 

Copyrighted Material



Figure 2-1 Flat palpation. 

Figure 2-2 Pincer palpation. 
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·1 

Figure 2-3 Palpation of a trigger po inr within a taut band. 

c· 

Source: Adapted from: H-W Weisskircher: "Head Pains Due to Myofascial Trigger Points," 
CD-ROM, www.trigger-point.com. 1997. 

(EMG) activity as the result of increased neuromuscular tone of the entire muscle, and 
they are the result of nerve-initiated contractions. A taut band is an endogenous localized 
contracrure within the muscle without activation of the motor endplate.69 From a physi
ological perspective, the term "contracture" is more appropriate than "contraction" when 
describing chronic involuntary shortening of a muscle without EMG activity. In clinical 
practice, surface EMG is used in the diagnosis and management of MTrPs, in addition to 
manual examinations.67, 70,7! Diagnostically, surface EMG can assist in assessing muscle 
behavior during rest and during functional tasks. Clinicians use the MTrP referred pain 
patterns in determining which muscles to examine with surface EMG. Muscles that 
harbor MTrPs responsible for the patient'S pain complaint are examined first. EMG 
assessments guide the clinician with postural training, ergonomic interventions, and 
muscle awareness training.67 

The patient's recognition of the elicited pain further guides the clinician. The presence 
of a so-called local twitch response (LTR), referred pain, or reproduction of the person's 
symptomatic pain increases the certainty and specificity of the diagnosis of MPS. Local 
twitch responses are spinal reflexes that appear to be unique to MTrPs. They are charac
terized by a sudden contraction of muscle fibers within a taut band when the taut band is 
strummed manually or needled. The sudden contractions can be observed visually, can be 
recorded electromyographically, or can be visualized with diagnostic ultrasound.72 When 
an MTrP is needled with a monopolar teflon-coated EMG needle, LTRs appear as high
amplitude polyphasic EMG discharges.73-78 
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In clinical practice, there is no benefit in using needle EMG or sonography, and its utility 
is limited to research studies. For example, Audette et al79 established that in 61.5% of active 
MTrPs in the trapezius and levator scapulae muscles, dry needling an active MTrP elicited 
an LTR in the same muscle on the opposite side of the body. Needling of latent MTrPs 
resulted in unilateral LTRs only. In this study, LTRs were used to research the nature of 
active versus latent MTrPs. Studies have shown that clinical outcomes are significantly 
improved when LTRs are elicited in the treatment of patients with dry needling or injection 
therapy? 4,SO,81 The taut band, MTrP, and LTR (Figure 2-4) are objective criteria, identified 
solely by palpation, that do not require a verbal response from the patient.82 

Active MTrPs usually refer pain to a distant site. The referred pain patterns (Figure 2-5) 
are not necessarily restricted to single segmental pathways or to peripheral nerve distrib
utions. Although typical referred pain patterns have been established, there is consider
able variation between patients. 16,48 
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Stimulus at trigger spot 

Stimulus at trigger spot 
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20 40 60 80 msee 

Figure 2-4 Local twitch response in a rabbit trigger spot. Local twitch responses are 
elicited only when the needle is placed accurately within the trigger spot. Moving as 
little as 0.5 cm away from the trigger spot virtually eliminates the local twitch response. 

Source: Adapted from: Hong C.Z, Torigoe Y. Electrophysiological characteristics of local

ized twitch responses in responsive taut bands of rabbit skeletal muscle. ] Musculoskeletal 
Pain 1994;2: 17--43. 
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Figure 2-5 MTrP referred pain patterns. 

x = trigger point 

Source: Reproduced with permission from MEDICLIP, Manual Medicine 1 & 2, Version 
LOa, 1 997, Williams & Wilkins. 

The pain in reference zones usually is described as "deep tissue pain" of a dull and aching 
natu re. Occasionally, patients may report burning or tingling sensations, especially in super
ficial muscles such as the platysma muscle.83,84 By mechanically stimulating active MTrPs, 
patients may report the reproduction of their pain, either immediately or after a 10- to 15-
second delay. Skeletal muscle nociceptors normally require high intensities of stimulation, 
and they do not respond to moderate local pressure, contractions, or muscle stretches 8S 

However, MTrPs cause persistent noxious stimulation, which results in increasing the 
number and size of the receptive fields to which a single dorsal horn nociceptive neuron 
responds, and the experience of spontaneous and referred pain.86 Several recent studies have 
determined previously unrecorded referred pain patterns of different muscles and MTrPs.87-90 
Referred pain is not specific to MPS, but it is relatively easy to elicit over MTrPs.9 1 Normal 
muscle tissue and other body tissues, including the skin, zygapophyseal joints, or internal 
organs, may also refer pain to distant regions with mechanical pressure, making referred pain 
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elicited by stimulation of a tender location a nonspecific finding.84,92-95 Gibson et al9 6 found 
that referred pain is actually easier to elicit in tendon-bone junctions and tendon than in the 
muscle belly. However, after exposing the muscle to eccentric exercise, significantly higher 
referred pain frequency and enlarged pain areas were found at the muscle belly and the 
tendon-bone junction sites following injection with hypotonic saline. The authors suggested 
that central sensitization may explain the referred pain frequency and enlarged pain areas.97 

Although a survey of members of the American Pain Society showed general agreement that 
MTrPs and MPS exist as distinct clinical entities, MPS continues to be one of the most com
monly missed diagnoses. 17,98 In a recent study of 110 adults with low back pain, myofascial pain 
was the most common finding, affecting 95.5% of patients, even though myofascial pain was 
poorly defined as muscle pain in the paraspinal muscles, piriformis, or tensor fasciae latae.99 
A study of adults with frequent migraine headaches diagnosed according to the 
International Headache Society criteria showed that 94% of the patients reported 
migrainous pain with manual stimulation of cervical and temporal MTrPs, compared with 
only 29% of controls. 100,101 In 30% of the migraine group, palpation of MTrPs elicited a "full
blown migraine attack that required abortive treatment." The researchers found a positive 
relationship between the number of MTrPs and the frequency of migraine attacks and dura
tion of the illness.loo Several studies have confirmed that MTrPs are common not only in 
persons attending pain management clinics, but also in those seeking help through 
internal medicine and dentistry. 102-107 In fact, MTrPs have been identified with nearly every 
musculoskeletal pain problem, including radiculopathies,104 joint dysfunction,108 disk 
pathology,109 tendonitis, 110 craniomandibular dysfunction, 111-113 migraines,100,114 tension
type headaches/,87 carpal tunnel syndrome,1I5 computer-related disorders,116 whiplash
associated disorders,60,117 spinal dysfunction, 118 and pelvic pain and other urologic 
syndromes.119 -122 Myofascial trigger points are associated with many other pain syn
dromes 123 including, for example, postherpetic neuralgia,124,125 complex regional pain syn
drome,126,127 nocturnal cramps,128 phantom pain,129,130 and other relatively uncommon 
diagnoses, such as Barre-Lieou syndromel31 and neurogenic pruritus. 132 A recent study sug
gested that there might be a relationship between MTrPs in the upper trapezius muscle and 
cervical spine dysfunction at the C3 and C4 vertebrae, although a cause-and-effect relation
ship was not established in this correlational study.133 Another study described that persons 
with mechanical neck pain had significantly more clinically relevant MTrPs in the upper 
trapezius, sternocleidomastoid, levator scapulae, and suboccipital muscles as compared to 
healthy controls.5 

Etiology of Myofascial Trigger Points 

Several possible mechanisms can lead to the development of MTrPs, including low-level 
muscle contractions, uneven intramuscular pressure distribution, direct trauma, unac
customed eccentric contractions, eccentric contractions in unconditioned muscle, and 
maximal or submaximal concentric contractions. 
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Low-Level Muscle Contractions 

Of particular interest in the etiology ofMTrPs are low-level muscle exertions and the so-called 
Cinderella hypothesis developed by Hagg in 1988.134 The Cinderella hypothesis postulates 
that occupational myalgia is caused by selective overloading of the earliest recruited and last 
de-recruited motor unitS according to the ordered recruitment principle or Henneman's "size 
principle."134,135 Smaller motor units are recruited before and de-recruited after larger ones; 
as a result, the smal ler type 1 fibers are continuously activated during prolonged motor 
tasks.I35 According to the Cinderella hypothesis, muscular force generated at submaximal 
levels during sustained muscle contractions engages only a fraction of the motor units avail
able without the normally occurring substitution of motor units during higher force con
tractions, which in turn can result in metabolically overloaded motor units, prone to loss of 
cellular Ca2+ homeostasis, subsequent activation of autogenic destructive processes, and 
muscle pain. 136,137 The other pi llar of the Cinderella hypothesis is the finding of an excess of 
ragged red fibers in myalgic patients. 136 Indeed, several researchers have demonstrated the 
presence of ragged red fibers and moth-eaten fibers in subjects with myalgia, which are indi
cations of structural damage to the cell membrane and mitochondria and a change in the dis
tribution of mi tochondria or the sarcotubular system, respectively.138- 142 

T here is growing evidence that low-level s tatic muscle contractions or exertions can 
result in degeneration of muscle fibers.143 Gisselll44,145 has shown that low-level exertions 
can result in an increase of Ca2+ release in skeletal muscle cells, muscle membrane damage 
due to leakage of the intracellular enzyme lactate dehydrogenase, structural damage, energy 
depletion, and myalgia. Low-level muscle stimulation can also lead to the release of inter
leukin-6 (IL-6) and other cytokines. 146,147 

Several studies have confirmed the Cinderella hypothesis and suppOrt the idea that in low
level static exertions, muscle fiber recruitment patterns tend to be stereotypical with contin
uous activation of smaller type 1 fibers during prolonged motor tasks . 148-I52 As Hagg 
indicated, the continuous activity and metabolic overload of certain motor units does not 
occur in all subjects. 136 T he Cinderella hypothesis was recently applied to the development of 
MTrPs . 1 l 6 In a well-designed s tudy, Treaster et aP16 established that sustained low-level 
muscle contractions during continuous typing for as Little as 30 minutes commonly resulted 
in the formation ofMTrPs. They suggested that MTrPs might provide a useful explanation 
for muscle pain and injury that can occur from low-level static exertions. 1I6 Myofascial trigger 
points are common in office workers, musicians, dentists, and other occupational groups 
exposed to low-level muscle exertions. 153 Chen et al 154 also suggested that low-level muscle 
exertions can lead to sensitization and development of MTrPs. Forty piano students showed 
significantly reduced pressure thresholds over latent MT rPs after only 20 minutes of contin
uous piano playing. 154 

Intramuscular Pressure Distribution 

Otten 155 has suggested that circulatory disturbances secondary to increased intramuscular 
pressure may also lead to the development of myalgia. Based on mathematical modeling 
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applied to a frog gastrocnemius muscle, O tten confirmed that during static low-level muscle 
contractions, capillary pressures increase dramatically, especially near the muscle insertions 
(Figure 2-6). In other words, during low-level exertions the intramuscular pressure near the 
muscle insertions might increase rapidly, leading to excessive capillary pressure, decreased 
circulation, and localized hypoxia and ischemia.lss With higher-level contractions between 
10-20% of maximum voluntary effort, the intramuscular pressure also increases in the 
muscle belly.l56,l57 According to O tten, the increased pressure gradients during low-level 
exertions may contribute to the development of pain at the musculotendinous junctions, 
and eventually to the formation of MTrPs ( personal communication, 2005). 

In 1999, Simons introduced the concept of "attachment trigger points" to explain pain at 
the musculotendinous junctions in persons with MTrPs, based on the assumption that taut 
bands would generate sufficient sustained force to induce localized enthesopathies.l6, ls8 
More recently, Simons concluded that there is no convincing evidence that the tension gen
erated in shortened sarcomeres in a muscle belly would indeed be able to generate passive or 
resting force throughout an entire taut band resulting in enthesopathies, even though there 

Figure 2-6 Intramuscular pressure distribution in the gastrocnemius muscle 
of the toad. 

SOUTce: Reproduced with permission from E. Otten, 2006. 
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may be certain muscles or conditions where this could occur (personal communication, 
2005). To the contrary, force generated by individual motor units is always transmitted later
ally to the muscle's connective tissue matrix, involving at least two protein complexes con
taining vinculin and dystrophin, respectively. 159 There is also considerable evidence that the 
assumption that muscle fibers pass from tendon to tendon is without basis. 160 TrotterlGO has 
demonstrated that skeletal muscle is composed of in-series fibers. In other words, evidence 
suggests that a single muscle fiber does not run from tendon to tendon. The majority of 
fibers are in series with inactive fibers, which makes it even more unlikely that the whole 
muscle length-tension properties would be dictated by the shortest contracrured fibers in the 
muscle,161 

In addition, it is important to consider the mechanical and functional differences 
between fast and slow motor units.162,163 Slow motor units are always stiffer than fast 
units, although fast units can produce more force. If there were any transmission of force 
along the muscle fiber, as Simons initially suggested, fast fibers would be better suited to 
accomplish this. Yet fast motor units have larger series of elastic elements, which would 
absorb most of the force displacement,164,165 Fast fibers show a progressive decrease in 
cross-sectional area and end in a point within the muscle fascicle, making force transmis
sion even more unlikely.163 Fast fibers rely on transmitting a substantial proportion of 
their force to the endomysium, transverse cytoskeleton, and adjacent muscle fibers.162,163 
In summary, the development of so-called "attachment trigger points" as a result of 
increased tension by contractured sarcomeres in MTrPs is not clear, and more research is 
needed to explain the clinical observation that MTrPs appear to be linked to pain at the 
musculotendinous junction. The increased tension in the muscle belly is likely to dissi
pate across brief sections of the taut band on both sides of the MTrP and laterally through 
the transverse cytoskeleton. 166-168 Instead, Otten's model of increased intramuscular pres
sure, decreased circulation, localized hypoxia, and ischemia at the muscle insertions pro
vides an alternative model for the clinically observed pain near the musculotendinous 
junction and osseous insertions in persons with MTrPs, even though the model does not 
explain why taut bands are commonly presenr.155 

Direct Trauma 

There is general agreement that acute muscle overload can activate MTrPs, although sys
tematic studies are lacking,169 For example, people involved in whiplash injuries com
monly experience prolonged muscle pain and dysfunction.170-l73 In a retrospective review, 
Schuller et a[l74 found that 80% of 1,096 subjects involved in low-velocity collisions 
demonstrated evidence of muscle pain, with myogeloses among the most common find
ings. Although Schuller et al did not define these myogeloses, Simons has suggested that 
a myogelosis describes the same clinical entity as an MTrp.174,175 Baker117 reported that the 
splenius capitis, semispinalis capitis, and sternocleidomastoid muscles developed symp
tomatic MTrPs in 77%, 62%, and 52% of 52 whiplash patients, respectively. In a retrospec
tive review of 54 consecutive chronic whiplash patients, Gerwin and Dommerholt176 
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reported that clinically relevant MTrPs were found in every patient, with the trapezius 
muscle involved most often. Following treatment emphasizing the inactivation of MTrPs 
and restoration of normal muscle length, approxi mately 80% of patients expe rienced li ttle 
or no pain, even though the average time following the initiating injury was 2.5 years at 
the beginning of the treatment regimen. All patients had been seen previously by other 
physicians and physical therapists who apparently had not cons idered MTrPs in their 
thought process and clinical management.176 Fe rnandez-de-las-Pefias et aJ l77,17 8 con
firmed that inactivat ion of MTrPs should be included in the management of persons suf
fering from whiplash-associated disorders. In their research-based treatment protocol, the 
combination of cervical and thoracic spine mani pulations with MTrP treatments proved 
superior to more "conventional" physical therapy consis ting of massage, ul trasound, 
home exercises, and low-energy high-frequency pulsed electromagnetic therapy. 177 

Direct trauma may create a vicious cycle of events wherein damage to the sarcoplasmic 
reticulum or the muscle cell membrane may lead to an increase of the calcium concentra
tion, a subseq uen t activation of actin and myosin, a relative s hortage of adenosine 
triphosph ate (ATP), and an impaired calcium pump, which in turn will increase the intra
cellular calcium concentration even more, completing the cycle. The calcium pump is 
responsible for returning int racellular Ca2+ to the sarcoplasmic reticulum agains t a con
centration gradient, which requires a functional ene rgy supply. Simons and Travell 179 con
sidered this seq uence in the devel opmen t of the so-called "energy crisis hypothes is" 
introduced in 198 1. Sensory and motor system dysfunction have been shown to develop 
rapidly after injury and actLIally may persist in those who develop chronic muscle pain 
and in individuals who have recove red or contin ue to have pers is tent mild symp
toms. 172, 180 Scott et aP81 determined that individuals with chronic whiplash pain develop 
more widespread hypersensitivity to mechanical pressure and thermal stimuli than those 
with chronic idiopathic neck pain. Myofascial trigger points are a likely source of ongoing 
peripheral nociceptive input, and they contribute to both periphe ral and central sensiti
zation, which may explain the observation of wi des pread allodynia and hypersens i
tivity.60, 62, 6 3 In add ition to being caused by whiplash injury, acute muscle overload can 
occur with direct impact, lifting injuries, sports performance, and so on.182 

Eccentric and (Sub )Maximal Concentric Contractions 

Many patients report the onset of pain and activation of MTrPs following either acute, 
repeti tive, or chronic muscle overload. 1 83 Gerwin et al1 84 suggested that likely mechanisms 
relevant for the development of MTrPs included either unaccustomed eccentric exercise, 
eccentric exercise in unconditioned muscle, or maximal or submaximal concentric exer
cise. A brief review of pertinent aspects of exercise follows, preceding linking this body of 
research to current MTrP research. 

Eccentric exercise is associated with myalgia, muscle weakness, and destruction of muscle 
fibers, part ially because eccentric contractions cause an irregular and uneven lengthening of 
muscle fibers.18s- ls7 Muscle soreness and pain occur because of local ultras tructural 
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damage, the release of sensitizing algogenic substances, and the subsequent onset of 
peripheral and central sensitization.85,18 8-1 90 Muscle damage occu rs at the cytoskeletal 
level and frequently involves disorganization of the A-band, streaming of the Z-band, and 
dis ruption of cytoskeletal proteins, such as titin, nebulin, and desmin, even after very 
short bouts of eccentric exercise.186,189-1 94 Loss of desmin can occur within 5 minutes of 
eccentric loading, even in muscles that routinely contract eccentrically during functional 
activities, but does not occur after isometric or concentric contractions. 1 93,1 95 Lieber and 
Friden 1 93 suggested that t he rapid loss of desmin might indicate a type of enzymatic 
hydrolysis or protein phosphorylation as a likely mechanis m. 

One of the consequences of muscle damage is muscle weakness.I96- 1 98 Furthermore, 
concentric and eccentric contractions are l inked to contract ion-induced capillary con
strict ions, impaired b lood flow, hypope rfusion, ischemia, and hypoxia, which in turn 
contribute to the development of more muscle damage, a local acidic milieu, and an exces
sive release of prot ons (H+), potass ium (K+), calcitoni n-gene-related-peptide (CGRP), 
bradyk inin (BK), and substance P (SP) and sensitization of muscle nociceptors .1 84,1 88 
T here are striking similarities with the chemical environment of active MTrPs establis hed 
with microdialysis, suggesting an overlap between the research on eccentric exercise and 
MTrP research.184,199 However, at this time it is premature to conclude that there is solid 
evidence that eccentric and submaximal concentric exercise are absolute precursors to the 
development of MT rPs. I n  suppOrt of this hypothesized causal relat ion, Itoh et al200 
demonstrat ed in  a recent study that eccentric exercise can lead to the formation of taut 
and tender ropy bands in exercised muscle, and they hypothesized that eccentric exercise 
may indeed be a useful model for the development of MTrPs. 

Eccentric and concent ric exercise and MT rPs have been associated with localized 
hypoxia, which appears to be one of the most important precursors for the development 
ofMTrPs 201 As mentioned, hypoxia leads to the release of mult ip le algogenic substances. 
In this context, recent research by Shah et aP 99 at the U.S. National Inst itutes of Health is 
particularly relevant. Shah et al analyzed the chemical milieu of latent and act ive MTrPs 
and normal muscles. They found significantly increased concentrations of SK, CGRP, SP, 
tumor necrosis factor-a (T NF-a), interleukin-l� (IL-l�), serotonin, and norepinephri ne 
in the immediate milieu of active MTrPs only. 199 These substances are well-known stimu
lants for various muscle nociceptors and bind to specific receptor molecules of the nerve 
endings, including the so-called purinergic and vanilloid receptors8 5 , 202 

Muscle nociceptors are dynamic structures whose receptors can change depending on the 
local tiss ue environment. When a muscle is damaged it releases ATP, which sti mulates 
purinergic receptors, which are sensitive to ATP, adenosine diphosphate, and adenosine. They 
bind ATP, stimulate muscle nociceptors, and cause pain. Vanilloid receptors are sensitive to 
heat and respond to an increase in H+ concentration, which is especially relevant under con
ditions with a lowered pH, such as ischemia, inflammation, or prolonged and exhaustive 
muscle contractions85 Shah et al1 99 determined that the pH at active MTrP sites is s ignifi
cantly lower than at latent MTrP s ites. A lowered pH can initiate and maintain muscle pain 
and mechanical hyperalgesia throug h activation of acid-sensing ion chan nels .203,204 
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Neuroplastic changes in the central nervous system facilitate mechanical hyperalgesia even 
after the nociceptive input has been terminated (central sensitization).203,2o4 Any noxious 
stimulus sufficient to cause nociceptor activation causes bursts of SP and CGRP to be 
released into the muscle, which have a significant effect on the local biochemical milieu 
and microcirculation by s t imulating "feed-forward" neu rogenic i nflam mation. 
Neurogenic inflammation can be described as a continuous cycle of increasing production 
of inflammatory mediators and neuropeptides and an increasing barrage of nociceptive 
input into wide dynamic-range neurons in the spinal cord dorsal horn. 184 

The Integrated Trigger Point Hypothesis 

The integrated trigger point hypothesis (Figure 2-7) has evolved since its fi rst introduc
tion as the "energy crisis hypothesis" in 1981. It is based on a combination of elect rodiag
nostic and histopathological evidence. 179, 183 

Al ready in 1957, Weeks and Travell20s had published a report that outlined a characteristic 
electrical activity of an MTrP. It was not until 1993 that Hubbard and Berkofpo6 confirmed 
that this EMG discharge consists of low-amplitude discharges in the order of 10-50 flV and 
intermittent high-amplitude discharges (up to 500 flV) in painful  MTrPs. Initially, the elec
trical activity was termed "spontaneous electrical activity" (SEA) and was thought to be 
related to dysfunctional muscle spindles.206 Best available evidence now suggests that the SEA 
is in fact endplate noise (EPN), which is found much more commonly in the end plate zone near 

Autonomic Stimulation NociceptionlPain 

Figure 2-7 The integrated trigger point hypothesis. Ach-acetylcholine; AchE-acetyl
chol inesterase; AchR-acetylcholine receptor. 
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MTrPs than in an endplate zone outside MTrPs.207-2o9 The electrical discharges occur with 
frequencies that are 10 to 1,000 times that of normal endplate potentials, and they have been 
found in humans, rabbits, and recently even in horses.209,21O The discharges are most l ikely 
the result of an ab normally excessive release of acetylchol ine (ACh) and indicative of dys
functional motor endplates, contrary to the commonly accepted notion among electromyo
graphers that endplate noise arises from normal motor endplates.183 The effectiveness of 
botulinum toxin in the treatment of MTrPs provides indirect evidence of the presence of 
excessive ACh.21 1 Botulinum toxin is a neurotoxin that blocks the release of ACh from presy
naptic  cholinergic nerve endings. A recent study in mice demonstrated that the admi nistra
tion of botul inum t oxin resulted in a complete functional repair of dysfunctional 
endplates.z 1z There is some early evidence that muscle stretching and hypertonicity may also 
enhance the excessive release of ACh.213,214 Tension on t he integrins in the presynaptic mem
brane at the motor nerve terminal is hypothesized to mechanically trigger an ACh release that 
does not require Caz+.Z13-Z IS Integrins are receptor proteins in the cell membrane involved in 
attaching individual cells to the extracellular matrix. 

Excessive ACh affects voltage-gated sodium channels of the sarcoplasmic reticulum 
and increases the intracellular calcium levels, which triggers sustained muscle contrac
tures. I t  is conceivab le that in MTrPs myosin filaments literally get stuck in  the Z-band of 
the sarcomere. During sarcomere contractions, tit in  filaments are folded into a gel-like 
structure at the Z-band. In MTrPs, the gel-like titin may prevent the myosin filaments 
from detaching. The myosin fi laments may actually damage the regular motor assembly 
and prevent the sarcomere from restoring its resting length.zlG Muscle contractures are 
also maintained because of the relative shortage of ATP in an MTrP, because ATP is 
required to break the cross-bridges between actin and myosin filaments. The question 
remains whether sustained contractures require an increase of oxygen availability. 

At the same time, the shortened sarcomeres compromise the local circulation, causing 
ischemia. Studies of oxygen saturation levels have demonstrated severe hypoxia in MTrPs.20 1 

Hypoxia leads to the release of sensitizing substances and activates muscle nociceptors as 
reviewed earlier. The comb ined decreased energy supply and possible increased metabolic 
demand would also explain the common finding of abnormal mitochondria in the nerve 
terminal and the previously mentioned ragged red fibers. In mice, the onset of hypoxia led 
to an immediate increased ACh release ar rhe motor endplate.217 

. 

The combined high-intensi ty mechanical and chemical stimuli may cause activation 
and sensitization of the peripheral nerve endings and autonomic nerves; activate second
order neurons, including so-called "sleeping" receptors; cause central sensitization; and 
lead to the formation of new receptive fields, referred pain, a long-lasting increase in the 
excitabil ity of nociceptors, and a more generalized hyperalgesia beyond t he initial noci
ceptive area. An expansion of a receptive field means that a dorsal horn neuron receives 
information from areas it has not received information from previously.2 18 Sensitization 
of peripheral nerve endings can also cause pain th rough SP activating the neurokin-1 
recept ors and glu tamat e  activating N-methyl- D-asparrate receptors, which opens 
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postsynaptic channels through which Ca2+ can enter the dorsal horn and activate many 
enzymes involved in the sensitization 85 

Several histological studies offer further suppor t  for the in tegrated trigger point 
hypothesis. In 1976, Simons and Stolov published the first b iopsy study of MTrPs in a 
canine muscle and repor ted multiple contraction knots in various individual muscle 
fibers (Figure 2_8).219 The knots featured a combination of severely shortened sarcomeres 
in the center and lengthened sarcomeres outside the immediate MTrP region.2 19 

Reiti nger e t  a1220 re por ted pathologic al terations of the mi tochondr ia as well  as 
increased width of A-bands and decreased width of I-bands in muscle sarcomeres of 
MTrPs in the gluteus medius muscle. W indisch et al22 1 determined similar alterations in 
a postmortem histological study of MTrPs completed within 24 hours of t ime of death. 
Mense et a[222 studied the effects of electr ically induced muscl e contr actions and a 
cholinesterase blocker on muscles with experimentally induced contraction knots and 
found evidence of localized contractions, torn fibers, and longitudinal stripes. Pongratz 
and Spath223,224 demonstrated evidence of a contraction disk in a region of an MTrP using 
light microscopy. New MTrP hisropathological studies are currently being conducted at 
the Fr iedrich Baur Institute in Munich, Germany. Gar iphianova225 described pathological 
changes with biopsy studies of MTr Ps, including a decrease in quantity of mitochondria, 
possibly indicating metabolic distress. Several older histological studies are often quoted, 
bur it  is not clear to what extent those findings are specific for MTrPs. In 195 1, Glogowsky 
and Wallraff226 repor ted damaged fibril structur es. Fassbender227 observed degenerative 

Figure 2-8 Longitud inal secti on of a contract ion knot in a canine gracil i s  muscle. 

Source : Adapted from: Simons DG and Stolov we, Microscopic features and transient 

contraction of palpable ba nds in canine muscle. Am ) Phys Med 1 976;55 (2} :65-88. 
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changes of the I-bands in addition to capillary damage, a focal accumulation of glycogen, 
and a disintegration of the myofibrillar network. 

There is growing evidence for the integrated trigger point hypothesis with regard to the 
motor and sensory aspects of MTrPs, but many questions remain about the autonomic 
aspects. Several studies have shown that MTrPs are influenced by the autonomic nervous 
system. Exposing subjects with active MTrPs in the upper trapezius muscles to stressful  
tasks consistently increased the electrical activity in MTrPs in the upper trapezius muscle 
but not in control points in the same muscle, while autogenic relaxation was able to reverse 
the effects.228-23 1 The administration of the sympathetic blocking agent phentolamine sig
nificantly reduced the electrical activity of an MTrp.228,232,233 The interactions between the 
autonomic nervous system and MTrPs need further investigation. H ubbard228 maintained 
that the autonomic features of MTrPs are evidence that MTrPs may be dysfunctional 
muscle spindles. Gerwin et al184 have suggested that the presence of a- and p-adrenergic 
receptors at the end plate provide a possible mechanism for autonomic interaction. In a 
rodent, stimulation of the a- and p-adrenergic receptors stimulated the release of ACh in 
the phrenic nerve.234 In a recent study, Ge et al61 provided, for the first time, experimental 
evidence of sympathetic facili tation of mechanical sensitization of MTrPs, which they 
attributed to a change in the local chemical milieu at the MTrPs due to increased vasocon
striction, an increased sympathetic release of norepinephrine, or an increased sensitivity to 
norepinephr ine. Another intriguing possibil i ty is that the cytokine interleu kin-8 (IL-8) 
found in the immediate milieu of active MTrPs may contr ibute to the autonomic features 
of MTrP. IL-8 can induce mechanical hypernociception, which is inhibited by p-adrenergic 
receptor antagonists.23S Shah et al found significantly increased levels ofIL-8 in the imme
diate milieu of active MTrPs (Shah, 2006, personal communication). 

The findings of Shah et al199 mark a major milestone in the understanding and accep
tance ofMTrPs and support parts of the integrated trigger point hypothesis. 183 The possible 
consequences of several of the chemicals present in the immediate milieu of active MTrPs 
have been explored by Gerwin et al.184 As stated, Shah et al found significantly increased con
centrations of H+, BK, CGRP, SP, TNF-a, IL- 1P, serotonin, and norepinephrine in active 
MTrPs only. There are many interactions between these chemicals that all can contribute to 
the persistent nature ofMTrPs through various vicious feedback cycles.236 For example, BK 
is known to activate and sensitize muscle nociceptors, which leads to inflammatory hyper
algesia, an activation of high-threshold nociceptors associated with C-fibers, and even an 
increased production of BK i tself Furthermore, BK stimulates the release ofTNF-a, which 
activates the production of the interleukins IL- 1 p, IL-6, and IL-8. Especially IL-8 can cause 
hyperalgesia that is independent from prostaglandin mechanisms. Via a positive feedback 
loop, IL- 1 p  can also induce the release of BK.237 Release of BK, K+, H+, and cytokines from 
injured muscle activates the muscle nociceptors, thereby causing tenderness and pain. 184 

Calcitonin gene-related peptide can enhance the release of ACh from the motor end plate and 
simultaneously decrease the effectiveness of acetylcholinesterase (AChE) in the synaptic cleft, 
which decreases the removal of ACh.238,239 Calcitonin gene-related peptide also up-regulates the 
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ACh-receptors (AChR) at the muscle and thereby creates more docking stations for ACh. 
Miniature end plate activity depends on the state of the AChR and on the local concentration 
of ACh, which is the result of ACh release, reuptake, and breakdown by AChE. In summary, 
increased concentrations of CGRP lead to a release of more ACh and increase the impact of 
ACh by reducing AChE effectiveness and increasing AChR efficiency. Miniature endplate 
potential frequency is increased as a result of greater ACh effect. The observed lowered pH has 
several implications as well. Not only does a lower pH enhance the release of CGRP, it also 
contributes to a further down-regulation of AChE. The multiple chemicals and lowered pH 
found in active MTrPs can contribute to the chronic nature ofMTrPs, enhance the segmental 
spread of nociceptive input into the dorsal hom of the spinal cord, activate multiple receptive 
fields, and trigger referred pain, allodynia, hypersensitivity, and peripheral and central sensi
tization that are characteristic of active myofascial MTrPs. 184 There is no other evidence-based 
hypOthesis that explains the phenomena of MTrPs in as much detail and clarity as the 
expanded integrated trigger point hypothesis (Figure 2-9) . 
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Perpetuating Factors 
Several precipitating or perpetuating factors need to be identified and, if present, ade
quately managed to successfully treat persons with chronic myalgia. Even though several 
common perpetuating factors are more or less outside the direct scope of manual physical 
therapy, familiarity with these factors is critical, especially considering the development of 
increasingly autonomous physical therapy practice. Simons, Travell, and Simonsl6 identi
fied mechanical, nutritional, metabolic, and psychological categories of perpetuating fac
tors. Mechanical factors are familiar to manual therapists and include the commonly 
observed forward head posture, structural leg length inequalities, scoliosis, pelvic torsion, 
joint hypermobility, ergonomic srressors, poor body mechanics, and so on. 16,102,1 16,240 

In recent review articles, Gerwin24 1 ,242 ptovided a comprehensive update with an emphasis 
on nonstructural perpetuating factors, which has been updated in Chapter 3. Management 
of rhese factors usually requires an interdisciplinary approach, including medical and psy
chological intervention.64,82 Common nutri tional deficiencies or insu fficiencies involve vit
amin BI, B6

, B
12

, folic acid, vitamin C, vitamin 0, iron, magnesium, and zinc, among others. 
The term "insufficiency" is used to indicate levels in the lower range of normal, such as those 
associated with biochemical or metabolic abnormalities or wirh subtle clinical signs and 
symptoms. Nutritional or metabolic insufficiencies are frequently overlooked and not neces
sarily considered clinically relevant by physicians unfamiliar with MTrPs and chronic pain 
conditions. Yet any inadequacy that interferes wirh rhe energy supply of muscle is likely ro 
aggravate MTrPs.242 The most common deficiencies and insufficiencies will be reviewed 
briefly here and in more detail in the nexr chapter. 

Viramin B
12 

deficiencies are rather common and may affecr as many as 15-20% of rhe 
elderly and approximately 16% of persons with chronic MTrPs. 103,243 B I2 

deficiencies can 
resulr in cognitive dysfuncrion, degeneration of the spinal cord, and peripheral neuroparhy, 
which is mosr likely l inked to complaints of diffuse myalgia seen in some parients. Serum 
levels of vitamin B

12 
as high as 350 pgjml may be associated wirh a metabolic deficiency, 

manifested by elevared seru m or urine merhylmalonic acid or homocysreine and may be 
clinically symptomatic.244 However, rhere are parienrs with normal levels of merhyl
malonic acid and homocysreine who do present wirh abnormal merabolic abnormaliries 
of B I2 

function.242 Folic acid is closely l inked to viramin B I 2 
and should be measured as 

well .  Although folic acid is able to correct rhe pernicious anemia associated wirh vitamin 
B

12 
deficiency, ir does nor influence rhe neuromuscular aspects. 

Iron deficiency in m uscle occurs when ferritin is depleted. Ferririn represenrs rhe 
tissue-bound nonessential iron srores in muscle, liver, and bone martow rhat supply the 
essential iron for oxygen transport and i ton-dependent enzymes. Iron is critical for rhe 
generarion of energy through the cytochrome oxidase enzyme system, and a lack of iron 
may be a factor in the development and maintenance of MTrPs.242 Interestingly, lowered 
levels of cytochrome oxidase are common in parients wirh myalgia. 14o Serum levels of 
15-20 ngjml indicate a deplerion of ferritin. Common symptoms are chronic riredness, 
coldness, extreme farigue with exercise, and muscle pain. Anemia is common ar levels of 
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10 o r  less. G erwin242 
that levels below 50 ng/ml may be significant. 

Close to 90% of patients with chronic musculoskeletal may have vitamin D defi-
ciency 245 Vitamin D deficiencies are identified by measuring 25-0H vitamin D levels. Levels 
above 20 are considered but Gerwin242 that levels below 34 

may represent i nsufficiencies. Correction of insufficient levels of vitamin B I2
' vitamin 

iron levels may take many months, which may not see much Im:Droverrlen 
Even when active MTrPs have been i dentified in a cl inicians must 

consider that MTrPs may be to metabolic insu fficiencies o r  other  med-
ical It  is questionable whether physical therapy and-as an i ntegral p ar t  o f  
physical i ntervention can be s uc cessfu l  when 
patients have nutritional or metabolic insufficiencies or deficiencies. A close working rela-
tionship with familiar with this body o f  l i te rature is essentiaL 
should consider the possible interactions between arthrogenic o r  
and MTrPs. 18,[33,246,247 

should address all aspects o frhe Many other 
conditions featu re muscle pain and systemic 

Candida albicans infections, 
enylate deaminase deficiency, 
amoebiasis, and ",<CHU.m. 

and parasitic  diseases such as fascioliasis, 
should be familiar with the symptoms associated 

with these medical diagnoses.64 
stress may activate MTrPs. Electromyographic in MTrPs has been 

shown to increase dramatically in response to mental and emotional stress, whereas 
muscle E M G  remained n o rmaL229,230 Relaxation tech-

can diminish the electrical 23 1 In a.U'UH1V1 

MTrPs are with depression, anger, and feel-
ings of 248 Pain-related fear and avoidance can lead to the development and 
maintenance of chtonic pain.249 disturbance can also be a factor in the per-
petuation of musculoskeletal pain and must be  addressed. may be related 
to pain, apnea, or to mood disorders such as depression o r  Management can b e  
both and Pharmacologic treatment utilizes drugs that 
promote normal patterns and induce and maintain the night without 

sedation. treatmen t  hygiene, such 
as using the b e d  for sleep and sex, and n o t  for television viewing, and 
eating 250 must be sensi tive to the impact of and emotional dis-
tress and refe r  t o  clinical social workers or psychologists when appropri ate. 

The Role of Man u al Therapy 

the various management 
manual therapy is one o f  the basic treatment 

are the scope of this 
and the role manual 
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physical therapists cannot be overemphasized 82,158 Myofascial trigger points are treated 
with manual techniques, spray and stretch, dry needling, or injection therapy. Dry needling 
is within the scope of physical therapy practice in many countries, including Canada, Spain, 
Ireland, South Africa, Australia, the Netherlands, and Switzerland. In the United States, the 
physical therapy boards of 12 states have ruled that physical therapists can engage in the 
practice of dry needling: New Hampshire, Maryland, Virginia, South Carolina, Georgia, 
Kentucky, New Mexico, Colorado, Alabama, Oregon, Texas, and Ohio.8o A promising new 
development used in the diagnosis and treatment ofMTrPs involves shockwave therapy, but 
as of yet there are no controlled studies substantiating its use 251,252 

Concl usion 

Although MTrPs are a common cause of pain and dysfunction in persons with muscu
loskeletal injuries and diagnoses, the importance of MTrPs is not obvious from reviewing 
the orthopedic manual therapy literature. Current scientific evidence strongly supports 
that awareness and a working knowledge of muscle dysfunction-in particular, MTrPs
should be incorporated into manual physical therapy practice, consistent with the 
IFOMT guidelines for clinical practice. Although there are still many unanswered ques
tions with regard to explaining the etiology ofMTrPs, this chapter provides manual ther
apists with an up-to-date evidence-informed review of the current scientific knowledge. 
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Factors in Myofascial Pain 
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Introduction 

In the clinical management of patients with chronic myofascial pain, it is critical to consider 
any probable underlying cause or contributing factor. Chronic pain is very common and has 
a major impact on patients, clinicians, and socieey as a whole. Between 20-25% of the U. S. 
population has regional chronic muscle pain, and 10-15% has chronic widespread pain. l A 
recent survey in 15 European countries and Israel showed that 19% of adults suffered from 
significant long-lasting pain.2 In a similar study, 56% of patients with cancer suffered 
moderate to severe pain at least monthly.3 Considering all different eypes of chronic pain, 
including cancer pain, musculoskeletal pain is the most prevalent eype of pain4 

Chronic muscle pain may not improve until underlying perpetuating or precipitating 
factors are managed.s.6 In some cases, the pain problem can even be totally resolved when 
these perpetuating factors are corrected. In the context of myofascial pain, Travel! and 
Simons7 identified structural or mechanical perpetuating factors, such as scoliosis, leg 
length discrepancies, localized or widespread joint hypermobiliey, and nutritional, meta
bolic, or systemic perpetuating factors, including vitamin insufficiencies or hormonal 
imbalances, such as seen with hypothyroidism. A comprehensive medical evaluation is 
indicated to identify any conditions that may feature diffuse myalgia. In this era of direct 
access and often limited contact time between physicians and patients, nonmedical clini
cians also need to be familiar with the most common perpetuating factors and commu
nicate with patients' physicians when they suspect any underlying problems. There is a 
lack of randomized controlled double-blind studies or even epidemiological correlational 
studies verifying the clinical observations that certain metabolic and nutritional factors 
are relevant in the treatment of patients with myofascial pain. Yet considering the 
accepted hierarchy of evidence-based medicine, clinical evidence is a valid parameter and, 
especially in the absence of higher-level evidence, should be included as evidence.8-lo 

As menrioned in Chapter 2, an important distinction needs to be made between deficien
cies and insufficiencies, although these terms are often used interchangeably. A deficiency is 
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a value outside the normal range, which is easily recognized and usually associated with a 
clinical syndrome. For example, a vitamin C deficiency is associated with scurvy. An insuf
ficiency is within the normal range, but may be suboptimal for a given individual. 
Insufficiencies are often associated with symptoms and can be rather challenging to recog
nize, but they may cause serious problems for individual patients. This chapter will review 
common nutritional and metabolic perpetuating factors of myofascial pain, including 
hypothyroidism, iron and vitamin insufficiencies, as well as the effects of statin drugs. 

Hypothyroidism 

Although no epidemiological studies have shown a definitive relationship between hypothy
roidism and myofascial pain, clinical observations of patients with chronic myalgia would 
seem to suggest that they are causally linked. A thyroid-stimulating hormone (TSH) level in 
the upper range of normal (3. 5 ISU or higher) combined with complaints of muscle pain 
and additional complaints of coldness, dry skin or dry hair, constipation, and fatigue sug
gest that a patient may be hypothyroid and should be given a trial of thyroid hormone sup
plementation. The normal TSH range is 0. 5- 5. 5 ISU; however, the individual optimal range 
is quite narrow. A person may have a TSH value within the normal laboratory range, but it 
can be outside of that individual's optimal range and, as such, can be abnormal for that indi
vidual, as shown by thyroid releasing hormone (TRH) stimulation tests6 In one study, 10% 
of patients with myofascial pain were diagnosed with hypothyroidism.ll Thyroid supple
mentation that lowers the TSH to levels of 2. 25 or less will often improve these symptoms, 
and patients will show marked improvement in endurance and also experience a drastic 
decrease in pain. Muscle pain and trigger points become more readily responsive to manual 
and needling methods of trigger point inactivation and restoration of function. Without 
thyroid therapy, it is our clinical observation that patients may not improve in spite of being 
treated with appropriate physical therapy interventions. 

Thyroid hormone plays an essential role in the regulation of Na+/K+-ATPase pumping, 
ion cycling, and other functions, including thermogenesis.12, 13 Underactive thyroid func
tion is a form of hypometabolism and can occur as a result of insufficient production of 
tetraiodothyronine (T4), which in turn may be due to a variety of reasons, including failure 
of the pituitary gland to produce TSH, insufficient synthesis and secretion of TRH, lack 
of hypothalamic responsiveness, or because of thyroid disease itself, such as Hashimoto 
thyroiditis. It can also occur because of impaired conversion of inactive T4 to active tri
iodothyronine ( T3), which takes place by the iron-dependent 5'-deiodination ofT4 in the 
liver.14 Pro-inflammatory cytokines IL-6 and tumor necrosis factor-a can also reduce TSH 
production and impair thyroid function. 15,16 

The hypothalamic-pituitary-adrenal axis is sensitive to acute and chronic stress, which 
may result in suppression of TSH, decreased release of T4, or inhibition of T3 and T4 
binding proteins and 5' -deiodinase-I, which may further decrease the peripheral conver
sion of inactive T4 to active T3.17-19 Chronic stress can result in hypo-activation or sup
pression of the hypothalamic-pituitary-adrenal axis, causing a decrease in cortisol 
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releasing hormone (CRH) and glucocorticoid. Reverse T3 ( rT3) is increased in the acute 
stress response. Increased levels of T4 and rT3 and decreased levels of T3 are associated 
with hypothyroidism,2o although the role of rT3 is not entirely clear. In one study, subjects 
with high rT3 concentrations had decreased physical performance scores and lower grip 
strengthZO 

TSH and T4 1evels are poor measures of tissue thyroid levels, and clinicians should not 
rely solely on these measures to determine tissue thyroid levels. The best estimate of the 
tissue thyroid effect may be the rT3 level and the T3/rT3 ratio.2o Controversy exists over 
whether rT3 is metabolically active and whether it is a functional inhibitOr ofT3, capable 
of producing a hypometabolic state. Changes in rT3 may be a marker of nonspecific 
response to stress without biological activicy21 In non myalgic pathology, rT3 may be bio
logically active,22.23 but it is still not entirely clear whether it can play a role in producing 
hypothyroidism and, if so, whether its effect can be overcome by administering large doses 
of T3. There is no conclusive evidence that so-called hormone-resistant hypothyroidism 
due to the peripheral blocking of T3 activicy by rT3 plays a role in the development of 
myalgia. TSH may be normal in states where T3 activicy is blocked by rT3, making the 
determination of hormone-resistant hypothyroidism problematic. There are conf1icting 
data regarding the metabolic activicy of rT3 and its actions as an inhibitor ofT3, creating 
a peripheral hypothyroidism unrelated to hypothalamic, pituitary, or thyroid dysfunc
tion. One view is that it is capable of functionally blocking T3, but a contrasting view is 
that it is metabolically inactive, acting only as a marker of down-regulation of the thyroid 
axis. In the latter view, elevation of rT3 indicates that there is an impairment of the feed
back mechanism whereby TSH rises when T3 concentrations decrease. 

The relationship of hypothyroidism to muscle pain is rather complicated. Several 
authors have suggested that fibromyalgia may be associated with hypothyroidism.24,25 
Thyroid autoimmunicy has been described in fibromyalgia and in rheumatoid arthritis at 
higher rates than in controls.26 Myalgia is also one of the soft-tissue manifestations of 
autOimmune thyroiditis.27 Vitamin D deficiency impairs the immune system and can lead 
to thyroiditis, linking the two conditions. A person with myofascial pain associated with 
a vitamin D deficiency or hypothyroidism caused by thyroiditis should always be evalu
ated for both conditions. Clinical hypothyroidism with normal levels ofT3, T4, and TSH, 
but characterized by a peripheral suppression of thyroid hormone activicy, occurs in the 
"nonrhyroidal illness syndrome," seen in chronic illness and in prolonged critical illness. 
Nonrhyroidal illness syndrome was previously referred to as "sick euthyroid syndrome." 
Tissue thyroid levels are reduced in prolonged critical illness, which appears to be relevant 
to the presumed hypometabolic state postulated to be a factOr in the developmenr of 
myofascial pain and the generation of trigger poin ts. Evidence suggests that there is a cen
tral neuroendocrine failure at the level of the hypothalamus28 Nonrhyroidal illness with 
low levels ofT3 and T4 can also be a response to stress. 

Patienrs with hypothyroidism are commonly managed with medications such as levothy
roxine.29,3o However, not all tissues are equally able to convert thyroxine to T3, and the addi
tion of T3 to thyroxine has been shown to result in an improved sense of well-being, an 
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improvement in cognitive function and mood, and an increase in serum levels of sex
hormone-binding globulins, a sensitive marker of thyroid hormone function31•32 

Iron Insufficiency 

Similarly ro hypothyroidism, the relationship between iron deficiency or insufficiency and 
myofascial trigger points has not been clearly established in clinical studies. Improvement 
in endurance, lessening of an abnormal sense of coldness, and a decrease in muscle pain 
is commonly seen when iron insufficiency is treated with iron supplementation in 
patients with myofascial pain, either orally or via intravenous infusion. Iron deficiency in 
muscle is a common condition and occurs when muscle ferritin is depleted. The preva
lence of iron deficiency in females is 9-16%, but may be as high as 19-22% in African 
American and Hispanic women.33 Low iron levels are associated with excessive menstrual 
iron loss, chronic intal<e of nonsteroidal anti-inflammatory drugs, and bowel cancer. It 
may also be seen in vegans or in people with iron-poor diets. Iron levels vary with age and 
gender and are low in adolescence, during periods of increased growth, and with the onset 
of menstrual blood loss in girls and young women. Iron levels rise again in adulthood and 
when women become postmenopausal. This variability is important when assessing iron 
srores in persons with muscle pain, particularly adolescent girls and premenopausal 
women. Although at this time unrelated to reported myofascial pain in this particular 
population, of note is that worldwide an estimated 25% of infants have iron-deficiency 
anemia and at least that many have iron deficiencies without anemia, which may have 
long-lasting effects on sleep patterns and moror activity planning.34•35 

Ferritin represents the tissue-bound nonessential iron stores in the body that supply 
the essential iron for oxygen transport and iron-dependent enzymes. Serum ferritin levels 
of 15 ng/ml mark the first stage of iron deficiency, which means that storage sites for iron 
in muscle, liver, and bone marrow that are normally freely mobilized are depleted of fer
ritin. The second stage of iron deficiency is microcyrosis. The third stage of iron deficiency 
is anemia, by which time iron bone marrow stores are undetectable. Anemia is associated 
with ferritin levels of less than 10 ng/m!. Early detection of ferritin depletion is important 
and should be suspected when patients present with complaints of muscle aching, 
chronic tiredness, unusual fatigue with exercise, and a sense of coldness. Measuring 
microcytic hypochromic anemia is an inadequate indicaror of iron deficiency in persons 
with myalgia, because it does not identify the first stage of iron deficiency. Iron insuffi
ciencies in chronic myofascial pain suggest that iron-requiring enzymatic reactions, such 
as the cytochrome oxidase and NAD(H) dehydrogenase reactions, may be limited, possibly 
resulting in a local energy crisis when muscles are exposed to excessive mechanical stress.6 

Iron is essential for the generation of energy through the cytochrome oxidase system. 
According to Simons' integrated trigger point hypothesis, myofascial trigger points may 
develop as a result of an energy crisis within muscle. 36 A deficiency of freely accessible iron 
in muscle creates an energy crisis by limiting cytochrome oxidase energy-producing reac
tions. Cytochrome oxidase reactions can also be blocked when nitric oxide binds to ferrous 
heme iron.37 Brigham and Beard found that norepinephrine and energy metabolism were 
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altered in iron-deficient rats,38 which was also noted in human subjects exposed to cold.39 
Iron-deficient rats were also found to have a low plasma levels of active thyroid hormone 
T3, an impaired ability to convert inactive T4 to active T3, low levels of T4-5' deiodinase 
activity, low levels of TSH, and an attenuated TSH response to TRHJ3,40 The disposal rate 
ofT4 and T3 is lower in iron-deficient rats. Interestingly, thyroid hormone kinetics are nor
malized with thyroxine replacement in the absence of changes in serum iron indices.13 
Brigham and Beard have postulated that the effect on thyroid hormone turnover might be 
caused by impaired thermoregulatory responses in iron-deficient states.41 

Iron-deficient rats are hypothermic, which is related to the impaired conversion of T4 
to T3.42 Iron deficiency can adversely affect thyroid hormone metabolism,43 but studies in 
humans give differing results, even though iron-deficient individuals often complain of 
feeling cold. Goiter can be associated with iron deficiency,44 but thyroid hormone levels 
and TSH responses have not been shown to be significantly different in iron-deficient 
populations.4s,4 6 On the contrary, T3 augmentation can up-regulate ferritin levels and 
increase iron-dependent functions.47 

Because iron is essential for the cytochrome oxidase system and iron insufficiency 
appears to be a significant factor in the development or maintenance of myofascial trigger 
points, iron supplementation is often indicated. Unfortunately, optimum ferritin levels 
for normal muscle function have not been established. Although restless leg syndrome 
(RLS) is a different condition, which can also be caused by iron deficiency, the serum fer
ritin levels associated with RLS may give some guidance in determining optimal ferritin 
levels. RLS is associated with serum ferritin levels below 50 ngjm1.48 In adolescents and 
children with RLS, the serum ferritin level was below 20 ng/ml in 50% of cases and below 
50 ng/ml in 83% of cases. Serum ferritin levels less than 45 ng/ml were correlated with an 
increased risk for sleep-wake transition disorders, including abnormal sleep movements, 
in children with attention-deficit/hyperactivity disorder49 This suggests that not only 
serum ferritin levels below 45-50 g/ml are clinically significant in RLS, but also that levels 
below 50 ng/ml are likely to be suboptimal from a general perspective. A significant asso
ciation was found between blood donation and the occurrence of RLS in males, especially 
with five or more annual donations.so 

RLS causes a sleep disturbance with sleep deprivation and reduced or absent levels of deep 
sleep. Sleep deprivation has been associated with muscle pain, including, in our experience, 
myofascial pain. Thus, iron insufficiency associated with RLS can indirectly contribute to 
muscle pain. Fortunately, iron supplementation can correct RLSS1 and is also important in 
correcting myofascial pain S2 For further guidance, the upper limit of normal ferritin in pre
menopausal women is 150 ng/ml, and in men and postmenopausal women it is 300 ngjml. 

Statin-Class Drugs 

Statins, or 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase inhibitors, are 
cholesterol-lowering drugs. They may cause myopathy, rhabdomyolysis, and myalgia asso
ciated with elevated creatine phosphokinase (CPK) in more severe4:ases. Fortunately, 
significant increases of CPK are infrequent, and rhabdomyolysis is very rare.S3 Myalgia can 
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occur in the absence of elevated CPK levels. It is estimated that 1-7% of persons receiving 
statins develop muscle pain and weakness. In patients with initial complaints of wide
spread muscle pain shortly after an increased dose or after initiating any of the statin 
drugs, statins could be responsible for the pain complaint.53,54 Although some have 
hypothesized that statin-induced coenzyme QI0 (CoQI0) deficiencies may be responsible 
for statin myopathy, recent studies have not confirmed the role of CoQ10 in causing 
myopathies.55,56 Statin drugs block the production of farnesyl pyrophosphate, which is an 
intermediate in the synthesis of ubiquinone, or CoQI0, and important in mitochondrial 
energy production. Some evidence indicates that statins may impair the mitochondria, 
resulting in a mitochondrial calcium leak and an altered regulation of the sarcoplasmic 
reticulum.54 

Hypothyroidism, diabetes mellitus, and the use of certain medications, such as gemfi
brozil, which increase statin plasma concentrations, heighten the risk for the develop
ment of myalgia. Elevations of CPK are more common in patients with hypothyroidism 
receiving statins than in persons with euthyroid activity receiving statinsS7 No literature 
relates statin class drugs specifically to the development of myofascial pain syndromes, 
and even the role of statins in producing chronic myalgia, irrespective of trigger point for
mation, has been questioned, because chronic myalgias have not been confirmed by many 
blinded placebo-controlled trials.58 Nevertheless, in a large meta-analysis involving 36,062 
patients receiving a statin-class drug compared to 35,046 receiving a placebo, the most 
common adverse events were myalgia and liver function elevations; these adverse events 

� 
were seen in two-thirds of the subjects receiving statins.53 Irrespective of the underlying 
mechanism, these patients usually can be treated successfully by reducing the dosage of 
the medication or by switching to another cholesterol-lowering drugS 

Vitamin 0 Insufficiency 

Vitamin 0 deficiencies are endemic in northern Europe and America and are commonly 
associated with chronic nonspecific musculoskeletal pain.59-62 Symptoms include muscle 
weakness, myofibrillar protein degradation, reduced muscle mass, osteoporosis, and 
decreased functional ability.63-68 There are no high-quality correlational studies exam
ining the association between vitamin 0 deficiencies or insufficiencies and myofascial 
pain. Vitamin 0 insufficiencies were, however, commonly observed in an observational 
study of patients with myofascial pain in a community pain management center, sug
gesting that such a deficiency might play a role in the etiology and maintenance of 
chronic myofascial pain.6 Serum 25(OH)D levels above 30 ng/ml are considered optimal. 
Vitamin 0 deficiency in adults is defined as serum 25(OH)D levels below 20 ng/ml, while 
in vitamin 0 insufficiency serum 25(OH)D levels faU between 20 and 30 ng/ml.69 In one 
study, almost 90% of 150 patients with musculoskeletal pain had vitamin 0 levels less 
than 20 ng/ml and 28% had less than 8 nglml.62 

We should consider that vitamin 0 is not a true vitamin, because vitamin 0 metabolites 
play an active role in the gene transcription of hundreds, if not thousands, of genes. 
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MarshaWo has challenged the notion that vitamin D deficiencies would cause or contribute 
to disease processes and proposes that low values of vitamin D may not be the cause, bu t 
the result, of the disease process. According to Marshall/o the idea that exogenous mod
ulation of metabolism could provide a simple clinical solution is not only naive, but could 
pose significant risks. 

Vitamin B12 Insufficiency 

Vitamin B 12 deficiencies were discussed in Chapter 2, but are included here as well for the 
sake of completeness. Vitamin Bl2 deficiencies are very common and may affect as many 
as 15-20% of the elderly and persons with chronic myofascial pain.ll,7 1 Patients with 
serum levels of vitamin B 12 below 350 pg/ml may be clinically symptomatic, although clin
ical laboratory reports usuall), indicate that the normal range for vitamin B 12 levels falls 
between 200 and 1,200 pg/ml72 Low levels of vitamin BI2 are associated with a metabolic 
insufficiency manifested by elevated serum or urine methyl malonic acid or homocysteine, 
although some patients with normal levels of methylmalonic acid and homocysteine do 
present with metabolic abnormalities of Bl2 function.6,n Vitamin BJ2 insufficiencies can 
result in cognitive dysfunction, degeneration of the spinal cord, peripheral neuropathy, 
and widespread myalgia. Vitamin BI2 and folic acid are closely related and function not 
only in erythropoiesis, but also in nerve formation in both the central and peri pheral ner
vous system. Gerwin6,l I found that 16% of patients with chronic myofascial pain were 
either deficient in vitamin BI2 or had insufficient levels of vitamin BJ2 . Ten percent of 
those patients also had low serum folate levels. In a study of patients with low back pain, 
subjects who received intramuscular injections of BJ2 demonstrated significant improve
ments in pain levels and function compared to a placebo group.73 There is, however, no 
evidence of any advantage of administering trigger point injections with vitamin B 1/4 

Conclusion 

The clinician should consider that there are several other possible perpetuating factors of 
myofascial pain and myalgia in general not discussed in this chapter.5 Parasitic and infec
tious diseases, including fascioliasis, amoebiasis, and giardia, may all cause widespread 
myalgia, as can infectious diseases, such as Lyme disease and polymyalgia rheumatica?S-80 

Patients with these diagnoses are frequently erroneously diagnosed with fibromyalgia. 
Disturbed sleep, psychological issues, and mechanical problems can also contribute to the 
development of muscle pain and trigger points. 

Although admittedly the correlations between the metabolic and nutritional insuffi
ciencies described in this chapter and the development of myofascial trigger points have as 
of yet not been confirmed by double-blind controlled studies or even correlational studies, 
clinical experience with thousands of patients in our community-based pain management 
centers have, in our opinion, lent significant credence to Travel! and Simons' initial notions 
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expressed in their textbooks on myofascial pain.36,S! It is clear that higher-quality scien
tific studies are needed to further expand the knowledge base and clinical management of 
persons suffering from myofascial pain beyond the anecdotal, experience-based evidence. 
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Introduction 

Myofascial pain syndrome ( M PS) refers to a clirrical syndrome in which pain arises from 
myofascial trigger points ( MTrPs). Prevalence ofMPS has beerr studied in various populations 
and has been summarized comprehensively by Simons et a1.1 Fishbain et al2 studied a cohort 
of283 consecutive patients in a compreherrsive pairr center and found that 238 (84%) met the 
Simons and Travell criteria for MPS. Skootsky et al3 reported that 30% of patients presenting 
with pain to the primary care general internal medicine practice at the University ofCaliforrua 
at Los Angeles Medical Care Center met the criteria for MPS, making this the single largest 
reason for patients with pain to present there for medical care. Gerwin4 reported a prevalence 
of93% for MPS and coexisting MPS and fibromyalgia in a study of 96 patients in a pain med
icine center. More recently, in a study of older adults with low back pain (LBP) MPS was iden
tified in 96% of symptomatic subjects versus 10% of controls 5 Because most of these 
epidemiologic data are derived from studies carried out in special.i.zed pain centers by clini
cians with an interest in MPS, thereby suggesting both potential patient selection and rater 
bias, the prevalence ofMPS in the general population remains unknown. However, the avail
able research does suggest that MPS may be commorr in these clinically relevant patient pop
ulations studied.2-s 

Although the International Association for the Study of Pain has included MPS in its 
2005 Core Curriculum for Professional Education in Pain,6 the diagnosis of MPS has met with 
notably less acceptance in other medical fields, including orthopaedic manual physical 
therapy. Perhaps due to the l imited rrumber of clinical experts in MPS,! the topic has 
received scant attention in the literature,S which has further decreased the penerration of 
this information into mainstream p hysical therapy and medicine. For example, a recent 
survey of chrorric pain in Europe9 did not even include MTrPs among the surveyed potential 
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causes of chronic pain. This may have been related to the fact that in this survey, pain 
management specialists were involved in the care of only 2% of the patients9 

In contrast to other providers involved in greater nu mbers in this scudy, such as gen
eral practitioners and orthopaedists, perhaps pain management specialists do tend to 
consider the MPS construct, as evidenced by a su rvey of American Pain Society mem
bers, wherei n 88.5% of respondents described MPS as a legitimate diagnosis and more 
than 80% concu rred on diagnostic cri teria. 1O Simonsll fu rther illustrated this seem
ingly lim ited relevance attached to MPS in mainstream medicine by indicating that 
between 1996 and 2002 only 0.5% of Medline-cited articles for low back pain even men
tioned MTrPs. 

Without a clinical gold standard diagnostic i maging or laboratory test for MTrPs,8 clin
icians need to rely solely on history and physical examination findings for the diagnosis 
of MPS. As Dommerholt et al have done in this book, the specific palpation techniques 
used have been described in great detail . l,1 2,L3 Simons et all have proposed criteria for the 
identification of MTrPs (Table 4-1). With diagnosis to a great extent dependent on pal
patory tests, establishing reliability of trigger point palpation is an even more important 
step toward establishing validity of the clinical construct of MTrPs. Adequate intra- and 
interrater reliability for the identification of MTrPs is justifiably considered the lowest 
threshold of proof required to satisfy construct validity of the MTrP concept. Therefore 
the goal of this chapter is to systematically review the research on reliability of trigger 
point palpation with the intent of providing a current best evidence synthesis with atten
tion to implications for clinical practice and future research. 

TABLE 4,1 Recommended Criteria for Identification of MTrPsl 

Essential Criteria 
• Taut band palpable (where muscle i acce ible) 
• Exquisite spot tendeme' of a nodule in a taut band 

• Patient recognition f current pain complaint by pressure on the tender nodule (iJemifie 
an active crigger point) 

• Painful limit to full stretch range of motion 

Confirmatory Observations 
• Vi ual or tactile identification of a local twitch response (LTR) 

• Imaging of an LTR i�uced by needle penecration of tender nodule 
• Pain or altered sensation (in the distribution expected from a trigger point in that muscle) 

on compression of tender nodule 

• Electromyographic demonstration of spontaneous electrical activity characteristic of active 

loci in the tender nodule of a taut band 
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Methods and Materials 

A literature search was performed using the M edline via PubMed and CINAHL data
bases from thei r inception th rough June 2008. We combined the search terms "myofas
cial trigger point" and "reliability." We retrieved Englis�l-language studies that describe d  
reliability research into MTrP palpation o f  the spine a n d  extremity muscles. S tudies o n  
t h e  temporo mandibular joint were excluded, a s  were studies on instrumented algo
metry. This literature-search strategy was expanded with a hand search of the reference 
lists of the articles retrieved and by contacting experts for additional references, if such 
existed. 

Flawed studies and the resulting biased reliability statistics can provide the clinician 
with unwarranted confidence with regard to diagnosis. Th is review is a systematic review 
in that it uses the Data Extraction and Quality Scoring Form for Reliability Studies of Spinal 
Palpation. This methodological q uali ty assessment tool was developed by Seffinger et al14 
and used in a systematic review of reliability studies of spinal palpatory tests. It collects 
information on study details with regard to subjects, examiners, study conditions, data 
analysis, and results. Scores are weigh ted, leading to a maximum score of 100. Both 
authors independently scored al l papers retrieved and then determined a final score based 
on consensus. 

With no established cutoff values and no research into the reliability of the method
ological quality assessment tool used, we acknowledge that the assessment it provides is 
qualitative at best. Therefore, i n  addition to these scores we provide a narrative discussion 
of the biases in the reliability studies retrieved to allow for a current best evidence syn
thesis, taking into account p o tential m e thodo logical flaws n o t, or i n suffici e n tly, 
addressed in this methodological quality assessment tool. 

Results 

The Medline search yielded n i ne refere nces, of which three were re trieved. 15-17 The 
CINAHL search yielded five references, of which one was appropriate but a duplicate of 
the Medline-yielded references. 16 A hand search of the refe rence lists yielded an additional 
four references. 17-21 The expert search produced two more papers, for a total of nine orig
inal studies22,23 Of these studies, eight dealt with inte rrater reliability, whereas one 
studied intrarater reliability. Table 4-2 provides the scores on the methodological quality 
assessment tool for all studies. 

A synopsis of each paper is presented below in chronological order in the following 
format: rater details; training; MTrP diagnostic features tested; specific muscles tested; 
subject characteristics; methodology and process of study; data analysis and statistics 
used; results reported, including data on prevalence where provided; and author conclu
sions. No further data is provided on the rating scales used, because all studies used a 
dichotomous rating scale noting the presence or absence of diagnostic features. 
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TABLE 4�2 Methodological Quality Assessment Tool Scores14 
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Interrater Reliability Studies 

Wolfe et al (1992) study 

Results • 71 

Wolfe et ailS reported on a study, part of \I hich established MTrP interrater reliability 
testing. Two physiatrists, one neu rologist, and one internal medicine specialist, all con
sidered MPS experts, were the raters. The initial study design intended to also include four 
rheumatologists as raters; however, these medical specialists could not become proficient 
in MTtP examination during the practice sessions, and therefore the design study was 
changed to include only the MPS experts. In addition, the researchers further altered the 
study by reducing the number of muscles tested to eight on only the right side of the body, 
because not all experts were able to assess the muscles in  the allotted IS-minute examina
tion period. A reported half-day training session preceded the actual study; however, 
much of this time was taken up with (unsuccessfully) attempting to train the rheumatol
ogists in MTrP palpation (personal communication Dr. David S imons, November 2006). 
The clinicians tested for the presence or absence of a taut band, tender point, referred 
pain, recognized pai n, and local twitch response (LTR). Operational definitions were 
taken from Travell and S imons. 12 An active MTrP was defined as having the diagnostic 
characteristics of spot tenderness, a taut band, an LTR, and referred pain recognized by 
the patient. In contrast, a latent MTrP only had spot tenderness, a taut band, and an LTR. 
The muscles tested were the levator scapulae, supraspinatus, anterior scalene, u pper 
trapezius, infraspinatus, pectoralis major, the sternal section of  sternocleidomastoid, and 
the iliocostalis and longissimus at TlO-Ll area. Subjects were 23 females in three groups: 
seven subjects with fibromyalgia recruited from community-based rheumatology prac
tices, including that of one of the participating rheumatologists; eight patients with MPS 
recruited from the practice of one of the MPS expert raters; and eight age- and sex
matched asymptomatic volunteers. Mean ages were 39.7, 32.6, and 34.2 years, respectively. 
Raters were blinded to subject diagnosis, and subjects were blinded to tester special ity. 
Eight subjects were examined in a 2- to 3-hour period and someone other than the raters 
documented the findings. Data were summed to obtain a total count for each character
istic tested, with missing data extrapolated by obtaining the means of all values for that 
subject and rater. The three diagnostic groups and raters were compared using a two-way 
analysis of variance. Tukey's m ultiple-comparison test was used for post-hoc analysis. 
Statistical significance was set at 0.05, and al l tests were two-tailed. 

Muscle tenderness was present in 75% of subjects in both patient groups. Taut  bands 
were found in 50% of subjects in all groups, whereas an LTR was elici ted in 30% of subjects 
in all groups. Referred pain sensations were noted in 45% of subjects in the patient groups. 
Examination produced pain recognized by the patient in 37.5% of sites examined in both 
patient groups. Latent MTrPs occurred in less than 3% of subjects in all groups, whereas 
active MTrPs occurred in 18% of subjects in both patient groups. Based on statistical 
analyses, the authors concluded that the MPS experts did not differ in their ability to 
identify referred pain, recognized pain, or latent MTrPs. In contrast, there were significant 
interrater differences for the MTrP count and identification of the taut band, the LTR, 

Copyrighted Material



72 • Chapter 4 Re l iab i l ity of Myofascial Trigger Point Pal pation 

and active MTrPs. In fact the raters differed nearly rwofold on MTrP count and identifi
cation of taut bands, greater than threefold on identification of the LTR, and more than 
fivefold on identification of active MTrPs. 

However, when the criteria for MTrP identification were redefined as solely the pres
ence of pain on palpation with the presence of referred pain recognized by the patient, the 
raters did not differ statistically with regard to MTrP identification. In the original study, 
use of the K-statistic was avoided, reportedly due to the fact that subject findings might 
have been different at each examination because of previous examinations. 

Simons and Skootskyl later analyzed the original data and reported the following 
interrater K-values: taut band 0.29; spot tenderness 0.61; LTR 0.16; referred pain 0.40; and 
recognized pain 0.30. Overall, the reliabiliry for MTrP identification was poor. Because 
latent MTrPs, taut bands, and LTR were equiprevalent in all groups, the authors ques
tioned the pathological nature of such findings. The authors concluded that agreement 
on an MTrP definition was essential and that at the very least subsequent studies should 
specifY the definition for research purposes. They also recommended that each definition 
must establish its own reliabiliry and validiry and suggested that specific  training could 
lead to substantial increases in reliabiliry. 

Nice et al (1992) study 
The raters in the study by Nice et aFo were 12 physiotherapists wi th 3-17 years of experi
ence in treating patients with LBP. Three raters had had specialized training in MTrP 
examination. Seven raters examined patients for MTrPs routinely, of which twO tested 
four to six and five examined one to three patients per week. A written description of 
Travell and Simons' 1983 assessmentl3 for the iliocostalis lumborum and longissimus 
thoracis muscles was provided to each rater. A palpation practice session was completed 
until all the raters reported confidence in administering the palpation tests. Raters tested 
for MTrP presence or absence in the L1 iliocostalis lumborum and TlO/11  and the L1  
longissimus thoracis. Criteria for MTrP presence were onset or increase in  pain in the 
expected reference zone for the muscle. Subjects were 50 patients with LBP (62% female; 
age 19-77; mean age of 39) recruited from the caseloads of the participating therapists 
with pain indicative ofMTrP involvement in the muscles studied. The subjects were tested 
in random order by two raters chosen arbitrarily from the rater pool, excluding therapists 
involved in the patients' care. Each subject was positioned in side-lying position with hips 
and knees bent to 90°. Patients were included for data analysis if they presented with pain 
patterns as described by Travel! and S imons. Of 235 MTrP examinations, 197 were 
deemed appropriate for data analysis. The authors used the K statistic with standard error 
(SE), percentage agreement (PA), observed proportion of positive agreement (P pos) ' and 
observed proportion of negative agreement (P neg) for statistical analysis. 

The authors calculated overall statistics as well as statistics for when only the correct tech
nique was used. In addition, the authors provided statistics for when both correct technique 
was used and where patients reported pain immediately prior to examination. Data for all 
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TABLE 4-3 Interrater Reliability Statistics Nice et al20 Study 

MTrP n 

Overall interrater reliability 

A 

B 

C 
--- -----

67 

71 

59 

K(S� PA 

0.29 (0.16) 76 

0.31 (0.16) 79 

0.38 (0.16) 79 

Interrater reliability with rater using correct technique 

A 37 0.35 (0.22) 91 

B 19 0.35 (0.22) 82 

C 36 0.46 (0.18) 81 

P (>OS 

0.43 

0.52 

0.44 

0.46 

0.46 

0.59 
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P"<1: 

0.85 

0.87 

0.87 

0.88 

0.89 

0.87 

Interrater reliability with rater using correct technique and patient reporting pain 
immediately prior to examination 

A 23 0.25 (0.24) 70 0.46 0.79 

B 25 0.42 (0.23) 80 0.56 0.87 

C 20 0.38 (0.21) 70 0.62 0.75 

three scenarios are provided in Table 4-3. Separate analysis of the seven more experienced 
raters did not demonstrate an appreciable difference in reliability. The authors concluded 
that despite the high percentage agreement (76-79%), the low K values (0.29-0.38) and P pos 
values (0.43-0.52) indicated consistently poor reliability for MTrP palpation and ques
tioned the usefulness of examining for MTrPs in patients with LBP. 

Njoo and Van der Does (1994) study 
Njoo and Van der Does19 used one experienced general practi tioner who had received 
additional training in a rheumatology university hospital and four last-year medical stu
dents trained by the experienced clinician over a 3-month period. During the study, a pool 
of three raters (the experienced clinician and two students) was always available. Prestudy 
training included performance, interpretation, and registration of the examinations, and 
practice application of2 kg offorce by the index finger was carried out using a balance for 
standardization of applied pressure. Characteristics defined and tested were absence or 
presence of spot tenderness, referred pain, taut band, LTR, l imited range of motion, jump 
sign, and recognition of the patient'S pain. The muscles tested were the bilateral quad
ratus lumborum and gluteus medius, as described by Travell and Simons.13 Of 124 sub
jects, 61 were patients with nonspecific LBP (44.2% female; mean age 36.2) and 63 patients 
who had consulted their general practitioner for reasons other than low back pain and 

Copyrighted Material



74 • Chapter 4 Re l iab il i ty of Myofasc ial Trigger Point Palpat ion 

who also noted no low back pai n at the time of consultation acted as controls (50.7% 
female; mean age 38.1). Subjects were recrui ted from general medical practices and health 
centers. The examination methodology included subjects completing a questionnaire and 
undergoing a physical (orthopaedic and neurologic) and MTrP examination. The first 
rater completed this part of the testing and then the second rater completed the MTrP 
examination blinded to the fi rst rater's findings and to symptom status. The second rater 
tested for all characteristics, with exception oflimited stretch range of motion. The reason 
provided for this exception was that i ncluding this characteristic would have entailed the 
subject moving around, which might have led to unblinding. Tables were used to give 
visual information on prevalence. Prevalence of MTrP characteristics varied greatly i n  
patients i n  the quadratus lumborum (range 2-32) and i n  the gluteus medius ( range 1-29); 
for the controls these ranges were 0-11 and 0-9, respectively. Reliabil ity was expressed 
with K-statistics with 95% confidence intervals (Table 4-4). The authors concluded that 
localized tenderness with recognition of the patient'S complaint by palpation and pres
ence of a jump sign had both good interrater reliability and discriminative value for dis
tinction between patients with nonspecific LBP and controls. They also questioned the 
value of a palpable taut band as a prerequisite for MTrP diagnosis, because this finding 
occurred also without tenderness in the study subjects. 

Gerwin et al ( 1997) study 
Gerwin et a[l7 reported on a two-phase interrater reliabi lity study. Phase I of the study 
included two physiatrists and two neurologists, all MPS experts. Prestudy training con
sisted of a discussion session the night before the study to ascertain the muscles to be 
studied and to review MTrP characteristics to be tested. Characteristics tested included 
tenderness, tau t band, LTR, referred pain, reproduced pain, and presence or absence of an 
MTrP. The muscles tested bilaterally were the sternocleidomastoid, trapezius (upper and 
lower), anterior scalene, levator scapulae, infraspinatus, latissimus dorsi, teres minor, 

TABLE 4�4 Interrater Reliability for Individual MTrP Characteri tics19 

MTrP Symptom Quadratus Lumborum Gluteus Medius 
Tested 1C (95% CI) 1C (95% Cl) 

Localized tenderness 0.73 (0.6t-0. 5) 0.58 (0.43-0.74) 

ReferreJ pam 0.36 (-0.04-0.76) 0.46 (0.18-0.74) 

Palpable band 0.47 (0.28-0.68) O.St (0.34-0.69) 

Twitch respon e 0.19 (-tf.J8-O.77) -0.02 ( .99-0.96) 

Recognition of pain 0.57 (0.38-0.7 ) 0.58 (0.38-0.79) 

Jump sign 0.68 (0.53-0.83) 0.71 (0.55-0.86) 
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triceps, and extensor digitorum.  No distinction was made with regard to active or latent 
trigger points. The subjects were 25 personnel at an army medical center (52% female; 
mean age 50). No exclusion criteria wertJiset, because the study did not ai m to relate MTrP 
presence to a specific diagnosis. Each subject was randomized and subjects were examined 
in IS-minute periods each in three groups of 8-10 subjects. Subjects were instructed to 
speak only in relation to their response to the examination (e.g., referred pain) and not to 
discuss symptom status. Statistical analysis was done with percentage agreement, a gen
eralized version of Cohen's K used to indicate pairwise agreement, called the Say' and a test 
of significance to see if the Say value really differed from zero. 

Phase I results were summarized with reliability being low across the characteristics and 
with no features approaching an Say of 0.5 except for tenderness of the left upper trapezius 
and left extensor digitorum muscles (0.52 and 0.55, respectively). The authors concluded 
from the phase I study a failure to demonstrate reliability for any of the features with excep
tion of tenderness of the trapezius and extensor digirorum, as noted above. 

Phase II used the same raters but included a much more in-depth 3-hour training ses
sion immediately prior to the study. Definitions of the MTrP characteristics were reviewed 
to achieve consensus among the four raters. Practical training included practice on a vol
unteer and the other raters, and consensus was achieved. The use of pincer and flat palpa
tion depending on the muscle tested was discussed. The amount of pressure used was left 
at the discretion of the rater in that it needed to be sufficient to satisfY the examiner that 
the feature was present or absent. The LTR was confirmed either visually or by feel. A uni
form process for subject'S pain recognition and pain referral was agreed upon to exclude 
leading questions. The rating scale was dichoromous for the presence or absence of the 
same characteristics as phase I of the study, but raters also determined whether an active 
or latent MTrP was present. Point tenderness and a taut band with palpation reproducing 
the patient'S recognized pain defined an active MTrP, whereas a latent MTrP was charac
terized only by a tender point and taut band. Referred pain and LTR were considered to 
confirm MTrP presence. Muscles tested bilaterally were the sternocleidomastoid, upper 
trapezius, infraspinatus, the axillary portion of the latissimus dorsi, and extensor digi
toru m. Ten subjects (70% female; mean age 42) were recruited from the practice of one of 
the raters and included both patients and asymptomatic friends or spouses of patients. 
Six subjects had cervical spondylosis or radiculopathy, one had piriformis syndrome, and 
three were pain-free. Subjects were randomized for examination sequence and were exam
ined in a IS-minute period; they were instructed to speak only in relation to their response 
to the examination (e.g., referred pain) and not to discuss their symptom status. Statistical 
analysis was similar to phase I, bu t descriptive statistics on the presence and absence of the 
individual characteristics tested and the presence of active or latent MTrPs in each of the 
five tested muscles were added. 

The number of MTrP features present varied from 23-80; the number absent ranged 
from 1-56. Phase II results demonstrated significan t improvement over phase I, and 
reported Say values for the individual features were as follows: tenderness OA8- 1.0; taut 
band OAO-OA6; LTR 0. 1 1-0.57; referred pain 0.57-0.84; and patient-recognized pain 
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0.79-1.0. Due to almost complete agreement, Say was n o t  applicable for tenderness and 
taut band in the sternocleidomastoid and tenderness and LTR in the extensor digitorum. 
Agreement for the presence or absence of an active or latent trigger point was 0.84 for the 
sternocleido mastoid, 0.66 for the upper trapezius, 0.65 for the infraspinatus, 0.79 for the 
latissi mus, and 0.95 for the extensor digitorum. 

The authors concluded based on their findings from phase II that four raters could 
agree on the MTrP fearures and on the presence or absence of latent and active MTrPs. 
They claimed that the study established reliabi l ity of the clinical signs of the MTrP. 
Furthermore, the diversity of the results between phase I and II was suggested to arise 
from study design. Whereas phase II included the same expert raters, the difference was 
the extent of the prestudy consensus and practical training process. The authors also 
noted that force required for palpation could not be standardized for all patients and that 
reliability seemed to differ across muscles. 

Lew et al ( 1997) study 
Lew et al22 used two experienced physical therapists-osteopaths considered MPS experts 
by their peers. These raters read TraveU and Simons' 1983 12  Chapter 6 on the trapezius 
muscle, discussed the p rocedure, and agreed that their technique was similar to that of 
Travell and Simons. No hands-on palpation training was reported in the study. The raters 
established presence or absence of latent trigger points (both referring and nonreferring) 
in the upper trapezius. Criteria adopted in this study to confirm the presence of a latent 
MTrP were spot tenderness, taut band, and maximum local or referred pain. The study 
assessed the ability for the clinicians to identify the location of trigger points identified in 
the upper trapezius by transferring the MTrP position ontO a quarter-size body chart by 
directing an assistant to mark the chart. Subjects were 58 asymptomatic volunteers (59% 
female, 41 % male; mean age 28.7 and 28.9, respectively), who had not been treated for cer
vical, thoracic, or shoulder complaints in the prior 3 months. The subjects were random
ized for testing and were examined at the rate of 15 per hour with 5 minutes between 
examination of one subject by the second of the two raters to allow for the reduction in  
palpatory erythema. The  patient lay prone in  the  position suggested by  Travell and 
Simons. 12 If the examiner suspected a taut band in the trapezius, verbal interaction was 
allowed and the clinician used subject feedback to locate the point of maximal tenderness 
and local or referred pain. At this stage, the examiner verbally directed an assistant to 
locate the position of the latent MTrP on a body chart using an "X." The quarter-size 
body chart had vertebrae, scapulae, and the borders of trapezius diagrammatically repre
sented. The criteria used for agreement between the two examiners was a difference in 
location of less than 5.0 mm from the center of the XS on the quarter-size life size chart 
(i .e . ,  a 20-mm di fference on the subjects). This criterion was based on an EMG study that 
claimed that MTrPs have a radius of 10 mm.24 • 

Results were descri ptively presented and percentage agreement on location of nonrefer
ring and referring MTrPs was reported as 10% and 21 %, respectively. There was discordance 
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in the number of trigger points identified berween the raters: 87 versus 174! The aurhors 
claimed from the data that K could not be validly calculated, and therefore it was not 
reported. They also concluded that poor in'terrater reliabiliry agreement existed for location 
of MTrPs in the upper trapezius and that the results suggested that MTrPs in the upper 
trapezius could not be reliably identified by palpation. The authors implied that prestudy 
training might not have been adequate to ensure a uniform approach to examination. The 
suggestion was made that prior to future studies "rigorous familiarization" training 
should be initiated to form consensus on practical application of tactile perception. 

Hsieh et al (2000) study 
Hsieh et al21 used four chiropractors and four physiatry residents, all considered nonex
pert raters. The eight raters were split into trained and nontrained groups. The trained 
group consisted of rwo chiropractors with 3 and 5 years of licensure, a second-year physi
atry resident with 3 years of licensure, and a third-year physiatry resident with 6 years of 
licensure. The nontrained group consisted of a senior chiropractic faculry member and a 
chiropractor, both with 15 years oflicensure, and rwo second-year physiatry residents with 
2 years of licensure. The trained group received th ree 2-hour lectures on MPS and MTrP 
localization, referencing Travel l  and Simons12 textbook, and three 2-hour practical ses
sions on symptomatic and normal subjects. Standardization of the amount of palpatory 
pressure was practiced using an algometer with 3 kg/cm2 for superficial and 7-8 kg/cm2 
for deep muscles. The untrained group was instructed to locate a taur band, LTR, or  
referred pain in  the  muscles tested. They were given a handour showing MTrP location 
bur no other training.  The cl inicians were tested agai nst an MPS expert cl inician
researcher. Ten muscles (L1 iliocostalis, rectus femoris, lower portion of the rectus abdo
minis, tensor fasciae latae, the distal superfi cial quadratus lumborum, MTrP2 in the 
gluteus maxim us, MTrP2 in the gluteus medius, the anterior portion of the gluteus min
imus, MTrPl in the piriformis, and MTrPl in the soleus; numbering of trigger points was 
as provided in Travel! and Simons 12) were tested bilaterally for the presence or absence of 
a taut band, LTR, and any referred pain. Subjects were 26 patients with LBP (53.8% male; 
mean age 47.9) and 26 control subjects (57.7% male; mean age 42.5), who were recruited 
via 27 various media presentations. The patients were tested in groups of three to seven 
per session and were initially examined by the expert rater and then by rwo trained and 
twO nontrained raters in a predetermined random order. The testers were blinded to the 
expert's findings, each other's findings, and to symptom status. Overall, stratified, and 
mean K-coefficients (with SE) served as indicators of agreement. 

Results reported for the palpation of the taur band, LTR, and referred pain yielded low 
K values between expert and trained (0.215, 0.123, and 0.342, respectively) and berween 
expert and untrained (0.050, 0.118, and 0.326, respectively). Interrater agreement for the 
nonexpert, trained examiners was 0.108, -0.001, and 0.435, respectively, and -0.019, 0.022, 
and 0.320, respectively, for the nonexpert, untrained examiners. The study concluded that 
for nonexpert p hysiatrists or chiropractors MTrP palpation was not reliable for detecting 
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taut band and LTR and only marginal for referred pain after training. It was suggested 
that expertise in the form of extensive clinical experience might play a more important 
role in palpation of MTrP characteristics than training. 

Sciotti et at (2001) study 
Sciotti et aIls used four clinicians with 9-18 years of experience in MTrP diagnosis and 
management. Prestudy, the raters compiled a training manual and gathered relevant MTrP 
information and completed four 3-hour sessions of training and practical application 
testing on volumeer subjects. The right trapezius muscle was examined for the presence or 
absence of five characteristics: taut band, nodule, spot tenderness, jump sign, and LTR To 
identify a latem MTrP, two of the following needed to be presem: taut band, nodule, 
and/or spot tenderness. In addition to interrater reliability, clinical precision of palpatory 
location of the upper trapezius was measured by the 3D infrared OptoTRAK3020 camera 
system. Twenty asymptomatic subjects (60% female; age 20-40) were recruited from a local 
health clinic. Subjects were excluded if they had an existing clinical disorder and active 
MTrPs. Subjects were examined in randomized groups of four on any given day, and each 
clinician examined each subject individually in a dimly lit room to avoid identification of 
erythema from previous palpation. The order of the clinicians was randomized, and the 
right upper trapezius was palpated from medial to lateral. The subjects were able to interact 
with the clinicians on their response to the palpation, but they were prevented from dis
cussing previous assessment findings. Upon MTrP identification an assistant placed a 
probe underneath the clinician's fingers over the site and the fingers were then removed 
from the site, at which time a 3 D measurement was taken. Data were gathered and reported 
descriptively for the five tested features. The 3D precision of palpatory location was 
expressed with a generalizability coefficient and standard error of measurement (SEM). 

Of the 20 subjects, 16 were identified as having an MTrP. Results revealed good agree
mem for palpation of a taut band, nodule, and spot tenderness. All raters were in com
plete agreemem on 14 of these 16 subjects. The authors reported that palpation for the 
trapezius was reliable across the whole group of raters for identification of taut band, 
nodule, and spot tenderness features of the MTrP but very poor for the jump sign and the 
LTR Based on a criterion reliability threshold of a generalizability coefficient �0.80, the 
use of only two raters was most reliable. This two-rater scenario yielded a precision of 3D 
location of the MTrP with a generalizability coefficient of 0.92, 0.86, and 0.83 and an SEM 
of 7.5, 7.6, and 6.5 mm in the medial-lateral, superior-inferior, and anterior-posterior 
directions, respectively. This accuracy of 3D location essemially approached the physical 
dimensions of the fingertips. Also, reliability was increased-not surprisingly-if the 
patient was inherently more tender to palpation. 

Bran et at (2007) study 
• 

Bran et al23 used three physiotherapists working in a practice specializing in muscu-
loskeletal disorders of neck, shoulder, and arm and with 2-21 years of experience in MTrP 
identification as raters. This study is included as Chapter 5 in this book. Prestudy, the 
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racers com p ieced 8 hours of craining and consensus-building on palpacion cechnique, 
posicion, amollnc of pressure, and MTrP 10calizacion. Three bilaceral shoulder muscles, 
che infrasp inacus (chree MTrPs), poscerior delcoid (one MTrP), and biceps brachii (cwo 
MTrPs) were examined for absence or presence of a nodule in a caur band, referred pain, 
LTR, and jump sign. The feacure of recognized pain was omicced co maincain blinding of 
che racers co sympcom scacus. The criceria for MTrP presence were a nodule in a caur band, 
referred pain, LTR, and a jump sign. Forty subjeccs were recruiced from a physical cherapy 
praccice and consisced of 32 unilaceral and bilaceral paciencs wich shoulder pain and 
referral diagnoses of rocacor cuff disease, cendonicis, tendinopathy, subacromial imp inge
ment, or chronic subdelcoid-subacromial bursitis and eight concrol subjeccs. Raters were 
blinded co subjecc scacus, and che subjeccs were randomized for testing. The assessments 
were completed in 10 minutes, and muscles were tested in uniform positions in siccing 
(i.e., the infraspinatus wich che arm by the side and the other cwo muscles with the fore
arms supported wich s light elbow flexion). The subjects were instrucced to inform the 
raters if they experienced referred pain bur were prohibited from reporting if the pain was 
familiar, thus maincaining blinding co sympcom status. Results were reported in propor
cion of observed agreemenc (Pobs) and K values becween pairs of racers for individual char
acceristics and for agreemenc on MTrP presence and also by calculacing a prevalence index, 
che absolure value of the difference between the number of agreemencs on positive and 
negative findings divided by the cotal number of observations as an indicator of the effect 
of limiced variacion in che daca sec on K values. The chree racer-pairs were also compared 
for scaciscically significanc differences using che Kruskal-Wallis cesc. 

The aurhors summarized che resulcs nocing chac P obs was �O. 70 in five our of six crigger 
poincs for referred pain sensacion (0.68-0.87) and che jump sign (0.63-0.93) ,  yielding 
chese as the mosc reliable feacures. Less reliable resulcs were noced for nodule in a cau r 
band (0.58-0.86) and che LTR (0.51-0.82). The reliability of che agreemenc on MTrP pres
ence for che ch ree infraspinacus MTrPs was 0.69, 0.76, and 0.78; for che anrerior deltoid 
0.66; and for the twO MTrPs in the biceps brachii 0.59 and 0.63. The K values were highly 
variable and affecced by prevalence of findings. There were no scaciscically significanr dif
ferences becween che chree racer-pairs wich regard co che idenrificacion of absence of pres
ence of MTrPs. The authors concluded that palpacion of the shoulder muscles cesced in 
chis study was reliable among chree blinded examiners, as demonscraced by accepcable 
agreemenr on che presence and absence of MTrPs. The findings were caken co imply chac 
palpacion is a potenrially useful diagnoscic cool in patienrs wich shoulder pain bur chat 
reliability differs per muscle and even per MTrP in che same muscle. 

Intrarater Reliability 

AI-Shenquici and Oldham 16 publis hed che only MTrP palpacion imraracer reliabilicy 
study. The racer was a physical cherapisc wich 11 years of clin ical experience and excen
sive craining in MTrP examinacion. The MTrP characteris cics cesced were absence or 
presence of SpOt tenderness, cau r band, jump s ign, LTR, pain recognicion by pacienc, 
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and referred pain for the supraspinatus, infraspinatus, teres minor, and subscapularis. 
Subjects consisted of 58 patients (53% male; mean age 48.4) with a medical diagnosis of 
rotator cuff tendonitis of  greater than 6 weeks' but less than or equal to 18 months' 
duration. The diagnosis required a painful resisted movement of  at least one motion of 
abduction, internal, or external rotation with or without a painful arc. Full range of 
motion but  i mpingement on end of range of passive flexion also served to include the 
patient. No asymptomatic controls were included in this study. After recording the 
patient's report of pain pattern, the rater performed a flat palpation of the four rotator 
cuff muscles for the six characteristics tested in each muscle in reported standardized 
posi tions in a period of approximately 8 minutes per subject. This was repeated 3 days 
later for each subject by the same rater blinded to the docu mented findings of the ini
tial testing. Data were reported descriptively for MTrP presence at initial test using the 
criteria of Spot tenderness, tau t band, pain recogn ition, jump sign, and referred pain. 
The presence of MTrPs for each muscle on initial test was reported as 88%, 62%, 20.7%, 
and 5.2% for the supraspinatus, infraspinatus, teres minor, and subscapularis, respec
tively. Despite this fairly homogenous group, the K-statistic was employed and reported 
for each muscle and characteristic. Results yielded K values of  1.0 for spOt tenderness, 
taut band, jump sign, and recognized pain for all fou r  muscles, and the K values for 
referred pain were repo rted as 0.85, 0.86, 0.88, and 0.79 for the supraspinatus, infra
spinatus, teres minor, and subscapularis respec tively. For the supraspinatus or sub
scapularis a K fo r the LTR could not be calculated because there were no posit ives 
iden tified, but a K = 0.75 was reported for the infraspinatus and K = 1 .0 for the teres 
minor based upon two posi tive findings. The authors concluded intrarater reliability of  
MTrP characteristics in  the  rotator cuff muscles of patients diagnosed with tendonitis 
was establ ished for the presence of spot tenderness, taut band, jump sign, and recog
nized pain. The intrarater reliabil ity for the LTR varied depending on the muscle tested. 
The study acknowledged that external validity migh t be l imited due to rater expertise 
and that although the rater was blinded during the second test there was potential for 
subconscious recall of the ini tial assessment findings. 

Discussion 

As we noted in the introduction, the goal of this chapter is to determine a current best 
evidence synthesis with regard to reliability of MTrP manual palpation. Crucial to this 
stated goal i s  an evaluation of the research validity of  the retrieved research papers. 
Domholdt25 defined research validity as the extent to which conclusions of a study are 
believable and useful. We will discuss three areas specific to these reliability studies on 
manual identification of MTrPs where research validity can be threatened: construct 
validity, external validity, and statistical conclusion validi ty. In addition to this narrative 
review, we will use the implications of the systematic review using the Data Extraction and 
Quality Scoring Form for Reliability Studies of Sp/nal Palpation criterion l ist to provide a cur
rent best evidence synthesis. 
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• 
Constru ct Val idity 

A construct is an artificial framework that is not directly observable. The main th reat co 
construct validity in reliability research is the discrepancy between the construct as labeled 
and the construct as implemented.25 

It is evident that absence of a uniform MTrP defini tion threatens construct validity of 
the studies. Although all interrater reliability studies referred to the work of Travel! and 
Simons/,12,J3 none have used the essential criteria proposed in Table 4- 1 for MTrP identifi
cation. Njoo and Van der Doesl9 and Hsieh et al2 1  only studied individual MTrP character
istics. Nice et al20 used the most simplistic MTrP definition as tenderness and reproduction 
of trigge r-point-specific characteristic referred pain .  These authors excluded 1 1  % of 
responses based on referral outside of the patient-indicated area of LBP. As Gerwin et al l7 
noted, this may have excluded points that did fulfil MTrP criteria from statistical analysis. 
All other studies either used rwo15,23 or three l 6- l s  of the essential criteria with a variety of 
the additional confirmatory findings as proposed by Simons et al l added in to satisfY cri
teria for MTrP identification. Wolfe et ailS did a secondary analysis of their data with defi
nition of an MTrP based on palpacory tenderness and patient recognition of pain, which 
one can hardly consider specific findings unique to an MTrP. As Wolfe et al lS noted, con
sensus on MTrP definition is required and in absence of that consensus it is required that 
various proposed definitions establish their specific reliability. When using MTrP palpa
tion in a clinical situation, we need co verbalize which definition we adhere co, because this 
clearly determines reliability. A si milar case can be made with regard to the operational def
initions of the various MTrP characteristics in the studies discussed. 

Another aspect of construct validity concerns training and experience. Are these studies 
testing solely MTrP palpation or are they studying MTrP palpation in combination with 
varying levels of training and clinical experience? Table 4-5 qualitatively shows that relia
bili ty was supported only in those studies that used both expert raters and prestudy 
hands-on training. ls , 17,23 This is also clearly illustrated by the difference in findings 
berween phases I and II in the Gerwin et al 17 study. This again has clear implications for 
reliable use of MTrP palpation in clinical practice. 

Another th reat to construct val idity is that of the MTrP being clearly localized. 
Although the integrated hypothesis clearly favors MTrP location near or at the mocor end
plate, theoretically MTrPs can form anywhere in the muscle belly, which is also confirmed 
by both our clinical observations. Limiting the palpatory examination to spec ific demar
cated areas, as was done in the Nice et aFo and Hsieh et al21 studies l imits, as also noted 
by Gerwin et al,17 the likelihood of finding MTrPs and does not represent clin ical reali ty. 

Most articles studied presence or absence of referred pain; l6,19-21,23 however, only Nice 
et a120 specified the exact referral pattern as defined by Travel! and Simons. 1 3  Recent 
research26 has cast doubt on at least one muscle referral pattern as proposed by these 
authors, which would seem to further question construct validity of the Nice et al20 study. 

Our narrative review revealed several-in our opinion fatal-flaws with regard to con
struct validity: insufficiently specific definition of an MTrP, assumptions with regard to a 
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TABLE 4�5 Effect of Level of Expertise and Prestudy Training on Reliability 
Findings 

Study 

Wolfe e t  a ( l H  

N ice e( aFo 

Njoo & Van 
der Does l 9  

Gerwin et al 17  
( Phase I)  

Gerwin et a( l7  
( Phase I I )  

Lew et a F l  

Hsieh et alll 

ciotti et a(l '; 

Bron et al! 1 

Expertise 
Level 

Expert 

Expert. varied level 

Expert and nonexpert 

Expert 

Expert 

Expert 

Expert and nonexpert 

Expert 

Expert 

Hands�On Reliability 
Pretraining Conclusion 

None Unsupported 

None n�upported 

Yes Part ially 
supported 

None Un'upporred 

Yes upported 

None Unsupported 

Yes nsupporrcd 

Yes Supported 

Ye upporred 

fixed MTrP location, and the use of a nonvalidated referral pattern as the main diagnostic 
criterion. For these reasons, we omi tted the Wolfe et al , I 8  Nice et al,20 and Hsieh et al21 
studies from consideration for our best evidence synthesis. 

External Validity 

External validity deals with the degree to which study results can be generalized to dif
ferent subjects (in this case raters, test subjects, muscles tested), setti ngs, and times.2s 

Raters with various different professional backgrounds have been used in these studies, 
including medical students, general practitioners, and medical specialists,17- 19,2 1 physiothera
pists, 16,20,22, 23 and chiropractors.1s-21 Again, looking at Table 4-5 we note adequate reliability 
reported in studies done by all three professions involved, but we also note that rather than 
professional background the level of expertise and prestudy training seem to determine study 
outcome. Expertise and prestudy training affect external as well as construct validity. 

Four studies 1S ,17,IS,22 identified latent MTrPs. Two of these studiesls,22 exclusively used 
asymptomatic subjects with latent upper trapezius MTrPs. Although one study27 suggested 
that latent MTrPs may affect movement patterns, Wolfe et al lS have questioned the clinical 
relevance of latent MTrPs. With regard to reliability, Nice et  al20 clearly showed greater reli
ability in subjects symptomatic at the time of evaluation. Not surprisingly, Sciotti et ai l s  
showed that reliability was directly related to  the-..amount of palpatory tenderness: Greater 
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tenderness yielded greater interrater reliability in locating the MTrP. Other studies have 
used symptomatic subjects with fibromyalgia, 18 MPS, 18 10w back pain,19-21 neck pain,17 and 
shoulder pain,23 allowing for careful extrapolation to these clinical populations only. 

Various muscles have been used for palpation reliabi l i ty testi ng, i nc luding upper 
extremi ty, neck, back, and buttock muscles. Gerwin et alP have stated that features of the 
MTrP exam ination should not be assumed to be generally reliable and that feature iden
tification tends to vary from muscle to m uscle. 

Settings have included general medicine cl inics, 17,19 specialist medicine clini cs, 17 , 18 
likely chiro practic college clinics, 15,21 generalist physiotherapy clinics, 16,20 and a specialist 
physiotherapy clinic.23 Again, looking at Table 4-5, two of the studies that reported ade
quate reliability were done in specialist settings,17,23 which together with the influence o f  
a possible h igher pain level in  patients from such settings and its effect o n  reliability raises 
the possibility of selection bias. 

Although we questioned the use of solely asymptomatic subjects and the possible selec
tion bias resulting fro m  specialty setti ngs, none of these flaws seemed s u fficient to 
exclude studies from further consideration. 

Statist ical  Conc lus ion  Val i d ity 

Using inappropriate statistical tools for data analysis is a threat to statistical conclusion 
validity.25 Reliability studies use indices of agreement to quantitatively express i ntra- or 
interrater agreement. Huijbregts28 has provided an in-depth review of i ndices of agree
ment. For the pu rpose of this review it is sufficient to know that chance-corrected i ndices 
of agreement are preferable over non-chance-corrected indices. Examples of the former 
are variations of the K-coefficient used by various studies reviewed here,16,19,20,2I,23 but this 
also i ncludes the Say used by Gerwin et aJl7 and the generalizability coefficient used by 
Sciotti et al . 15 The study by Njoo and Van der Doesl9 was the only one to supply 95% con
fidence intervals, allowing us to also j udge cli nical relevance of the interrater reliability 
findings. Table 4-6 provides consensus-based cutoff values for the clinical interpretation 
of K values. As did Seffinger et al, 14 we used a K value (and S.v- and G-coefficient values) of 
DAD as an indicator of acceptable reliability. 

TABLE 4�6 Kappa (lC) Benchmark Values28 

<40% Poor [Q fair agreement 

40--60% Moderate agreement 

60-80% ub rOlntial agreement 

> 0% Excellent agreement 

1 00% Perfect agreemenr 

Copyrighted Material



84 • Chapter 4 Re l iab i l i ty of Myofasc ia l  Trigger Po in t  Pa l pat ion 

The greatest l imitation to K statistics is that they do not provide an adequate repre
sentation of reliability in case of l imited variation in the data set ( i .e. , a preponderance of 
agreement on negative or posi tive findings).2s Various studies have provided descriptive 
or specific prevalence statistics. From the study description, it is clear that l imited varia
tion has played a role with regard to the identification of latent MTrPs in the Wolfe et 
al l S  study and with regard to identification of a taut band and tenderness in the stern
ocleidomastoid and identification of tel1derness and an LTR in the extensor digitorum 
in phase I I  of  the Gerwin et all? study. Nice et a120 indicate that the low level of  agreement 
on a positive finding negatively affected K values in their study. Bron et aF3 were the only 
study to calculate a prevalence index that clearly showed an effect of low prevalence on K 

values, and thereby made a sufficient case for their reliance of the non-chance-corrected 
statistic P obs' 

Three stuclies used tests of statistical significance. Wolfe et allS used this statistical test to 
compare raters for clifferences in summed finclings for inclividual characteristics and identi
fication of active and latent MTrPs, which provides no information on actual agreement. 
Bron et al23 used a test of significance to compare rater pairs for differences in identification 
of absence or presence of MTrPs; again, this adds little in the sense of establishing reliability. 
Gerwin et all ?  used a test of significance to establish if Say values cliffered significantly from 
zero. Although this is determined to a great degree by sample size,26 with the small sample 
used in phase II of this study this would seem to be a relevant test to support true reliability. 

Although Sciotti et ai lS used appropriate statistics for the portion of their study that 
looked at reliability of 3D location of MTrPs, for the interrater reliabil ity portion with 
regard to MTrP characteristics they only used descriptive statistics, and that did not pro
vide sufficient data to allow the reader to calculate appropriate statistics. 

We discarded the i nterrater reliability portion of the Sciotri et al lS study with regard to 
MTrP characteristics, and the Lew et aF2 and the Wolfe et al 1 8  studies for fail ing to use 
appropriate indices of agreement to express reliability. In the Njoo and Van del' Does 19 
and the Gerwin et aF? studies, interrater reliability for the LTR in  the quadratus lum
borum, gluteus medius, sternocleidomastoid, trapezius, and infraspinatus muscles and 
referred pain for the quadratus lumborum failed to meet the reliability cutoff value of K = 

�AO. Because raw data and information on the manner of calculation were insufficient, 
we also discarded the later analysis of the Wolfe et al data. 1 

M ethodo l ogical Q u ality Assessment 

Table 4-2 provides scores on the methodological qual i ty assessment tool used in this 
study. This tool systematically deflates all weighted total scores by 1 point: Unlike with 
some palpatory tests, subjects cannot be blinded to MTrP palpation findings, because 
their report of recognized and referred pain is parr of the diagnostic criteria. However, due 
to the li mited effect we found this to be acceptable. For the sole intrarater reliabil ity 
studies, items related to rater consensus were obviously not relevant: This deflated the 
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total score for the AI-Shenqiti and Oldham 16 study by an additional 13  points. Clearly, 
this tool is less suited for methodological quality assessment of intrarater studies. 

What is evident from Table 4-2 is that there has been a clear improve ment in method
ological quality of interrater reliability studies from the first study by Wolfe et allS  in 1992 
to the most recent 2007 Bron et aJ23 study. However, almost universal methodological 
flaws in need of attention in future studies include: 

• Use of subjects not naive to the palpatory test studied 
• Lack of rater blinding to subject symptom Status 
• Lack of P values to show K values di ffer significantly from zero (wh ich, as we 

noted earlier, lends credence to reliability findings in the smal l  sample sizes gen
erally used in these studies) 

• Lack of calculation of confidence intervals 
• Insufficient description of study results 

In the absence of cutoff values established by Seffinger et al, we decided to use an arbi
trary value of 70 as an indication of sufficient methodological quality. In line with findings 
from the narrative review above this eliminated the Wolfe et al, 1 8  Nice et al,20 Lew et al,22 
and the Gerwin et al (phase I) studiesl7 from consideration. 

Best Evidence Synthesis  

Based on our narrative and methodological assessment of study quality we feel confident 
in providing the following best evidence synthesis: 

• 

• 

• 

Sufficient intrarater reliabil ity has been established for identification of spot 
tenderness, taut band, jump sign, recognized pain, and referred pain for all four 
rotator cuff muscles and for the LTR in the infraspinatus and teres minor. 16 

Sufficient interrater reliability has been established for identification of local 
tenderness, taut band, recognized pain, and jump signs for both the gluteus 
medius and the quadratus lumborum muscles, whereas identification of referred 
pain has sufficient interrater reliabili ty for the gluteus medius only l9 

Sufficient interrater reliabil ity has been established for identification of ten
derness in  the up per trapezius, infraspinatus, and the axillary portion of the 
latissimus dorsi; taut band in the upper trapezius, infraspinatus, the axillary 
portion of the latissimus dorsi, and extensor digitorum; referred and patient 
recognized pain and absence or presence of latent or  active MTrPs in the ster
nocleidomastoid, upper trapezius, infraspinatus, the axi l lary portion of the 
lat iss imus dorsi ,  and extensor d ig i torum;  and LTR in the lat iss im usY 
Operational definition in  this case for an active MTrP includes point tender
ness and a taut band with palpation reproducing the patient'S recognized pain, 
whereas a latent MTrP is characterized only by a tender point and taut band. 
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• If a latent MTrP is defined as needing to have two of the following characteris
tics presem-taut band, nodule, and/or spot tenderness-accu racy of MTrP 
location in the upper trapezius is highly reliable between raters . l S  

• If the criteria for MTrP presence include a nodule in a taut band, referred pain, 
LTR, and a j u m p  sign, MTrP idemification in the posterior del toid, biceps 
brachii, and infraspinatus is highly reliable between raters, with idemification 
of referred pain and the jump sign as most reliable individual characteristics in 
these muscles.23 

A caveat with these findi ngs is that reliability seems dependem on a high level of rater 
expertise, imensive training and consensus discussion on technique and operational def
initions, and possibly higher levels of patiem-reported pain. 

Li m itati o n s  

This chapter has not addressed the literature o n  MTrP palpation reliability in patiems 
with temporomandibular joim dysfunction. We also excluded instru memed algometry 
studies, as we concentrated on manual palpation studies only; however, we acknowledge 
that algometry has obvious clinical utility and may augmem reliability of manual palpa
tory techniques. Another limitation related to our literature selection is that we chose 
English-language articles only, and that we therefore may have missed research published 
in other languages. 

Finally, the biggest limi tation lies in our elimination of articles based on a narrative 
and systematic assessmem of methodological quality. ldemification of fatal flaws in the 
narrative portion of the assessmem was based on our personal imerpretation, although 
we hope we have defended our choices appropriately. The methodological quality assess
mem tool has itself not been evaluated for reliability and has no consensus-based cutoff 
score for sufficient methodo logical quality. However, the very li mited variation noted 
after both authors independently scored all studies indicates sufficiem reliability of this 
tool and the elimination by the tool of studies already eliminated by the narrative assess
mem of study quality hint at its validity. 

Conclusion 

Rel iabi l ity of manual palpatory tests for the diagnosis of MTrPs was investigated in nine 
separate studies over the period of 1 992-2007. These studies show a clear i mprovemem 
in methodological qu ality over time but suffer from using subjects not na'ive to the test, 
lack of rater blinding, inadequate statistical analysis of the results, and inadequate pre
sentation of the findings, all points that are relevam to fu rther improving fu ture studies 
in this area. 

Critical analysis has shown reliability of various featu res of the MTrP manual diag
nostic techniques in differem muscles sufficient for confident, research-based clinical use, 
but even with these specific findings there is the caveat that reliability ap pears dependent 
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on a high level of rater expertise, intensive training and consensus discussion o n  tech
nique and operational definitions, and possi bly higher levels of patient-reported pain.  
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Introduction 

Shoulder complaints are very common in modern industrial countries. Recent reviewsl-4 
have indicated a I-year prevalence ranging from 4.7-46.7%. These reviews have also 
reported a lifetime prevalence of 6.7-66.7%. This wide variation in reported prevalence can 
be explained by the different definitions used for shoulder complaints and by differences 
in the age and other characteristics of the various study populations. Because making a 
specific structure-based diagnosis for patients with shoulder complaints is considered to 
be difficult due to the lack of reliable tests for shoulder examination, current guidelines 
developed by the Dutch Society of General Practitioners have recommended instead using 
the term "shoulder complaints" as a working diagnosis.s Shoulder complaints have been 
defined in a similarly nonspecific manner as signs and symptoms of pain in the deltoid 
and upper arm region and stiffness and restricted movements of the shoulder, often 
accompanied by limitations in daily activities.6 

Despite the absence of reliable diagnostic tests to implicate these structures, the pre
vailing assumption is that in nontraumatic shoulder complaints the anatomical structures 
in the subacromial space are primarily involved (i.e., the subacromial bursa, the rotator 
cuff tendons, and the tendon of the long head of the biceps muscle)?-9 However, this 

Courtesy of John M. Medeiros, PT, PhD, Managing Editor of the Journal of Manual and Manipulative 
Therapy. 
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assumption does not take into account that muscle tissue itself can also give rise to pain 
in the shoulder region.lo In our clinical experience, myofascial trigger points (MTrPs) can 
lead to musculoskeletal pain in the shoulder and upper arm region and contribute to the 
burden of shoulder complaints. 

The term myofascial pain was first introduced by Travell, 10 who described it as "the complex 
of sensory, motor, and autonomic symptoms caused by myofascial trigger points." An MTrP 
is a hyperirritable spot in skeletal muscle that is associated with a hypersensitive palpable 
nodule in a taut band. In addition, the spot is painful on compression and may produce char
acteristic referred pain, referred tenderness, motor dysfunction, and autonomic phenomena. 
Two different rypes ofMTrPs have been described: active and latent. Active trigger points are 
associated with spontaneous complaints of pain. In contrast, latent trigger points do not 
cause spontaneous pain, but pain may be elicited with manual pressure or with needling of 
the trigger point. Despite not being spontaneously painful, latent MTrPs have been hypoth
esized to resrrict range of motionll and to alter motor recruitment patterns l2 

As noted, referred pain is a key characteristic of myofascial pain. Referred pain is felt 
remote from the si te of origin. 13 The area of referred pain may be discontinuous from the site 
of local pain or it may be segmentalIy related to the lesion, both of which may pose a serious 
problem for the correct diagnosis and subsequent appropriate treatment of muscle-related 
pain. The theoretical model for this phenomenon of referred pain was first proposed by 
Ruchl4 and later modified by Mensel3,15 and Hoheisel.l6 Referred pain patterns originating 
in muscles have been documented using injection of hypertonic saline, electrical stimulation, 
or pressure on the most sensitive Spot in the muscleY-2l In the clinical setting, palpation is 
the onIy method capable of diagnosing myofascial pain. Therefore, reliable MTrP palpation 
is the necessary prerequisite for considering myofascial pain as a valid diagnosis.22 Published 
interrater studies have reported poor to good reliabiliry for MTrP palpationH-29 The previous 
chapter by McEvoy and Huijbregts provides a comprehensive and systematic review ofMTrP 
palpation reliabiliry studies. However, onIy one of these studies included a muscle that could 
produce shoulder pain: Gerwin et al2? reported a percent agreement (PA) of 83% for tender
ness in the infraspinatus muscle (K = 0.48), 83% (K = DAD) for the taut band, 59% (K = 0.17) 
for the local twitch response, and 89% (K = 0.84) for the referred pain. 

In light of the near absence of data of the societal impact of shoulder complaints as 
noted earlier, and of the potential role of myofascial pain syndrome with regard to 
shoulder pain, the aim of this study was to determine the interrater reliabiliry of MTrP 
palpation in three human shoulder muscles deemed by us to be clinically relevant: the 
infraspinatus, the anterior deltoid, and the biceps brachii muscles. 

Methods and Materials 

Subjects 

Subjects were recruited from a consecutive sample of patients with unilateral or bilateral 
shoulder pain referred by their physician to a physical therapy private practice specializing 
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in the management of persons with neck, shoulder, and upper extremity musculoskeletal 
disorders. To decrease limited variation within the data set and to control for rater bias, 
we also included asymptomatic subjects. 

All subjects were unacquainted with and had not met the raters. Additional inclusion 
criteria for participation in the study were age between 18 and 75 years and the ability to 
read and understand the Dutch language. Exclusion criteria were known serious rheuma
tological, neurologic, orthopaedic, or internal diseases, such as adhesive capsulitis, rotator 
cuff tears, cervical radiculopathy, diabetes mellitus, recent shoulder or neck trauma, or 
shoulder/upper extremity complaints of uncertain origin, as diagnosed by the referring 
physicians. After reading a brief synopsis of the aim of the study and the test procedure, 
all subjects signed an informed consent form. The Committee on Research involving 
Human Subjects of the district Arnhem-Nijmegen approved the study design, the proto
cols, and the informed consent procedure. 

Raters and Observers 

The raters were three physical therapists: rater A with 29, rater B with 28, and rater C with 
16 years of clinical experience, respectively. All were employed at the private practice where 
this study was conducted. The raters had all specialized in the diagnosis and management 
of patients with musculoskeletal disorders of the neck, shoulder, and upper extremity; 
and they had 21, 16, and 2 years of experience, respectively, with regard to diagnosis and 
management of MTrPs. 

The observers were three physical therapists who also had experience in treating 
patients with myofascial pain. Prior to the study, they were informed by the lead investi
gator (CB) about the study protocol, and they participated in the training sessions with 
the raters. 

Both raters and observers participated in a total of 8 hours of training. During these 
sessions, they were able to practice their skills, to compare with each other, and to discuss 
palpation technique, subject positioning, the amount of pressure used by the examiners,3o 
and the location of the MTrPs (Figure 5-1). Before proceeding with the study, they 
reached consensus about all aspects of the examination. 

Trigger Point Examination 

Simons et al31 documented 11 muscles in total that could refer pain to the frontal or lat
eral region of the shoulder and arm (Table 5-1). Based on our clinical observation that 
these muscles are frequently involved in patients with shoulder pain, we chose to study the 
infraspinatus, the anterior deltoid, and the biceps brachii. Without providing specific data 
on prevalence, Simons et al3l reported that the infraspinatus is very often involved in 
shoulder pain. Hong32 noted that the deltoid and the biceps brachii could give rise to 
satellite MTrPs of the infraspinatus muscle. Hsieh33 provided evidel(ce for the existence of 
a key-satellite relation between the infraspinatus muscle and the anterior deltoid muscle. 
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Figure 5-1 The localization of trigger points in the infraspinatus muscle, biceps 

brachii, and the anterior deltoid muscles. The numbers correspond with the sequence 

of palpation during the test. 

Source: Illustrations courtesy of Lifeart/Mediclip, Manual Medicine 1, Version l.Oa, 

Williams & Wilkins, 1997. 

TABLE 5,1 Muscles with a Known Referred Pain Pattern to the Frontal 
or Lateral Region of the Shoulder and/or Arm31 

Infraspinatus 

Deltoid (anterior and middle parr) 

Bicep. brachii 

Supra pinaru� 

Coracobrachialis 

Lati-'imus dor i 

Scalene 

Pectorali' I1U:1jor 

Pectoralis minor 

ubclavius 

Sternalis 
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A satellite trigger point may develop in the referral zone of a key MTrP located in the key 
muscle. It may also develop in an overloaded synergist that is substituting for the muscle 
that is harboring the key MTrP, in an antagonist countering the increased tension of the 
key muscle, or in a muscle that is linked apparently only neurogenically to the key MTrP. 
Sometimes this hierarchy is obvious, but it is not always evident. Key and satellite trigger 
points are related to each other; our clinical observations indicate that signs and symptoms 
related to satellite trigger points diminish when key MTrPs are treated appropriately. 

Another reason for our choice of these specific muscles is that all three muscles studied 
here are part of the same functional unit, with all three muscles acting as synergists active 
during shoulder flexion. Although the infraspinatus muscle is traditionally known as an 
external rotator, this is only true for the anatomic (arm by the side) position. This muscle 
is one of the rotator cuff muscles that is active during flexion of the upper arm to provide 
stability of the glenohumeral joint during arm movements.34,35 

Although MTrPs may be found anywhere in the muscle belly, we agreed to palpate for 
their presence only in close proximity to the motor endplate zones. The reason for this 
choice of location is that Simons et apt have suggested that the primary abnormality 
responsible for MTrP formation is associated with individual dysfunctional endplates in 
the endplate zone or motor point. 

We bilaterally palpated these three muscles for MTrPs using four of the criteria pro
posed for the palpatory diagnosis of MTrPs:31 

1. Presence of a taut band with a nodule. The rater examined the subject by palpating 
the muscle perpendicular to the muscle fiber orientation with either a flat palpation 
(infraspinatus muscle and the anterior deltoid muscle) or a pincer palpation 
(biceps brachii muscle). When a taut band was identified, the rater palpated along 
the taut band to locate the nodule. The raters were asked to search for multiple 
MTrPs in each muscle. The palpatory findings were more important than the exact 
location of the MTrPs, as indicated by Simons et apt 

2. Reported painful sensation during compression in an area consistent with the 
established referred pain pattern of the involved muscle. While compressing the 
palpable nodule in the taut band, the subject was asked if he or she felt any pain or 
any sensation (e.g., tingling or numbness) in an area remote from the compressed 
point. When the subjects reported referred sensation, they were asked to describe 
this area. The rater then decided whether this area was comparable to the 
established referred pain zone (Figure 5-2). 

3. Presence of a visible or palpable local twitch response (LTR) during snapping 
palpation. The rater rolled quickly the taut band under the fingertip, while examining 
the skin above the muscle fibers for this characteristic short and rapid movement. 

4. Presence of a general pain response during palpation, also known as a jump sign. 
While compressing the MTrP, the rater carefully examined the subject's reaction. 
A positive jump sign was defined as the subject withdrawing from palpation, 
wincing, or producing any pain-related vocalization. 

Copyrighted Material



94 • Chapter 5 Interrater Reliability of Palpation of Myofascial Trigger Points 

x = trigger point 

Figure 5-2 The localization of trigger points in the anterior deltoid, infraspinatus, and 
biceps brachii muscle and the referred pain patterns according to Simons et al31 Solid 
shading shows the essential referred pain zone, present in nearly all patients, while the 
stippling represents the spillover zone, present in some, but not all, patients31 

SOUTce: Illustrations courtesy of Lifeart/Mediclip, Manual Medicine 1, Version LOa, 

Williams & Wilkins, 1997. 

All four criteria were scored dichotomously: 

• Yes if the rater was certain of presence of a parameter 
• No if the rater was sure of the absence of a parameter or if the rater was unsure 

of presence or absence 

Examination of the infraspinatus muscle was performed with the subjects seated with 
the arms hanging down by the side of the body. Examination of the anterior deltoid and 
biceps brachii muscles was performed with the forearms supported with slight elbow 
f1exion (Figure 5-3). 

The raters were blinded to subject status; that is, the subjects were not allowed to indi
cate whether they were symptomatic. They were instructed to inform the raters when they 
felt pain somewhere other than the palpation site or when they experienced a referred sen
sation. However, they were not allowed to tell the rater whether they felt a recognizable 
pain, because that would negate attempts at rater blinding. 

In addition to scoring the separate criteria, the raters were asked to judge whether a 
trigger point was present or absent. Simons et aPl suggested that minimal diagnostic 
criteria for an MTrP consist of a palpable nodule present in a palpable taut band. 
Simons et al also required that this produce the patient'S recognizable pain upon com
pression, but we should note that in this study the subjects were not allowed to inform 
the examiners of their symptom status. Therefore, in this study the examiners decided 
that the MTrP was present when the palpable nodule in the taur band was present 
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Figure 5-3 Palpation technique for trigger point palpation of the infraspinatus muscle 
(left), anterior deltoid muscle (top right), and the biceps brachii muscle (bottom right), 
respectively. 

together with at least one or more of the other clinical characteristics. In all other com
binations, it was said that the MTrP was absent. As a result of this study design, no dis
tinction was made between active and latent MTrPs, because the examiners were not 
allowed to inquire whether subjects recognized the pain from palpation. Therefore, 
examiners may have reported on both active and latent MTrPs in symptomatic and 
asymptomatic subjects. 

Methods 

During two morning sessions separated by a l-week interval, two different groups of 
20 subjects each were examined. The raters completed the assessment of each of the 
four characteristics for the three bilateral muscles within a lO-minute period. Subjects 
were examined in groups of three, with each subject in a separate, private treatment 
room. Following the first assessment, the raters were randomly assigned to one of the 
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two other rooms ro assess another subject until all three raters had assessed all sub
jects. Upon completion of the assessment of the initial group of three subjects, three 
new subjects were assigned to the examination rooms, and the procedures were 
repeated. An observer was present in each room during all examinations ro verify cor
rect implementation of the testing procedures, but the observer did not interfere with 
the examination. According to the observers, all examinations were performed in an 
appropriate manner. 

Statistical Analysis 

For the statistical analysis, we used the Statistical Package for the Social Sciences for 
Windows version 12.0.1 (SPSS Inc., Chicago, IL). Frequencies were calculated for the sub
ject demographic information. 

To express interrater reliability, we calculated both pairwise percentages of agree
ment (PA) and pairwise Cohen Kappa-values (K). The PA value is defined as the ratio of 
the number of agreements to the total number of ratings made36 Using the termi
nology from the contingency matrix provided in Table 5-2, PA = (a + d)/n. Cohen's K is 
a coefficient of agreement beyond chance: K = PA - P/l - Pe. The agreement based on 
chance alone (Pe) is calculated by the sum of the multiplied marginal totals corre
sponding to each cell divided by the square of the total number of cases (n): Pe = 

(jlgl + f-zZz)/nz. 
The K value is widely used for dichotomous variables in interrater reliability studies, 

although there is no universally accepted value for good agreement.37 Landis and Koch38 
proposed that a K value <0.00 be considered indicative of poor reliability and a value of 
0.001-0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 substantial or good, and 
0.81-l.00 almost perfect or very good reliability. In this study, we considered a PA value 
<!:70% indicative of interrater reliability acceptable for clinical use, because under ideal cir
cumstances (i.e. , equal prevalence of negative and positive findings), when using a 
dichotomous test, a PA value <!:70% leads to a K � 0.40. 

A major drawback to using K as an index of agreement is that this statistic is very sen
sitive to the prevalence of positive and negative findings. To quantify this effect on the K 

TABLE 5-2 The Contingency Matrix 

Rater 1 

Positive Negative 
Rater 2 Positive a b gl 

Nega[ive c d g2 
Total I, I! n 
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values calculated, in this study we also determined the prevalence index (P), which is the 
absolute value of the difference between the number of agreements on positive findings 
(a) and agreements on negative findings (d) divided by the total number of observations 
(n): P, = I a - d l/n39 If Pi is high (closer to 1.0), chance agreement (Pe) is also high and K is 
reduced accordingly. If the Pi is closer to zero, chance agreement (Pe) is low and K will 
increase. This means that the K statistic is more useful as an index of agreement in case of 
a low Pi than it is with higher Pi values. Table 5-3 provides examples of the inf1uence of 
variations in P, on K values. With K values in this study strongly inf1uenced by variations 
in prevalence as indicated by the wide range of Pi' we were forced to focus on the PA values 
for the interpretation of our findings. 

TABLE 5,3a Example of the Influence of a High Value of the Prevalence 
Index on the 1C Value (Example Used: Trigger Point 3, Right Shoulder, Couple 
NC, Palpation for a Nodule)" 

Observer 1 

Positive Negative 
Observer 2 Po irive 35 2 37 

Negative 2 1 3 

Total 37 3 40 

"In this case, the rc1ccmaJ:. ,)1 �reem"nt i1; h�h 10.90). bUL llCCauSt!!he prevalence index i.\ also hillh (0.85), !he K Y,llue ill(.hcnes unly 
fair II/,�eem�m (0.28). 

TABLE 5,3b Example of the Influence of a Low Value of the Prevalence 
Index on the 1C Value (Example Used: Trigger Point 2, Right Shoulder, Couple 
B/C, Palpation of a Nodule)tl 

Observer 2 

Total 

Pnsiuve 

Negative 

Observer 1 

Po itive 
19 

5 

24 

Negative 
o 

16 

16 

19 

21 

40 

"In !hIS case, the J'<'rcent"� "j agreement i, hi�h (0.B5), but me prevalence index is Inw (O.OS), so de-'Pit. slightly lower percentage 
agreement than In T,,�I. 5·h, the K value (O.7�) IIlJ,care<good aJ!l'ccmcnt. 
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To compare the three pairs of raters, we used the Kruskal-Wallis test, which is a non
parametric one-way analysis of variance. The test statistic H will increase with increased 
variation. For graphical presentation, we used the box-and-whisker plot. To compare 
several data sets, this semigraphical way of summarizing data, which provides median 
value, lower and upper quartiles, and the extreme values, is considered simple and 
usefup7 

Results 

Patient Characteristics 

Thirty-two subjects with unilateral or bilateral shoulder pain and eight subjects without 
shoulder pain were included in this study. The mean age of subjects was 40 (SO = 11.5; 
range 18 to 70). Of these 40 subjects, 24 (60%) were female and 16 (40%) were male. The 
study population had a gender and age profile similar to the patient population of the 
physical therapy practice where the study was conducted. Most of the subjects (53%) were 
not diagnosed with a specific medical diagnosis for their shoulder complaints, as sug
gested in the guidelines developed by the Dutch Society of General Practitioners.s Table 5-4 

provides physician referral diagnoses for the 32 patients involved in this study. 

TABLE 5-4 Patient Diagnosis and Referral Information 

Referral Diagnosis 
No medical diagnosis 

Calcifying renuonitis 

Tendoniris/bursitis/tendinosis 

Soft-tissue disorder 
Degeneralive changes in 

the acromioclavicular or 

glenohumeral joint 
ubacromial impingement 

syndrome 

Total 

Number of Subjects 
17 

2 

.3 

7 

2 

32 

Percentage 
53% 

6% 

9% 

22% 

6% 

3% 

100% 

The physiclWl ref.rred th. patient to the pr:l<uce without menuoning any mNhcal dtdgIlO.IS. Th .. follow> the Dutch !.'llidelm", lor �enfr31 
practitil1ner<. 
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Pairwise I nterrater Agreement 

Tables 5-5 through 5-8 present the data of the various clinical characteristics of the MTrP 
in the 80 shoulders of our 40 subjects (i.e., palpable nodule in a taut band, referred pain 
sensation, LTR, and the jump sign, respectively). The column PA provides the percentage 
agreement values for the three pairs of observers for both the left and right shoulder. The 
column K shows the corresponding K value; the third column shows the corresponding 
prevalence index (PJ 

Although we have insufficient information to calculate mean agreement values for all 
rater pairs, we can cautiously conclude that the rater pairs seemed to be demonstrating 
similar reliability. When comparing the pairwise PA values for the presence or absence of 
MTrPs, we found no significant difference between the rater pairs (Kruskal-Wallis one
way ANOVA on ranks, H = 0.841, P >0.05; Figure 5-4). 

TABLE 5�5 Percentage Agreement (PA), 1C Coefficient, and Prevalence Index 
(Pi) for Palpation of a Nodule in a Taut Band in Six Localizations in Three 
Muscles (Left and Right)" 

Rater Pairs 

AlB A/C B/C 

MTrP Side PA 1C Pi PA 1C P. PA 1C P. 
I I 

Left 65 0.22 0.40 68 0.30 0.38 68 0.34 0.13 

Right 73 0.40 0.32 63 0.24 0.13 70 0.47 0.30 
2 Left 70 0.35 0.30 80 0.60 0.10 65 0.30 0.20 

Right 73 0.44 0.18 70 0.43 0.05 88 0.75 0.08 

.3 Left 83 0.26 0.73 90 0.30 0.85 88 0.25 0.83 

Right 85 0.33 0.75 90 0.28 0.85 85 0.33 0.75 

4 Left 63 0.34 0.03 70 0.40 0.20 63 0.25 0.18 

Right 75 0.50 0.15 63 0.26 0.13 68 0.35 0.03 

5 Left 45 0.16 0.00 68 0.27 0.38 53 0.14 0.18 

Right 53 0.16 0.13 80 0.58 0.20 53 0.11 0.18 

6 Left 53 0.22 0.03 73 0.25 0.53 45 0.15 0.05 

Right 53 0.22 0.03 75 0.44 0.35 5 8  0.24 0.13 

"The numbe" 1, 2, amI 3 In [he ill'S! ClIlumn cOrre5f",nd with the locahzation in the infmsl'inatl1� mu.cle, 4 L< locahzeJ in the anterior 
ddt"iJ ml1<cle, :mJ 5 .nd 6 are locali:ed in the b, cps brachii mu>!:I •. In (he ,«"nd row, the three ratflll are mentioned as A, B, and C. 
The numher ,,( 'U"lo:.:l> i:; 01(1. 
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TABLE 5�6 Percentage Agreement (PA), 1C Coefficient, and Prevalence Index 
(P) for Palpation of Referred Pain in Six Localizations in Three Muscles (Left 
and Right) 

Rater Pairs 

AlB A/C B/C 

MTrP Side PA 1C Pi PA% 1C P. 
I 

PA 1C Pj 

Left 78 0.48 .38 63 0.19 .28 65 0.21 0.15 
Right 78 0.51 0.33 75 0.41 0.40 73 0.41 0.28 

2 Left 88 0.38 .78 88 0.55 .68 80 0.23 0.70 
Right 80 0.25 0.7 5 0.33 .75 85 0.53 0.6 

3 Left 73 0.46 0.0 63 0.26 0.13 70 0.36 0.25 
Right 83 0.64 0.18 78 0.4 0.13 80 0.58 0.2 

4 Left 78 -0.13 .78 85 0.31 .75 78 -0.13 0.78 
Right 88 0.55 0.68 80 0.25 0.70 88 0.22 0.83 

5 Left 93 0.36 0.88 83 0.29 .71 80 0.13 0.75 

Right 85 0.19 0.80 93 0.63 .7 88 -0.06 0.88 

6 Left 90 0.45 0.80 75 0.25 .60 70 0.03 0.65 

Right 8 0.38 0.78 75 0.15 0.65 78 0.20 0.6 

TABLE 5�7 Percentage Agreement (PA), 1C Coefficient, and Prevalence Index 
(P) for Palpation of a Local Twitch Response in Six Localizations in Three 
Muscles (Left and Right) 

Rater Pairs 

AlB A/C B/C 

MTrP Side PA 1C P. PA 1C Pi PA 1C P. 
I I 

Left 80 0.09 0.75 73 0.21 0.58 78 0.36 0.58 
Right 85 -0.04 0. 85 75 0.05 0.75 75 0.15 0.65 

2 Left lOO n.c 1.00 73 n.c. 0.73 73 n.c. o.n 
Right 95 n.c. 0.95 78 n.c. 0.78 78 O.ll 0.73 

3 Left 53 .05 0.13 58 0.l5 O.lS 50 0.16 0.25 
Right 70 0.15 0.55 43 0.13 0.13 33 0.07 0.03 

4 Left 73 0.04 0.68 63 0.14 0 .38 65 0.11 0.5'; 
Right 65 0.21 0.35 60 0.2 0.20 60 0.20 . 1 5  

5 Left 43 0.00 0.28 50 0.04 0.00 5 0.00 0.48 
Right 53 0.01 0.43 73 0.45 0.08 60 0.13 0.45 

6 Left 53 0.17 0.28 6 0 .. 32 0.28 50 0.16 0.25 

Right 60 0.23 0.35 61 0.25 .08 'i8 0.21 0.33 
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TABLE 5�8 Percentage Agreement (PA), 1C Coefficient, and Prevalence Index 
(Pi) for Palpation of the Jump Sign in Six Localizations in Three Mu de (Left 
and Right) 

Rater Pairs 

AlB A/C B/C 

MTrP Side PA 1C Pi PA 1C P. PA 1C P. I I 

Left 75 0.47 0.25 83 0.60 0.38 78 0.51 0.33 

Right 63 0.27 0.18 73 0.36 0.38 65 0.31 0.15 

2 Left 70 0.07 0.60 68 0.12 0.53 88 0.68 0.53 

Right 68 0.02 0.63 75 0.19 0.65 93 0.58 0043 

3 Left 7 0.29 0040 68 0.22 0043 78 0.38 0.53 

Right 75 0.47 0.25 75 0049 0.15 80 0.58 0.25 

4 Left 78 0.56 0.18 65 0.31 0.15 7.3 0.36 0.38 

Right 78 0.54 0.18 78 0.48 0.43 70 0.34 

5 Left 68 0.30 0.33 68 0.33 0.18 65 0.22 

Right 68 0.31 0.28 68 0.31 0.28 65 0.16 

6 Left 68 0.35 0.28 70 0.40 0.05 63 0.28 

Right 70 0.,7 0.25 83 0.64 0.L8 73 0.41 

Palpable Nodule in a Taut Band 

The PA value for the palpable nodule in a taut band in the muscle varied from 45% in the 
medial head of the biceps brachii muscle to 90% in the infraspinatus muscle. The PA 
tended to be higher in trigger point 3 (83-90%) than in point 1 (63-73%). In the anterior 
deltoid muscle, the PA varied from 63-75%. The PA for the biceps brachii varied from 
45-75%. Only the rater pair Ale agreed in both points more than 70%. The K value ranged 
from 0.11-0.75 (Table 5-5). 

Referred Pain Sensation 

The agreement on the referred pain sensation elicited by pressure on the nodule reached 
a PA value ;0:70% in all bur three cases (range 63-93%). The scores for referred pain sensa
tion were the lowest in the infraspinatus (trigger point 1). The K value ranged from -0.13-
0.64 (Table 5-6). 

Local Twitch Response 

The LTR had only acceptable agreement for two locations in the infraspinatus. The lowest 
PA value was 33% in trigger point 3, which is the most central point in the infraspinatus 
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Figure 5-4 This box-n-whisker plot shows the graphical expression [i.e., median, 

lower and upper quartile, minimum and the maximum value] of the dataset from the 

pairs of raters. This graphic shows only small differences (not statistically or clinically 

relevant differences) between the three pairs of observers. 

muscle. All three raters were unable to elicit an LTR in trigger point 2 (also in the infra
spinatus muscle) in almost any of the subjects. This led to an agreement of 100% in one 
case; in most cases it was not possible to calculate a K value because of the absence of the 
LTR in all cases of one rater (Table 5-7). 

Jump Sign 

The raters achieved the highest PA (93%) on the jump sign in the infraspinatus muscle and 
the lowest PA (63%) in the infraspinatus muscle and the biceps brachii muscle. The K value 
ranged from 0.07-0.68 (Table 5-8). 

Overall Agreement 

The percentage of agreement on MTrP presence or absence was acceptable for the 
infraspinatus muscle. In two out of three trigger point locations, PA values exceeded 
70%. In the anterior deltoid muscle and in the biceps brachii muscle, the PA value was 
<70% (Table 5-9). 
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TABLE 5·9 Percentage Agreement (PA), K Coefficient, and Prevalence Index (Pi) 
for Agreement on Presence or Absence of Myofascial Trigger Points" 

Rater 

Pairs PA IC P. 
I 

I Left AlB 75 0.50 0.05 

AIC 70 0040 0 . 05 

SIC 70 0.40 0.05 

I Right AlB 65 0.33 0.00 

AIC 65 0.29 0.15 

B/C 70 0.41 0.05 

2 Left AlB 78 0.38 0.53 
AlC 75 0044 .35 

B/C 73 0.38 0.38 

2 Ri�ht AlB 70 0.19 0.55 

A/C 73 0.29 0.53 

B/C 88 0.72 0.33 

3 Left AlB 73 0.18 0.58 
AlC 80 0.25 0.70 

B/C 83 0.29 0.73 

3 Right AlB 73 0.30 0.48 
AlC 78 0040 0.53 

BIC 85 0048 0.65 

4 Left AlB 63 0.31 0.\3 

AI 58 0.18 .03 

SIC 65 .25 0.30 

4 Right AlB 80 0.60 0.00 

AlC 68 .35 0.D3 

RIC 63 0.25 0.08 

5 Left AlB 53 0.22 0.l3 
A/C 60 0.19 .20 
BIC 58 0.18 0.28 

5 Right AIR 58 0.15 0.28 

AlC 73 0.45 0.D3 

BI 55 0.12 0.25 

6 Left AlB 58 0.28 0.08 

A/C 73 0.33 0 043 

BIC 50 0.20 0.00 

(c01ltinuecl) 
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TABLE 5�9 Percentage Agreement (PA), 1C Coefficient, and Prevalence Index (P) 
for Agreement on Presence or Absence of Myofascial Trigger Points" (cont.) 

Rater 

Pairs PA 1C Pi 
6 Right AlB 60 0.27 0.15 

AjC 80 0.58 0.20 

Po/C 60 0.27 0.15 

"The numbel'!. 1,1,.nd 3 correspond WIth the locah:arion in [he mfrnsl'inaUls muscle, 4 is localizeJ in the anterior JeI!<liJ musGie, anJ 5 
and 6 are 111calized in the bIceps blJChii muscle. 

Discussion 

Palpation is the only method available for the clinical diagnosis of myofascial pain. 
Therefore, reliable MTrP palpation is the necessary prerequisite to considering myofascial 
pain as a valid diagnosis. This study indicated that referred pain was the most reliable cri
terion for palpatory diagnosis in all six MTrPs in all three muscles on both sides. Only in 
three of the 36 MTrP locations did the PA value not reach the predetermined value of70%. 
This finding is consistent with the results of other interrater reliability studies of MTrP 
examination.26,27 The nodule in the taut band, the LTR, and the jump sign were more reli
able in the infraspinatus muscle than in the anterior deltoid and biceps brachii muscle. In 
general, the jump sign also proved a reliable palpatory characteristic in this study. This is 
in contrast to other studies, which may indicate that the raters in this study were more 
successful in standardizing the amount of pressure during the palpation. In general, the 
LTR was not a reliable characteristic although it did prove reliable for MTrP 1 and 2 in the 
infraspinatus on either side. Palpation of the nodule in the taut band had sufficient reli
ability for the diagnosis of MTrPs in the infraspinatus muscle, but less for diagnosis of 
MTrPs in the anterior deltoid and biceps brachii muscles. There was also a high level of 
agreement for the presence or absence of MTrPs in the infraspinatus muscle. This agree
ment was lower for the anterior deltoid and biceps brachii muscles. 

Compared to various other commonly used physical examination tests, such as the assess
ment of intervertebral motion or muscle strength, whose established interrater reliability 
ranges from 41_97%,40-43 the interrater agreement with regard to MTrP palpation in these 
three shoulder muscles seemed acceptable. However, the degree of agreement seemed to 
be strongly dependent on the muscle that was examined. Clinical experience suggests that 
some muscles are more accessible to palpation than others. There may even be differences 
within particular muscles. For trigger point 3 of the infraspinatus muscle, the raters 
achieved the highest agreement. Because MTrPs are often in close proximity to each other, 
raters did not always agree on which MTrP they were evaluating. For example, the raters 
may have had difficulty in distinguishing trigger points in the infraspinatus muscle, the 
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teres minor muscle, and the posterior deltoid muscle. The area of referred pain may help 
in determining which muscle was palpated. However, recognition of pain elicited by pal
pation, as normally would occur in the clinical situation, was not determined in this 
study, because this could have endangered the blinding of the raters. Recognition of this 
characteristic pain by the patient may be an important aspect of reliable MTrP identifica
tion. For the biceps brachii muscle, the raters may have had difficulty distinguishing 
between the lateral and the medial head of the muscle. It is conceivable that such diffi
culties could contribute to the lower level of agreement noted for this muscle. 

We realize that by collapsing rating categories in this study to absent or present and by 
nOt including a third category of indeterminate findings, we may have artificially inflated 
reliability findings. We decided to score dichotomously for the presence or absence of 
MTrPs and not include this indeterminate category, because the treatment choice would 
have been similar independent of a negative or indeterminate finding. When MTrPs are 
absent or when the physical therapist is unsure about the presence or absence of an MTrP, 
in the clinical situation no treatment will be directed to the MTrP. 

We again note that in this study no distinction was made between active and latent 
MTrPs, because the examiners were not allowed to inquire whether subjects recognized the 
pain from palpation. Therefore, examiners may have reported on both active and latent 
MTrPs in symptomatic and asymptomatic subjects. This may affect external validity in this 
study in that its findings cannot be directly extrapolated to the clinical situation where 
patient report of recognition of pain is available and the distinction between active and 
latent trigger points therefore can be made. 

In the interpretation of the study findings, we chose to emphasize PA over K values. PA 
values do not take into account the agreement that would be expected purely by chance. 
True agreement is the agreement beyond this expected agreement by chance, and K is a 
measure of true, chance-corrected agreement. However, as mentioned earlier, the K sta
tistic is probably inappropriate for studies in which the positive and negative findings are 
not equally distributed.39,44-46 In this study, even asymptomatic subjects had some (obvi
ously latent) trigger points in the shoulder muscles. Subjects with unilateral shoulder 
pain often also may have latent or active trigger points in the contralateral shoulder.47 
Both may have contributed to the high prevalence of positive findings in this study. The 
resultant Pi resulted in generally low K values despite high PA values, making the K statistic 
less appropriate for the statistical representation and subsequent interpretation of study 
findings. 

Training would seem important to achieve sufficient agreement, even when raters have 
considerable clinical experience. McEvoy and Huijbregts also discussed this issue in more 
detail in the previous chapter. Prior to conducting this interrater reliabiLity study, con
sensus about the standardization of manual palpation of MTrPs was achieved between 
raters. In this study, there was no statistically significant difference between the rater 
pairs, even though one rater had only 2 years of clinical experience with MTrP diagnosis 
and management. We recognize that this consensus training may impact external validity 
in that the results of this study may not apply to situations and clinicians where such 
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training has not occurred. Future studies are needed to determine how many years of 
experience and what extent of prestudy consensus training is needed to achieve sufficient 
interrater reliability. 

Concl usion 

In this study, three blinded raters were able to reach acceptable pairwise interrater agree
ment on the presence or absence ofMTrPs, as described by Simons et aPI Referred pain 
was the most reliable feature in all six MTrPs in all three shoulder muscles on both sides. 
The nodule in the taut band, the LTR, and the jump sign were more reliable in the infra
spinatus muscle than in the anterior deltoid and biceps muscle. 

The results of this study support the idea that experienced raters can obtain acceptable 
agreement when diagnosing MTrPs by palpation in the three shoulder muscles studied. 
Allowing for patient report of pain recognition may provide for even better interrater reli
ability results. Interrater agreement seems dependent on the muscle, and even on the loca
tion of the trigger point within a muscle, and findings indicating acceptable interrater 
reliability cannot be generalized to all shoulder muscles. The distinction between active 
and latent trigger points should be considered in future studies, as should the effect of 
prestudy consensus training and clinical experience. However, in summary we conclude 
that this study provides preliminary evidence that MTrP palpation is a reliable and 
therefore potentially useful diagnostic tool in the diagnosis of myofascial pain in patients 
with nontraumatic shoulder pain. 
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Introduction 

Headache is one of the most common problems seen in med.ical practice. Among the 
many types of headache disorders, tension-type headache (TIH), cervicogenic headache, 
and migraine are the most prevalent in adults. Population-based studies suggest I-year 
prevalence rates of 38.3% for episodic TIH and 2.2% for chronic TIH.l Nillson reported 
the prevalence of cervicogenic headache in a Scandinavian population to be approxi
mately 16%.2 Other population-based studies estimated that 10-12% of adults have expe
rienced migraine in the previous year3 

The International Headache Society has recently actualized the diagnostic criteria for 
TIH (Table 6-1) and migraine without aura (Table 6-2).4 In addition, diagnostic criteria 
for cervicogenic headache (Table 6-3) have been also detailed in the literature.s Although 
some patients present with two types of headaches simultaneously (TIH with migraine 
features, cervicogenic headache with TTH characteristics, etc.) ,  it seems that the pain 
quality and features of these headache disorders are distinctly different. 

Differences in pain features and quality of headache disorders may implicate different 
structures as being responsible for nociceptive irritation of the trigeminal nucleus cau
dalis.6 Because cervicogenic headache is characterized by unilateral nonlancinating pain, 
which is increased by head movement, maintained neck postures, or external pressure 
over the upper cervical joints,S joint dysfunctions in the upper cervical spine (CO-C2) 
should be implicated in the etiology of cervicogenic headache? Likewise, the characteristic 

Counesy ofJohn M. Medeiros, PT, PhD, Managing Ediwr of rheJournal of Manual and Manipulative 
Therapy. 
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symptoms of Till, including bilateral pressing or tightening pain, pressure or bandlike 
tightness, and/or increased tenderness on palpation of neck and shoulder muscles,4 
resemble the descriptions of referred pain originating in myofascial trigger points 
(MTrPs)8 Finally, the pain quality of migraine is attributed to the activation of the 
trigeminovascular system,9.JO provoked by the release of algogenic substances. 1 1.12 

In addition to different pain features, the effectiveness of spinal manipulation or mobi
lization directed at the upper cervical spine in cervicogenic headache,l3·14 but not in 

TABLE 6,1 International Headache Classification of Tension,Type 
Headache" 

The following criteria are a ·ymhesis of the more common pain features anJ characteri ticl; l)t the 
different TTH di�lgno·es. 

Pain features and charactl!ristics of headache attacks in TTH: 

A. Headaches lasting from 30 minute to 7 days 

B. Headaches with at least two of the following pain characteriHics: 

I. Bilateral location 

2. Pressing/tightening (nonpulsating) quality 

3. Mild or moderate intensity 

4. Not ag.,ornvated by r utine rhy ieal activity ·uch as walking or climbing stair 

C. Both of the t Howing: 

\. No nausea or vomiting (anorexia may occur) 

2. No more than one of photophobia or phonophobia 

D. Not attributed to other disorder" 

In addition. TTH can be diagnosed as associated or not associated to pericramal tenderness 
(based on the data obtained with the total tenderness score).h 

Finally, Jepending on the frequency of the headaches, pati.ents can be diagnosed as: 

a. Infrequent episodic TIH: At least 10 episodes occurring on < I day per month on average 
« 12 days per year) 

h. Frequent episodic TTH: At lea t 10 episodes occurring> I but < 15 day· per month for ar 
lea t 3 months (> 12 but < 180 Jays per year) 

c. Chronic TIH: Headache occurring on> 15 days per month. on average, for >3 months 
(>180 day per year) 

"Hismry anJ physical and neurologk eXAmination do not suggest any of the disorders liMed in gnlUp, 5-12, 
or hi tory anJ/or physical and/or neurologic examination do suggest such Ji5order!; but it is ruled out by 

appropriate! investigarions. or slich di>urder is present but headache does not occur for the first time in c1o:;e 
temporal relation ro rhe diwrder. 
"Llngemark M. Olesen). Pericranial tendernc in ten ·ion headache. A blind controlled stuJy. C�/lhalalgia 
1987;7:249-255. 
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TABLE 6,2 International Headache Classification of Migraine 
without Aura4 

Diagnostic criteria: 

A. At least five attacks fulfilling criteria B-D 

B. Heada he attacks Lasting 4-72 hours (untreated or un ucce fully treated) 

C. Headaches with at lea t two of the following pain chanlcteristics: 

I. Unilatcrallocation 

2. Pulsating quality 

3. Moderate or severe intensity 

4. Aggravation by or causing avoidance of routine physical activity such as walking or 

climbing stairs 

D. During headache at least one of the following: 

1. Rusea and/or vomiting 

2. Photophobia and phonophob ia 

E. Not attributed to mher dL<;()rdera 

"Hi�[Ory and phYSical and neurologic examination do not suggest any of the disorders listed in groups 5-12. 
Ilr hiSTOry and/lr phy kal and/or neurologic examination do suggest such disorders but it is ruled out by 
appropriate investigations, or such disorder IS present but heaJache Jocs not occur for the first time in close 
tempon11 rdation tl) rhe dlliOrder. 

TABLE 6,3 Major Diagnostic Criteria for Cervicogenic HeadacheS 

A. Symptoms and signs of neck involvement: 

I. Precipitation of comparable head pain by 

• Neck movement or slistained awkward head pm;rures, and/or 

• Extemal pressure over the upper cervical or OCcipital region on the symptomatic side 

2. Restriction of range of motion in the neck 

3. Ipsilateral neck, shoulder, or ann pain 

B. Confinn:nory evidence by diagnostic blocks 

C. Unilaterality of head pain, without side shift 

D. Head pain characteristics: 

1. Moderate-severe, nonthrobbing and nonlancinating pain 

2. Episodes of varying duration 

J. Fluctuating continuous pain 

There IIrc l)d1er characteristics, but of less importance. 
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TTH,15,16 supports the hypothesis that upper cervical joint dysfunctions can be more rel
evant for the pathogenesis of cervicogenic headache than for TTH or migraine. The pain 
features (quality and disrriburion) ofTTH suggest that MTrPs can be involved in its eti
ology. The present chapter discusses the scientific evidence supporting that hypothesis. 

Definition of Myofascial Trigger Points 

Simons et al defined a myofacial rrigger point ( MTrP) as "a hyperirritable spot associated 
within a taur band of a skeletal muscle"; this spot is painful on compression and usually 
responds with a referred pain pattern distant from that spot ( i.e., the MTrp).1? From a clin
ical viewpoint, active MTrPs cause clinical symptoms, and their local and referred pain is 
responsible for patients' complaints. An active MTrP is distinguished from a latent one 
when referred pain elicited by pressure applied to the MTrP is recognized as a recent, familiar 
pain by the subject. In patients, this elicited pain corresponds to at least part of their clinical 
pain complaint. Both active and latent MTrPs can provoke motor dysfunctions (e.g., muscle 
weakness, muscle imbalance, altered recruitment pattern of the stabilizer muscles, or muscle 
inhibition 1S) in either the affected muscle or in functionally related muscles.1? Furthermore, 
latent MTrPs may not be an immediate source of pain, bur they can elicit referred pain with 
mechanical stimulation or muscle contraction. In addition, latent MTrPs may disrurb 
normal patterns of motor recruitment and movement efficiency.19 

The formation of MTrPs may result from a variety of factors, such as severe trauma, 
overuse, mechanical overload, or psychological stress.s Although the etiology of MTrPs is 
not completely known, recent studies have hypothesized that the pathogenesis of MTrPs 
results from injured or overloaded muscle fibers.20 This could lead to endogenous (invol
untary) shortening, loss of oxygen supply, loss of nurrient supply, and increased meta
bolic demand on local tissues21 The most credible etiological explanation of MTrPs is the 
integrated hypothesis, which suggests that abnormal depolarization of motor endplates 
and sustained muscular shortening give rise to a localized "ATP energy crisis" associated 
with sensory and autonomic reflex arcs that are sustained by central sensitization.22 A 
recent study provides evidence of sympathetic facilitation of mechanical sensitization and 
facilitation of the local and referred pain reactions in MTrPs.23 

Referred Pain to the Head from Trigger Points In 
Neck, Head, and Shoulder Muscles 

AnimaJ24 and human25, 26 studies clearly show the convergence of cervical and trigeminal 
afferents in the trigeminal nerve nucleus caudalis, constituting the anatomic basis for 
referred head pain from neck and shoulder MTrPs. Because nociceptive somatic afferents 
from muscles of different upper cervical roots) particularly CI-C3, and the trigeminal 
nerve converge on the same relay neurons, it is assumed that the message to supraspinal 
structures can be misinterpreted and localized as pain in other structures distant from the 
site of painful stimulus (referred pain). Dorsal horn neurons that receive afferents from 
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muscles frequently receive input from other deep structures and from the skin.27,28 This 
extensive convergent input to dorsal horn neurons may account for the often diffuse and 
poorly localized nature of deep pain sensation in humans, particularly when pain is 
intense. In addition, animal studies29 have demonstrated spinal-level spread of the pain 
message from one dorsal horn cell to another that is initiated by strong input from muscle 
nociceptors30 and that can be interpreted as a likely contributing cause of the referred pain 
originating at MTrPs.31 

Simons et al17 described the referred pain patterns from different MTrPs in several 
head and neck muscles that have the potential to refer pain to the head. In addition, other 
authors have illustrated and described similar, but not equal, referred pain patterns.32,33 
Further, our research group has also compiled similar referred pain patterns from several 
headache patients. In the present chapter, we will show the referred pain patterns as 
described by Simons et al and our own patterns: 

a. Referred pain elicited by upper trapezius muscle MTrPs spreads ipsilaterally 
from the posterior-lateral region of the neck, behind the ear, and to the tem
poral region (Figure 6-1). 

b. MTrPs located in the sternocleidomastoid muscle refer pain to the occiput, the 
frontotemporal area, the retroauricular area, the forehead, and the cheek 
(Figure 6-2). 

c. Temporalis muscle MTrP referred pain is located into the temporoparietal 
region and perceived inside the head (Figure 6-3). 

d. Referred pain from suboccipital muscle MTrPs spreads to the side of the head 
over the occipital, temporal, and frontal bones and is usually perceived as bilat
eral headache (Figure 6-4). 

A B 

Figure 6-1 Referred pain from the upper tra pez i us m usc l e. 

Source: Figure 6.1 B illustration courtesy of Lifeart/Mediclip, Manual Medicine 1, Version 
l.Oa, Williams & Wilkins, 1997. 
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.:.:..: 
Sternal division Clavicular division 

A 8 

Figure 6-2 Referred pain from the sternocleidomastoid muscle. 

Source: Figure 6.2 B illustration courtesy of Lifeart/Mediclip, Manual Medicine 1, Version 
1.0a, Williams & Wilkins, 1997. 

A 

Figure 6-3 Referred pain from the temporalis muscle. 

8 

Source: Figure 6.3 B illustration courtesy of Lifeart/Mediclip, Manual Medicine 1, Version 
LOa, Williams & Wilkins, 1997. 

e. Splenius capitis muscle MTrPs refer pain to the vertex of the head, whereas sple
nius cervicis muscle MTrPs refer pain to the side of the head and behind the eyes 
(Figure 6-5). 

f. MTrPs located into the semispinalis cervicis muscle refer pain to the occiput 
bone, and those located into the semispinalis capitis muscle refer pain to the 
temporal region and behind the eyes (Figure 6-6). 

Although referred pain patterns have highly clinical value for our patients, clinicians 
should take into account that these patterns can be slightly different between subjects. 
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A B 

Figure 6-4 Referred pain from rhe suboccipiral muscles. 

Source: Figure 6.4 B illumarion courtesy of lifeart/Mediclip, Manual Medicine 1, Version 
LOa, Williams & Wilkins, 1997. 

A 

c 

\ 
J... .1 
1 ., I 

B 

Figure 6-5 Referred pain from rhe splenius capiris and cervicis muscle. 

Source: Figure 6.5 C & 0 illusrrarions courtesy of lifearr/Mediclip, Manual Medicine 1, 
Version LOa, Williams & Wilkins, 1997. 
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A B 

(� 
c D 

Figure 6-6 Referred pain from the semispinalis cervicis muscle. 

Source: Figure 6.6 C & 0 illustrations courtesy of Lifeart/Mediclip, Manual Medicine 1, 
Version LOa, Williams & Wilkins, 1997. 

In addition, we should recognize tbat these patterns have been described based on a small 
number of patients, so further studies with greater sample sizes are required. 

Several pain models have described upper trapezius and temporalis muscle referred 
pain patterns: 

a. Referred pain elicited by the infusion of hypertonic saline into the upper 
trapezius muscle spreads ipsilaterally to the posterior-lateral region of the neck 
and to the temporal region in both healthy subjects34 and headache patients 35 

b. The infusion of hypertonic saline into the temporalis muscles elicits referred 
pain to both the trigeminal territory (anterior part of the muscle) and to the cer
vical innervated dermatome (posterior part of the muscle),36 

In addition, the referred pain patterns elicited by manual exploration ofMTrPs in the 
upper trapezius3? and the temporalis muscles38 have been clinically confirmed in chronic 

Copyrighted Material



Clinical Evidence of Trigger Points in Chronic Tension-Type Headache • 117 

TIH patients, demonstrating that referred pain from these muscles is contributing to 
pain perception in chronic tension-type headache (CTIH). 

Clinical Evidence of Trigger Points in Chronic 
Tension-Type Headache 

Recent studies demonstrate clinical evidence of the presence ofMTrPs in certain neck and 
shoulder muscles in CTIH and unilateral migraine. Marcus et aP9 found in a nonblinded 
study that TIH subjects had a greater number of either active or latent MTrPs than 
healthy subjects. However, these authors did not specify in which muscles the MTrPs were 
observed more frequently. 

We recently demonstrated, in blinded controlled studies, that CTIH was associated 
with active MTrPs in the suboccipital muscles40 and in the upper trapezius, sternocleido
mastoid, and temporalis muscles.41 Suboccipital muscle MTrPs were found in all 20 of 
our CTIH patients (100%), of which 13 (65%) elicited a referred pain that reproduced the 
same head pain as during headache attacks (i.e., active MTrPs).40 In a second study with a 
sample of 25 patients with CTIH, MTrPs in the temporalis muscles were found in 20 of 
25 (80%) on the right and 15 of 25 (60%) on the left side. MTrPs in the upper trapezius 
muscle were found in 19 of 25 (76%) on the right and 14 of 25 (56%) on the left side, 
whereas MTrPs into the sternocleidomastoid muscle were found in 16 of 25 (64%) on the 
right side and 12 of 25 (48%) on the left.41 From all of these MTrPs, more than half elicited 
a referred pain pattern recognized by the patients as their usual headache, consistent with 
active MTrPs. In our studies, control subjects showed latent, but not active, MTrPs, as has 
been previoLlsly described.42 We also demonstrated that those CTIH patients with active 
MTrPs had greater headache intensity and frequency than those with latent MTrPs40.41 
(Table 6-4). 

We have demonstrated that unilateral migraine subjects showed a significantly greater 
number of active MTrPs (P <0.001), but not latent MTrPs, than healthy controls.43 In a 
sample of 20 patients with strictly unilateral migraine, MTrPs in the upper trapezius 
(10 latent and 6 active) and in the sternocleidomastoid (6 latent and 10 active) muscles 
were the most prevalent on the symptomatic side of the headache attacks. Active MTrPs 
were mostly located ipsilateral to migraine headaches, as compared to the nonsympto
matic side (P <0.01).43 Recently, Calandre et al44 found that 73 out of 98 (73%) patients 
with migraine without aura showed MTrPs in the anterior temporal and suboccipital 
regions, as compared to 9 out of 32 (29%) healthy subjects (P <0.001). 

Referred pain from two extraocular muscle MTrPs (i.e., the superior oblique45 and lat
eral rectus46 muscles) has recently been described in CTIH. The superior oblique muscle 
referred pain is perceived as an internal and deep pain located at the retro-orbital region. 
This referred pain can extend to the supraorbital region and sometimes to the ipsilateral 
forehead (Figure 6-7). The lateral rectus muscle referred pain is also perceived as a deep 
ache located at the supraorbital region or the ipsilateral forehead (Figure 6-7). 

Copyrighted Material



118 • Chapter 6 Contributions of Myofascial Trigger Points 

TABLE 6�4 Headache Inten ity, Frequency, and Duration Depending on the Type 
of Myofascial Trigger Point in Each Muscle within Our Chronic Tension�Type 
Headache Patients" (adapted from 40, 41) 

Headache Headache Headache 
Inten ity Frequency Duration 
(VAS)b (days/week) (hours/day) 

Right upper trapezius Active MTrPs 5.6 (1.7)' 5.1 (1.1) 8.9 (4.2)' 
(n = 25) (n = 9) 

Latent MTrPs 4.5 (1.6) 4.6 (1.2) 6.7 (5.4) 
(n a 10) 

Left upper trapezius Active MTrPs 5.6 (1.6) 5.5 (1.9) 9.2 (4.6) 

(n = 25) (n = 6) 

Latent MTrPs 5.4 (1.2 ) 4.8 (1.8) 9.8 (S.l) 

(n .. 8) 

Right Active MTrPs 6.1 (1.9) 5.2 (1.8) 9.6 (5.1) 
temocleidomastoid (n K 6) 

(n .. 25) 
Latent MTrPs 5.5 (2) 5.3 (2.3) 9.4 (5.7) 
(n = 6) 

Left Active MTrPs 6.4 (2.5)" 5.6 (1.8) 10.8 (5.1)< 
stemocleitloma 'coid (n = 5) 

(n m 25) 
Latent MTrPs 4.5 (1.2) 4.9 (2.4) 7.S (4.8) 
(n = 11) 

Right temporal is Active MTrPs 5.5 (1.8) 5.2(2.1) 11.6 (1.9)' 

(n = 25) (n = 9) 
Larent MTrPs 5.2 (1.9) 5.4 0.8) 7.2 (2.9) 
(n" II) 

Left temJX'ralb Active MTrPs 5.7 (lAY 5.1 (1.7) 9A (4.7) 

(n - 25) (n = 8) 

Latent MTrPs 4.3(1.6) 4A (2.3) 8.4(5.5) 

(n = 7) 

Suboccipital muscles· Active MTrPs 6 (3.15-9) 6 (4-7) 8.7 (3-12) 

(n = 20) (n = 13) 
Latent MTrP' 4.6 (2.2-7) 4.9 (4-6) 9.8 (4-13) 

(n � 7) 

"Value, are expres:;a! a' me:ms (�mnd.1!J Jeviatioru.) (or all mU.ICle., excepl for Ihe 5uln:upiral muscle" which i> m<'lln (min-max). 
'VAS - Vbual Analogue •• 1c(C---10) 
, ignificam in comparbon wilh me lalent MTrr. ,ubgroup (unpmred ,ruden�' Ne'l, P <0.05). 
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Further, referred pain from MTrPs in the superior oblique muscle has also been found in 
unilateral migraine patients.4 7 In addition, MTrPs in the superior oblique muscle are 
located bilaterally in TTH4 4 bur unilaterally on the symptOmatic side in migraine 
patients 4 7 Further, in a sample of 15 patients with episodic TTH, nine (60%) reported 
referred pain with manual exploration of the superior oblique muscle 4s Because visual 
stress can be involved in MTrP perpetuation, particularly MTrPs in the upper trapezius 
muscle,48 manual exploration of MTrPs in the extraocular muscles should be performed 
in patients with chronic headaches. 

Referred pain from MTrPs located in other muscles (e.g., masseter, lateral pterygoid, 
scalenes, and levator scapulae) can also contribute to the pain distribution seen in chronic 
TTH (Figure 6-8). 

Figure 6-7 Referred pain from the superior oblique and lateral rectus muscles. 

Figure 6-8 Composite pain pattern of tension type headache. 
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Are Trigger Points Consequences of Central Sensitization? 

Although scientific evidence suggests a close relationship between MTrPs in certain head 
and neck muscles, CTIH,37, 40,41,45 and migraine headache,43,47 the data reported to date 
do not establish a cause-and-effect relationship between MTrPs and these chronic 
headaches. 

Bendtsen49 postulated that hyperalgesia in CTIH subjects may be due to an increased 
sensitivity (hyperexcitability) in the central nervous system provoked by nociceptive 
stimuli from peripheral structures, Central sensitization may be also involved in the gen
eration of muscle referred pain from MTrPs.50 Different studies have found that the area 
of the referred pain correlated with the intensity of the muscle pain in patients with 
fibromyalgia and whiplash-associated disorders51, 52 Secondary hyperalgesia surrounding 
a painful area is related to central sensitization, which may account for muscle-referred 
pain. In that way, muscle-referred pain may also correlate with the phenomena of sec
ondary hyperalgesia and tenderness seen in CTIH patients so In addition, peripheral and 
central sensitization and decreased descending inhibition induced by long-term nocicep
tive stimuli from trigger points may also be involved in referred pain to the trigeminal 
region from active MTrPs.53 

Active MTrPs have also been found in other chronic conditions, including mechanical 
neck pain,s4 osteoarthritis,55 and lateral epicondylalgia.56 Because active MTrPs are related 
to several chronic conditions accounting for sensitization of central pathways, clinicians 
should be aware that untreated MTrPs can cause chronic pain and that they should be 
treated as soon and as effectively as possible to avoid such occurrence. 

If the central sensitization were causing the MTrPs, active MTrPs would not be 
expected in patients suffering from the episodic form of TTH, in which central sensiti
zation has not been demonstrated.49 Because there is a lesser degree of central sensiti
zation in episodic TTH,49 one would expect fewer active and more latent MTrPs in 
episodic TTH patients than in chronic TTH patients. Clinical studies have demon
strated that active MTrPs in the suboccipital, temporalis, upper trapezius, and stern
ocleidomastoid muscles are present to similar degrees in both episodic TIHS7,5 8 and 
chronic TTH patients40,41 (Table 6-5). This seems to indicate that active MTrPs are not 
the consequence of central sensitization, because they are also present in the episodic 
form of TIH, However, without actual research-based knowledge, we cannot confirm, 
but only hypothesize, that active MTrPs can be a causative factor for sensitization of 
central pathways. 

One clinical phenomenon that is observed by many clinicians and that has been 
reported in one research paperS9 is the fact that the degree of chronicity is strongly corre
lated with the number of treatments required to inactivate MTrPs. With increased dura
tion of symptoms, there is increased central sensitization (hyperexcitability of the central 
nervous system, which is characterized by increased tenderness, hyperalgesia, or allodynia, 
and decreased pressure pain sensitivity levels), and one of the few available clinical treat
ments to normalize this sensitization is to do repeated treatment as often as necessary to 
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TABLE 6,5 Percentage of Subjects with Myofascial Trigger Points (Active or Latent) in Chronic and Episodic 
Tension,Type Headache (adapted from 40, 41, 57, 58) 

Suboccipital Sternocleidomastoid 
Muscles Upper Trapezius Muscle Muscle Temporalis Muscle 

Left Side Right Side Left Side Right Side Left Side Right Side 

Subjects with Chronic Tension' Type Headache 

Active MTrPs 65% 24% 36% 20% 24% 32% 36% 

Latent MTrPs 35% 32% 40% 44% 24% 28% 44% 

Subjects with Episodic Tension,Type Headache 

Active MTrPs 60% 33% 14% 20% 14% 40% 46% 

Latent MTrPs 40% 40% 40% 14% 46% 33% 27% 

MTrP - Myofascia1 trigger point/n (number of subject,;). 
Suboccipital muscle MTrPs in CTTH are based on a sample of n s 20; whereas in ETTH on a sample ofn - 10. 
Upper rT'<lpe'lius, stcmocleidomasroiJ. and remporalis muscle MTrPs in CITH arc based on a sample of n - 25; whereas in ETTH on a S'amplc of n - IS. 
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maintain the patient nearly pain-free. One should eliminate the MTrP source of chronic 
pain that is contributing to the sensitization. In the authors' clinical pranice, with recent 
onset of pain one or two treatments generally suffice. With greater chronicity, the period 
of pain relief following a treatment is not shortened as much as it would be in acute cases, 
and consequently it takes more treatments to normalize this state of central sensitization 
and eliminate the return of spontaneous central pain. 

How Might Trigger Points Contribute to 
Chronic Tension-Type Headache? 

The current pain model for CTTH states that the main problem is central sensitization due 
to ptolonged nociceptive inputs from pericranial tissues, and that this mechanism is of 
major importance for the conversion of episodic into chronic TTH 49,6 0 OiesenG1 proposed 
that headache might be due to an excess of nociceptive inputs from peripheral structures. 
According to his model, perceived headache intensity would be the sum of nociceptive 
inputs from cranial and extracranial tissues converging on the neurons of the trigeminal 
nucleus caudalis. Convergence of the nociceptive afferents from the receptive fields of cer
vical roOtS CI-C3, which include the upper trapezius, sternocleidomastoid, and suboccip
ital muscles, and those of the trigeminal nerve, which include the temporalis and the 
superior oblique muscles, occurs in the nucleus caudalis. 6 2 This fits nicely with the concept 
that nociceptive input from MTrPs in these muscles mal<es a major contribution to CTTH. 

Higher levels of algogenic substances (i.e., bradykinin, calcitonin gene-related peptide, 
substance P, tumor necrosis factor-a, interleukin-l�, serotonin, and norepinephrine) have 
been found in active but not in latent MTrPs,63 and not in tender points64  This nocicep
tive input originated from MTrPs in head and neck muscles could produce afferent 
activity. That would result in temporal and spatial summation of neuron signals, and it 
might be one of the reasons for the central sensitization seen in CTTH.49 In these patients, 
the persistent nociceptive input from TrPs may lead to sensitization of nociceptive 
second-order neurons at the level of the spinal dorsal/trigeminal nucleus. 

Based on new available data,40,41,43, 45,5 7, 58 it seems that TTH can be partly caused by 
referred pain from MTrPs in the posterior cervical, head (including extraocular), and 
shoulder muscles, mediated through the spinal cord and the brainstem trigeminal 
nucleus caudalis, rather than only tenderness of the pericranial muscles themselves. 
However, blinded controlled studies of treatment results are required to determine if 
MTrPs are the cause of the headache. 

An MTrP role in headache does not negate the importance of other physical (e.g., mal
alignment of upper cervical vertebrae65 or forward head postureG6) or psychological ( e.g., 
anxiety or depression) factors in exacerbating and sustaining CTTH. These same factors 
are known to aggravate and promote MTrP activity. Many elements traditionally deemed 
important in the genesis of CTTH may result from imperfen strategies devised to cope 
with MTrP-induced head pain. 
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Finally, because an associarion between MTrPs and TTH has been confirmed, a rhera
peuric approach based on MTrP managemenr in TTH and migraine headaches should be 
explored in furure srudies. Alrhough some evidence indicares rhar inacrivarion of MTrPs 
can relieve head pain from parienrs wirh migraine,67 rhere is a need for high-quality ran
domized conrrolled rrials rhar assess rhe effecriveness of differenr manual rherapy 
approaches and new developmenrs such as frequency-specific microcurrenr,68 shockwave 
rherapy,69 or high-power ulrrasound70 rhar are direcred ar rrearing MTrPs71 in TTH and 
migraine headaches. 

Conclusion 

Scienrific evidence suggesrs rhar referred pain elicired by myofascial rrigger poinrs ( MTrPs) 
from rhe upper rrapezius, srernocleidomascoid, suboccipiral, and exrraocular muscles con
rribures co pain perceprion in chronic rension-type headache. The release of algogenic sub
srances from MTrPs may cause nociceprive inpur co rhe rrigeminal nerve nucleus caudalis, 
and ir may cause sensirizarion, as seen in CTTH. More research is needed CO fun her define 
rhe role of MTrPs in the eriology and/or mainrenance of chronic headaches. 
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Chapter 7 

Effectiveness of Noninvasive 
Treatments for Active Myofascial 
Trigger Point Pain: A Systematic Review 

Luke O. Rickards) B.App.Sc) M.Osteo 

Introduction 

Musculoskeletal pain is among the leading reasons fo r visits to physicians and physical 
therapists. 1,2 It has been reported that between 30-85% of patients complaining of regional 
muscular pain meet the diagnostic criteria fo r myofascial pain syndrome (MPS).3-6 If these 
escimates are valid, then MPS constitutes a considerable burden to patients and sociery.4 
Simons, Travell, and Simons? have defined MPS as a condition caused by hyperirritable foci, 
called myofascial trigger points (MTrPs), within taut bands of skeletal muscle. MTrPs are 
painful upon compression and may give rise to characteristic patterns of referred pain, ten
derness, autonomic symptoms, and restricted range of motion? 

Simons, Travell, and Simons? described the following clinical diagnostic features for 
MTrPs: 

• Tau t muscle band containing a discrete nodule 

• Focal tenderness 

• Consistent and reprod ucible pattern of referred pain 

• Local twitch response cause by snapping palpation 
• Spontaneous exclamation of pain by the patient ("jump sign") as a result of 

mechanical pressure 

MTrPs are classified as active or latent, depending on the presence of a characteristic 
pattern of pain referral. Active MTrPs refer pain at rest, with muscular activiry, and upon 
direct palpation. In contrast, latent MTrPs remain nonpainful and only refer pain when 
steady direct pressure is applied? 

Trigger points may arise in any muscle gro up. However, the most common si tes are 
the muscles i nvolved in maintaining postu re: the levator scap ulae, up per trap ezius, 
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sternocleidomastoid, scalenes, e rector spinae, quadratus lumboru m, and gluteal mus
cles.? Patients described as having active MTrPs usually report regional, persistent pain 
that often results in a decreased range of motion. Associated signs, such as joint swelling 
and neu rologic deficits, are usually absent on physical examination, and the pain does not 
follow a dermatomal or nerve root distribu tion? 

The etiology ofMPS and MTrP form ation is believed to be mul tifactorial, with postural 
stresses, inefficient biomechanics, repetitive overuse, direct trauma, and psychological 
stress the most frequently stated causes.3,?-1 2 However, MTrPs present a complex of clin
ical and research findings that defy a simplistic explanation, and no substantiated scien
t i fic theo ry exists that explains the p recise physiological natu re of these clinical 
enti ties 3,6 , 9 , 1 3-16 Several theories descri bing MTrP pathogenesis have been proposed, 
including Simons' "integrated hypothesis," which incorporates the local myofascial tis
sues, the central nervous system, and biomechanical factors, and endeavors to account for 
t h e  major c linical c harac te ristics of MTrPs7,14 G e rwin et all? -as discussed by 
Dommerholt et al  in a previous chapter in this text-have expanded upon this integrated 
hypothesis, but further research is still required.4,9 ,1 ? The lack of substantiating data 
relating to MTrP pathophysiology has made the objec tive diagnosis and management of 
M PS a clinical challenge.3,l4.18,1 9 

Despite this lack of knowledge with regard to their exact etiology, clinicians in many 
health-care disciplines rou tinely identify and treat MTrPs. However, at present there are no 
accepted biochemical, electromyographic, or diagnostic imaging criteria recognized as the 
definitive diagnostic gold standard4,9,14,2o The detection of MTrPs remains solely depen
dent on manual palpation skills and patient feedback. 20,21 This has raised many concerns 
regarding the nonsubs tantive manner in which MTrPs are diagnosed4,20 Furthermore, no 
reliable list of physical diagnostic criteria for MTrPs cu rrently exists4,6 , 9,14 The four criteria 
most commonly used by researchers to diagnose the presence of an MTrP are: tender sPO[ 
in a taut band of skeletal muscle, patient pain recognition, predicted pain referral pattern, 
and local twitch response.4 The tender spot in a taut band is considered the most reliable 
of the MTrP features. Reproduction of patient-recognized pain denotes an MTrP as active 
or latent. Referred pain patterns and the local twitch response are less reliable and have 
been considered confi rmatory signsZZ,23 More information on the reliabil ity of trigger 
point palpation can be found in Chapter 4. 

Most relevant for the purposes of this systematic review is that the evidence from diag
nostic reliability studies is varied and inconsistenr.4 Researchers have yet to demonstrate 
that the clinical features of MTrPs are reproducible among diffe rent examiners, thereby 
establishing the reliability of the physical examination in the diagnosis of MPS.9,IG,22 
Ge rwin et al22 have de monstrated that the interrater reliability varies nO[ only for the dif
ferent MTrP features, but also for the identification of these features among different mus
cles. An implication of this finding is that researchers investigating MPS or MTrPs need to 
properly operationally define the MTrP for the pu rposes of their study. The criteria by 
which an MTrP is identified, or by which the diagnosis of MPS is made, need to be clearly 
stated in order to ensure the validity of the data.22 
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Although various treatment methods are considered to be effective in the resolution of 
MTrP symptomatology, the mechanisms unde rlying the claimed efficacy of these MTrP 
treatments are also poorly understoods.9 This has given rise to a multitude of interven
tions used in the treatment ofMPS.16  I n  a preliminary search of the current literatu re, the 
following interventions were used in various studies examining or reviewing the treat
ment of active MTrPs: transcu taneous electrical nerve stim ulation (TENS), electrical 
muscle stimulation (EMS),24 ischemic compression, myofascial release therapy, stretch 
with coolant sp ray, interferential current,25 stretch, ultrasound, direct dry needling,26 
trigger point injection (with various solutions and medications),27 neu roreflexotherapy,28 

deep pressure soft-tissue massage, hydrocollator su perficial heat,18 exercise, yoga,19 
acupuncture, ice massage,S magnetic stimu lation,29 laser therapy,30 botulinum toxin, top
ical anesthetic preparation,31 passive rhythmic release, active rhyth mic release, 1 4 counter
strain, high-velocity low-amplitude th rust,32 su lfur mud baths,33 biofeedback, and clinical 
psychophysiology.34 Such a variety of therapies, each requiring different skills, levels of 
training, and licensing, leaves clinicians with a dilemma when deciding the best cou rse of 
treatment for their patient. 

Cum mings and White1 have conducted a systematic literature review examining the 
effectiveness of various needling therapies in the treatm ent of MTrP pain. The review 
c o m p ared "we t" and "dry" n e e dling m e t h ods and direct  and ind i r e c t  n e e dling 
methods. The results suggested that needling appeared to be an effective treatment fo r 
MTrP pain, as marked imp rove ments were reco rded in all groups that received this 
intervention. The effect was shown to be due to the therapeutic effect of the needle 
itself or perhaps to the placebo effect of needling rath er  than the injection of saline or  
drugs. The review concl uded that  fu rther controlled trials are  needed to investigate 
whether needling h as an effect beyond placebo in treating MTrP pain. Because there 
was no difference in effectiveness between wet and dry needling, the reviewers reco m
mended dry need ling techniques, because they are safer and more comfortable  fo r the 
patient. Dommerholt e t  al discuss needling therapies in more detail in another chapter  
of this text. 

With the effectiveness of the most common invasive interventions for MTrP pain 
addressed by Cummings and White, 1 the aim of this chapter is to review the evidence for 
the effectiveness of noninvasive interventions in the treatment of patients with a diag
nosis ofMPS resulting from active MTrPs. 

Materials and Methods 

Literature Search Strategy 

A systematic literatu re search was performed using t h e  M edline, PubMed, CI NAHL, 
EM BASE, PEDro, and CENTRAL/CCTR electronic databases. The search terms were: key 
term-"trigger point" OR "trigger points"; indexing terms-"randomized controlled trial" 
OR "controlled clinical trial." The key terms were searched fo r in the title, abstract, and 
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keywords. Searching was done from the inception date of the databases up to November 
2007 to identify published randomized controlled trials examining noninvasive interven
tions in the treatment ofMPS arising from MTrPs. In addition, reference lists of retrieved 
studies were scanned to identify additional relevant trials. Hand searching of the 1999 edi
tion of Simons, Travell, and Simons' Myofascial Pain and Dysfunction: The Trigger Point ManuaF 
was also performed. 

Study Selection 

Types of Studies 
Randomized controlled studies or quasi-randomized studies examining the effectiveness 
of noninvasive treatment interventions for active MTrP pain were included. Studies exam
ining the treatment outcomes of various interventions and those comparing different 
interventions were reviewed. The treatment group had to be compared with a known 
placebo, no treatment, or other treatment interventions. Studies comparing invasive and 
noninvasive treatments were included if the active noninvasive treatment groups were 
compared to a placebo or to a no-treatment control group. Trials in which allocation to 
the treatment or control group was not concealed from the outcome assessor were 
excluded. 

Types of Participants 
Studies of men and/or women with the diagnosis MPS were included if the presence of 
active MTrPs had been identified. A clear definition of the criteria for determining the diag
nosis of active MTrP pain was required. The minimum criteria for diagnosis were the pres
ence of a taut band and spot tenderness on palpation. Studies examining the treatment of 
latent MTrPs were not included, because there is insufficient evidence to suggest that these 
are clinically relevant entities in patients complaining of muscle pain symptoms. 

Types of Intervention 
Studies were included where the intervention involved one or more types of noninvasive 
method aimed at the treatment of active MTrP pain. Interventions were required to be 
clearly described. 

Types of Outcome Measures 
Studies that stated the use of subjective pain-based outcome measures were included in the 
review. At least one patient-rated outcome measure, such as pain intensity, frequency, dura
tion, or improvement, was required from individual patients before and after administra
tion of the study treatments. These measures included visual analogue scores for pain 
intensity or pain relief, categorical scores for pain intensity or pain relief, and global ratings 
of treatment effectiveness as made by the study subjects. The review excluded studies using 
pain threshold algometry as the sole outcome measure, because changes in this measure do 
not guarantee clinically relevant reductions in subjective pain symptoms.35 Studies that did 
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not include subjective measures of either pain intensity or pain relief as part of the overall 
assessment of effectiveness, both before and after treatment, were excluded. 

Methodological Quality Assessment 

Data on population, inclusion and exclusion criteria, study design, randomization, inter
ventions used, blinding, description of dropouts, outcome measures, statistical analysis, 
results, and conclusions were extracted for each study. 

The included studies were assessed for internal validity and methodological quality 
with an assessment tool used by Bronfort et a[36 in a review of noninvasive treatments for 
headache. This evaluation list contains 20 methodological items, of which 14 have been 
classified as internal validity items and six as descriptive information items (Table 7-1). 
The validity score (VS) is given as a percentage of the score of validity items, from a max
imum of 14. The cutoffVS for high- versus low-quality studies was set in this review at 50. 

Levels of Evidence 

The following levels of evidence determined the results of the analysis: 

• Significant evidence: consistent findings in multiple high-quality (VS >50) ran
domized controlled trials 

• Moderate evidence: consistent findings in multiple low-quality trials (VS <50) 
and/or a single relevant high-quality randomized controlled trial 

• Limited eVidence: a single low-quality randomized trial 
• Unclear evidence: inconsistent or conflicting results in multiple randomized trials 
• No evidence: no studies identified 
• Evidence of adverse effect: trials with lasting negative changes 

Results 

Literature Search Results 

The searches revealed 50 potentia.lly relevant trials, 2435,37-59 of which were subsequently 
excluded ( see Table 7-2). Twenty-six studies met the inclusion criteria for this review. 

The included trials could be divided into five categories based on the type of interven
tion studied: 

• Laser therapies-seven trials 
• Electrotherapies-flve trials 
• Ultrasound-five trials 
• Magnet therapies-three trials 
• Physical/manual therapies-six trials 
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TABLE 7�1 Methodological Evaluation Scores 

Smania Altan Brown Hanten Esenvel Hou Gam Lee Ardic Hsueh Gur Tanrikut IIbuldu 

et al et al et al et al et al et al et a1 et al et al et al et al et al et al 

Internal Validity Items (2003) (2003) (2002) (2000) (2000) (2002) (1998) (1997) (2002) (1997)(2004) (2003) (2004) 

Group comparal:-ility + + + + p + + + p + 

Randomization procedure p p p p 

Outcome measurE! + + + + + + + + + + + + + 

Patiem blinJing + p na na na p p p p p 

Treatmenr provider blinding p + na na nll + na 

Unbiased omcomes assessment + + + p p + + + + + 

Artt!ntion bias + p + r + + r 
A priori hypothesis + + + + p + + + + + + + + 

Appropriate statistical tests + + + + + + + p + p + + 

Adequate Statistical power + + + + 

Dropouts analysi� p + na nn + na na p p 

Missing data analysis + na na p na na p 
Intention-to-treat analysis p nll nll na na 

p-Ievel adjustments + p na + + p 

Total validity score ('¥o) 64 42 82 68 29 61 71 36 28 60 64 28 39 

Descriptive Information Items 
Defined inclusion 

and exclusion criteria + + + + + + + + + + + + p 

Adequate follow-up period p p p + + + + 

Defined intervention protocol + + + + p + + + + + + + p 

Comparison to existing 
treatments p + + + + p + p + + p p 

Cunfidence intervals + + + + + + p + + + p 
Appropriate conclu�ions + + + + + + + p + + + + p 

Note: + = yes; - = no; p = unclear; na = ml[ apph.:able 
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Snyder-
Edwards Ceccherelli Mackler Hakguder Graff-Radford Smania Chatchawan Farina Fernande: 

et al et al et al et al et al et a] et al et at et al 

Internal Validity Items (2003) (1989) (1989) (2003) (1989) (2005) (2005) (2004) (2006) 
� �---. ------ - -

Or,'up comparability + + + + + + 
RflnJumio<lrilln prclccdufe p p p p p p r 
OllrCllll1C mea'ure + + + + + + + + + 

P�llicnt blindlll� na p r p p na p na 

Treatment pro'-idcr hlinJm� p p r + na + n,l 

Unhi;bt!J outcnmes as::;""sment p p + + + + + + 
AHemi"n bias + p p + p + + 
A prioTi h IPomesis + + + + + + + + + 
Appropriate srl1risriclll rests + + + + + + + + + 
Adequate "mrisrical [lower + 
Dropouts analy.b na no na na na p nil na 

lvIis>in!! dam anal)';.is na nn na na na na na 

Intentlon-to-treat analysi, na 11<1 na na na p + na 
p-l..:vcl ndjuslments + p + + p p na 

Total validity score (%) 41 59 54 50 59 71 85 61 72 

Descriptive Information Items 
�fincJ inciu,itln and 

excllL�ion crileria + p + + + + + 
AJequ;1te follo\\ -up period p p p I' P + 

DefineJ lntcrvcn£lon protocol + + + p + + + + + 

C,'mparison to exhting � 
treatmems p p + + + p p + '" '" 

Confidence intervals + + + + + + + + + � 
Aprropriate conclusion< 

� 
+ + + + + + p + + 

Note: + = ��,; - = no; r = unclear; na = no! arr\'caHe • 

(continlled) , -' 
UJ 
tJ1 
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TABLE 7-1 Methodological Evaluation Scores (cont.) 

Majlesi Dundar 
et al et al 

Internal Validity Items (2004) (2007) 

Group comparability + + 

Randomization procedure p 

Outcome measure + + 

Parient blinding p p 

Treatment proviJer blmding na 

Unbiased outcomes as e ment + + 

Attention hias p + 

A priori hypothesis + + 

Appropriate tatistical rest + + 

Adequate tatistical power 

Dropouts analysi na 

Missing data anaLysis na 

Intention-to-treat analysis na 

p-level adjustments p 

Total validity score (%) 46 68 

Descriptive Information Items 

Defined mclusion and + + 

exclusion crileria 

Adequate follow-up period p r 

Defined imervention protocol + + 

Compari 'on to exi ring p + 

treatments 

Confidence intervals p + 

Appropriate conelu ions p + 

NQI<': + = yes; - = no; p = undear; "', = nur al'phClble 

Gemmel Esenyel 
et al et al 

(2007) (2007) 

+ p 

p 

+ + 

na oa 

na na 

+ 

+ P 

+ + 

+ + 

na 

nn 

na 

p p 

77 33 

+ + 

p 

+ + 

p p 

+ p 

+ + 

Some overlap of interventions occurred between categories. The methodological quality 
scores and extracted charac teristics of the included trials are reported in Tables 7-3 

through 7-7. In many cases, even relatively high-quality trials (VS >50) had lim itations 
that may have affected the inte rpretation of study results. Studies with lower validity 
scores are acknowledged as having substantial limitations. 

Copyrighted Material



Results • 137 

TABLE 7,2 Excluded Papers Describing Noninvasive Therapies for Myofascial 
Trigger Point (MTrP) Pain 

Study 

Airaksinen el a[17 

Airaksinen et aP� 

A iraksinen et aIl� 

Ceylan er a141) 

Chee & Waltlln41 

DarJzin�ki et <1141 

Fryer & Illldgslln44 

Hanten er al41 

Hong et :1146 

Jaeger & Ret:v s Vj 

Lcwirh & Machin47 

Lundeberg4X 

McCray & Patflm4� 

Melzackll' 

Nilsson;1 

Prat:el er al12 

Schnider ct 31'4 

Srhcly & Dickey" 

Simullovic ;(, 

Simunovic t"t .. 1'7 

Snyder-Mackl r cr al,H 

¥agci et ap<J 

Reason for Exclusion 

No criterin for diagnosis of MTrP. 

No patient-rated outcome measures useu. 

No patient-rated outcome measures u ·ed; no MTrP criteria. 

No patient-rated outcome measure used. 

No outCl me measures apparent. 

Not randomized or blinded. 

Not ranJomizt:d or blinded. 

Treatment of latent MTrPs. 

No patient-rated outcome measure used. 

o patient-rated outcome measures used . 

Not r.mdomized or hlinJeJ. 

No criteria for uiagnnsi of MTrP. 

Not pecine It) MTrP pain. 

No ntenII K)r diagnosis of MTrP; not limited to MTrP pain. 

Not IimireJ to MTrP pain. 

Not specific to MTrP pain. 

Not specific to MTrP pain. 

Treatmem of latent MTrPs. 

Noninvasive therapy compared to invasive therapy only. 

No patient-rated uutcome mea ·ures used. 

Not mndllmized. 

Ot pt:cific lO MTrP pain. 

MTrPs diagnosed by skin resisrance only. 

Of rhe 26 included rrials, 23 assessed rhe rreannem ofMTrPs in rhe neck and/or upper 
rrapezius region. In one of rhese rriais,30 MTrPs in rhe lower back were also rreared. Alrhough 
Graff-Radford er alGO repon diagnosing MTrPs in rhe remporalis and masserer muscles, ir is 
unclear if rhese poims were rreared. Of rhe remaining rhree rrials, Brown er al61 assessed the 
treatment ofMTrPs on the abdomen for chronic pelvic pain, Chatchawan et al62 assessed 
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TABLE 7,3 Laser Therapies for Trigger Points M 

(1) 
, 
'-J 

Study VS Diagnosis n Intervention/Control Outcome Measures FU Result 

Dundar et al69 68 MPS in the neck 64 A: Ga-As-AI liLT Pain VAS 4w A equal to B (P >.05); m 
� 

+ stretching exercise Range of motil)n significant improvement n M 
B: Placebo Ga·As·AI in both groups attributed <: 

Neck disability index (NDI) (1) 
LLLT + exercise & [0 exercise/stretching :::l 

(1) 
stretching V> V> 

Gur et al�5 64 
0 

Chronic MPS in 60 A: Oa-As LLLT Neck pain and Jisablliry scale lOw A superior to B; (P <.01) ....... 

the neck on all measures 
Z 

B: Placebo Ga-As LLLT VAS. Beck depression 0 
:::l 

im·entory. Nottingham :::l 
< 

health profile. n TrP III V> 

Snyder- 54 MPS in the neck 24 A: He-Ne cold la:;er Pain VAS Id A superior [0 B; pain < 
(1) 

Mackler or lower back B: Placebo He-Ne Skin resistance (dennometer) (P <.(05). � 
(1) 

et a1)(> cold laser No correlation between III M 

pain and skin resistance :3 
(1) 
:::l 

Ceccherelli 59 MPS in the neck 27 A: Ga-As LLLT Pain VAS 3m A superior to B; MPQ 
M V> 

et al67 B: Placebo DOl-As liLT McGill pain question- (r <.008). p-ain 

nair" (MPQ) (P <.001) 
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HakguJer 50 MPS [he neck or 62 A: Ga-As-AI LLLT Pain VAS 3,. 
et aloK upper back and stretching Pain rhre:.hold algometry 

B: Stretching Thermographic 

asymmetry and Jifference 

JlbulJu et al64 39 Trigger points in 60 A: Hc-Ne laser Pain VAS (rcst and acti\'lry) 6m 
upper rrape:ius B: Dry needling Pain threshold algometry 
muscle C: Placeho He-Ne laser Cervical range of motion 

All groups: trapezius 
Noningham h"alrh 

and pectoralis stretches 
profile (NHP) 

Allan er al6O) 42 MPS in the neck 53 A: Oa·As LLLT + exercise Pain VAS 3m 

and stretching Pain threshold algometry 

B: Placebo Ga-As LLLT + Cervicallalcral flexion 
exercise and stretching range 

Note: VS - validIty .\Cure; FU - follow up; n - numher m:ared; MPS = n1yorasci�1 rain syndrome; LLLT = low bel laser therapy; VAS = \,isual analogue 5<:31. 

A superior to B; pain (P <.COI), 
pain rnreshold (P <.00]), 
rhermogrophy-asrm. 

(P <.001 l/dlff (P <.0]) 

A superior to Band C post-
rreatmem: pa in (P <.001), 
ROM (P <.001), NHP-

pam (P <.001 )/phys 

actiVIty (P <.05) 

A equal to B and C at 6m FU 

A equal to B; significant 

improvement in bmh 
groups attributed to 

exercise/stretching 

;0 
� 
� 
� 

• 

(.>.) 
ID 

Copyrighted Material



TABLE 7�4 Electrotherapies for Trigger Points 
� 
0 

Study VS Diagnosis n Intervention/Control Outcome Measures FU Result • 

Graff-RadforJ 59 Chronic MPS in 60 A: TENS mode A Pain VAS Smin B superior [0 C and D n 
:r-

et aIM the back. neck. B: TENS mode B Pain threshold algometry C & D superior to A & E; pain III 
"t:J 

or head (P <.001) (B - 100 Hz, ,... 
C: TENS mode C n> 

250 lISee) ... 

D: TENS mode D '..J 
Pain thre:.hold-all groups 

E: Placebo TENS equal m 

� 
Farina et aln 61 Trigger poinr pain 40 A: FREMS NDPVAS 3m Significant effect of FREMS " 

M 

IIlllpper B: TENS Pain threshold algometry at 3m; NDPVAS (P <.001) < 
r1l 

rrapetius on Cervical range of motion Significant effect of TENS :::J 
r1l 

one side (ROM) at 1m; NDPVAS (P <.001) Vl Vl 

MTrP characteristic. No sig. diff between groups 0 
...... 
Z 

Hsueh et all4 60 Trigger point pain 60 A: Placebo electrotherapy Pain VAS Smin B superior to A and C; pain 0 
:::J 

in upper B: TENS Pain threshold algometry and threshold (P <.05) :::J 
trapeziu:, on C superior to B & C; ROM < 

C:EMS Cervical range of 
III 

one side (P <.05) 
Vl 
<. motion (ROM) r1l 

Ardie et aPI 28 Trigger poinr pain Pain VAS 3m A e..\ual to B. A and B superior ;1 
40 A: TENS and trapelius r1l 

[0 C; pain and threshold III in upper stretching Pain threshold algometry M 

trapezius on (P<.OO :3 
B: EMS and trapezius Cervical range of r1l 

one side A superior to B immediately :::J 
stretching motion (ROM) M 

after treatment (P <.00 Vl 

C: Trapezius stretching 

Tannkul 28 MPS in the neck 45 A: HVGS and exercise Pain VAS 15d A superior to B and C; pain 
et alH or upper back B: Placebo HVGS Analgesic use (P <.05), global (P <.05) 

and I:xerCI5e Patienr global 3;.se.smcnr 
A equal [0 B & C; analgesic 

use 
C: Exercise 

NDIe: EMS � electrical muscle stimulation; TENS - rranscuWleous eleClTical nerve .untuiation; HVGS - high voltage gal\'anic stimulation: FRE}vIS - frequency modulated neural stlmularion 
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TABLE 7�5 Magnet Therapies for Trigger Points 

Study 

Brown er alo1 

Smania el al18 

VS 

82 

71 

Smania et at:Q 64 

Diagnosis 

Chronic pelvic 

pain with 
presence of 

trigg"r points 

Trigger point pain 

in upper 

trape.ius 

Trigger polnr pain 

in upper 

rrape:ius 

NUI�: rMS - repetitive magnetic ;;timularion 

n Intervention/Control 
33 A: Active SOOg magnets 

B: Placebo magnets 

53 A: rMS 

B: T ENS 

e: Placebo US with gel 

18 A: rMS 

B: Placebo rMS 

Outcome Measures 
McGill pain questionnaire 

Pain disabIlity index (POI) 

Cllllical global impressions 

(COl) 

Pain disabIlity NPOVAS 

Pain threshold algometry 

MTrP characteri�tics 

Cervical range of motion 

(ROM) 

Pain VAS 

Pain disabIlity NPOVAS 

Pain threshold algometry 

Cervical range of motion 

(ROM) 

FU 

lm 

3m 

1m 

Result 

A superior [0 B; PDI (P <.05), 

CGI-�everity (P <.05), 

CGI-impro\'emcnr (P <.01) 

BlinJing possibly 

compromised (P <.05) 

A superior to B; pain 

(P <.001), pam mre;,hold 

(P <.001), MTrP 

characterj,tics (P <.001) 

B �uperior C immcdi3[ciy after 

treatmenr; pain (P <.OOL) 

A su�rior to B; pain 
(P <.022), pain Jisahllity 

(P <.016), pain threshold 

(P <.016) 

A equal to B; ROM (P <.(66) 

;:0 
C\) '" 
� 
� 

• 

� 
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TABLE 7�6 Ultrasound Therapies for Trigger Points .j::. 
N 

Study VS Diagnosis n Intervention/Control Outcome Measures FU Result • 

Gam et aF5 71 Chronic MPS in 67 A: US, massage and Pain VAS 6m A equal to B equal [0 C; n 
the neck or exercise MTrP characteristics Analgesic use and VAS; A & :::r 

Pl 
shoulder B: Placebo US, massage B superior ro C; MTrP ""0 

Daily analge,ic usc 
'"' 

and exercise characrerj,tics 
C1> 
.... 

C: Control 
'..J 

4w 

Malje,i & 46 Trigger point pain 71 A: HPPT·US Pain VAS A superior to B; pain (P <.05) m 

Unalan;6 in upper trapezius B: Conventional US Cervical range of motion A eqoal to B; ROM (P >.05) 
� 
n 
M 

on one side <' 
Esenyel et aF7 90 Pain VAS Significant change in all 

(1) 
JJ Trigger poim pain A: Borox 1m :::J 

(1) 
in upper trapezi u, B: Lidocaine groups (P <.005) Vl 

Vl 

on une side C:US C equal to D equal tu E 0 
...... 

D: HPPT·US Z 
E: Srretches 0 

:::J 
A, B, C, and D: + SUNches :::J 

< 
Pl 

Lee et al10 36 Tngger point pain 26 A: Pilleeho US Pain VAS Smin C superior [0 A; pain (P <.05). 
Vl 
< 

in upper B: US (1) 
Pain threshold algomerry D superior to A,B,C; ROM -1 

trapezius C: Electrotherapy (P<.05) 
.... 

Cervical range ot motion (1) 
Pl 
M 

D: US and electrotherapy 3 
(1) 
:::J 

Esenyel et aP6 29 Trig)::I!r point pain 102 A: US and neck stretches Pain VAS 3m A and B superior to C; pain M 
Vl 

in upper B: TrP injection and neck Pain threshold algometry (P <.001) pam threshold 

trapezius on stretches Cen'lcaI range of ml)tlon 
(P <.001), ROM (P <.05) 

one side A equal [0 B Anxiety> 
C: Neck stretches Beck depression inventory clepres-,ion in MPS 

Taylnr manifest anxiety sc Correlation betw�-en 

deprcssion/ao.'Ciet)' and pain 

duration but not intensiey 

No"" US a ulrm.-.ounJ: HPPT·US - high p,1wcr pam thre.halJ UhFd5<lUndi 
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TABLE 7�7 Physical and Manual Therapies for Trigger Points 

Study VS Diagnosis n Intervention/Control Outcome Measures FU Result 

Chatchawan 85 Back pain with ar 1 80 A: Tr..Jirional Thai Pain VAS 1 m  VAS and 001 reduced by half 
et a16� le&t one MTrP massage + stretche, Oswe:;try Disability Index (p <.05) in both groups. 

in rhe upper or B: Swedi'h massage Pain thresholJ algometry 
No sig. dif. between groups 

lower torso + stretches 
Thoracolumbar ROM 

Gemmel 77 Trigger point pain 45 A: IC Pain VAS 5min A equal to B equal to C 
et alb l in upper rrapezius B: TPPR Pain threshold algometry (P >.05 ) 

C: Placebo US Cervical ROM 

Femande:-de- n Trigger point pain 40 A: IC Pain VAS 2min Significant effect of A and B on 

las-Penas in upper trapezius B: TFM Pain threshold algometry VAS (P <.05) 
er alllO A equal ro B (P <.05 ); VAS 

Hamen et al79 68 MPS in the neck 40 A: Home program-IC Pain VAS 3d A superior to B; pain 
or uppet back followed by slistained Pam thresholJ algometry (P - .043 ) pain threshold 

stretching 
Percentage of time in pain 

(P - .000) 

B: Active range of motion A equal co B for lime in pain 
exercises 

HOll et al21 61  T rigl!er paim pain 1 19 A: HtP & AROM Pam VAS Smin C. D. and F superior to A; 

in upper B: A +  IC Pain tolerance pain (P <.05) 
rrape:ius C: A + IC and TENS Pain threshold algometry D, E. and F superior to A; 

D: A + SwS ROM (P <.05 ) 
E: A t SwS and TENS Cervical range of motion 

B, C. D. E. F aJuaI 
F: A + IFC and MFR F; � VAS� 

Ed,,'ards & 41 MPS, region 40 A: Superficial dry needling Short form MPQ 3", A superior [0 C; MPQ (P <.05) ::tl 
Knowles6l unspecified and strerc hing Pain rhreshold algomerry 

'" 
B equal to C V> 

� 
B: SuetchiOJl 0; 
C: No trearment comrol 

• 
Note: Ie - ischemic CClmpressit)o; TPPR - trigger point pressure release; TIM - transverse friction massage: HLr • hOI p.1ck; AROM - acrive range of motion exercise: SwS - stretch 
with '"Pta\'; I FC .  mrerferenrial current; MFR - myofascial release .j::. 

tJ.J 
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the treatment of MTrPs in the upper and lower back, and Edwards and Knowles63 did not 
specifY the region of treatment. 

Data Synthesi s 

Laser Therapies 
Two rypes of low-level laser therapies (LLLT) were used by trials i ncluded in this review: 
h e l i u m- n e o n  (He_Ne)3o.64 and i n frared l asers w i t h  a diode of gal l i u m-arsen ide 
(Ga_As)65-67 or gallium-arsenide-aluminium (Ga-As-Al).68.69 In five of the seven trials, a 
statistically significant difference was found between the treatment group and the control 
group following treatment. Two trials65 .67 reported that a statistically significant effect 
persisted at a 3-month follow-up. Hakguder et al68 reported significant reductions in pain 
intensiry with laser and stretching. Ilbuldu et al64 measured outcomes at 6 months and 
found no difference between the treatment and placebo groups. 

Altan et al66 reported conflicting results, attributing the statistically significant effect 
in both the treatment and placebo groups to a concurrent p rogram of exe rcise and 
stretching. Dundar et al69 compared laser to placebo laser and reported no statistically sig
nificant difference between groups, also attributing the significant change in both the 
treatment and placebo groups to a concurrent program of exercise and stretching. 

Electrotherapies 
Five trials studied electrotherapies directly and in three other trials (Hou et al25, Lee et al70, 
Smania et al72) electrotherapies were used as part of a mixed-intervention protocol. Five 
types of electroth erapies were studied:  transcu taneous electrical ne rve st im ulation 
(TENS), electrical muscle stimulation (EMS), high-voltage galvanic stimulation (HVGS), 
freguency-modulated neural stimulation (FREMS), and interferential current (IFe). 

Six of these eight trials used TENS. Hsueh et al24 and Ardic et a17) compared TENS to 
EMS, and in both s tudies TENS was superior to EMS in reducing pai n .  Hou et al25 
reported a sign ificant reduction in pain i ntensiry when TENS or IFe was used in combi
nation with other physical therapy modalities and/or manual techniques. Graff-Radford 
et al60 compared fout different modes of TENS and reported a superior effect on pain 
levels with 100 Hz, 250 flsec sti mulation. However, it  is difficult to base any solid conclu
sions of long-term treatment effectiveness on these resul ts, because in all but one trial 
(Ardic et al7l, which had a very low VS) the final outcome assess ment was immediately 
post-treatment. Therefore, no evidence of medium- or long-term effectiveness is available. 
Smania et al72 compared TENS to placebo ultrasound as part of a study examining repet
itive magnetic stimulation and also fo und that TENS had an im mediate effect; however, 
this did not persist at 1 month. 

Farina et al73 compared TENS with FREMS. Although both treatments showed signif
icant effect on pain scores and MTrP characteristics at 1 mon th, there was no difference 
between groups. The effect persisted at the fmal follow-up of 3 months for the FREMS 
group but not the TENS group. 
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Lee et al70 com pared u l t raso u n d  to placebo u l t raso u nd, c o m b i ned-curre n t  elec
tro the rapy, and u ltraso u nd plus combined-curre n t  electro therapy and fou nd that only 
electrotherapy had a significant effect on pain i nte nsity. 

Tanri k u t  et aj74 reported a significant reduction i n  pai n i ntensi ty at 15 days (b u t  not i n  
analgesic usage) after the applicatio n of HVGS; however, the i n ternal val idity o f  this trial 
was poor. 

Ultrasound 
In two of the five trials using ultraso und (US), which i ncluded one very high-quali ty paper 
(Gam et aI7S) ,  US was repo rted to have no s ignificant e ffect on pain.  Esenyel e t  al26 
reported a superior effect; however, this study was of very poor qual i ty and attention bias 
was a s ignificant l imitation.  Lee et al70 reported no s ign i ficant difference between US and 
placebo US. 

Maljesi and Unalan76 compared h igh-power pain-th reshold u lrraso und ( HPPT-US) to 
conventional US and reported a s tatistically significant reduction in  pain intensity in the 
HPPT-US gro up. However, the validity score of this trial was also low. Esenyel et a[77 co m
pared u ltraso und (H PPT-US) w i th stretc h i ng to conventi o nal US with stretching and 
stretching alone and reported that pain in tensity improved i n  all three grou ps; however, 
there was no s ignificant difference noted between the groups.  

Magne t Therapies 
The th ree trials exam i n i ng magnet therapies fo r MTrPs were of high qu ality. Brown et al61 
reported a superior effect over placebo using magnets taped to MTrPs o n  the abdomen fo r 
the treatment of chro nic pelvic pai n. Although this study had a high VS, patie n t  blinding 
was shown to be compromised. 

Smania et aF9 reported that repetitive magnetic sti m u lation technique (rMS) was supe
rior to placebo in reducing pain from MTrPs in the upper trapezius  muscle; however, this  
was a very s mall st udy with o n ly nin e patients in each gro up. I n  a later study, Smania 
et al7s repeated the rMS treatment with a larger population and fou n d  statistically signif
icant changes in ou tcomes up to 3 months followi ng treatment when compared with 
TENS and placebo US. 

Ph)'sical/Manual Therapies 
Hou et al2s studied vari ous combinations of exercise, manual the rapy, s tre tchi ng, and 
modalities. In this s tudy, all grou ps that received some form of electrotherapy modali ty 
had a superior effect on pain i ntensity when co mpared to the co ntrol gro up. The combi
nation of h o t  pack, range of motion exercise, IFC, and myofascial release showed the 
largest reduction in pai n .  However, the final follow- u p  i n  this trial was only 5 minutes 
post-treatment. 

Hanten et al79 stu died the effects of a home program of s elf-applied ischemic com
pression followed by stretch i ng compared to active range of motion exerc ises and fo u n d  a 
statistically significant difference i n  pai n in tensity fo r the home program gro up, b ut no 
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difference in total time in pain. The follow-up in this trial was only 3 days. Edwards and 
Knowles63 reported no difference in pain scores between a stretching group and a no
treatment control group after 3 weeks; however, this trial was of poor methodological 
quality. 

Chatchawan et al62 compared Thai massage plus stretches with Swedish massage plus 
stretches. This was a very well-conducted study, although no control was used. Both 
groups showed significant reductions in pain and disability measures; however, there was 
no difference between groups. 

Fernandez-de-Ias-Pefias et alBO compared ischemic compression with transverse friction 
massage and found a significant reduction in pain intensity for both groups bur no dif
ference between groups. However, no conclusion regarding medium- to long-term effec
tiveness can be drawn, because the only outcomes measurement was immediately 
post-treatment. Gemmel et alBl compared ischemic compression with trigger point pres
sure release and reported small but equal reductions in both groups. 

Gam et al7s also used massage and exercise in both the US treatment and placebo US 
groups and made comparisons with a no-treatment control group. No significant differ
ence in pain intensity or analgesic use was measured between any of the groups at any 
time. However, significant reduction in the MTrP characteristics and prevalence was 
noted for both groups that received massage and exercise. Esenyel et al77 used stretching 
with twO active US groups and stretching alone and reported significant but equal reduc
tions in pain intensity across the three groups.  

Altan et al66 and Dundar et al69 compared laser and an isometric exercise and stretching 
protocol to placebo laser and the exercise protocol. Both studies found equal improve
ment in the active laser and placebo laser groups, which was attributed to the exercise with 
stretching. 

Discussion 

Summary of Find i ngs 

The results of this review highlight a considerable discrepancy between the vast range of 
noninvasive treatment modalities proposed as effective for MTrPs and those in fact sup
ported by the literature. Most modalities have not been subjected to clinical trial, and 
therefore no evidence of effectiveness ( or lack thereof ) is available. Of those that have been 
studied, the evidence for effectiveness must be considered at best preliminary due to the 
paucity of clinical trials to date. In addition, it is important to remember that most of the 
current evidence on the noninvasive treatment ofMTrPs is limited to the upper trapezius 
and cervical region. 

Laser Therapies 
This review has found unclear evidence that laser therapy is effective as a short-term 
intervention for reducing pain intensity in MTrP pain of the neck and upper back. 
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Conflicting results berween the studies need ro be resolved. Hakguder et al68 suggested that 
inadequate dosages m ay be the principal facror involved in the inconsistency among 
reports of LLLT efficacy. However, Gur et al65 found good results with a lower dosage than 
was used by Hakguder et al.68 In contrast, Dundar et al69 used a higher dose than Hakguder 
et alG8 yet reported no difference berween the active and placebo groups. Further studies are 
necessary to establish long-term effectiveness, the most effective type of laser, the optimu m  
dosage, wavelength, and other parameters, and duration and frequency of treatment. 

Electrotherapies 
TENS appears to have an immediate effect with regard ro decreasing pain intensity in 
MTrP pain of the neck and upper back. However, the data is insufficient ro determine the 
effectiveness for TENS beyond the im mediate post-treatment effect. There is limited evi
dence for the use of FREMS, HVGS, EMS, and IFC for MTrP pain. This conclusion reflects 
the results of a Cochrane review that found the current evidence for electrotherapies for 
neck disorders lacking, limited, or conflicting.84 

Ultrasound 
Moderate evidence derived from one high-quality and two lower-quality studies indicated 
that conventional ultrasound is no more effective than placebo or no treatment for MTrP 
pain in the neck and upper back. Robertson and Baker85 also supported this conclusion. 
Further research is needed ro evaluate the effectiveness of high-power pain-threshold 
ultrasound, because results from the two existing trials were conflicting. 

Magnet Therapies 
Although the three trials investigating magnet therapy were generally of good quality, 
each had a number of sign ificant methodological flaws. Further research is necessary ro 
support the findings of these trials. Contraindications of magnet therapies and minor 
adverse effects reported in one of the studies m ust also be considered. The contraindica
tions reported for magnet therapy include cardiovascular disease, hypertension, coagu
lopathy, ulcer, recent severe hemorrhage, renal insufficiency, severe hepatic disease, 
neoplasia, epilepsy, cutaneous pathology, pain of central origin, patients with metallic 
implants ( clips, cardiac valves, pacemakers), and pregnancy.78 Brown et al6 1 reported 
m inor adverse events in  half of the study participants. These included skin irritation, 
bruising, and erythe ma. 

Physical/Manual Therapies 
Due ro the heterogeneity of trials investigating physical and manual therapies, the current 
evidence did not exceed the moderate level. Further, most of these trials examined m ulti
modal treatment programs, so the presence of positive effects cannot be solely attributed 
ro a particular physical or manual therapy intervention. Several studies reported that exer
cise a nd stretching appeared to be the effective therapy when included in treatm e nt 
groups comparing active to placebo modalities. 
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The higher-quality trials25,62,75,79-81  examining manual techniques suggested that such 
approaches may be effective. However, no conclusions regarding medium- to long-term 
effectiveness could be drawn. Additionally, effectiveness beyond placebo is neither sup
ported nor refuted. Larger high-quality trials with longer follow-up periods are needed to 
support the findings of these studies. Fernandez-de-Ias-Pefias et al86 have performed a 
similar review of the evidence for manual therapies in the treatment of MTrPs. Their 
review also concluded that although a number of studies demonstrated statistically 
significant reductions in pain scores and pressure pain threshold, the current evidence 
neither supported nor refuted effectiveness beyond placebo. 

Methodological Limitations 

When interpreting the results of randomized controlled trials, a distinction must be made 
between statistically versus clinically significant results.36,82 Inappropriate conclusions 
about treatment efficacy are commonly drawn based solely on the presence or absence of 
between-group statistical differences.36,83 However, statistically significant results cannot 
automatically be interpreted as clinically relevant.82,83 To inform decisions about the man
agement of individual patients, it may be more appropriate to consider available treat
ment options that have shown a meaningful clinical effect.36 However, little is known 
about what is considered by patients to be a minimal clinically important change in 
myofascial pain-related outcome measures.83 

Heterogeneity of study populations increases the effect size required for statistical sig
nificance. The trials included in this review have reported a large range in the baseline 
means for pain intensity measured by VAS. In the 24 trials that used this measure, the 
mean baseline VAS ranged from 2.679 to 8.4.16 Some trials reported a difference of more 
than 4 VAS points between participants in the same study group. These f indings suggest 
that heterogeneity of the patients included in the studies affects not only the potential for 
f inding statistical significance, but also the external validity of study findings. 

U nderlying Theoretical Considerations 

The clinical uncertainties surrounding MTrP diagnosis present several challenges to the 
interpretation of clinical treatment trials. In the absence of an accurate diagnosis, the 
results of any epidemiologic, pathophysiological, or clinical investigation will be mis
leading 4 For example, the trials examined in this review may have included a significant 
proportion of false positives, thus leading to an apparent failure of effective treatments. 
Until reliable diagnostic criteria have been established, research studies must present 
greater transparency as to how a case of MPS is defined.4 Further, Sciotti et al 16 have 
pointed out that the routine ability to obtain precise location dimensions of MTrPs with 
actual visualization, such as 3 D  measurement techniques, is essential to the establishment 
of reliable data on pathogenesis, clinical diagnosis, and treatment. Until this is achieved 
and implemented in clinical trials assessing treatments for MTrP pain, reliable evidence of 
treatment effectiveness will remain elusive. 
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Although this review included only trials that were explicit with regard to the diag
nostic characteristics of MTrPs, it is significant that only three of the 26 trials that met 
this inclusion criterion documented changes in these diagnostic characteristics as part of 
the outcomes assessment. Each of these trials used an index described by Gam et al?S The 
index involves rating the presence of tenderness and increased local muscle consistency on 
palpation using a score from 0-3 with 0 = increased consistency but where palpation pro
duces no pain; 1 = increased consistency but the patient indicates pain only after being 
asked; 2 = increased consistency and the patient spontaneously expresses pain; and 3 = 

increased consistency and the patient withdraws from the palpation Uump sign). The 
number of MTrPs is recorded, and an index score is calculated as the sum of the scores for 
all MTrPs present at each treatment session. It should be noted that the reliability and 
validity of this index have not been established. The three trials74,7s,78 all reported statisti
cally significant reductions in the taut band and spot tenderness as measuted using this 
index. Gerwin87 has suggested that with appropriate treatment the taut band will signifi
cantly reduce or disappear within 1 minute, along with the associated symptoms. 
However, Gam et al7s have demonstrated that a significant reduction in both the preva
lence and intensity of MTrP characteristics with massage and exercise was not accompa
nied by a reduction in pain intensity or analgesic u s e .  Without more extensive 
substantiating evidence that changes in the clinical characteristics of the MTrP occur fol
lowing treatment and that a reduction in subjective symptoms correlates with resolution 
of MTP findings, it is unclear whether treatments for MPS effectively address the entity by 
which diagnosis is made or if positive outcomes are due to other factors. 

The mechanisms underlying the efficacy of the various treatments for MPS are poorly 
understood,s,9 and the multitude of proposed treatments reflects the deficiency in under
standing the precise pathophysiology of MTrPs. If treatments directed at MTrP entities 
specifically address the proposed pathophysiology, then the heterogeneous outcome of 
common treatments for pain arising from MTPs should be viewed as a challenge to that 
assertion. In addition to the possibility of placebo mechanisms, the common feature of 
treatments that appear to have some evidence of effectiveness is the application of direct 
stimulation at the hyperalgesic foci.9 The proposed mechanisms for these treatments 
include direct mechanical disruption of muscle contraction knots,S reactive hyperaemic 
response,? equalization of sarcomere length,88 central opioid release,89 and supraspinal 
pain control mechanisms.9o Research on therapeutic mechanisms is notoriously difficult 
due to the complexity of interactions between multiple local and systemic systems.9 
Improved understanding of the pathophysiology of the MPS clinical presentation may aid 
both our understanding of the effects of treatments for MPS and the development of 
appropriate and effective MTrP treatment strategies. 

Although it is commonly argued that long-term relief of MTrP pain is critically depen
dent on the alleviation or correction of all contributing or perpetuating factors,6,7,9,!2,79,87,9 ! 
none of the trials included in this review carefully addressed or even controlled for such fac
tors. Simons, Travell, and Simons7 suggested mechanical stress and ergonomic issues, such 
as poor posture or muscle overuse/injury, nutritional inadequacies, metabolic or 
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endocrine disorders, allergies, impaired sleep, psychological factors, chronic infection, 
radiculopathy, and ch ronic visceral disease as perpetuating factors for MTrP pain. 
However, many of these factors are controllable. In a cohort study of 2S patients with 
chronic myofascial head and neck pain, Graff-Radford et al92 examined the use of a struc
tured interdisciplinary format of physical and cognitive-behavioral therapies aimed at 
reducing factors that perpetuate MPS. The results immediately following treatment and 
at 3, 6, and 1 2  months post treatment showed highly reliable reductions in self-reported 
pain and medication intake when compared to pretreatment scores. However, no ran
domized controlled trials have addressed the duration of pain relief associated with man
agement of contributing and perpetuating factors.79 

In a study investigating factors that may inf1uence the outcome of trigger point injec
tion therapy, Hopwood and Abram93 found that an increased risk of treatment failure was 
associated with unemployment due to pain at the start of treatment, no relief from anal
gesic medication, constant pain, h igh levels of pain-at-its-worst and pain-at-its-least, pro
longed duration of pain, change in social activity, lower levels of coping ability, and 
alcohol use. They concluded that several factors should be considered in treating patients 
with MPS with trigger point injections. The study is consistent with the evidence that 

MPS is a multidimensional phenomenon and that a plethora of factors may inf1uence 
treatment outcome.94 This view was su pported in a recent review of MPS,95 suggesting 
that the pathogenesis of myofascial pain likely has a central mechanism with peripheral 
clinical manifestations. 

Also relevant from an underlying theoretical perspective is that MTrPs have been iden
tified with nearly every painful musculoskeletal condition. 12 Further, the symptoms pro
duced by MTrPs have been said to mimic other common musculoskeletal disorders, such 
as radiculopathy, f ibromyalgia, and articular or somatic dysfunctions.4, 14,88 Because it is 
unlikely that MTrPs represent the underlying pathophysiology for nearly all muscu
loskeletal pain disorders, an alternative explanation is the possibility that MTrP findings 
are a clinical epiphenomenon of musculoskeletal pathology and pain, the manifestation 
of which could be explained via peripheral and central sensitization mechanisms. Graven
Nielson and Arendt-Nielsen94 have suggested that the number ofMTrPs may be a mani
festation of the degree of central sensitization. This was supported by their recent finding 
that a significantly higher number of MTrPs were found in the lower limb muscles in 
patients suffering from knee osteoarthritis compared with controls.96 Niddam et al90 have 
noted that the focal hyperalgesia found in MPS rna)' in part be induced by central sensiti
zation and changes in descending inhibitory or facilitatory mechanisms. This has impor
tant repercussions for the clinical management ofMPS presentations, further suggesting 
that therapy should involve enhancing central inhibition with pharmacological or behav
ioral and psychological techniques in addition to reducing peripheral inputs with physical 
therapies.92 

In a recent h istological study examining MTrPs, the preliminary results of a novel 
microanalytical technique for assaying soft tissue using a microdialysis needle revealed 
significant differences in the levels of pH, substance P, CGRP, bradykinin, norepinephrine, 
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TNF, and IL-l i n  those subjects with an active MTrP, compared with subjects with a 
latent MTrP and normal subjects 97 Simons98 has claimed that the results of this study 
strongly substantiate the integrated hypothesis as a valid explanation for the pain asso
ciated with MTrPs, providing a credible etiology for MTrPs. However, the authors of the 
study stated that the significance of the data in relation to an etiology of MTrP pain is 
unclear and that the study does not indicate that the assayed metabolites cause MTrPs 97 
In fact, the differences between the active and control groups were apparent from the time 
of needle insertion, suggesting the presence of confounding factors, including the possi
bility that introduction of the needle itself affected the data. Considering that the same 
metabolites are responsible for peripheral and central sensitization processes following a 
nociceptive event99 and are also implicated in neuropathological pain mechanisms, loo  
the proposed correlation with theories describing MTrP pathogenesis should b e  
regarded with caution. 

As a final critical note, Quintner and CohenlOl  have criticized the MTrP construct as 
the result of circular reasoning, and they have suggested that the emphasis on the pri
macy of the MTrP phenomenon has directed attention away from the possibility of non
muscular explanations for the origin of the MPS clinical presentation. They have 
proposed that because the characteristics of the MPS presentation are indistinguishable 
from peripheral neural pain, a primary neuropathological cause involving sensitization 
of the nervi nervorum is a more likely explanation. Quintner and Cohen 10 1 suggested 
that there are sound anatomic and physiological grounds to indicate that the phenom
enon of the MTrP, on which the theory of MPS depends, is better understood as a region 
of secondary hyperalgesia of peripheral nerve origin. This was supported by Butler, 102 

who suggested that the concept of ectopic impulse generation or abnormal impulse gen
erating sites ( AIGS) and accompanying sensitization processes in peripheral and cuta
neous sensory nerves compel reconsideration of the myofascial trigger point hypothesis. 
Although McPartland32 has stated that it is in fact the pathological mechanisms of the 
MTrP that cause the development of peripheral nerve sensitization and AIGS, interest
ingly Butlerl 02 was cited as the source. Further research is needed to examine these 
hypotheses. 

Limitations 

Pu blication bias was a limitation in this review. Optimally, reviews should include all 
trials, including unpublished research, regardless of language. 103 Due to resource and lan
guage constraints, only English-language publications were included in the review, and no 
effort was made to identify unpublished trials other than those held in the CENTRAL 
database. However, it is also recognized that unpublished data can be a source of bias. l04 

The methodological quality of the included trials is usually assessed by two or more 
reviewers. I DS Unfortunately, only one reviewer conducted the methodological quality 
assessment. Assessment was also un blinded. Although there is some evidence that blinded 
assessments of the quality of trials may be more reliable than assessments that are not 
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blinded, 106 bli nding can be difficult to achieve, is time consuming, and may not substan
tially alter the results of a review. 1 07 

In addition, the reliability of differe nt methodological scoring systems may be a source 
of ambiguity. Conclusions with regard to the weight of evidence are dependent on the 
choice of methodological quality scoring system and on the exact definition of the evi
dence classification system used.36, IOB Therefo re, as suggested by B ronfort et aP6 the 
commonly used methodological assessment tool, a 5-point scoring system developed by 
Jadad et ai, 106 was i nitially used in addition to the 20-item scale described above. The Jadad 
system addresses randomization, double-bl inding, and description of dropouts, all of 
which may be important sources of bias if  addressed inadequately. However, th e correla
tion between the total scores of the two scoring systems was low. The explanation for this 
is the proportionally h igh weight placed on the importance of blinding both the patient 
and the therapist i n  the Jadad scale compared to the 20-item scale. Complete blinding for 
many physical treatments (e.g., exercise and manual therapies) is difficult or i mpossible to 
achieve . 1 09 Consequen tly, the validity scores derived from the Jadad scale were excluded 
from the data analysis. 

A conciliatory approach presuming that MTrP diagnosis is reliable was taken in order to 
review the current outcome data and examine other issues raised in the current literature on 
M PS. However, the absence of accurate and reliable diagnostic criteria for MPS signifies a 
possibility that some of the content in the sources used in this review may be misleading. 
Where this is the case, the related data and conclusions of this review will be flawed. 

Conclusion 

I m p l ications for C l i n i ca l  Practice 

The evidence for e ffectiveness of the different noninvasive interventions for MTrP pain 
rests on only small groups of separate trials or in some cases on an individual trial. Even 
where trials were generally of good quality, the presence of significant methodological 
flaws must be acknowledged. Thus, the strength of evidence is l imited in most cases. A few 
of the treatments studied may be effective. However, it is not known whether they actually 
address the proposed pathological entity or other pathological processes. G reater atten
tion should be given to the possibility that a diagnosis of MPS may lack validity and that 
chronic m usculoskeletal pain is a multidimensional problem that requires a structured 
mulci modal approach to treatment. 

Considering the current evidence of effectiveness from this review together with 
oth er factors that affect clinical decision making, such as the cost of modalities, practi
tioner training, potential side e ffects, contraindications, and cost-effectiveness, it  is rec
o m m ended that clinicians consider n eck exercises, scretching, and self-administered 
manual release as the fi rst choice of noninvasive MTrP-specific th erapy fo r patients pre
senting with M PS o f  the upper trapezius and neck. In addition, dry needling of MTrPs 
can be considered an option by clinicians with appropriate training in this technique. 

Copyrighted Material



References • 1 53 

I m p l i cati ons fo r Researc h 

Further h igh-quality trials are needed to establish a fi rmer basis fo r considering these 
treatments as viable options. The clin ical effectiveness of the co mmonly used therapies fo r 
which there is some evidence of effect needs to be researched fu rther. Trials sho uld docu
ment the diagnostic criteria and precise location of MTrPs, and changes in the diagnostic 
characteristics ofMPS should be included in the outcomes measure ment. Where possible, 
fu ture research should control for contrib uting and perpetuating factors. Greater atten
tion should also be paid to randomization procedures and to ensu ring adequate statistical 
power, because these were consisten tly weak throughout the incl u ded trials. To better 
inform decisions about patie nt manage ment, trials should evaluate and document not 
only the differences between group means, but also the distribution of clinical values or 
ourcomes within each treatment group.36 
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Trigger Point Dry Needling 

Jan Oommerholt, PT, MPS, OPT, OAAPM 
Orlando Mayoral del Moral, PT 
Christian Grabli, PT 

Introduction 

Trigger point dry needling (TrP-DN), also referred to as intramuscular stimulation (lMS), 
is an invasive procedure in which an acupuncture needle is inserted into the skin and 
muscle. As the name implies, TrP-DN is directed at myofascial trigger points (MTrPs), 
which are defined as "hyperirritable spots in skeletal muscle that are associated with a 
hypersensitive palpable nodule in a taut band."l Physical therapists around the world 
practice TrP-DN as part of their clinical practice and use the technique in combination 
with other physical therapy interventions. TrP-DN falls within the scope of physical 
therapy practice in many countries, including Canada, Chile, Ireland, The Netherlands, 
South Africa, Spain, and the United Kingdom. In 2002, two Dutch medical courts ruled 
that TrP-DN is within the scope of physical therapy practice in The Netherlands even 
though the Royal Dutch Physical Therapy Association had expressed the opinion that 
TrP-DN should not be part of physical therapy practice.2-4 Of the approximately 9,000 
physical therapists in South Africa, over 75% are estimated to employ the technique at 
least once daily (Stavrou, personal communication, 2006). Physical therapy continuing 
education programs in TrP-DN in Ireland, Switzerland, and Spain are popular among 
physical therapists. In Spain, several universities offer academic and specialist certifica
tion programs featuring TrP-DN as an integral component of invasive physical therapy.s 

In the United States and Australia, TrP-DN is not commonly included in physical 
therapy entry-level educational curricula or postgraduate continuing education programs. 
Relatively few physical therapists in the United States have received training and employ 
the technique. The only known U.S. physical therapy academic program that i ncludes 
course work in TrP-DN is the entry-level doctorate of physical therapy curriculum 

Courresy of John M. Medeiros, PT, PhD, managing ediror of rheJournal of Manual and Manipulative 
Therapy. 
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a t  Georgia State University. Other universities are exploring adding dry needling to their 
curricula. Physical therapy state boards of Alabama, Colorado, Georgia, Kentucky, 
Maryland, New Hampshire, New Mexico, Ohio, Oregon, South Carolina, Texas, and 
Virginia have determined in recent years that TrP-DN does fall within the scope of phys
ical therapy in those states. Several other state boards are currently reviewing whether dry 
needling should fall within the scope of physical therapy practice, and the Director of 
Regulations of the State of Colorado has issued a specific "Director's Policy on 
Intramuscular Stimulation" (Table 8-1).6 

In contrast, the Tennessee Board of Occupational and Physical Therapy concluded in 
2002 that TrP-DN is not an acceptable physical therapy technique. The decision of the 
Tennessee board was "based on the need for education and training," or, in other words, 
the realization that TrP-DN is not commonly included in the physical therapy curricula of 
U.S. academic programs5,7 Some state laws have defined the practice of physical therapy as 
noninvasive, which would implicitly put TrP-DN outside the scope of physical therapy in 
those states. For example, the Hawaii Physical Therapy Practice Act specifies that physical 
therapists not be allowed to penetrate the skin.s The definition of the practice of physical 
therapy according to a 2009 Florida statute states that, among other things, the practice 
of physical therapy "means the performance of acupuncture only upon compliance with 
the criteria set forth by the Board of Medicine, when no penetration of the skin occurs."9 
Whether TrP-DN would be considered as falling under this peculiar definition has not 
been contested, and the Florida statutes do not provide any guidelines as to how to per
form acupuncture without penetration of the skin.9 In 2008, the Chiropractic Board of 
Maryland approved dry needling as part of the chiropractic scope of practice. 

The introduction of TrP-DN to American physical therapists shares many similarities 
with the introduction of manual therapy. When New Zealand physical therapist Stanley 
Paris expressed his interest in manual therapy during the 1960s, he experienced consider
able resistance, not only from academia, but also from employers, the American Physical 
Therapy Association (APT A), and even from Dr. Janet Travell. 1 o Paris reported that in 1966 

Dr. Travell blocked his membership in the North American Academy of Manipulative 
Medicine, an organization she had founded with Dr. John Mennell, on the grounds that 
"manipulation is a diagnostic and therapeutic tool to be reserved for physicians only."lo 
Similarly, the 2002 rejection of TrP-DN by the Tennessee Board of Occupational and 
Physical Therapy was in part based on the testimony of an academic expert witness? In 
2006, the APTA omitted an educational activity about physical therapy and dry needling 
from the tentative agenda of its annual conference, while the Royal Dutch Physical 
Therapy Association upheld the opinion that TrP-DN should not fall within the scope of 
physical therapy practice. In October 2006, the Virginia Board of Physical Therapy heard 
arguments from physician and acupuncture organizations against physical therapists 
using TrP-DN. Within the context of autonomous physical therapy practice, TrP-DN does 
seem to fit the current practice model in spite of the reservations of other disciplines and 
some physical therapy professional organizations. In 2009, the Executive Committee of 
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TABLE 8�1 The Colorado Physical Therapy Licensure Rules and Regulations 
4 Ccr 732�1, Includes Rule ll-Requirements for Physical Therapists to 
Perform Dry Needling 

A Dry needling is a physical intervention mat USC" a filif rm needle [0 timulate trigger 

paims, diagnose and treat neuromuscular pain and functional movement deficits. is 

based upon Western medical concepts, requires an examination and diagnosis, and 
treats specific anatomic entities selected according to physical signs. Dry needling 

does not include the stimulation of auricular or distal poim .. 

B Dry needling as dcfined pursuant to mis rule is within the' ope of practice of phy"ical 

therapy. 

C A physical therapist must have me knowledge, skill, ability, and documented compe

tency ro perform an act that is within the physicalmerapisr's �cope f pra rice. 

D Tt) be d 'emed competent to pert()rm dry needling a phy ical rherapi °t must meet the 

following requirements: 

I. Documemcd succe 'sful completion of a dry needl ing cour e of study. The course 

must meet the following requiremem.: 

a. A minimum of 46 hours of face-to-face 1M /dry needling course scudy; online 

study is not considered appropriate training. 

b. Two years of practice as a licensed physica l therapi t pr ior [0 using the dry 

needling technique. 

E A provider of a dry needling our e of study must meet the educational and clinical 

prerequisite as defined in thi mle, D (1) (a) & (b) and demonstrate' minimum of 

two years of dry needling practice techniques. The proVIder is not requir�d to be a 

physi<.:al therapist. 

F A physical therapist pertcmnmg dry needling in his/her practice must have written 

informed consent for each patient where this technique is used. The patient must sign 

and receive a copy of the infonned consent form. The consent form mu t. at a min

imum. clearly state the following information: 

I. Risks and benefits of dry needling. 

2. Physical therapist's level of education and training in dry needling. 

3. The physi .. I therapist will nl)t stimulate any distal or auricular points during dry 

needling. 

H When dry needling i performed this must he clearly documented in the procedure 

notes and must indicate how me patient tolerated the technique a well as me out

come after lhe procedure. 

Dry needling shall not be delegated and must be directly performed by a qualified, 

licensed physical therapist. 

(cuntinued) 
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TABLE 8,1 The Colorado Physical Therapy Licensure Rules and Regulations 
4 Ccr 732-1, Includes Rule ll-Requirements for Physical Therapi t to 
Perform Dry Needling (cont.) 

Dry needling must be performed in a manner consistent with generally accepted stan
dards of practice, including clean needle te<:hnique� and standards of the Center for 

Communicable Disease:;. 

K The phy ical therapist must be able to supply written documentatic n, upon request hy 

the Director, which substantiates appropriate training a required hy thi' rule. Failure to 

provide written documentation i a violation of this rule, and is pril7U1 facie evidence 
that the phy ical therapi t is not competent and not permitted to perform dry needling. 

L This rule is intended [0 regulate and clarify the cope of practice for physical therapists. 

SOIlTce: Williams T. ColornJo Physiall Thcrnpy licensuft! Policies of the Dircc("r; Pnl i y l-[)ITCctor's Pulacy 
on InrramUliCular Stimulation. Denver, CO: State of ColornJn. Department nf Regularory Agencies. 2(,{)S. 

the American Academy of Orthopaedic Manual Physical Therapists issued a position 
statement that dry needling falls within the scope of physical therapy practice. 

In order to practice TrP-DN, physical therapists need to be able to demonstrate com
petence or adequate training in the technique and practice in a jurisdiction where TrP-DN 
is considered within the scope of physical therapy practice. Many country and state phys
ical therapy statutes address the issue of competence by including language such as the 
following: "physical therapists shall not perform any procedure or function which they are 
by virtue of education or training not competent to perform."5 Obviously, physical thera
pists employing TrP-DN must have excellent knowledge of anatomy and be very familiar 
with its indications, contraindications, and precautions. This chapter provides an 
overview of TrP-DN in the context of contemporary physical therapy practice. 

Dry Needling Techniques 

Because dry needling techniques emerged empirically, different schools and conceptual 
models have been developed, including the radiculopathy model, the MTrP model, and 
the spinal segmental sensitization model.1,5,1 l-l3 In addition, other less common needling 
approaches, such as neural acupuncture and automated or electrical twitch-obtaining 
intramuscular stimulation, exisr. I4 -22 In neural acupuncture, acupuncture points are infil
trated with lidocaine for the treatment of myofascial pain.14 ,15 A medical specialist, Dr. 
Jennifer Chu, developed electrical twitch-obtaining intramuscular stimulation; this 
approach combines aspects of the radiculopathy model with the trigger point model. l 6-23 

The radiculopathy model will be reviewed brief1y, whereas the MTrP model will be dis
cussed in detail. The spinal segmental sensitization model and neural acupuncture are 
not included in this chapter due to their exclusive use of injections, which are outside the 
scope of physical therapy practice in most jurisdictionss,12 
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Another classification is based on the depth of the needle insertion and distinguishes 
superficial dry needling (SDN) and deep dry needling (DDN).24,25 Examples of SDN 
include Baldry's SDN approach and Fu's subcutaneous needling, which fall within the 
trigger point (TrP) modeI.24,26-29 The needling approach advocated by the radiculopathy 
model is a form of DDN. The TrP model includes both superficial dry needling (TrP
SDN) and deep dry needling (TrP-DDN) (Table 8-2). 

Radiculopathy Model 

The radiculopathy model is based on empirical observations by Canadian medical physi
cian Dr. Chan Gunn, who was one of the early pioneers of dry needling. A review of TrP
DN would be incomplete without including a brief summary of G unn's needling 
approach, although the radiculopathy model no longer includes TrP-DN. 13 Initially, 
Gunn incorporated MTrPs in his thinking, but fairly soon he moved away from MTrPs 
and further developed and defined his DDN approach, referred to as intramuscular stim
ulation, or IM S .  18-20 Gunn introduced the term "IM S" to distinguish his approach from 
other needling and injection approaches, but the term frequently is used to describe any 
dry needling technique 30 According to Gunn's web site, "hundreds of doctors and phys
iotherapists from all around the world" have been trained in the technique 31 The web site 
also mentions that "some practitioners employ altered versions of IM S not endorsed by 
Professor Gunn or the medical community."31 

The Gunn IM S technique is based on the premise that myofascial pain syndrome 
(M PS) is always the result of peripheral neuropathy or radiculopathy, defined by Gunn as 
"a condition that causes disordered function in the peripheral nerve."30 In Gunn's view, 
shortening of the paraspinal muscles, particularly the multifidi muscles, leads to disc 
compression, narrowing of the intervertebral foramina, or direct pressure on the nerve 
root, which subsequently would result in peripheral neuropathy and compression of 
supersensitive nociceptors and pain. 

The radiculopath), model is based on Cannon and Rosenblueth's Law of Denervation, 
which maintains that the function and integrity of innervated structures is dependent upon 
the free f10w of nerve impulses.32 When the f10w of nerve impulses is restricted, all inner
vated structures, including skeletal muscle, smooth muscle, spinal neurons, sympathetic 

TABLE 8,2 Models of Needling 

Sup rfidal Jry neeJllOg 

Deep Jry neeJling 

Injection thernpv 

Trigger Point 
Model 

Yes 

Yes 

Radiculopathy 
Model 

No 

Yes 

No 

Spinal Segmental 
Sensitization Model 

No 

o 

Yes 
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ganglia, adrenal glands, sweat cells, and b rain cells become atrophic, highly irritable, and 
supersensitive.3o Gunn suggested that many common diagnoses, such as Achilles tendonitis, 
lateral epicondylitis, frozen shoulder, chrondromalacia patellae, headaches, plantar fasci
itis, temporomandibular joint dysfunction, myofascial pain syndrome (MPS), and others, 
might in fact be the result of neuropathy3o Chu has adapted Gunn's radiculopathy model 
in that she has recognized that M TrPs are frequently the result of cervical or lumbar 
radiculopathy.1 6,18,22,23 

Gunn 1 3 maintained that the most effective treatment points are always located close to 
the muscle motor points or musculotendinous junctions, which are distributed in a seg
mental or myotomal fashion in muscles supplied by the primary anterior and posterior 
rami. Because the primary posterior rami are segmentally linked to the paraspinal mus
cles, including the multifidi, and the primary anterior rami with the remainder of the 
myotome, the treatment must always include the paraspinal muscles as well as the more 
peripheral muscles. Gunn found that the tender points usually coincided with painful 
palpable muscle bands in shortened and contracted muscles. He suggested that nerve root 
dysfunction is particularly due to spondylotic changes. According to Gunn, relatively 
minor injuries would not result in severe pain that continues beyond a "reasonable" 
period, unless the nerve root was already in a sensitized state prior to the injury.13 

Gunn's assessment technique is based on the evaluation of specif i c  motor, sensory, and 
trophic changes. The main objective of the initial examination is to find characteristic 
signs of neuropathic pain and to determine which segmental levels are involved in a given 
individual. The examination is rather limited and does not include standard medical and 
physical therapy evaluation techniques, including common orthopaedic or neurological 
tests, laboratory tests, electro myographic or nerve conduction tests, or radiologic tests, 
such as M RJ, CT, or even x-rays. M otor changes are assessed through a few functional 
motor tests and through systematic palpation of the skin and muscle bands along the 
spine and in those peripheral muscles that belong to the involved myotomes. Gunn 
emphasized evaluating the paraspinal regions for trophic changes, which may include 
orange peel skin (peau d'orange), dermatomal hair loss, and differences in skin folds and 
moisture levels (dry versus moist skin),13 

Gunn et al completed one of the first dry needling outcome studies, which demon
strated that I M S  can be an effective treatment option, but there are no studies that sub
stantiate the theoretical basis of the radiculopathy model or of the IM S needling 
interventions.5,33 

Although Gunn emphasized the importance of being able to objectively verity the find
ings of neuropathic pain,34 there also are no interrater reliability studies and no studies 
that support the idea that the described findings are indeed indicative of neuropathic 
pain.s For example, there is no scientific evidence that an M TrP is always a manifestation 
of radiculopathy resulting from trauma to a nerve, even though it is conceivable that one 
possible calise of the formation of M TrPs is indeed nerve damage or dysfuncrion 35 
Interestingly, Gunn did not regard his model as a hypothesis but rather considered it a 
mere " descri ption of clinical findings that can be found by anyone who examines a patient 
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for radiculopathy."34 However, without scientific validation, the radiculopathy model was 
never developed beyond the hypothetical stage. Gunn's conclusion that relative minor 
injuries would not result in chronic pain without prior sensitization of the nerve root is 
inconsistent with many current neurophysiological studies that confirm that persistent 
and even relatively brief nociceptive input can result in pain-producing plastic dorsal horn 
changes.36-42 

Trigger Point Model 

Clinicians practicing from the perspective of the trigger point model specifically target 
MTrPs. The clinical manifestation of MTrPs is referred to as MPS and is defined as the 
"sensory, motor, and autonomic symptoms caused by MTrPs."1 M yofascial trigger points 
may consist of multiple contraction knots, which are thought to be due to an excessive 
release of acetylcholine (ACh) from select motor endplates, and can be divided into active 
and latent MTrPs.I,43,44 The release of ACh has been associated with endplate noise, a char
acteristic electromyographic discharge at MTrP sites, consisting of low-amplitude dis
charges in the order of 10-50 JlV and intermittent high-amplitude discharges (up to 500 JlV) 
in painful MTrPs.4S-4? Active MTrPs can spontaneously trigger local pain in the vicinity of 
the MTrP, or they can refer pain or paresthesiae to more distant locations. They cause 
muscle weakness, range of motion restrictions, and several autonomic phenomena. Latent 
MTrPs do not trigger local or referred pain without being stimulated, but they may alter 
muscle activation patterns and contribute to limited range of motion.48 Simons, Travell, 
and Simons documented the referred pain patterns of MTrPs in 147 muscles,! while 
Dejung et al49 published slightly different referred pain patterns based on their empirical 
findings. Several case reports and research studies have examined referred pain patterns 
from MTrPs.sO-?1 Following Kellgren's early studies of muscle referred pain patterns, 
which contributed to Travel/'s interest in musculoskeletal pain, many studies have been 
published on muscle referred pain without specifically mentioning MTrPs. This brings up 
the question as to whether referred pain patterns are characteristic of each muscle or can 
be established for specific MTrPs.72-84 MTrPs are identified manually by using either a flat 
palpation-for example with palpation of the infraspinatus, the masseter, temporalis, and 
lower trapezius-or a pincer-type palpation technique, for example with palpation of the 
sternocleidomastoid, the upper trapezius, and the gastrocnemius.l 

The interrater reliability of identifying MTrPs has been studied by several researchers and 
was established in a small number of studies.8s-8? Gerwin et al86 concluded that training is 
essential to reliably identify MTrPs, while Sciotti et a18? confirmed the clinically adequate 
interrater reliability of locating latent MTrPs in the trapezius muscle. As also discussed in 
Chapter 5, Bron et al reported that three blinded observers were able to reach acceptable 
agreement on the presence or absence ofTrPs in the shoulder region. The authors concluded 
that palpation ofMTrPs is reliable and might be a useful tool in the diagnosis of myofascial 
pain in patients with nontraumatic shoulder pain.8s A recent study of the intrarater 
reliability of identifying MTrPs in patients with rotator cuff tendonitis reached perfect 
agreement expressed (K = 1.0) for the taut band, spot tenderness, jump sign, and pain 
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Figure 8-1 Trigger point d ry need l i ng of the trapezius muscle. 

Figure 8-2 Trigger poi nt d ry need l ing of the thoracic mult ifi d i  muscles usi ng a 

Japanese needle plunger. 

recognition, which the author attributed to methodological rigor.88 However, considering 
the small sample size and limited variation in the subjects used in this study, it might have 
been inappropriate to establish the intrarater reliability using the kappa statistic89 

Diagnostically, TrP-DDN can assist in differentiating between pain that originates from 
a joint, an entrapped nerve, or a muscle. Mechanical stimulation or deformation of a 
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Figure 8-3 Trigger poine dry need l ing of the gluteus medius muscle. 

sensitized MTrP can reproduce the patient's pain complaint due to MTrPs when the DDN 
technique is used90,9 1 In most instances, it is relatively easy to trigger the patient's referred 
pain pattern wi th TrP-DDN compared to manual techniques. When the pain originates in 
deeper structures, such as the multifidi, supraspinatus, psoas, or soleus muscles, manual 
techniques ma), be inadequate and may not provide sufficient diagnostic information. In 
addition, myofascial pain may mimic radicular pain syndromes.55 For example, pain resem
bling a C8 or L 5  radiculopathy may be due to MTrPs in the teres minor muscle or the glu
teus minimus muscle, respectively. If needl ing an MTrP elic its  the patient'S familiar 
referred pain down the involved extremity, the cause of at least part of the pain is likely 
myofascial in nature and not (solely) neurogenic.55,92 The ability to reproduce the patient'S 
pain has great diagnostic value and can assist in the differential diagnostic process. 

One of the unique features of MTrPs is the phenomenon of the so-called local twitch 
response (LTR), which is an involuntary spinal cord reflex contraction of the muscle fibers 
in a taut band following palpation or needling of the band or MTrp.93,94 L ocal twitch 
responses can be elici ted manually by snapping taut bands that harbor MTrPs. When 
using invasive procedures like TrP-DDN or i njections therapeutically, eliciting LTRs is  
essential.9S Not only is  the treatment outcome much improved, but LTRs also confirm 
that the needle was indeed placed into a taut band, which is  particularly important when 
needling MTrPs close to peripheral nerves or viscera, such as the lungs.25 
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Intramuscular Electrical Stimulation 

One of the advantages of TrP-DN is that physical therapists can easily combine the 
needling procedures with electrical stimulation. Several terms have been used to describe 
electrical stimulation through acupuncture needles, including percutaneous electrical 
nerve stimulation (PENS), percutaneous electrical muscle stimulation, percutaneous neu
romodulation therapy, and electroacupuncture (EA).96-99 Mayoral del Moral suggested 
using the term "intramuscular electrical stimulation" (IES) when applied within the con
text of physical therapy practice.2s White et al99 demonstrated that the best results were 
achieved when the needles were placed within the dermatomes corresponding to the local 
pathology. Using the needles as electrodes offers many advantages over more traditional 
transcutaneous nerve stimulation (TENS). Not only is the resistance of the skin to elec
trical currents eliminated, but several studies have also demonstrated that PENS provided 
more pain relief and improved functionality than TENS, for example in patients with sci
atica and chronic low back pain.100,101 Animal experiments have shown that EA can mod
ulate the expression of N-methyl-D-aspartate in primary sensory neurons with 
involvement of glutamate receptors.I02,I03 

Not much is known about the optimal treatment parameters for IES. Although EA 
units offer many options for amplitude and frequencies, little research has linked these 
options to the management of pain. Frequencies between 2-4 Hz with high intensity are 
commonly used in nociceptive pain conditions and may result in the release of endor
phins and enkephalins. For neuropathic pain, it is recommended to use currents with a 
frequency between 80-100 Hz, which are thought to affect release of dynorphin, 
gamma-aminobutyric acid, and galanin.lo4 However, a study examining the effects of 
high- and low-frequency EA in pain after abdominal surgery found that both frequen
cies significantly reduced the pain. lOS Another study concluded that high-intensity 
levels were more effective than low-intensity stimulation.97 In IES, the negative elec
trode is usually placed in the MTrP and the positive in the taut band but outside the 
MTrP. Elorriaga recommended inserting two converging electrodes in the MTrP, while 
Mayoral del Moral et al suggested inserting the electrodes at both sides of an MTrP 
inside the taut band.lo6,lo7 Chu developed an electrical stimulation modality that auto
matically elicits LTRs, which she referred to as "electrical twitch-obtaining intramus
cular stimulation," or ETOIMS.18,21,22 The technique can also be simulated uSing 
standard EMG equipment.23 

Superficial Dry Needling 

In the early 1980s, Baldry was concerned about the risk of causing a pneumothorax when 
treating a patient with an MTrP in the anterior scalene muscle. Rather than using TrP
DDN, he inserted the needle superficially into the tissue immediately overlying the 
MTrP. After leaving the needle in for a short time, the exquisite tenderness at the MTrP 
was abolished and the spontaneous pain was alleviated24 Based on this experience, 

Copyrighted Material



Dry Needling Techniques • 169 

Baldry expanded the practice of SDN and applied the technique to MTrPs throughout 
the body with good empirical results, even in the treatment of MTrPs in deeper mus
c1es.24 He recommended inserting an acupuncture needle into the tissues overlying each 

MTrP to a depth of 5-10 mm for 30 seconds.24 Because the needle does not necessarily 
reach the MTrP, LTRs are not expected. Nevertheless, the patient commonly experiences 
an immediate decrease in sensitivity following the needling procedure. If there is any 
residual pain, the needle is reinserted for another 2-3 minutes. When using the TrP-SDN 
technique, Baldry commented that the amount of needle stimulation depends on an 
individual's responsiveness. In so-called average responders, Baldry recommended 
leaving the needle in situ for 30-60 seconds. In weak responders, the needle may be left for 
up to 2-3 minutes. There is some evidence from animal studies that this responsiveness 
is at least partially genetically determined. Mice deficient in endogenous opioid peptide 
receptors did not respond well to needle-evoked nerve stimulation. J08 Baldry suggested 
that weak responders might have excessive amounts of endogenous opioid peptide 
antagonists 24 Baldry preferred TrP-SDN over TrP-DDN, but indicated that in cases 
where MTrPs were secondary to the development of radiculopathy, he would consider 
using TrP-DDN 24 

Another SDN technique was developed in 1996 in China.27,29 Initially, Fu's subcuta
neous needling (FSN), also referred to as "floating needling," was developed to treat various 
pain problems without consideration of M TrPs, such as chronic low back pain, 
fibromyalgia, osteoarthritis, chronic pelvic pain, postherpetic pain, peripheral neu
ropathy, and complex regional pain syndrome 29 In a recent paper, Fu et al28 applied their 
needling technique to MTrPs and examined whether the direction of the needle is relevant 
in that treatment. The needle was either directed across muscle fibers or along muscle 
fibers toward an MTrP. The authors concluded that FSN had an immediate effect on inac
tivating MTrPs in the neck, irrespective of the direction of the needle.28 

The FSN needle consists of three parts: a 31 mm beveled-tip needle with a 1 mm diam
eter, a soft tube similar to an intravenous catheter, and a cap. The needle is directed 
toward a painful spOt or MTrP at an angle of20-30° with the skin but does not penetrate 
muscle tissue. The technique acts solely in the subcutaneous layers. The needle is 
advanced parallel to the skin surface until the soft tube is also under the skin. At that time, 
the needle is moved smoothly and rhythmically from side to side for at least 2 minutes, after 
which the needle is removed from the soft tube, which stays in place. Patients go home 
with the soft tube still inserted under the skin. The soft tube can move slightly under
neath the skin because of patients' movements and is thought to continue to stimulate 
subcutaneous connective tissues while in place.27-z9 The soft tube is kept under the skin 
for a few hours for acute injuries and for at least 24 hours for chronic pain problems, after 
which it is removed.27,29 According to Fu et ai, the technique has no adverse or side effects 
and usually induces an immediate reduction of pain. The needle technique should not be 
painful, as subcutaneous layers are poorly innervated.27-29 Because FSN was only recently 
introduced to the Western world, the technique has not been used much outside of China, 
and there are no other clinical outcome studies. 
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Effectiveness of Trigger Point Dry Needling 

The effectiveness of TrP-DN is, to some extent, dependent upon the ability to accurately 
palpate MTrPs. Without the required excellent palpation skills, TrP-DN can be a rather 
random process. In addition to being able to palpate MTrPs before using TrP-DN, it is 
equally important that clinicians develop the skills to accurately needle the MTrPs identi
fied with palpation. Physical therapists need to learn how to visualize a 3D image of the 
exact location and depth of the MTrP within the muscle. The level of kinesthetic percep
tion needed to perform TrP-DN safely and accurately is a learned skill. Noel09 maintained 
that such perception is constituted in part by sensorimotor knowledge but also depends 
on having sufficient knowledge of the subject. 109 The ability to perceive the end of the 
needle and the pathways the needle takes inside the patient's body is a developed skill on 
the part of the physical therapist, a process Noe referred to as an "enactive" approach to 
perception.1 09 A high degree of kinesthetic perception allows a physical therapist to use 
the needle as a palpation tool and to appreciate changes in the firmness of those tissues 
p ierced by the needlezs For example, a trained clinician will appreciate the difference 
between needling the skin, the subcutaneous tissue, the anterior lamina of the rectus 
abdominis muscle, the muscle itself, a taut band in the muscle, the posterior lamina, and 
the peritoneal cavity, thereby increasing the accuracy of the needling procedure and 
reducing the risks associated with it.2s 

Considering the invasive nature ofTrP-DN, it is very difficult to develop and implement 
double-blind and randomized placebo-controlled studies.110-11 3 When researchers use min
imal, sham, superficial, or placebo needling, there is growing evidence that even light touch 
of the skin can stimulate mechanoreceptors coupled to slow conducting afferents, which 
causes activity in the insular region and subsequent increased feelings of well-being and 
decreased feelings of unpleasanrness1J4-J 17 However, several case reports, review articles, and 
research studies have attested to the effectiveness ofTrP-DN. Ingberl18 documented the suc
cessful TrP-DN treatment of the subscapularis muscles in three patients diagnosed with 
chronic shoulder impingement syndrome. One patient required a total of six TrP-DN treat
ments our of a total of 11 visits. The treatments were combined wirh a progressive thera
peutic stretching program and later with muscle strengthening. The second patient had a 
1-year history of shoulder impingement. He required 11 treatments with TrP-DN before 
returning to playing racquetball. Both patients had failed previous physical therapy treat
ments, which included ice, electrical stimulation, ultrasound, massage, shoulder limbering, 
isotonic strengthening, and the use of an upper body ergometer. The third patient was a 
competitive racquetball player with a 5 -month history of sharp anterior shoulder pain, who 
was unable to play despite medical treatment. After one session of TrP-DN, he was able to 
compete in a racquetball tournament. Throughout the tournament, he required rwice
weekly TrP-DN treatments. Following the tournament, he had just a few follow-up visits. 
The patient reported a return of full power on serves and forehand strokes.IIB 

In 1979, Czech medical physician Karel Lewit published one of the first clinical reports 
on the subjecr.1l9 Lewit confirmed the findings of Steinbrocker that the effects of needling 
were primarily due to mechanical stimulation of MTrPs. As early as 1944, Steinbrocker had 
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commemed on the effects of needle insertions on musculoskeletal pain without using an 
injectate.1 20 Lewit found that dry needling of MTrPs caused immediate analgesia in nearly 
87% of needle sites. In over 31 % of cases, the analgesia was permanem, while 20% had several 
momhs of pain relief, 22% several weeks, and 11% several days; 14% had no relief at alL 119 

Cummings121 reported a case of a 28-year-old female with a history of a left axillary vein 
thrombosis, a subsequem venoplasty, and a trans-axillary resection of the left first rib. The 
patient developed chronic chest pain with left ann, forearm, and hand pain. The symp
toms were initially attributed to traction on the intercostobrachial nerve, rotaror cuff 
atrophy, Raynaud phenomenon, and possible scarring around the C8/T1 nerve root. After 
7 months of chronic pain, the patient consulted with a clinician familiar with MTrPs, who 
identified an MTrP in the left pectoralis major muscle. She was treated with only two 
gende and brief needle insertions of 10 seconds each, combined with a home stretching 
program. After 2 weeks, she had few remaining symptoms. One additional treatmem with 
two TrP-DN insertions resolved the symptoms within 2 hours.!2l In another case report, 
Cummings described a 33-year-old woman with an 8-year history of knee pain, who was 
successfully treated with two sessions ofEA directed at an MTrP in the ilopsoas muscle 54 

Weiner and Schmader64 described the successful use ofTrP-DN in the treatment of five 
persons with postherpetic neuralgia. For example, a 71-year-old female with postherpetic 
neuralgia for 18 months required only three TrP-DN sessions during which LTRs were 
elicited. Previous treatments included gabapentin, oxycodone, acetaminophen, chiro
practic manipulations, and epidural corticosteroids. Another patient was treated with a 
combination of cervical percutaneous electrical nerve stimulation and TrP-DN for four 
sessions, resulting in a dramatic decrease in pain. The authors suggested that prospective 
studies of the correlation between MTrPs and postherpetic neuralgia are desperately 
needed.64 Only one previous report has described the relevance of MTrPs in the sympto
matology of postherpetic neuralgia.52 

A study comparing the effects of therapeutic and placebo dry needling on hip straight 
leg raising, internal rotation, muscle pain, and muscle tighrness in subjects recruited from 
Australian Rules football clubs found no differences in range of motion and reported pain 
between the two gtoupS.1 22 Unfortunately, the rese,,-rchers attempted to treat MTrPs in the 
gluteal muscles of presumably well-trained athletes with a 2S mm needle, which most likely 
is too short to reach deeper poims in conditioned individuals. In other words, both inter
ventions may have been placebos, as direct needling of pertinent MTrPs may not have 
occurred. At the same time, there are many other muscles that may need to be treated 
before changes in hip range of motion would be measurable, including the piriformis and 
other hip rotators, the adductor magnus, and the hamstrings. Hamstring pain is frequently 
due to MTrPs in the hamstrings or the adductor magnus and not from gluteal MTrPs.123 

Another Australian study considered the effects of latent MTrPs on muscle activation 
patterns in the shoulder region48 During the first phase of the study, subjects with latent 
MTrPs were found to have abnormal muscle activation patterns compared to healthy con
trol subjects. The time of onset of muscle activity of the upper and lower trapezius, the ser
ratus anterior, the infraspinatus, and the middle deltoid muscles was determined using 
surface electromyography. During the second phase, the subjects with latent MTrPs and 

Copyrighted Material



1 72 • Chapter 8 Trigger Point Dry Needling 

abnormal muscle activation patterns were randomly assigned to either a treatment group 
or a placebo group. Subjects in the treatment group were treated with TrP-DN and passive 
stretching. Subjects in the placebo group received sham ultrasound. After TrP-DN and 
stretching, the muscle activation patterns of the treated subjects had returned to normal. 
Subjects in the placebo treatment group did not change after the sham treatment. This 
study confirmed that latent MTrPs could significantly impair muscle activation pat
terns.48 The authors also established that TrP-DN combined with muscle stretches facili
tated an immediate return to normal muscle activation patterns, which may be especially 
relevant when optimal movement efficiency is required in SPOrtS participation, musical 
performance, and other demanding motor tasks, for example. 

A 2005 Cochrane review aimed to "assess the effects of acupuncture for the treatment 
of non-specific low back pain and dry needling for myofascial pain syndrome in the low 
back region."124 Cochrane reviews are highly regarded, rigorous reviews of the available 
evidence of clinical treatments. The reviews become part of the Cochrane Database of 
Systematic Reviews, which is published quarterly as part of the Cochrane Library. For this 
2005 review, the researchers reviewed the CENTRAL, MEDLINE, and EMBASE databases, 
the Chinese Cochrane Centre database of clinical trials, and Japanese databases from 1996 

to February 2003. Only randomized controlled trials were included in this review using 
the strict guidelines from the Cochrane Collaboration. Although the authors did not find 
many high-quality studies, they concluded that dry needling might be a useful adjunct to 
other therapies for chronic low back pain. They did call for more and better quality studies 
with greater sample sizes.124 

Recent research by Shah et a[l2S at the u.S. National Institutes of Health underscored 
the importance of eliciting LTRs with TrP-DDN. Those authors sampled and measured 
the in vitro biochemical milieu within normal muscle and at active and latent MTrPs in 
near real-time at the subnanogram level of concentration; they found significantly 
increased concentrations of brady kin, calcitonin-gene-related-peptide, substance P, tumor 
necrosis factor-a, interleukin-1�, serotonin, and norepinephrine in the immediate milieu 
of active MTrPs only.125 After the researchers elicited an LTR at the active and latent 
MTrPs, the concentrations of the chemicals in the immediate vicinity of active MTrPs 
spontaneously reduced to normal levels. Not only did this study suggest tbat LTRs might 
normalize tbe chemical environment near active MTrPs and reduce the concentration of 
several nociceptive substances, it also confirmed that the clinical distinction between 
latent and active MTrPs was associated with a highly significant objective difference in the 
nociceptive milieuYs Another study confirmed the importance of eliciting LTRs with 
TrP-DDN.126 In a rabbit study of the effect of LTRs on endplate noise, Chen et al found 
that eliciting LTRs actually diminished the spontaneous electrical activity associated with 
MTrPs. 44,126 

Dilorenzo et al12? conducted a prospective, open-label, randomized study on the effect 
of DDN on shoulder pain in 101 patients with a cerebrovascular accident. The patients 
were randomly assigned to a standard rehabilitation-only group or to a standard rehabil
itation and DDN group. Subjects in the DDN group received four DDN treatments at 
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5- to 7-day intervals into MTrPs in the supraspinatus, infraspinatus, upper and lower 
trapezius, levator scapulae, rhomboids, teres major, subscapularis, latissimus dorsi, tri
ceps, pectoralis, and deltoid muscles. Compared to subjects in the rehabilitation-only 
group, subjects in the DDN group reported significantly less pain during sleep and during 
physical therapy treatments, had more restful sleep, and experienced significantly less fre
quent and less intense pain. They reduced their use of analgesic medications and demon
strated increased compliance with the rehabilitation program. The authors concluded 
that DDN might provide a new therapeutic approach to managing shoulder pain in 
patients with hemiparesis. 

Several studies have compared SDN to DDN . 1 28- 130  Ceccherelli et aP 28 randomly 
assigned 42 patients with lumbar myofascial pain into two groups. The first group was 
treated with a shallow needle technique to a depth of 2 mm at five predetermined tradi
tional acupuncture points, while the second group received intramuscular needling at 
four arbitrarily selected MTrPs. The DDN technique resulted in significantly better anal
gesia than the SDN technique. 128 Another randomized controlled clinical study compared 
the efficacy of standard acupuncture, SDN, and DDN in the treatment of elderly patients 
with chronic low back pain.129 The standard acupuncture group received treatment at 
traditional acupuncture points with the needles inserted into the muscle to a depth of 20 mm. 
The points were stimulated with alternate pushing and pulling of the needle until the sub
jects felt dull pain, or the «de qi" acupuncture sensation, after which the needle was left in 
place for 10 minutes. This "de qi" sensation is a desired sensation in traditional acupunc
ture. The TrP-DN groups received treatment at MTrPs in the quadratus lumborum, iliop
soas, piriformis, and gluteus maximus muscles, among others. In the SDN group, the 
needles were inserted into the skin over MTrPs to a depth of approximately 3 mm. Once 
a subject reported dull pain or the "de qi" sensation mentioned above, the needle was kept 
in place for 10 more minutes. In the DDN group, the needle was advanced an additional 
20 mm. Using the same alternate pushing and pulling needle technique, the needle was 
again kept in place for an additional 10 minutes once an LTR was elicited. The authors 
concluded that DDN might be more effective in the treatment of low back pain in elderly 
patients than either standard acu puncture or SDN.l29 While the authors of both studies 
concluded that DDN might be the most effective treatment option, it is important to 
realize that the protocols used in these studies for both SDN and D DN do not reflect 
common clinical practice for either needling technique. For example, needles are rarely 
kept in place for 10 minutes. Also, Baldry did not recommend inserting the needle to only 
a 2 mm depth. In the second study, only one LTR was required in the DDN group. In clin
ical practice, multiple LTRs are elicited per MTrp.95 The second study had a relatively 
small sample size of only nine subjects per group, which may make any definitive conclu
sions somewhat premature. Neither study considered Baldry's notion of differentiating 
the technique based on the response pattern of the patient. 

Edwards and Knowlesl3 1 conducted a randomized prospective study of superficial dry 
needling combined with active stretching. Subjects received either SDN combined with 
active stretching exercises, stretching exercises alone, or no treatments. After 3 weeks, 
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there were no statistically significant differences between the three groups. However, after 
another 3 weeks the SDN group had significantly less pain compared to the no
intervention group and significantly higher pressure threshold measures compared to the 
active stretching-only group. This study did support the SDN technique, even though not 
all outcome measures were blinded. l3 l  Macdonald et al132 demonstrated the efficacy of 
SDN in a randomized study of subjects with chronic lumbar MTrPs. The active group 
received SDN with the needles inserted to a depth of 4 mm over the MTrPs. The control 
group received sham electrotherapy. The researchers concluded that SDN was signifi
cantly better than this placebo.1 32 Unfortunately, these studies did not follow Baldry's 
procedures either. However, the techniques are similar, with some variations in duration 
and depth of insertion. Lastly, a study comparing superficial versus deep acupuncture 
found no statistical difference in reduction of idiopathic anterior knee pain between the 
two methods. Pain measurements decreased significantly for both groups.1 33 

Mechanisms of Trigger Point Dry Needling 

In spite of a growing body of literature exploring the etiology and pathophysiology of 
MTrPs, the exact mechanisms of TrP-DN remain elusive.5 The finding that LTRs can nor
malize the chemical environment of active MTrPs and diminish end plate noise associated 
with MTrPs in rabbits nearly instantaneously, is critical in understanding the effects of 
TrP-DN, but neither has been explored in depth.1 25,12 6 Simons, Travell, and Simonsl indi
cated that the therapeutic effect of TrP-DDN was mechanical disruption of the MTrP con
traction knots. Because MTrPs are associated with dysfunctional motor end plates, it is 
conceivable that TrP-DDN damages or even destroys motor end plates and causes distal 
axon denervations when the needle hits an MTrP. There is some evidence that this could 
trigger specific changes in the endplate cholinesterase and ACh receptors as part of the 
normal muscle regeneration process.1 34 ,J35 Needles used in TrP-DDN have a diameter of 
approximately 160-300 11m, which would cause very small focal lesions without any sig
nificant risk of scar tissue formation. In comparison, the diameter of hum an muscle fibers 
ranges from 10- 100 flm. Muscle regeneration involves satellite cells, which repair or 
replace damaged myofibers. 136 Satellite cells may migrate from other areas in the muscle 
and are activated following actual muscle damage but also after light pressure as used in 
manual trigger point therapy. 134,137 Muscle regeneration following TrP-DN is expected to 
be complete in approximately 7- 10 daysl 38 It is not known whether repeated needling 
during the regeneration phase in the same area of a muscle can exhaust the regenerative 
capacity of muscle tissue, giving rise to an increase in connective tissue and impairing the 
reinnervation process. 138 An accurately placed needle may also provide a localized stretch 
to the contractured cytoskeletal structures, which would allow the involved sarcomeres to 
resume their resting length by reducing the degree of overlap between actin and myosin 
filaments.5 To provide ultra-localized stretch to the contractu red structures, it may be 
beneficial to rotate the needle.139 In addition, the mechanical pressure exerted via the 
needle may electrically polarize muscle and connective tissues. A physical characteristic of 
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collagen fibers is thei r  intrinsic piezoelec triciey, a properey that allows tissues ro transform 
mechanical stress into electrical activiey necessary for tissue remodeling. 1 4o 

TrP-SDN involves a very light stimulus aimed at minimizing pain responses 24 Based 
on their studies on rats and mice, Swedish researchers have suggested that the reduction 
of pain after TrP-SON may partially be due to the central release of oxycocine. 14 1 . 1 42 Baldry 
suggested that with TrP-SDN, the acupuncture needle stimulates AD sensory nerve affer
ents, an assumption based primarily on the work of B owsher, who maintained that 
sticking a needle into the skin is always a noxious stimulus. 1 43According CO Baldry, AD 
nerve fibers are stimulated for as long as 72 hours after needle insertion. Prolonged stim
ulation of the sensory afferent AD nerve fibers may activate enkephalinergic, seroronergic, 
and noradrenergic inhibitory systems, which would imply that TrP-SDN could cause 
opioid-mediated pain suppression. 144 However, other than in so-called "strong responders," 
TrP-SDN is usually painless even when applied over painful MTrPs. I t  is therefore ques
tionable that the effects ofTrP-SDN can be explained through their alleged stimulation of 
AD fibers. As M illan has summarized in his comprehensive review, 145 AD fibers are divided 
into two eypes: Type I Ao fibers are high-threshold, rapidly conduc ting mechanoreceptors 
and are activated only by mechanical stimuli in the noxious range, whereas Type II AD fibers 
are more responsive to thermal stimuli. Superficial trigger point dry needling as advocated 
by Baldr), does not seem ro be able to stimulate either eype of AD fiber, unless the patient 
experiences the needling as a noxious event. As an alternative to invasive procedures, sev
eral quartz stimulators have been developed. When pressed against the skin, they cause a 
small painful spark, similar to an electric barbecue igniter. While these devices are likely to 
cause Ao fiber activation, and at least theoretically could be used as an alternative to TrP
SON, the U.S. Food and Drug Administration has not approved their use.146 

Skin and muscle needle stimulation of AD and C afferent fibers in anesthetized rats was 
capable of producing an increase in cortical cerebral blood flow, which was thought to be 
due ro a reflex response of the afferent pathway, including group II and N afferent nerves, 
and the efferent intrinsic nerve pathway, including cholinergic vasodilators.147 Superficial 
needling of certain acupuncture points in patients with chronic pain showed similar 
changes in cerebral blood flow. 148 Takeshige et al149 determined that direct needling into the 
gastrocnemius muscle and inro the ipsilateral LS paraspinal muscles of a guinea pig resulted 
in significant recovery of the circulation, after ischemia was introduced to the muscle using 
tetanic muscle stimulation. They also confirmed that needling of acupuncture and 
nonacupuncture points involved the descending pain inhibiror), system, although the actual 
afferent pathways were distinctly different. Acupuncture analgesia involved the medial 
hypothalamic arcuate nucleus of the descending pain inhibitory system, whereas 
nonacupuncture analgesia involved the anterior part of the hypothalamic arcuate nucleus. 
In both kinds of needle stimulation, the posterior hypothalamic arcuate nucleus was 
involved. 149-1S1 Several other acu puncture studies reported specific changes in various parts 
of the brain with needling of acupuncture points in comparison with control pointS. 152.L53 
Although traditional acupuncturists have maintained that acupuncture points have unique 
clinical effects, the findings of these studies are not specific necessarily ro acupuncture but 
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may be more related to the patients' expectations. 154 It is likely that any needling, including 
TrP-DN, causes similar changes, although there is no research to date that provides defini
tive evidence for the role of the descending pain inhibitory system when needling MTrPs. 155 

Recent studies by Langevin et al1 39 ,156-161 are of particular interest even though they 
did not consider TrP-DN in their work. A common finding when using acupuncture nee
dles is the phenomenon of rhe "needle grasp," which has been attributed to muscle fibers 
contracting around the needle and holding the needle tightly in place.162 During needle 
grasp, a clinician experiences an increased pulling at the needle and an increased resistance 
to further movement of the inserted needle. The studies by Langevin et aI provided evi
dence that needle grasp is not necessarily due to muscle contractions, but that subcuta
neous tissues play a crucial role, especially when the needle is manipulated. Rotation of the 
needle did not only increase the force required to remove the needle from connective tis
sues, but it also created measurable changes in connective tissue architecture, due to 
winding of connective tissue and creation of a tight mechanical coupling between needle 
and tissue. 1 5 9 Even small amounts of needle rotation caused pulling of collagen fibers 
toward the needle and initiated specific changes in f ibroblasts further away from the 
needle. The fibroblasts responded by changing shape from a rounded appearance to a 
more spindle-like shape, which the researchers described as "large and sheet
like."139,1 56 , 1 57 , 1 5 9 The transduction of the mechanical signal into fibroblasts can lead to a 
wide variety of cellular and extracellular events, including mechanoreceptor and noci
ceptor stimulation, changes in the actin cytoskeleton, cell contraction, variations in gene 
expression and extracellular matrix composition, and eventually to neuromodu la
tion.1 56 ,1 63 ,1 64 Although the significance of these studies is not yet clear for TrP-DDN, it is 
likely that loose connective tissue plays an important role in TrP-SDN. Fu et aj28 attrib
uted the effeces of their subcutaneous needle approach to the manipulation of the needle, 
and referred to this ground breaking research done by Langevin et al. To increase the effec
tiveness of TrP-SDN, it may prove beneficial to rotate the needle rather than leave it in 
place without manipulation, especially in weak responders. Needle rotation may stimu
late Ao fibers and activate enkephalinergic, serotonergic, and noradrenergic inhibitory 
systems.24 ,1 43 With TrP-DDN, rotation of a needle placed within an MTrP can facilitate the 
eliciting of typical referred pain patterns. More research is needed to determine the var
ious aspects of the mechanisms of TrP-DN. 

Trigger Point Dry Needling versus Injection Therapy 

The term "dry needling" is used to differentiate this technique from MTrP injections. 
Myofascial trigger point injections are performed with a variety of injectables, such as pro
caine, lidocaine, and other local anesthetics, isotonic saline solutions, nonsteroidal anti
inflammatories, corticosteroids, bee venom, botulinum toxin, and seroronin 
antagonists. 165-173 There is no evidence that MTrP injeceions with steroids are superior to 
lidocaine injections.174 In face, intramuscular steroid injeceions may lead to muscle 
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breakdown and degeneration.175,176 TraveU preferred to use procaine.173, '77 Because pro
caine is difficult to obtain, it is now recommended to use a 0.25% lidocaine solution.169 
Recent studies in Germany demonstrated that injections with tropisetron, which is a sero
tonin receptor antago ni st, were superior to injections with local anestheti cs. 17I ,178 
However, injectable serotonin receptor antagonists are not available in the United States. 
M yofascial trigger point injections are generally limited to medical practice only, although 
in some jurisdictions, such as South Africa and the State of M aryland, physical therapists 
are legally allowed to perform MTrP injections. Similarly, physical therapists in the United 
Kingdom are allowed to perform joint and soft-tissue injections. 179 

When comparing MTrP injection therapy with TrP-DN , many authors have suggested 
that "dry needling of the MTrP provides as much pain relief as injection of lidocaine but 
causes more post-injection soreness."180 Usually, these authors reference a study by Hong95 
comparing lidocaine injections with TrP-DN; however, Hong compared lidocaine injections 
with TrP-DN using a syringe and not an acupuncture needle. Recently, Kamanli et al181 
updated the 1994 Hong study and compared the effects of lidocaine injections, botulinum 
toxin injections, and TrP-DN. In this study, the researchers also used a syringe and not an 
acupunctu re needle, and they did not consider LTRs. In clinical practice, TrP-DN is typically 
performed with an acupuncture needle. There are no scientific studies that compare TrP-DN 
with acupuncture needles to MTrP injections with syringes. Based on published research 
studies, the assumption that TrP-DN would cause more post-needling soreness when com
pared to lidocaine injections cannot be substantiated when acupuncture needles are used. 

Prior to the development of TrP-DN, MTrPs were treated primarily with i njections, 
which expl ains why many clini cal o u tcome studies are based on i njection 
therapy 67,165,166,169, I74, J 76, I82-188 Several recent studies have confirmed that TrP-DN i s  
equally effective as injection therapy, which may justify extrapolating the effects o f  injec
tion therapy to TrP_DN.25,95, I76,181, 189,190 Cummings and White190 concluded, "the nature 
of the injected substance makes no di fference to the outcome, and wet needling is not 
therapeutically superior to dry needling ." A possible exception may be the use of botu
linum toxin for those MTrPs that have not responded well to other interventions. 166, / 91-196 

A recent consensus paper specifically recommended that botulinum toxin should only be 
used after trials of physical therapy and TrP-DN do not provide satisfactory relief.193 
Botulinum toxin does not only prevent the release of ACh from cholinergic nerve endings, 
but there is also growing evidence that it inhibits the release of other selected neu ropep
tide transmitters from primary sensory neurons. 1 92,197, 198 

Frequently, patients with chronic pain conditions report having received previous 
MTrP injections. However, many also report that they never experienced LTRs, which 
raises the question as to how well trained and skilled physicians are in identifying and 
injecting MTrPs. A recent study revealed that MTrP injections were the second most 
common procedure used by Canadian anesthesiologists after epidural steroid injections. 

The study did not mention whether these anesthesiologists had received any training in 
the identification and treatment of MTrPs with injections.199 
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Trigger Point Dry Needling versus Acupuncture 

Al though some patients erroneously refer to TrP-DN as a form of acupuncture, TrP-DN 
did not originate as part of the practice of traditional Chinese acupuncture. When Gunn 
started exploring the use of acupuncture needles in the treatment of persons wi th chronic 
pai n problems, he used the term "acupuncture" in his earlier papers. However, his 
thinking was grounded i n  neurology and segmental relationships, and he did not con
sider t he more esoteric and metaphysical nature of traditional acupuncture.200-202 As 
reviewed previously, Gunn advoc ated needling motor points in stead of traditional 
acupuncture poin ts 33,203,2o4 Baldry has not advocated using the traditional system of 
Chinese acupunc ture with energy pathways or meridians either, and he has described 
them as "not of any practical importance."24 

A few researchers have attempted to link the two needling approaches.20S-21 1 In an older 
study, M elzack et al206,211 concluded that there was a 7 1  % overlap between MTrPs and 
acupuncture points based on their anatomic location. This study had a profound impact, 
particularly on the development of the theoretical foundations of acupunc ture. M any 
researchers and clinicians quoted this study by M eb2ck et al as evidence that acupuncture 
had an established physiologic basis and that acupuncture prac tice could be based on 
reported correlations with MTrPs 20s M ore recently, Dorshe�o7 com pared the anatomic and 
clinical relationships between 255 MTrPs described by Travell and Simons and 386 acupunc
ture points described by the Shanghai College of Traditional M edicine and other acupunc
ture publications. He concluded that there is significant overlap between MTrPs and 
acupuncture poin ts and argued that "the strong correspondence between trigger point 
therapy and acupuncture should facilitate the increased integration of acupuncture into con
temporary clinical pain management." Although these studies appear to provide evidence 
that TrP-DN could be considered a form of acupuncture, both studies assume that there are 
distinct anatomic locations of MTrPs and that acupuncture points have point specificity. 

It is questionable whether MTrPs have distinct anatomic locations and whether these 
can be reliably used in comparisons with other points.212 In part, the Trigger Point Manuals 

are to blame for suggesting that MTrPs have distinct locations.I,213 Simons, Travell, and 
Simonsl described specific MTrPs in numbered sequences based on their "approxi mate 
order of appearance" and may have contributed to the widely accepted impression that 
indeed MTrPs do have distinct anatomic locations. There is no scientific research that val
idates the notion that MTrPs have distinctive anatomic locations, other than their close 
proxi mity to motor end plate zones. Based on empirical evidence, the numbering sequences 
are inconsistent with clinical practice and do not reflect patients' presentations. However, 
Dorsher's observation207 that MTrP referred pain patterns have striking similarities with 
described courses of acupuncture meridians may be of interest. But the same dilemma 
arises: Are referred pain patterns MTrP-spec ific or should they be described for muscles in 
general or perhaps for certain parts of muscles? Recent studies of experimentally induced 
referred pain have suggested that referred pain patterns might be characteristic of muscles 
rather than of individual MTrPs, as Simons, Travell, and Simons suggested. 1 ,77,82,83,2 14 
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Birch20s reassessed the Melzack et al 1 977 paper and concluded that the study was 
based on several "poorly conceived aspects" and "questionable" assumptions. According 
to Birch, M elzack et al mistakenly assumed that all acupuncture points must exhibit pres
sure pain and that local pain indications of acupuncture points are sufficient to establish 
a correlation. He determined that only approximately 1 8- 1 9% of acupuncture points 
examined in the 1 9 77 study could possibly correlate with MTrPs, bur he did suggest that 
there may be a relevant correlation between the so-called "Ah Shi" points and MTrPs. In 
traditional acupuncture, the Ah Shi points belong to one of three major classes of 
acupuncture points. There are 3 6 1  primary acupuncture points referred to as "channel" 
points. There are hund reds of secondary class acupuncture points, known as "extra" or 
"nonchannel" points. The third class of acupuncture points is referred to as "Ah Shi" 
points. By definition, Ah Shi points must have pressure pain. They are used primarily for 
pain and spasm conditions. M elzack et al did not consider the Ah Shi points in their study 
but focused exclusively on the channel points and extra points. Hong,209 as well as Audette 
and Binder,2 1O agreed that acupuncturists might well be treating MTrPs whenever they are 
treating Ah Shi points. 

Whether TrP-DN could be considered a form of acupuncture depends partially on 
how acupuncture is defined. For example, the New M exico Acupuncture and Oriental 
M edicine Practice Act defined acupuncture in a rather generic and broad fashion as 
"the use of needles inserted into and removed from the human body and the use of 
other devices, modalities, and procedures at specific locations on the body for the pre
vention, cure, or correction of any disease, illness, injury, pain, or other condition by 
controlling and regulating the f low and balance of energy and functioning of the 
person to restore and maintain health."2 Is According to this definition of acupuncture, 
nearly all physical therapy and medical interventions could be considered a form of 
acupuncture, including TrP-DN, bur also any other modality or procedure. Physicians 
and nurses could be accused of practicing acupuncture as they "insert and remove nee
dles." From a physical therapy perspective, TrP-DN has no similarities with traditional 
acupuncture other than the tool. The obj ective of TrP-DN is not to control and regu
late the f low and balance of energy and is not based on Eastern esoteric and metaphys
ical concepts. Trigger point dry need ling and other physical therapy procedures are 
based on scientific neurophysiological and biomechanical principles that have no sim
ilarities with the hypothesized control and regulation of the flow and balance of 
energy.S,Z4 In fact, there is growing evidence against the notion that acupuncture points 
have unique and reproducible clinical effects. ISS  Three recent well-designed random
ized controlled clinical trials with 302, 270, and 1 ,007 patients, respectively, demon
strated that acupuncture and sham acupuncture treatments were more effective than 
no treatment at ali,  but there was no statis tically s ignificant d iffe rence between 
acupuncture and sham acupuncture.216-218  As Campbell pointed out, acupuncture does 
not appear to have unique effects on the central nervous system, or on pain and pain 
modulation, which implies that the d iscussion of whether TrP-DN is a form o f  
acu puncture becomes irrelevant. I SS 
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Concl usion 

Trigger point dry needling is a relatively new treatment modality used by physical thera
pists worldwide. The introduction of trigger point dry needling to American physical ther
apists has many similarities with the introduction of manual therapy during the 1960s. 
During the past few decades, much progress has been made toward the understanding of 
the nature of MTrPs, and thereby of the various treatment options. Trigger point dry 
needling has been recognized by prestigious organizations such as the Cochrane 
Collaboration and is recommended as an option for the treatment of persons with 
chronic low back pain. Several clinical outcome studies have demonstrated the effective
ness of trigger point dry needling. However, questions remain regarding the mechanisms 
of needling procedures. Physical therapists are encouraged to explore using trigger point 
dry needling techniques in their practices. 
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Chapter 9 

Physical Therapy Diagnosis and 
Management of a Patient with Chronic 
Daily Headache: A Case Report 

Tamer S. Issa) P� BSc) OP� DCS 

Peter A. Huijbregts, P� MSc, MHSc) OP� DCS, FAADMP� FCAMT 

Introduction 

Headaches are one of the most common reasons people seek medical attention. They 
constitute the leading cause for neurology visits, accounting for one-third of ou tpatie nt 
visits. I No data are available on the prevalence of headache as a cause for orthopaedic 
physical therapy visits; however, Boissonnault2 reported headache as a comorbidity i n  
22% o f  patients presenting for outpatient physical and occupational therapy services. 
Most relevant to the physical therapist are those headaches that to some extent have (or 
may have) a neuromusculoskeletal etiology, because those are the headache types that 
could logically be expected to benefit from physical therapy (PT) diagnosis and man
agement. The International Headache Society (IHS) has long aimed to improve upon 
the understanding, diagnosis, and management of headache disorders. The IHS pub
lished the first internationally accepted and clinically useful headac he classification 
system in 1988 with the first edition of the International Classification of Headache Disorders 
(rCHD); a second edition (ICHD-II) was published in 2004.3 The ICHD-II has classified 
hundreds of different types of headaches into two categories: primary headaches and 
secondary headaches. P rimary headaches are the most com mon headache type and 
have no other underlying cause. They include migraine headache (MH),  tension
type headache (TTH) ,  c luster headache and additional trigemi nal autonomic  cepha
lalgias, and other p ri mary headac hes. Secondary headaches are class ified according 
to the ir  causes  and are c l ass ifi ed  into 10  separate c atego ries. Of the p ri mary 
headaches, mounting evidence in the scientific l i terature indicates that TTH and-to 
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a lesser  extent MH-may have an underlying neurom usculoskeletal contribut ion .  
Secondary headaches with a neuromusculoskeletal etiology include cervicogenic headache 
(CGH), occipi tal neu ralgia (ON), and headache associated with temporomandibular 
disorder (TMD). 

TTH is the most com mon yet least studied of the primary headaches.4, s It was once 
thought to be primarily psychogenic, but now there is evidence of a neurobiological com
ponent. Recent studies aimed at understanding the etiology and mechanism ofTTH have 
looked at the role of muscle contraction, the significance of pericranial muscle tenderness, 
and the combined influence of these peripheral inputs with central etiologic features.6, 7 
Pericranial muscle tenderness is the most well-documented abnormality found in TTH 6-8 
It has been proposed that in patients with chronic TTH, prolonged nociceptive stimuli 
from pericranial myofascial tissue contribute to supraspinal facilitation leading to central 
sensitization, which in turn results in an increased general pain sensitivity 6, 7,9 Central 
sensitization arises from the amplification of receptiveness of central pain-signaling neu
rons to input from low-threshold mechanoreceptors and is clinically characterized by the 
presence of hyperalgesia and/or aUodynia. lO,ll Table 9-1 lists the ICHD-II diagnostic cri
teria for some of the TTH forms. 

It  has been hypothesized that part of the continued peripheral nociceptive input 
leading to central sensi tization in  patients with TTH originates in  myofascial trigger 
points (MTrPs) . Referred pain originating in these MTrPs may also contribute to the clinical 
presentation of patients with TTH. 12- 1S An MTrP is defined as a hypersensitive nodule 
within a tau t band in skeletal muscle, which is painful on compression and which may 
cause character ist ic referred pain, tenderness, or auto nomic phenomena. 12-14, 1 6- 18 
Myofascial trigger points can be found in  a specific muscle or group of muscles and can 
l imit the flexibility of the affected muscles . 12 Active MTrPs cause clinical symptoms of 
pain and restricted motion, whereas latent trigger points may not contribute to pain but 
still influence muscle fatigue and mobility I2- 14, 16 -19 Several muscles of the head and neck 
have referral pain patterns into the h ead that can cause or contribute to pain distribution 
p atterns commonly associated not only wi th TTH but also with MH and secondary 
headaches such as CGH, occipital neuralgia, and TMD. Other trigger-point-related symp
toms include tinnitus, eye symptoms, and torticollis. 12-2 1 

MH is a common disabling headache with a strong genetic basis. This headache type can 
be divided into two categories: migraine with or without aura (Table 9-1). The pathophys
iology ofMH is believed to be a neurovascular disorder of the trigeminovascular system in 
which a dysfunctional vasodilation in the brains tern mechanically irritates sensory fibers of 
the trigeminal nerve, resulting in the release of inflammatory substances and the activation 
of meningeal nociceptors. Release of substance P and calcitonin gene-related peptide fur
ther contributes to vasodilation and neurogenic inflammation, leading to an increased 
activation of neurons in the trigeminal ganglion and subsequent transmission of pain sig
nals to the brain. During the progression of an MH episode, the spinal and supraspinal ner
vous cen ters become sensitized, resulting in increased pain and sensitivity to stimuli.22 
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TABLE 9�1 Competing Primary Headaches4 (Migraine, Tension�Type, New 
Daily Persistent) 

Type 

Migraine without 

aura (l.l) 

Typical aura with 

m igrame (1.2.1 ) 

Diagnostic Criteria 

A. At least five :macks fulfilling criteria B-D 

B. Headache attacks lasting 4-72 hours (untreated or unsuccessfully 

trcated) 

C. Headache has at least two of the following characteri.tics: 

1. nilat erallocation 

2. Pulsat ing yuality 

3. Moderate or severe pain intensity 

4. Aggravation by or causing avoidance of routine phY'ical 

activity (e.g., walking or climbing stair) 

D. During head a he at least one of the following: 

I. Nausea and/or vomiting 

2. Photophobia and phonophobia 

E. Not amihured [Q another di 'order 

A. At lea 't two attack fulfilling criteria B-D 

B. Aum ollsi 'ting of at least one of the following, hut no motor 

weakness: 

1. Fully rever ihlt! visu;]lymprorns incl uding positive 
feature' ( .g., f1ickt!ring Iighl1;, spots or lines) and/or 

negative features ( i.e " loss of vision) 

2. Fully reversible sensory 'ymptoms mcluding po"tin: 
features (i.e., pins and needle) and/or negative features 

(j.e., numbness) 

3.  FuJly reversible dysphasic speech disturbance 

C. At least two of the following: 

l. Homonymous visual symptom' and/or unilateral sensory 

symptoms 

2. At least one aura symptom develops gr adually over �5 min

u tes and/or differem aura symptoms occur in 

slIccession over l!!5 minutes 

3. Each symptom lasts l!!5 and :560 minutes 

D. Headache fulfilling criteria B-D for 1.1 Migraine without aura 

begins during the aura or follow alLra within 60 minures. 

E, ot attributed ro another disorder 

(continued) 
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TABLE 9�1 Competing Primary Headaches4 (Migraine, Tension�Type, New 
Daily Persistent) (cont.) 

Type 

Chronic migraine (1.5.1) 

Probable migraine 

without aura (1.6.1 ) 

Infrequent episodic 

tension-type 

headache (2.1) 

Frequent epi odic 

tension-type 

headache (2.2) 

Diagnostic Criteria 

A. Headache fulfilling criteria C and D for 1.1 Migraine without 
aura �m :2:15 days/month for >3 months 

8. Nor attributed to an ther disorder 

A. Attacks fulfillmg all but one of criteria A-D for).1 

Migraine withOlll aura 

B. Not attributed to another disorder 

A. At least 10 epi odes occurring on < I day per month on 

average (< 12 days per year) and fulfilling criteria B-D 

8. Headache lasting from 30 minutes to 7 day� 

C. Headache has at least two of the following characteristics: 

1 . Bilateral location 

2. Pressing/tightening (nonpulsating) quality 

3. Mild or moderate inten icy 

4. Not aggravated by routine phY'i al activity such as 

walking or climbing stairs 

O. Both of the following: 

I. No nausea r vomiting (anorexia may occur) 

2. No more than one of phomphobia or phonophobia 

E. Not attributed to another disorder 

A. At least 10 epi 'oJes of occurring on:2:1 but < 15 days per 

month for at lea't 3 months and fulfilling criteria B-D 

B. Headache lasting from 30 minutes to 7 days 

C. Headache has at least two of the following characteristics: 

1. Bilateral location 

2. Pressing/tightening (nonpulsating) quality 

3. Mild to moderate intensity 

4. Nor aggravated by mutin!! phy 'ical activity 'uch as 

walking or climbing stairs 

D. Both of the following: 

L. No nausea and/or vomiting (anorexia may occur) 

2. No more than one of photophobia and phonophobia 

E. Not attributed to another disorder 

(continued) 
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TABLE 9�1 Competing Primary Headaches4 (Migraine. Tension�Type. New 
Daily Persistent) (cont.) 

Type 

Chronic tenslon-tYre 

headache (2 . .3) 

Chronic tension-type 

headache �lIctated 

with pericranial 

[enderne�s (2.3.1) 

Chroni tension-type 

headache nut aJiSOCiated 
with ricranlal 

tenderness (2.l2) 

Cluster headache (3.1) 

Diagnostic Criteria 

A. Headache occurring on �15 day per month on average for 

>3 months and fulfilling criteria B-D 

B. Headache lasts hour' or may be continuou 

C. Headache has at least two of the following characterbtics: 

I. Bilateral location 

2. Pressing/tightening (nonpulsating) quality 

3. Mild to moderate intensity 

4. Not aggravated by routine physical activity such a 

walking or climbing stairs 

D. Both of the following: 

I. No more than one of photophobia, phonophohia, or mild 
nausea 

2. Neither moderate or severe nausea nor vomiting 

E. or atlributed to another disorder 

A. Headache fulfilling criteria A-E for 2.3 Chronic tension-type 

Ileaaache 

B. Increased pericranial tenderness on manual palpation 

A. Headache fulfilling criteria A-E for 2.3 Chronic tension-type 

headache 

B. No incrcalied pericranial tenderne s 

A. At least five attack:. fulfilling criteria B-D 

B. evere or very severe unilateral orbital, 'upraorbital, anti/or 

temporal pain lasting 15-180 minute' if untreated 

C. Headache is accompanied hy at lea tone Qf the following: 

1. Ip ilateral conjunctival injection and/or lacrimation 

2, Ip ilateral l1al;al congestion and/or rhinorhoea 

.3, Ipsilateral eyelid edema 

4, Ipsilateral forehead and facial wearing 

5, lp 'ilateral milli� and/or pto i 

6. A sense of restlessness or agitation 

(continued) 
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TABLE 9�1 Competing Primary Headaches4 (Migraine. Ten ion�Type. New 
Daily Per i tent) (cont.) 

Type 

New daily per istcm 
headache (4.8) 

Diagnostic Criteria 

D. A((ack have a frequency from one t!very other Jay to eight 

per day 

E. Not artributctl (0 another dIsorder 

A. Headache >3 mOnlh� fulfilling criteria B-D 

B. Heauache i daily and unremilting from met or from 
<3 days from onset 

C. At least two of the following pain characteristics: 

1. Bilater.lliocation 

2. Prcssmg/tightening (nonrul aring) quality 

3. Mild c>r moderate intensity 

4. Not aggrav3teJ by routine physical activity such as 

walking or climbing tairs 

D. Both of the following: 

1. No more than one of photophobia, phonuphohia, 

or milJ nau ea 

2. Neither moJcrate or severe nau ea nor vomiting 

E. Nor attributed to another di order 

The proposed etiology of CGH is based on the convergence of afferent sensory input into 
the cervicotrigeminal nucleus from structures that are innervated by the first three spinal 
nerves or the trigeminal nerve. A subsequent " misinterpretation" of nociceptive signals orig
inating in the cervical somatosensory structures as coming from the structures in the head 
innervated by the trigeminal nerve is thought to be responsible for this type ofheadache.23- 27 
Musculoskeletal structures in the neck that are innervated by the first three spinal nerves 
that may refer pain into the head include the atlanto-occipital joints, joints and ligaments 
of the atlanto-axial joint, the C2-C4 zygapophyseal joints, the C2-C3 intervertebral disk, 
and muscles innervated by CI_C3.23-29 Table 9-2 lists the diagnostic criteria for CGH. 

Temporomandibular disorder describes a variety of conditions affecting the temporo
mandibular joint (TMJ) and the muscles of mastication.3o Symptoms include jaw and facial 
pain, l imited TMJ mobility, joint sounds, tinnitus, and-most relevant to this case report
headaches. 15, 1 6, 30,31 A classification of TMD into two subtypes provides a better under
standing of the disorder and possible treatment options.3o Arthralgia encompasses 
impai rments related to the jo int  bio mechanics, in ternal derangements, degenerative 
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TABLE 9�2 Competing Secondary Headaches4 (Related to Whiplash, 
Head/Neck Trauma, Cervical Spine, Temporomandibular Joint) 

Type 

Chronic head a he 

attri�uteJ to whiplash 

injury (5.4) 

Chrome headache 

attrihuted to other head 

and/ur neck trauma 

(5.6.2) 

Cervicogenic headache 

01.2.1 ) 

Diagnostic Criteria 

A. Headache, not rypical characteristics known, fulfill ing criteria 
Cand D 

B. History of whiplash (sudden and significant acceleration/ 

deceleration movement uf the neck) a 'ociated at the time 

with neck pain 

C. Headache develops within 7 days after whiplash injury 

D. Headache per-i"ts for >3 months after whiplash injury 

A. Headachc, no typical characteristics known, fulfilling criteria 

Cand D 

B. Evidence of head and/or neck trauma of a type not described 

above 

C. Headache develops in close temporal relation to, and/or other 

evidence exists to esrabli h a causal relationship with, the 

head and/or neck trauma 

D. Headache persist for> 3 months after the head and/or neck 

trauma 

A. Pam. referred from a ource in the neck and perceived in 

one or more regions of the head and/or face. fulfilling criteria 

and D 

B. Clinical, laboratory and/or imaging evidence of a disorder or 

lesion within the cervical spine or soft tissue of the neck 

known to be, or generally a cepted as, a valid cau e of 

headache 

C. Evidence thar the pain can be attributed to the neck disorder 

or lesion �ased on at least one of the following: 

1. Demonstration of clinical sign that implicate a source of 

pain in the neck 

2. Aboliti n of headache follo wing diagnostic blockade o( a 

cervical structure or its nerve supply u ing placebo or 

other adequate comrols 

D. Pain resolve within 3 months after successful treatmem of 

the cau ative di order or lesion 

(continued) 
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TABLE 9-2 Competing Secondary Headaches4 (Related to Whiplash, 
Head/Neck Trauma, Cervical Spine, Temporomandibular Joint) (Cont.) 

Type Diagno tic Criteria 

Headache Ot fudal pain 

attributed to temporo· 

mandihular joint (TMJ) 

disorder (11.7) 

Nvre: TMl: Teml"'I'l.'mandi�uiJIr joint. 

A. Recurrent pain in one ur more regions of the head amI/or 

fuce fulfilling riteria C and D 

B. X.ray, MRl and/or bone scintigraphy demonstmte TMJ 

disorder 

C. Evidence that pain can be attributed to [he TMJ disorder. 

based on at least one of the following: 

I. Pain is precipitated by jaw movements and/or chewing of 

hard or cough food 

2. Reduced range of or Irre�Jar jaw movements 

3. N lise fmm one or both TMJs during jaw movements 

4. Tenderness of the joint capsule(s) of one or both TMJ . 

D. Headache resolves within .3 months, and doe nm recur, after 

uccessfuJ treaunent of the TMJ disorder 

changes, developmental defects, and other pathologies related to the TMpo Myalgia is 
related to impairments and pain in the musculature surrounding the TMJ30 Table 9-2 lists 
the diagnostic criteria for TMD-related headache. 

Data on the epidemiology of headache further underscore the need for knowledge 
related to headache. We noted that headaches are one of the most common reasons for 
people to seek medical attention. Headaches are more prevalent in women than in men 
but prevalence tends to decrease with age. 1,32,33 Up to one adult in 20 has a headache every 
day or nearly every day.l Most of the population studies and research have focused on MH: 
European and American studies have shown a 1 year prevalence of M H in 6-8% of males and 
15-18% of females.! One in four American households has a migraine sufferer, totaling 
approximately 29.5 million people.32 TTH is even more prevalent: It affects two-thirds of 
males and over 80% of females in developed countries.! Episodic TTH is the most 
common headache type reported in over 70% of some populations; chronic TTH is found 
in 1-3%.! Approximately 78% of adults will suffer from a TTH at least once in their livesJ2 

The prevalence of CGH has been reported to be 0.4-2.5% in the general population and as 

high as 15-20% in those with chronic headaches.23 The prevalence ofTMD in the Western 
population ranges from 10-40%.15 TMD can be episodic, but it is often a chronic condi
tion affecting women more than men,!5 and can be associated with headaches. Medication
overuse headache is a chronic headache form that affects up to 5% of the populationl 
Chronic daily headache is perhaps the most disabling of the headache grou ps. It signifies 
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those who experience a headache daily or nearly daily ( 15 days or more per month), and 
affects up to one in 20 adults worldwide. 1 

Headache also has a significant socioeconomic impact. Persons with chronic headaches 
report disabling complaints that interfere with daily activities. Work capacity and social 
activity is reduced in 60% of TTH patients and in almost all MH patients.33 A 2001  
report by the World Health Organization (WHO) stated that MH contributed to  1.4% of 
all years lived with disability (YLDs), ranking it as the 19th highest cause of disability in  both 
sexes of all ages.33 Among women, it contributed to 2. 0% of YLDs, which ranked it 1 2th 
among causes of disability.33 The fi nancial impact of headaches on the sufferer and 
society is of considerable concern. Health-care costs are 70% higher  in families with 
migraine sufferers in the United States.34 Outpatient health-care costs in the United 
S tates were 80% higher for "migraine famil ies" than fo r "nonmigraine fami l ies . "34 
Pharmacy costs accounted for 20% of total health-care costs in migraine families, compared 
to 15% in nonmigraine families.34 The prevalence ofMH is highest between the ages of 25 
to 55 years, corresponding to an individu al's most productive years34 In the United 
Kingdom, some 25 million working days or school days are lost every year because ofMH.l 
It  has been reported that 8.3% of patients with episodic TTH lost an average of 8.9 work 
days and that 1 1.8% of patients with chronic TTH lost an average of 27.4 work days3 5 

Headache can be difficult to evaluate, and an individual may present with multiple 
forms of the condition. As indicated above and in Tables 9-1 and 9-2, TTH, MH, CGH, 
and TMD share many similar signs and symptoms. Muscle tenderness to palpation is a 
common finding among them, making it difficult to differentiate between them. To fur
ther complicate matters with regard to differential diagnosis, some authors believe that 
MH and TTH are in fact headaches on the same continuum, whe reas others believe they 
are separate entities.3 ,6 There is also overlap between various headaches and TMJ pain, 
because the head and face share a common innervation and vascular sup ply, leading to 
similar pain patterns in cases of dysfunction or disease.3o There is a close relationship 
between the increase of bruxism (grinding or c lenching of teeth) and parafu nction 
(excessive or unnecessary function related to the jaw) found in TMD and an increase in 
TTH frequency30 One review looked at the CGH diagnostic cri teria and concluded that 
there was insufficient specificity to separate CGH from MH patients.36 Another study 
looked at the association between MH and TMD and concluded that they were two clearly 
differentiated diagnostic entities.3o Various authors agree that there are neu romuscu
los ke letal  abnormalit ies that p lay a role i n  the pathogenesis and pres entati o n  of 
TTH,6- 8,1 2-16, 20,24-26,3 7, 3 8 MH,26,3 7, 3 8 CGH, 16, 24-26, 28 - 30,37,3 8 TMD-related headaches,1 5 , 16,3 0,3 1,3 8 
and occipital neuralgia headaches,21 further exacerbating the difficulty faced by the clini
cian with regard to differential diagnosisl6 ,2 1 

Despite the high prevalence of headache disorders and their socioeconomic and personal 
impact, headache disorders continue to be underestimated in scale, poorly diagnosed, and 
undertreated by the medical community.I,33 The patien t  described in this case report pre
sented with a medical diagnosis of MH and chronic TTH with an onset of a new type of 
chronic daily headache potentially related to a history of motor vehicle acc ident (MVA) 
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Name: Record #: Date: 10/18/04 

Headache Disability Index 
INSTRUCTIONS: Please CIRCLE the correct response. 

1. J have headache: (I) I per momh (2) more men I but less than 4 per monm (3) more than one per week 
2. My headache is: (I) mild (2) moderate (3) severe 

Please read carefully: The purpose of the scale is ro identify difficulties that you may be experiencing because 
of your headache. Please check off "Yes," "SOMETIMES," or "NO" ro each item. Answer each question as it 
perra ins ro your headache only. 

YES SOMETIMES NO 

--1- E1. Because of my headaches I feel handicapped. 

� F2. Because of my headaches J feel resrricted in performing my routine 
daily activities. 

-L E3. No one understands the effect my headaches have on my life. 

L F4. I resrrict my recreational activities (e.g., sports, hobbies, etc.) 
because of my headaches. 

L E5. My headaches make me angry. 

L E6. Sometimes I feel that I am going ro lose conrrct because of my 
headaches. 

-+- F7 Because of my headaches J am less likely ro socialize. 

� ES. My spouse (significant other), or family and friends have no idea 
what [ am going through because of my headaches. 

I E9. My headaches are so bad that I feel that am going ro go insane. � 
I EJO. My oudook on the world is affected by my headaches. � 

L Ell. [ am afraid ro go outside when [ feel that a headache is starring. 

L E12. I feel desperate because of my headaches. 

L F13 I am concerned that [ am paying penalties at work at home because 

of my headaches . 

...L E I 4 My headaches place stress on my relationships with family or friends. 

L F15. [ avoid being around people when [ have a headache . 

L.. F16. I believe my headaches are making it difficult for me to achieve my 
goals in life. 

.....L FI7 [ am unable ro think clearly because of my headaches. 

L FIB. J get tense (e.g. muscle tension) because of my headaches. 

...L FI9 J do not enjoy social gatherings because of my headaches . 

L F20. I feel irritable because of my headaches. 
I F21. I avoid traveling because of my headaches. -.JI..---
! E22 My headaches make me feel confused. --l!-

....L E23. My headaches make me feel frustrated . 

--L F24. [ find it difficult to read because of my headaches. 

...L F25 . I find it difficult ro focus my attention away from my headaches and 
on other things. 

36 20 0 56/100 

Figure 9-2 Init ia l  headache disabil ity i ndex39 
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Name: Record #: Date: lQLlBLQ1 

Neck Disability Index 

This queS[ionnaire is designed to help us berrer understand how your neck pain affects your abiliry to manage everyday
life activities. Pit-as" mark in each section the one box that applies to you. Although you may consider that two of the 
statementS in any one section relate to you, please mark the box that mosr closely describes your present-day situation. 

Section I: Pain Intensity 

00 I have no pain ar rhe moment. 
IG'I The pain is very mild at the moment. 
20 The pain is moderate at the moment. 
3D The pain is fairly severe ar the moment. 
40 The pain is very severe at the mOlnent. 
SO The pain is the worst imaginable at me moment. 

Section 2: Personal Care 

00 I can IO<lk after myself normally withour causing 
extra pain. 

lGJ I can look after myself normally but it causes extra 
pain. 

20 It is painful ro look after myself, and I am slow and 
careful. 

30 I need ,orne help but can manage most of my per
sonal crtte. 

40 I need help every day in most aspects of self-care. 
SO I do nor g�r Jressed, wash with difficulty and Stay in 

bed. 

Section 3: Lifting 

00 I can lift heavy weights withour causing extra pain. 
lO I can lift heavy weights, but it gives me extra pain. 
2GJ Pain prevents me from lifting heavy weighrs off the 

floor, but I can manage if they are conveniently 
placed, i.e. on a table. 

3D Pain prevents me from lifting heavy weights but I 
can manage light to medium weights if they are 
conveniently pOsitioned. 

40 I can only lift very light weights. 
SO I can nOt lift or carry anything at all. 

Section 4: Work 
00 I can do as much work as I want. 
1GJ I can only do my usual work, but no more. 
20 I can do most of my usual work, but no more. 
3D I can'r do my usual work. 
40 I can hardly do any work at all. 
50 J can 't do any work at all. 

Section 5: Headaches 
00 1 have no headaches at all. 
lO I have slight headaches that come infrequently. 
20 I have moderate headaches that come infrequently. 
3D I have ITIllderate headach," that come frequendy. 
40 I have severe headaches that come frequently. 
5(;] I have headaches almost all the time. 

Figure 9-3 Initial neck disability index. 

Section 6: Concentration 

00 I concentrate fully without difficulty. 
I GJ I can concentrate fully with slight difficulty. 
20 I have a fair degree of difficulty concentrating. 
30 I have a lot of difficulry concentrating. 
40 I have a grear deal of difficulty concenrrming. 
50 I can't concentrate at all. 

Section 7: Sleeping 
OG) [have no trouble sleeping. 
10 My sleep is slightly disturbed for less that 1 hour. 
20 My sleep is mildly disturbed for up to 1-2 hours. 
30 My sleep is moderately distributed for up to 2-3 

hours. 
40 My sleep is greatly disturbed for up to 3-5 hours. 
50 My sleep is completely disturbed for up to 5-7 hours. 

Section 8: Driving 
00 I can drive my car without neck pain. 
10 I can drive as long as I want with slight neck pain. 
20 I can drive as long as I want with moderme neck 

pain. 
30 I can't drive as long as I want because of moderate 

neck pain. 
40 1 can hardly drive at all because of severe neck 

pain. 
50 I can't drive my car at all because of neck pain. 

Section 9: Reading 
00 I can read as much as I want with no neck pain. 
JD I can read as much as J want with slight neck pain. 
20 I can read as much as I want with moderate neck 

pain. 
30 I can't tead as much as I want because of moderate 

neck pain. 
40 I can't read as much as I want because of severe 

neck pain. 
50 I can't read at all. 

Section 10: Recreation 
00 I have no neck pain during all recreational activities. 
lO I have some neck pain with all recreation activities. 
2GJ I have some neck pain with a few recreational 

activities. 
3D I bave neck pain wirh most recreational activities. 
40 I can hardly do recreational activities due ro neck 

pain. 
50 I can't do any recreational activities due to neck pain. 

38/100 
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Interpretation i s  possible through scoring intervals as follows: 0-4 = no disability, 5- 14 = 

mild, 15-24 = moderate, 25-34 = severe, and above 34 = complete d isability 41 To arrive 
at a percentage disabil i ty, the total score can be multiplied by two. The NOI question
naire results for this patient (Figure 9-3) indicated a 38% score ( i .e . ,  moderate disability). 
The NOI has moderate test-retest reliability (ICC = 0.68).42 Construct validity of the 
NOI as an outcome measure for neck pain has been demonstrated by comparing it to 
other tests or measures. Cleland et al42 showed that a 7-point ( 14%) change in the NOI 
constituted a minimally clinically important difference (MCIO) for the NOI in patients 
with cervical radiculopathy. 

On the pain drawing (Figure 9- 1), the patient indicated headache, facial pain, and neck 
pain. The headaches were located in the bilateral frontal head region, the facial pain was 
in  the left cheek and jaw region, and the neck pain was in the bilateral suboccipital region, 
lower neck, and left back of neck. The headache was described as severe, daily, and bandlike 
across the front of the head with tenderness of the head and occasional ringing in the left 
ear. The neck pain was described as tenderness. The patient denied complaints of dizzi
ness, loss of consciousness, loss of balance, sensation disturbances, weakness, nausea and 
vomiting, or visual disturbances. These symptoms were asked about in order to screen for 
central nervous system dysfunction-including cord compression, cranial nerve dysfunc
tion due to undiagnosed central processes, vertebral or carotid artery compromise, post
concussive syndrome, and other i ntracranial pathology-that might be causing the 
current complaints of headache.43 The diagnostic accuracy of these symptoms for impli
cating the mentioned pathologies has not been validated. 

The patient  reported that symptoms we re improved by local application of heat, 
stretching, sometimes doing nothing, and sumatriptan if it was a migraine-type headache. 
The patient identified this migraine-type headache as the headache that caused pain 
behind her left eye; this identification was confirmed by the posi tive response to medica
tion specific for an M H (i.e., sumatriptan). However, the patient noted that the use of 
sumatriptan did not always relieve the present  headache, which would seem to indicate 
the presence of more than one type of headache. Symptoms were aggravated by bright 
light, certain smells, hunger, hot weather, exercise, and change in barometric pressure. No 
diurnal pattern of symptoms was noted. Sleep was undisturbed in a habitual left and/or 
right sidelying position with use of a cervical pillow. 

A review of the available physician medical records and radiological reports indicated a 
history of MH  since age 17. The onset time and cause of her neck pain was unknown. 
Onset of the newly described headache was 3 years before, and a neurologist who special
ized in headache management supervised its diagnosis and management. Follow-up with 
the physician had occurred approximately 1 year prior because of the onset of left tin
nitus. The patient was then referred to a dentist due to suspicion of TMO. The dentist 
prescribed a night splint, which the patient wore on and off. She continued to see her den
tist regularly until her mother died in February of2004. Headaches had become more intense 
in March of 2004 and continued to become progressively worse over the next 6 months. 
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The patienc was unable to relate possible reasons concributing to the onset or worsening of 
the complaints. 

Her neurologist then referred the patienc to a pain managemenr outpatienr practice in 
August 2004, where a physician who was a neurologist and pain managemenc specialist 
saw her. This physician reported increased and abnormal tone of the left arm and pro
nounced slowness of finger tapping of the left hand. He was concerned with the facts of 
increasing severity of headaches, worsening of symptoms  lying down compared to being 
upright, and motor dysfunction with the left arm when raised. The physician ordered a 
magnetic resonance imaging (MRl) study; findings showed no focal signal abnormality or 
mass lesions in the brain .  MRl and m agnetic resonance angiography (MRA) studies of the 
brain done approximately 2 years earlier were again evaluated and found normal. The 
patienc had a follow-up visit with the same physician 1 monrh later with continued com
plaints of headache more than 50% of the time. At  the time of the initial physical therapy 
evaluation, the headache was daily during some weeks but at other times the patient could 
go several days without a headache. At times she took the sumatriptan (Imirrex) daily or 
even twice daily bU[ the effect varied from none to satisfactory headache relief. The TMJ 
remained uncomfortable, but the denrist told the patient that i mprovement as a result of 
wearing the splint would take time. The neurologist had recom mended botulinum toxin 
injections for selected neck, shoulder, and facial muscles in combination with PT, but the 
patienc elected against these injections. 

The medical history for this patient included M H, asthma, depression, and a fractured 
pelvis and nose as a result of an MVA 5 years before. Her surgical history included tubal 
ligation,  laser surgery for cervix dysplagia, and tonsi llectomy. Current medications 
included citalopram 20 mg  once a day (QD) (anridepressanr), sumatriptan 50 mg as 
needed (PRN), tizanidine hydrochloride PRN (short-acting muscle relaxanc), fluricasone 
QD (asthma treatmenr), and drospirenone/ethinyl estradiol (birth conttol). A screening 
examination llsing a systems approach revealed that the patient was receivi ng psycho
logical counseling once a week. The patient'S family history included the father alive at 
69 with high blood p ressure and diabetes and the mother deceased at age 69 fro m  an 
overdose. The patienr provided no further details on her mother's death. There was no 
indication in  the family history of headaches, including MH.  First-degree relatives of 
persons who never had M H are at no increased risk o f M H  without aura (relative risk = 

1 . 1 1 [95% confidence interval (C1) 0.83-1 .39]) or with aura (relative risk = 0.65 [95% C1: 
0.36-0.94] ) .44 

Physical  Exa m i n ati o n  

The patient stood 5'7 "  a t  155 Ibs with a mesomorphic body type. Postural observation of  
this patienr fro m  the side using a 3-point grading system (increased, normal, decreased) 
revealed decreased lumbar lordosis, increased thoracic kyphosis, and increased craniocer
vical extension resulting in a forward head posture (FHP). Observation fro m  the back 
revealed symmetrical iliac crest and shoulder heights; the head was s ide-benr to the right. 
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Fedorak et al4s noted fair  intra- (K = 0.50) and poor interrater reliability (K = 0. 16) for 
visual assessment of cervical and lumbar lordosis using a similar 3-point rating system. 

Craniocervical, cervical, and upper thoracic spine active range of motion (AROM) 
testing in a sitting position assessed quality of motion, range, and pain provocation; lim
itations were estimated visually with the following findings: 

• Craruocervical flexion limited by 50%; extension not limited. 
• C 1-C2 rotation right limited by 50%. 
• Cervical flexion l imited by 25% with tightness reported in the upper  back; 

extension hypermobility with an apex of the curve observed at C5-C6. 
• Cervical side-bending right (SBR) limited by 75% with tightness in the contralateral 

neck; SBL limited by 25% with restriction noted ipsilateral. 
• Cervical rotation right (RR) l imited by 25% with contralateral tightness; RL 

l imited by 75% with no symptoms. 
• Upper- thoracic (T1-T4) and mid-thoracic (T4-TS) extension limited withour 

pain; all other directions were within normal limits. 

Bilateral shoulder functional AROM assessed also by way of visual estimation was 
with in normal limits. Interrater reliability for visual estimation of cervical ROM is poor 
overall compared to goniometric techniques.46 Interrater agreement for visual estimation 
of shoulder AROM tests is poor to good (ICC = 0. 15-0.SS) but decteases when pain and 
disability are present. However, with the exception of horizontal adduction, it is suitable 
for distinguishing between the affected and normal side, indicating that its use here as a 
screening tool was appropriate 47 

A neuroconduetive examination yielded b ilatera l  normal (5/5) results for C2-T1 
myotomal muscle strength tests. Reflex testing yielded a 2+ bilateral for the brachioradialis, 
biceps, and triceps deep tendon reflexes. Sensation testing for bilateral C1 -C5 distribution 
was normal for light touch and pinprick. Spine compression through the head in sitting 
was negative for pain reproduction. Spine distraction in sitting was negative for pain repro
duction or pain relief. Extension quadrant AROM to the right revealed slight limitation 
with complaints of left anterior neck tightness but to the left produced no limitations or 
symptoms. Jepsen et al48 noted fair to good (K = 0.25-0.72) interrater reliability for upper
limb manual muscle testing; Bertilson et al49 reported poor to moderate (K = 0.20-0.57) 
reliability for myotomal (C2-CS) strength tests and poor interrater reliability (K = -0.09) 
for reflex testing. Sensitivity to pain with use of a pinwheel has shown moderate to substan
tial (K = 0.46-0.79) interrater reliability.49 Using a 3-point rating scale, Jepsen et also reported 
median interrater (values of 0.69 for sensitivity to light touch and O.4S for sensitivity to pin 
prick. Neck compression and traction tests for reproduction or traction tests for relief have 
shown moderate (K = 0.44, K = 0.41, and K = 0.63, respectively) interrater reliability 49 

Palpation for condition of the cervical spine in s itting revealed no aberrant findings 
for skin temperature, skin moisture, paravertebral muscle tone, or swelling. Palpation 
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for soft-tissue condition of the spine, neck, and head was also performed in  supine and 
prone positions. This revealed myofascial hyperronici ty characterized by palpable taut 
bands and active MTrPs using clinical d iagnostic criteria (Table 9_3) 12  in  b ilateral upper 
trapezius (UT) (left worse than the right) ,  sternocleidomastoid (SCM), splenius capitis 
(SpCap), suboccipital (SO), and left masseter and temporalis muscles. Trigger point 
palpation of the UT produced referred pain into the upper neck, and palpation of the 
SCM caused referred pain into the forehead. Reliability studies looking at the various 
cl inical aspects of MTrPs have been varied, and cli nically relevant agreement in identi
fying the presence or absence of  nigger points has proven to be difficul t to achieve.5 1 
Gerwin et al52 found good interrater reliability among four experr cl inicians for the 
iden tificat ion of tende rness, presence of a tau t  band, refe rred pain ,  local twi tch 
response, reproduction of the patient'S pain, and when a global assessment was made 
regarding the presence of a trigger point. Lew et a[53 showed poor interrater reliabili ty 
for locating latent MTrPs in the UT; in contrast, Sciotti et al54 found acceptable (G-coef 
�0 .8) interrater reliability for the same procedure. Schbps et al55 reporred K values of 
0.46-0.63 and 0.31-0.37 for the interrater agreement on pain on palpation for the SCM and 
UT, respectively. Interrater agreement on muscle tone for these muscles yielded K values of 
0.22-0.37 and 0.20-0.30, respectively. Lending validity to the diagnosis ofMTrPs, the primary 
author later confirmed above manual identification ofMTrPs with the el icita tion of local 
twitch responses (LTR) during trea tment; Hong et aP6 concluded that an LTR was 
more frequently elicited by needling than by palpation. They also noted that there was 
a significant (P <0.0 1 )  correlation between the incidence of referred pain and the pain 
intensity of an active trigger point and the occurrence of an LTR. 

TABLE 9�3 Temporomandibular Disorders Diagnostic Criteria for Myofascial 
Pain82 

Es ential Criteria 

1 .  Palpable ttmt band ( if muscle acces 'ible) 

2. Exquisite spot tenderness of a nodule within the taut band 

3 .  Prcs:,ure o f  tender nodule elicits patient's current pain complaint ( identifies an active 

trigger point) 

4. Painful l imitation to full [".mge of mOlion stretch 

Confirmatory Findings 

I .  Visual or tactile identification of a Local twitch response 

2 .  Referred pain or altered ensation with pressute of tender nodule 

EMG demonstration of spontaneous e1ecrrical act ivity in the tender nodu le of a taut band 

4. Imaging of a local twitch response induced by needLe penetration of tender nodule 
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Palpation fo r position in sitting revealed a decreased functional space between the 
occiput and spino liS process of C2. Without reference to research, Rocabados7 noted that 
this functional space is adequate if a minimum of two fingers can be placed between the 
base of the occiput and the C2 spinous process. Palpation for position of the C 1  in sitting 
revealed that the right transverse process of the C1 was anterior and superior compared to 
the left and was tender to palpation compared to the left .  Positional palpation of C 1  has 
moderate interrater reliability (K = 0.63) 58 Palpation for position in supine revealed no 
aberrant findings for palpation of the articular pillars of the cervical spine, bony land
marks of the scapula, or for the first and second ribs. Lewis et als9 noted surface palpation 
as a valid tool  for determining scapular position. 

Palpation for passive mobility of the cervical spine was performed in supine and of the 
thoracic spine in  prone. Passive intervertebral motion (PNM) was tested using the Paris 
grading system60 (Table 9-4). This yielded the following findings: 

• CO-C1 :  Pain-free grade 1 restriction for flexion and SBL 
• C 1-C2: Painful grade 1 restriction for RR 
• T1 -T4: Pain-free grade 1 restriction for extension 
• T4-T8: Pain-free grade 2 restriction for extension 

Palpation for mobility is used by manual medicine clinicians to identify mobility dys
functions that may contribute to spinal disorders 6 1 -GG Palpation for mobility in the cer
vical and thoracic spine has demonstrated both intra- and interrater agreement varying 
from no better than chance to perfect.GS Most relevant to this case report, however, Jull 
et alGI reported near excellent to perfect inrerrater agreement (K = 0.78- 1 .00) for identi
fying a CO-C3 joint restriction considered relevant to CGH. lul l  et alG7 also examined 
construct validity of cervical palpation for mobility tests and found 100% sensitivity and 

TABLE 9,4 Grading System for Passive Intervertebral Mobility (PIVM) Tests60 

Grade Description 

o Ankylol>is or no detectable movement 

Considemble l im itation in movement 

2 

3 

4 

5 

6 

Sl ight l imitation in movement 

Nomlal ( for the individual) 

Slight increase in motion 

Considerable incre<lse in motion 

Unstable 
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speci ficity when comparing palpation tests with single facet blocks. Zito et al6 8 reported 
80% sensitivity for a finding of painfu l  upper cervical joint dysfunction with manual exam
ination in the differential diagnosis of patients with CGH from those with MH and con
trols. April! et al69 found a 60% positive predictive value for occipital headaches originating 
in the C1-C2 joint with a combination of findings including pain in the (sub)occipital 
region, tenderness on palpation of the lateral C 1 -C2 joint, and restricted C1 -C2 rotation. 

All tests above were performed during the initial visit. A TMJ evaluation on the 14th 
visit revealed decreased AROM of mouth opening (MO) to 30 mm measured with a ruler. 
During mouth opening, the primary author noted lateral anterior translation of the left 
condyle. There was also maxi mal limitation with right lateral excursion (LE), moderate 
limitation with left LE, and moderate l imitation for protrusion (Pro). The latter three 
movements were evaluated using visual esti mation on a 4-point scale (none, minimal, 
moderate, and maximal). B i lateral TMJ traction and compression tests were negative. 
Tenderness was evident with palpation of the left TMJ. At this time-and different from 
the first visit-myofascial hypertonicity and MTrPs were noted in bilateral masseter and 
tem poralis muscles. \'\falker et aFo noted near-perfect interrater agreement for measuring 
mouth opening with a ruler (ICC = 0.99). Manfredini et aFI noted moderate agreement 
(K = 0.48-0.53) for palpation for pain of the TMJ. Lobbezoo-Scholte et al72 reported 
moderate in terrater agreement (K = 0.40) for pain on compression and near-absent 
agreement for restriction (K = 0.08) and endfeel (K = 0.07) with traction and translation 
tests. Pain on palpation of the lateral and posterior aspects of the TMJ carried a positive 
li kelihood ratio of 1 . 1 6- 1 .38 for the presence of TMJ synovi tis/3,74 absence of joint 
crepitus carried a negative likelihood ratio of 0. 70 with regard to TMJ osteoarthritis. 73 

Eval uati on and Diagnosis  

The evaluation and diagnosis of this patient with a com plex presentation involved 
answering two questions: 

• Was this patient appropriate for PT management or was a referral for medical 
diagnosis and (co)management warranted? 

• I f  appropriate for PT manage ment, which were the relevant neuromuscu
loskeletal impairments and resultant limitations in  activity and restrictions in 
participation amenable to interventions within the PT scope of practice? 

Determ ining whether this patient was appropriate for PT management required the 
therapist to both exclude with a sufficient degree of diagnostic confi dence potent ial 
serioLls pathology responsible for the current presentation and to ascertain that the pro
vided medIcal headache diagnoses fit with the signs and symptoms noted during the his
tory and physical examination. 

In the authors' cli nical opinion, serious pathology was ruled out sufficien tly by the 
comprehensive examination of the referring neurologist and the findings from the history 
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and examination noted above. However, i t  should be noted that data on the diagnostic 
accuracy of h istory items and physical examination as discussed above is either absent or 
insufficient to confidently exclude central nervous system pathology potentially capable 
of producing similar signs and symptoms. Therefore, this decision was based mainly on 
cl inician experience and interpretation of the tests based on a pathophysiologic rather 
than research-based rationale. 

This patient came with medical diagnoses of chronic TTH, MH, and TMD. As dis
cussed above, these as well as many other headache types within the ICHD-II cou ld poten
tially p resent with the same signs and sympto ms as collected during the history and 
physical examination. Although it is not the role of the physical therapist to make a med
ical diagnosis, it is his or her  responsibility to ascertain that the provided medical diag
nosis fits with the history and physical examination findings. Discrepancies between the 
diagnosis provided and the signs and symptoms observed should lead to medical referral. 
Only when the signs and symptoms observed fit with the diagnosis provided will a PT 
examination and diagnosis indicate whether the patient might benefit from PT interven
tion. A clinical decision-making process was performed to confirm or cast doubt on the 
provided medical diagnosis. In this case, key diffe rential diagnostic data were derived 
from the headache's onset, nature, severity, chronicity, characteristics, associated symp
toms, and physical examination findings. 

Of the pri mary headache groups noted in the ICDH-II, only MH and TTH required 
further diagnostic consideration (Table 9- 1 ) 4 With the given patient p resentation, the 
diagnostic criteria for migraine without aura ( 1 . 1) were not met entirely met. The patient 
had at least five attacks (criterion A), the headaches lasted 4-72 hours (criterion B), and 
the  h eadaches were of severe intensi ty (criterion 4C). However, she did not fulfill a 
second characteristic out of the four in  criterion C: She did describe a unilateral loca
tion (behind the left eye), but this was not part of her primary headache. The patient 
described aggravation by exercise, but not aggravation by or avoidance of routine phys
ical activity (e .g. ,  walking or cl imbing stairs) . She  also did not describe a pulsating 
quality to her headaches. With regard to criterion D, the patient described aggravation 
by bright light (photophobia) ,  but she did not mention phonophobia, nausea, or vom
iting (see Table 9 -1) .  Typical aura with migraine ( 1. 2 . 1) was not a consideration mainly 
because her symptoms were not accompanied by any aura. She  did not meet the fre
quency and chronic nature of chronic migraine ( 1 . 5 . 1) ,  as outlined in criterion A. However, 
with a report of symptomatic relief of her unilateral headache with a Triptan-class med
ication, a diagnosis of MH without aura was considered likely despite the patient not 
meeting all diagnostic cri teria. 

Episodic (2. 1) and frequent episodic TTH (2.2) could be eliminated because the frequency per 
month of her headaches exceeded criteria for both, leaving chronic TTH (2.3) and new daily
persistent headache (4.8). Their criteria are very similar, and the patient's headache fulfilled cri
teria for both types; however, new daily-persistent headache (4.8) is daily and unremitting 
since or very close to a time of onset that is clearly recalled and unambiguous 4 This was not 
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evident with the onset of daily headache for this patient, being described as insidious and 
vague. Chronic 1TH (2.3) exists in [wo forms: associated (2. 3. 1) and not associated with pericranial 
tende171ess (2.3.2), described as local tenderness to manual palpation by the second and third 
finger on muscles of the head and neck (i.e., frontalis, temporal is, masseter, pterygoid, SCM, 
splenius, and trapezius muscles).4 Palpation of the neck and head musculatu re in this 
patient revealed tenderness, characterized by pal pable taut bands and active MTrPs, making 
a diagnosis of chronic TTH associated with pericranial tenderness (2. 3. 1) very plausible. 

A medical history of suspected TM D and an MVA 5 years p rior, du ring which the 
patient sustained a fractured nose, and neuromusculoskeletal impairments found during 
the examination warranted further inquiry of the secondary headache groups. Whether to 
classifY a secondary headache depends on a few factors. If a headache is a new headache 
that presents with another disorder known to be capable of causing it, then it is described 
as a secondary headache4 If a primary headache already exists, factors that support 
adding a secondary headache diagnosis include a close temporal relation to a causative 
disorder, a discernible wo rsening of the  p rimary headache, good evidence that the 
causative disorder can exacerbate the primary headache, and improvement or resolution 
of the headache after relief of the presumed causative disorder 4 In respect to the improve
ment or resolution of the headache, in many cases there is insufficient follow-up time or 
a diagnosis needs to be made prior to the end of expected time for remission. I n  these 
cases, it is recommended to describe the headache as a headache probably attributed to 
[the disorder]; a definitive diagnosis can only be made once the time-sensi tive outcome 
criterion 0 is fulfilled.4 

Of the secondary headache groups, headache attributed to head and/or neck trauma and 
headache or facial pain attributed to a disorder of cranium, neck, eyes, ears, nose, sinuses, teeth, 
mouth, or other facial or cranial structures required further investigation for this patient 
(Table 9-2).4 The presentation did not fulfill chronic headache attributed to whiplash injury 
(5.4), because the patient did not describe a discernable whiplash injury after her MVA 
and the headache did not develop within 7 days after a possible or suspected wh iplash 
injury. A fractured nose might constitute possible head trauma, but there was no evidence 
that the headache developed in close temporal relation to the trauma, thereby making 
chronic headache attributed to other head and/or neck trauma (5 . 6. 2) unlikely. Although the pri
mary author suspected headache due to TMD and this suspicion was to some degree sub
stantiated later based on the examination findings for the TMJ noted above, this case did 
not meet the established criteria for headache or facial pain attributed to temporomandibular 
joint disorder ( 1 1 . 7); evidence of TMD established by way of x-ray, MRl, and/or bone 
scintigraphy was not available (criterion B). Also the time-dependent outcome cri terion 
o could not be met. Cervicogenic headache ( 1 1. 2. 1 )  was a possible secondary headache diag
nosis because the examination fi ndings met criteria A, B, and C 1 .  Agai n, the t ime
sensi tive outcome criterion 0 could not be confirmed. Clinical findings that supported 
the diagnosis of CGH included FHP, suboccipital tenderness, and upper cervical posi
tional abnormalities and l imited mobiliry. 
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In  summary, after the initial evaluation, the relevant signs and symptoms associated 
with the patient's headaches seemed to be consistent with and fulfill ICDH-II diagnostic 
criteria4 for: 

• Chronic ITH associated with pericranial tenderness 
• Probable MH without aura 

• Probable cervicogenic headache 

The ICHD-II is an update of the original 1988 classification and includes expanded 
definitions and clarifications.3,4 Few studies have examined the reliability and validity of 
this new edition. Relevant to this patient is the fact that there is considerable symptom 
overlap between the diagnostic criteria for ITH and CGH,23 yet some evidence shows that 
they are distinct disorders?5.76 It should be noted that the absence of data on diagnostic 
accuracy of the ICHD-II does and should affect the level of diagnostic confidence with 
regard to the established headache diagnoses. 

After excluding serious underlying undiagnosed pathology and establ ishing the 
seeming appropriateness of the headache diagnoses provided by the referring physician, 
the next step in the diagnostic process was to ascertain whether neuromusculoskeletal 
impairments caused or contributed to the patient's headaches and neck pain. The patient 
presented with several physical examination findings of the muscu loskeletal system of the 
head and neck that have been shown to con tribute to various headache types. Myofascial 
trigger points have been noted to cause referred pain to the head, neck, and face, con
tributing to ITH, MH, and CGH. 1Z-Zl Cervical spine joint dysfunction has been noted to 
contribute to CGH due to referred pain from the facet joints and i nfluence of neural and 
vascular structures of the head and neck.23-29,77-79 FHP with posterior rotation of the cra
nium may lead to adverse affects on the structure and function of the cervical spine and 
TM], increasing the incidence of neck, interscapular, and headache pain. 18,3 J .37,78,80,81 

In  light of this complex patient presentation, the primary author decided to assess for 
a sus pected TMD at a later date due to a lack of time and a lower assigned priority. TMD 
constitutes a variety of conditions i nvolving the TM], muscles of mastication, and other 
associated structures. The diagnosis ofTMD is varied, and agreement has not been met 
on the pathophysiologic mechanisms involved. IS At some point during the course of 
treatment, the patient mentioned the onset of jaw pain. It was at that time that a TMJ eval
uation was performed. The American Academy of Otofacial Pain (AAOFP)'s diagnostic 
criteria for TMD classify two major subgroups:8z 

1. Temporomandibular joint articular disorders, including congenital and 
developmental disorders, disc derangement disorders, dislocation, inflammatory 
conditions, arthritides, ankylosis, and fracture 

2. Masticatory muscle disorders divided into myofascial pain, myositis, myospasm, 
myofibrotic con tracture, local myalgia (unclassified), myofibrotic contracture, 
and neoplasia 
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The TMJ evaluation indicated diagnoses of myofascial pain and left condylar hypermo
bility based on the history and on active and passive movement and palpation findings. The 
patient reported being under high stress and complained of jaw pain, stiffness, and pain 
with chewing. Limitations were present during mouth opening with anterior-lateral trans
lation of the left condyle, bilateral lateral excursion (right worse than left), and protrusion. 
Palpation revealed myofascial hypertonici ty and pain in the muscles of mastication and over 
the left TM). No joint sounds were noted. Therefore, the patient clearly met the diagnostic 
inclusion criteria for TMJ myofascial pain (Table 9_5).82 However, the myofascial pain diag
nosis did not explain the anterior-lateral translation of the left condyle, the discrepancy 
between left and right lateral excursion, and the pain with palpation of the left TM). Further 
investigation of the TMJ articular disorders did not show any plausible diagnosis for which 
aU inclusion criteria were met. With the absence of joint sounds and without radiographic 
imaging, disc displacement disorders, inflammatory and osteoarthritic disorders could not 
be excluded nor included.82 The diagnosis of left condylar hypermobility is not a classified 
disorder named by the AAOFP, but it has been used to describe an articular condition that 
is likely to precede disc derangement disorders of the TM).57 It is characterized by excessive 
condylar rotation (anterior translation) with mouth opening and could explain the lateral 
excursion restrictions as well as the TMJ palpable pain.57 

It should be noted that data on diagnostic accuracy for most tests used in the examina
tion are limited to reliability data; frequently, interrater reliability is insufficient for clinical 

TABLE 9,5 Recommended Criteria for Identifying Latent and Active Trigger 
Points l 2  

I .  Regional dull,  aching pain; pain aggravared by mandibular function when the mu cles of 
mastication are involveu 

2 .  Hyperirritable sites ( tr igger poim ) frequently palpated within a taut band of muscle tissue or 

fascia; provocation of these trigger points altering the pain complaint and often reveal ing a 

pattern of pain referral 

,. Greater than 50% reducrion of pain with vapocoolant spray or local anesthetic injection of 
the trigger point followed by stretch 

The following may accompany the above: 

I .  Sensation of mu Ie st iffness 

2 .  Sensation of acute malocclu ion not verified cl inically 

3. Ear symptoms, tinnitus. vertigo, toothache, tension-type headache 

4. With masricatory muscle lnvolvemem, decreased mouth opening; passive stretching of the 

elevator muscles increasing mouth opening by more than 4 mm (soft enufeel) 

5. Hyperalgesia in the region of the referred pain 
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decision making, thereby encouraging us  to question our  test results. The patient met all 
three criteria (pain suboccipital region, pain on palpation right Cl ,  and restricted Cl-C2 
rotation) for CGH originating in Cl -C2,69 and the painful C l -C2 restriction also indicated 
CGH rather than MH as the cause of at least some of the headache complaints. 6s However, 
it should be again noted that a positive predictive value of 60% and a positive finding in 
light of data only on sensitivity might be considered insufficient for confident diagnostic 
decision making. The AAOFP TMD-classification system has not been studied for relia
bility or validity. The assumption made here that the patient presented with a muscular 
and not as much an articular TMD was neither supported nor contradicted by the likeli
hood ratios noted above for pain on TMJ palpation and the absence of joint crepitus; values 
close to 1 .0 as discussed above do little to affect post-test probability either way. However, 
in the authors' opinion, for this patient the psychometric data on MTrP palpation and 
especially on palpation for mobility permitted a physical therapy diagnosis with regard to 
MTrPs and segmental mobility dysfunction that had sufficient diagnostic confidence to 
identify impairments potentially amenable to PT intervention. 

The International Classification of Functioning, Disability, and Health (ICF) disable
ment models3 was used to describe the patient'S diagnosis, current functioning, and level 
of disability (Figure 9-4), because the ful l  personal impact of headache disorders can be 
i l lustrated well using the ICF classification 33 ICF terms and definitions are described in 
Table 9-6. Stucki84 suggested that the ICF is moving toward beco ming the generally 
accepted framework and classification system in medic ine, specifically rehabilitation 
medicine.84 Table 9-7 sum marizes the involved health conditions, impairments ,  activity 
l imitations, and participation restrictions in accordance with the ICF. 

Body Function and 
Body Structures 
(Impairments) 

Personal Factors 

Figure 9-4 I CF-bio psychosocia l  framework 84 

Participation 
(Restrictions) 

Source : Adapted from Stucki G. International Classification of Functioning, Disabil ity, and 
Health (lCF) :  A promising framework and classification for rehabilitation medicine. Am J 
Phys Med Rehabil 2005 ;84:733-740. 
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Health condition: Diseases, disorders, injuries. 

Case Description • 2 1 5  

Body functions: The physiological functions of body systems, including psychological functions. 

Impairments are problems in body function as a significant deviation or loss. 

Body structures: Anatomic parts of the body, such a organs, l imb , and their components. 

Impainnen� arc problems in structure as a significant deviation or loss. 

Activity: The execution of a task or action by an individua l. Activities may be limited in nature, 

dur<ltion, or 4uality. 

Participation: The involvement in a life situation. Participation may be reslTicted in nature. dutil

tion, or 4uality. 

Environmental factors: The make up of the physical. social ,  and attitud inal environment in 

which people live and conduct their lives; include barriers or faciliwtoTs. 

Personal factors: Factors that impact on functioning (e.g . •  l ifestyle. habits, soc ial background. 

education, ltfe events, race/ethnicity, sexual orientation, and as et of the individual). 

Another diagnostic framework used increasingly within PT in the United States is the 
preferred practice patterns contained in  the Guide to Physical Therapist Practice.85 For this 
patient, d iagnosis using this model with regard to the cervical and thoracic spine 
included: 

l.  Pattern B: Impaired posture 

2. Pattern D:  Impaired joint mobility, motor function, muscle performance, and 
range of motion associated with connective tissue dysfunction 

The PT diagnosis with regard to the TMD, again following the second edition of the 
Guide to Physical Therapist Practice,85 was pattern D (impai red joint mobility, motor func
tion, muscle performance, and range of motion associated with connective tissue dys
function) .  Although prom oted for use in PT diagnosis ,  prognosis, and t reatment 
planning, this diagnostic framework has not been studied for reliability and validity. 

Prognosis 

The patient described in this case report presented with a number  of poor prognostic indi
cators. It  was not clear if this patient had su ffered a whiplash injury during the MVA 5 years 
before or if her chronic neck pain should be attributed to previous neck injury or chronic 
TTH. Patients with chronic neck pain and chronic pain and disability related to "late 
whiplash syndrome" often present with central sensitization. Central sensi tization has also 
been implicated in the etiology of chronic TTH, as discussed above. Signs of cen tral sensi
tization include hyperalgesia, allodynia, and widespread and stimulus-independent pain. 86 
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TABLE 9-7 Physical Therapy Diagnosis in Accordance with the ICF Format 

Health condi tion Headache.� 

Body function 

and structure 

( Impairments) 

Activity 

(Limitations) 

Participation 

( Restrictions ) 

Neck pain 

Active MTrPs 

contributing to 

myofascial 
hypertonic ity 

and tenderness 

Spinal mobility 

restrictions 

Decreased muscle 

flexib i lity 

Postural 

dy function 

Stress(fension 

raniomandibular 

disorder 

Functional 

l imitation. 

with: 

Emotional 

feel ing. of 

being: 

Re rrictions with 

l ife situations 

Chronic tension-type headache associated with 

pericranial tenderness 

Cervicogenic headache 

Probable migraine headache 

Impaired joint mobility, motor function, 

muscle performance, and range of motion assoc iated 

with connec tive tissue dysfunction 

Impaired posture 

Bilateral: upper trapeziu�, slemoc leidoma�lOid, 

splenius capitis, and suboccipitals 

Left: Masseter and tempnralis 

Left COIC } for FB and SBL 

Left .1/C2 for RR 

U(f and M(f for BB and axial extension 

Bilateral: Upper trapezius, ternocleidomaslOld, 

cervical/thoracic paraspinals and suboccipitals 

Forward head posture with craniocervical extension 

Related to busy home and work l i fe, and possible 

grieving over death (,f her mother earlier in the year 

Asse ed at a later date 

Routine daily activit ies, personal care, l ifting, work 
activ ities, concentration, read ing, recreational 

activities, Jriving 

Handicapped, isolated, angry, tense, irrirable, frustrated, 

insane, desp rate, unab le to mainta in control 

Less likely ro 'ocialize 

Concerned about con equcnces on work, home, 

an.1 relationships wilh others 

Perce ived diffic ulty achieving life goals 
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Central sensitization as might exist in th is patient poses an obstacle to therapeutic suc
cess due to the negative consequences of maintained pain perception and the increased 
excitatory state of the central nervous system in response to peripheral inputs. 

Emotional stress and depression are relevant psychological impairments that serve as 
poor prognostic indicators for this patient ruagnosed with both lTH and MH. H igh levels 
of depression and anxiety are common in patients with chronic TTH 87.88 Significant 
functional and well -being impairments have been noted in chronic TTH patients, 
including adversely affected sleep, energy levels, emotional well-being, and performance in 
daily responsibilities. In contrast, work and social functioning are generally only severely 
impaired in a small minori ty.88 Leistad et al89 showed the deleterious effect of cognitive 
stress on electromyography (EMG) muscle activity and reported on pain noted in patients 
with MH and lTH and in healthy controls. Although EMG peak activi ty revealed nO 
between-group differences, the lTH patients recorded higher pain responses in the tem
poralis and frontalis muscles, a higher increase of pain during the cognitive test, and 
delayed pain recovery in  all muscle regions when compared to controls. They also had 
delayed EMG recovery in the trapezius compared with controls and MH patients. The MH 
patients developed more pain in the splenius and temporalis than did the controls; pain 
responses were higher in the neck and trapezius compared to patients with lTH with 
delayed pain recovery in the trapezius and temporalis muscles 89 In this patient, the history 
revealed both multiple emotional stressors and a h istory of depression. First, her mother 
died earlier in  the year from a medication overdose: Headache symptoms became worse a 
month after her death. The patient had a 3D-year history of MH as a physical stressor. 
Also, the patient had a history of depression and was seeing a therapist and used antide
pressive medication. She noted work and home-related stress to her physicians and phys
ical therapist, yet she maintained a successful career as an attorney and managed a 
household of four teenage children and three pets. The responses to her perceived emo
tional and functional disability on the HDI and NDI questionnaires were revealing with 
regard to perceived stress levels (Table 9-7) . The patient reported feeling handicapped, iso
lated, angry, tense, irritable, frustrated, insane, desperate, and unable to maintain control .  
From a functional standpoint, she reported limitations with routine daily activities, per
sonal care, lifting, work activities, concentration, reading, recreational activities, and dri
ving. All of these findings were significant in that they most likely contributed to pain 
through a stress-related increase of muscular tension and pain perception. 

The prolonged nature of complaints and the worsening of the condition over time 
despite the medical management by various health-care providers seemed to also inrucate 
an unfavorable prognosis. The patient had increased her headache medication intal(e to 
daily use and sometimes twice daily. One had to surmise that to expect this patient's 
chronic pain condition to improve with time on its current cou rse and without specific 
therapeutic intervention would be unrealistic. 

However, this patient did present with a number of musculoskeletal impairments that 
might inrucate the potential for successful treatment of the chronic headache and neck pain 
by way of an OMPT approach. Manual therapy techniques to address spine dysfunction and 
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soft-tissue/myofascial restrictions, combined with exercise therapy to address postural imbal
ances and poor cervical muscle activation/endurance, have been noted to be effective treat
ment approaches both individually and coUectively in the treatment of headaches 38, 77-79, 90-93 
Studies have shown that trigger point dry needling relieved symptoms related to myofascial 
pain5 ! and that it improved headache indices, tenderness, and neck mobil ity i n  TIH 
patients.93 In some studies, spinal manipulation has been shown to be efficacious in the treat
ment of chronic TIH, MH, and CGH.92 In this patient, the noted moderate to high headache 
intensity and chronic nature of headaches were not predictors of a negative outcome in the 
treatment ofCGH using therapeutic exercise and manipulative therapy.94 

Another positive prognostic ind icator-although not k nown at the t ime of the 
evaluation-were the significant within-session improvements of pain and neck mobility 
observed early in the intervention period. Tuttle95 reporred that positive within-session 
changes in cervical mobili ty and pain could predict between-session changes for PT treat
ment of the cervical spine: Odds ratios (OR) for within-session changes to predict between
session changes using an improved/not improved categorization for cervical mobility ranged 
from 2.5 (95% CI: 0.6-4.3) to 2 1 .3 (95% CI: 10.1-96.1); for pain intensity, the OR was 4.5 
(95% C1: 1 .2- 14.4) . The positive likelihood ratio for cervical mobility improvements ranged 
from 2 . 1  (95% C1: 0.7-6.2) to 5 .0 (95% CI: 2 .6-9.9) ;  for pain intensity improvements, it was 
2 .5  (95% C1: 1 .3-4.6). 

I nterventi o n  

Following the initial evaluation, the patient was initially seen twice a week for approxi
mately 6 weeks for a total of 1 1  visits, after which period she was out of town for almost 3 
weeks. After this absence from therapy, she was seen 9 times over the next 3 months and 
finally 1 month later, for a total of21  visits. As noted above, specific assessment and treat
ment of the TMD began on the 14th visit. The patient was reassessed at each visit, and 
treatment on that visit was dependent on subjective reporting and objective reassessments. 

The treatment progression was based on the therapist'S clinical experience. After the 
i nitial evaluation, the findings, recommended treatment plan, and expected outcome were 
outlined to the patient using charts and other skeletal aids. In  the authors' opinion, edu
cating a patient on her problem and how it will be treated may be extremely im portant for 
optimal success and patient compliance with exercise and self-management concepts. 
This also established patient responsibility with regard to self-management. 

The initial therapy focus was to decrease pain by addressing the most pertinent myofas
cial and spinal dysfunctions, to initiate a home exercise program (HEP) for relaxation and 
flexibility, and to establish whether continuation of the plan of care was indeed warranted 
indicated by patient progress. The progression of therapy emphasized monitoring self
perceived disability ratings, addressing remaining myofascial dysfunctions established upon 
each new re-evaluation, monitoring and maintaining spinal mobility, progressing the HEP 
for mobility and coordination of movement, and further assessing and treating the TMD. It 
was the primary author's belief that treating the myofascial and upper cervical spine 
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restrictions first would improve the probability of successfully addressing any possible TMD 
that might be present or that might be contributing to the patient's headaches. 

Once a plateau of improvement was reached as i ndicated by a decrease of headache fre
quency to one or less per month of mild intensity, the last one to two visits were intended 
to finalize the patient's HEP, ai ming at preventing the onset or exacerbation of the 
patient's complaints. The following paragraphs will explain in more detail the therapeutic 
interventions used during follow-up visits (Table 9-8). 

Dry Needling 
Trigger point dry needling (TrPDN) is a technique used for "releasing" MTrPs; this release 
is hypothesized to occur as a result of the elicitation ofLTRs with subsequent inactivation 
of the MTrP. The TrPDN treatment utilizes fine solid acupuncture needles, but the tech
nique is in all other aspects different from traditional acupuncture (Table 9-9) .96 Other 
terminology used in the literature describing si milar techniques includes intramuscular 
stimulation (IMS), twitch-obtaining intramuscular stimulation, and deep dry needling. 
Other variations of dry needling include superficial dry needling, which involves placing 
an acupuncture needle i n  the skin overlying a MTrP, and electrical twitch-obtaining intra
muscular stimulation, which applies electricity through a monopolar EMG needle elec
trode at motor end plate zones. Sometimes the term IMS is used to refer to a specific 
system of diagnosis and treatment for myofascial pain of hypothesized radiculopathic 
origin, as developed by Gunn.96 

Travell first described the use of MTrP injections in the treatment of myofascial pain in 
a 1942 paper.97 Her work subsequently led to the development of the TrPDN technique, 
which is different from trigger point injections in that no substance is injected. In 1979, 
Lewin described the "needle effect" as the i mmediate analgesia that was produced by 
needling the painful spor. Both Travell and Lewitt, as well as many others, agreed that i t  is 
the mechanical stimulus of the needle that l ikely results in beneficial therapeutic effects 
and not necessarily the substance being injected. 12,98- 100 TrPDN is a technique within the 
scope of and used by physical therapists in many countries, including Canada, Switzerland, 
South Africa, Australia, Spain, and the United Kingdom, among others. 1 0l Physical thera
pists i n  the United States are mostly unfamiliar with the technique, but an increasing 
number are trained and are using TrPDN to treat a variety of acute and chronic neuro
musculoskeletal conditions. It is often wrongly assumed that dry needling techniques fall 
under the exclusive scopes of medical practice, oriental medicine, or acupuncture; lOl several 
US states, including Colorado, Georgia, Kentucky, M aryland, New Hampshire, New 
Mexico, South Carolina, and Virginia and more recently also Alabama, Oregon, Texas, and 
Ohio have declared that dry needling does fall within the scope of PT practice. 10l Several 
case reports have described dry needling techniques in the treatment of various muscu
loskeletal conditions by other medical professionals, 102-109 but to date, few case reports in 
the PT literature exist on the inclusion of the TrPDN technique in PT intervention. 

Although there are few reported cases of complications related to dry needling, and despite 
the differences noted above between dry needling and acupuncture (Table 9-9), precautions 
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TABLE 9,8 Physical Therapy Visits and Treatment Interventions 

Treatment Date 

1 0/1 8/04 ( initial eva!.) 

NOI: 38/ 1 00  

HOI : 56/ 1 00  

1 0/25/04 

Comments: 

Significant initial 

improvement of HA 

complaints. 

1 0/28/04 

Comments: 

MTrPs reproduced 

HA pam. 

Myofascial 
OMPT Techniques 

(Trial Treatment) 

1 .  TrPDN: Lt UT 

& SCM 

2. STM & PlR 

1 .  TrPDN : Rl UT 

& SCM 

2.  STM & PIR 

1 .  TrPDN : Bil  UT 

& Lt SCM 

2. STM & PIR 

Articular 
OMPT Techniques 

1 .  Reverse NAGS: 

Tl-H 

2.  LAD: CO-C2 

3 .  R t lateral glide 

(Gr. IV): CO/Cl 

4. SNAG: CI/CZ 

RR 3x 

1 .  Reverse NAGS: 

Tl-H 

2 .  PA ( Prog. Osc.) :  

T4-T8 

3 .  R t  lateral glide 

(Or. IV): CO/C t 

4. SNAO: C l /C2 RR 

5x 

Exercise Therapy 

1 .  Self-Stretch: UT 

& SCM for 

HEP 

I .  Self-stretch: SOs 

& SpCap for HEP 

2.  Review of HEP 

Review of HEP 

Education 

Eval findings & 

recommended T x plan . 

Postural instruct ion in 

sitting. 

1 .  Education for stress 

reduction through 

breathing and 

relaxation of 
head , neck, 

and jaw. 
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o 

• 
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1 1/0 1 /2004 l .  TrPDN: Lt LT Reverse NAGS: TI--4 l .  Self-stretch: lower l .  Education for prorer 

Comments: 2 . STM & PIR: Bil PA ( Prog. Osc.) :  T4--8 trapezius for HEP neck and head 

Onset of mid-back pain. UT, SCM . SpCap, LAD: CO-2 
positioning 

Pain in mid-back with SO� during sleep with 

axial cxten<ion. Patient Rr lateral glide (Gr. IV) : use of towel rol l .  

brought in her 
3 .  SID CO/C I 

2. Education for sub-
cervical pillow from SNAG: C I /C:! RR 5x occipital released 
home. se If-treatmem. 

1 1 /04/04 TrPDN: Rt SCM l .  PA ( Prog. Osc.): 1 .  Review of self-T x 

STM & PIR: Bil  UT, TI-TS for SO release. 

SCM. SpCap. SOS 

S I D  

1 1/08/04 STM & PIR: Bil UT, i .  PA (Prog. Osc.): l. Neck clocks 

SCM . 80s T I-T8 2 .  AROM AR of the 

SID head/axial 

extension 

3.  Shoulder clocks 

1 1/ 1 1 /04 TrPDN: Bil UT, Lt SCM PA ( Prog. OSc.) :  Tl-T8 1 .  Review of exercises 
0 NDI: 28/ 1 00 STM & PIR issueJ last viSIt '" 
� 

HOI: 4 2/ 1 00  
S I D  

t::J 
� .  

Comments: '" '"' 
Notes overall �. 

!::!". 
improvemem. c 

=> 

(continued) • 

N 
N 
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TABLE 9�8 Physical Therapy Visits and Treatment Interventions 

Treatment Date 

1 1/1 8/04 

1 1/29/04 

1 2/02/04 

12/7/04 

Comments: 

Noted excellent 

improvement. 

Myofascial 
OMPT Techniques 

TrPDN: Lt UT & LT 

STM & PlR 

SID 

TrPDN: Lt UT & LT 

STM & PIR 

SID 

TrPDN: Bil temporal is, 

masseter, SCM 

STM & PIR (mouth 
opening) 

TrPDN : Bil remporali5, 

masseter 

STM & PIR (mouth 

opening) 

SID 

Articular 
OMPT Techniques 

1 .  Traction Mob Gr. V: 
T4-T8 

\ .  Traction Mob Gr. V: 
T4-T8 

1 .  LAD: CO-C2 

Exercise Therapy Education 

1 .  Proper tongue 

position, resting 

jaw position, and 
nasal d iaphrag

matic hreathing. 

N 
N 
N 
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nterruption of physical therapy intervention due to vacation and holiday obligations. 

1 /03/05 TrPDN : Lt UT Traction Mob Gr. 

Comments: STM: UT, SCM, SOS \I: T I -8 

Recent exacerbation SID LAD: CO-2 

of pain complaints. 

1 3/05 

NDl: 1 2/100 

HOI: 24/ 100 

TrPDN: B.l  UT 

STM & PIR: SCM. 

SOs. masseter, 

temporalis 

SID 

1. Traction Mob Gr. 

\I: Tl -8 

2. LAD: CO-2 

Interruption of physical therapy intervention of headaches and neck pain due [0 acute onset of left anterior-lateral shoulder pain. 

l/8/05 1 .  TrPDN: Ba masseter. I .  LAD. medial glide. 1. AROM: lO mm 1 .  Patient education 

Interim H istory: temporalis lateral glide Gr. MO, to mm Rt for TMJ findings 

Series of headaches in 2 .  STM & PIR ( mouth 3: Bil TMJ LE. l O mm MO and self-care. 

past week. Most l ikely opening) in Rt LE 

due to stress. Jaw pain 

in past week. Pain 

with cheWing. 

TMJ examination 

performed. 

2/tO/05 1 .  TrPDN: \ .  LAD, medial glide. \. AROM: l Omm 

Comments: Bil masseter. lateral glide Gr. MO, t O  mm Rt 

Repom much less pain temporalis 3: Bil TMJ LE. t O mm MO 

and tightness of her 2 .  STM & PIR ( mouth in Rr LE 

jaw. Decrease in HA opening) 

intensiry and 

frequency. 

(continued ) 
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TABLE 9�8 Physical Therapy Visits and Treatment Interventions 

Treatment Date 

2/16/05 
Comments: 

Repons improvement of 

jaw pain anJ mouth 

opening, but still with 

some soreness and 

headaches. 

2/1 8/05 
Commenrs: 

Reports some rerum of jaw 

pain and headaches. 

2/23/05 
Comments: 

Reports much improved 

mouth opening, less 

jaw pain, and resolu

tion of headaches. 

Minimal l imitation with 

Lt LE and Pro, and 

moderate limitation 

with mouth opening 

and Rt LE. Good 

condylar stability with 

mouth opening. 

Hypertonicity of Bil 

mas.c;eter am.I remporalis 

improved. 

Myofascial 
OMPT Techniques 

l. STM: Bi l masseter, 

temporalis, SCM, 

SOs 

2. PIR: mouth opening 

l. TrPDN: Bi! masseter, 

temporalis 

2. STM & PIR (mouth 

opening) 

l .  TrPDN: Bi! UT, 

SCM 

2.  STM: Bi! UT, SCM 

masseter, 

temporalis 

3. SID 

Articular 
OMPT Techniques 

1. LAD. medial glide, 

lateral glade Gr. 

3: Bi! TMJ 

1. LAD, medial gl ide, 

laleraL glide Gr. 

3: Bi! TMJ 

1 .  FB, SB, Rot Gr. IV 
Passive Mobs: 

upper cervical 

spine 

Exercise Therapy 

I .  AROM: 1 0  mm 

MO, l O mm Rt 

LE, I O mm MO 

in Rt LE 

I .  AROM of TMJ for 
HEP 

Education 

I .  Proper tongue 

poSition, resting 

jaw position, and 

llasal diaphrag

matic breathing. 

2 .  Self STM of masseter 

and remporalis 

I .  Review of postural 

positioning and 

breathing 

education. 
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3/24/05 

Commems: 

Continued improvemem 
of mouth opening, jaw 

pa in, and headaches. 

3/3 1 /05 

NOI: 20/100 
HOI: 20/ 1 00  

Comments: 

Reports some neck 

soreness with one HA. 

4/25/05 

C'..omments: 

Doing very well. 
No HA in the past 

momh. 

1. TrPDN: Bil UT, 

SCM 

2 .  STM: Bil UT, SCM 

masseter, cemporalis 

3 .  SID 

1 .  STM: Bil UT 

2.  SID 

1 .  FB, 5B, Rot Gr. IV 

Passive Mobs: 

upper cervical 

spine 

I .  FB, S8, Rot Gr. IV 

Passive Mobs: 

upper cervical 

spine 

I .  T mction Mob Gr. 
V: T4-8 

1. 

2 .  

Issued neck program 

Reviewed & 
performed the 

relaxation and 

postural aspects of 

program 

I .  Next visit will 

review, perform, 

and finalize the 

flex ibil ity and 
strength aspects 

of the neck 

program. 

NUll!: OMPT = orthopaedic manual therapy: HA = headache; TMJ = temporomandibular joint; eval 2 evaluation; Tx = treatment; HEP = home c.xcrcise 

program; NDI = neck disability index; HDI = headachc d isabiliry inventory; Lr = left. Rt = right; Bit = bilatera l ;  UT = upper trap�ius: SCM = 

sternocleidomasroid; LT = lower trape:ius; SpCap = splenius capitus; 50S = suboccipitals; TrPDN = trigger point dty needling; 5TM = soft-t issue
manipularion; PIR = posriromerric rela.xation; SID = subcran ial inhibitivc disrr�ction; NAGS = narural apophy»eal glides; LAD = long axIS distraction; 
SNAG = sustained natural apophysea l glide; PA ( Prog. 0.>(. ) = posterior/anterior progressive o.cillations; Or = grade; Mob c mobili:ation; AROM = active 
range of motion; FB = forward bending; SB = stde hendmg; Rot = rma[ion; MO = mouth opening; LE = lmcral excursion; Pro = protrusion. 
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2 26 • Chapter 9 Phys ica l  Therapy Diagnos is  and Ma nage m e n t  

TABLE 9�9 Differences between Traditional Acupuncture and Dry Needling/ 
Intramuscular Stimulation 96 

Acupuncture Dry Needling/lntramuscular Stimulation 

Medical diagnosis not relevant. Medical diagnosis is pertinent. 

Med ical examination nor Medical examination essential. 

pertinent. 

Needle insertions a long Needled insertions in trigger points/motor points a cording 
nonscientific meridian · according to examination. 

to Ch inese philosophy. 

Knowledge of anatomy not Knowledge of anawmy essential. 

pertinent. 

No immediate objective changes 

anticipated . 

Immediate subj ective and objective effl'crs often expected. 

and complications related to the insertion of acupu nctu re needles must be considered. 
Contraindications to dry needling include acute trauma with hematoma, local or generalized 
circulatory problems (i.e., varicosis, thrombosis, and ulceration), diminished coagulation, 
and local or generalized skin lesions or infections l lO Complications related to dry needling 
may include vasodepressive syncope, hematoma, penetration of visceral organs such as lung, 
bowel, or kidney, increased spasm and pain of the muscle treated, and muscle edema. l lo 

Serious complications related to acupuncture are rare but incl ude pneumothorax, cardiac 
tamponade (compression of the heart caused by blood or f1uid accumulation in the space 
between the myocardium and the pericardium), and spinal cord lesions l l l  Serious injuries to 
abdominal viscera, perhipheral nerves, and blood vessels are also rare. I 1 1 A prospective su rvey 
study of adverse events following acupuncture of 32,000 consultations by 78 acupucturists 
reported 2, 178 events (i.e., an incidence of 684 per 10,000 consultations). 1 12 Most included 
minor events with the following mean incidence per 10,000 (95% CI): bleeding or hematoma 
in 3 10 cases ( 1 60-590), needling pain in 1 10 (48-247), aggravation of complaints in 96 
(43-178), faintness in 29 (22-37), drowsiness after treatment in 29 ( 16-49), stuck or bent 
needle in 13 (0-42), headache in 1 1  (6- 18),  and sweating in 10 cases (6- 16). 1 1 2 Forty-three 
events were considered significant minor adverse events, a rate of 14 per 10,000 (95% CI: 
8-20), and one seizure event was considered serious. l l2 Another prospective study of 34,000 
consultations by 574 practitioners revealed sim ilar findings: 1 13 transient minor events, 15% 
(95% CI: 14.6- 15 .3), included mild bruising, pain, bleeding, and aggravation of symptoms. 
Forty-three significant minor events were reported (i.e.,  a rate of 1 3  per 10,000; 95% CI: 
0.9- 1 .7) . 1 13 Significant minor events included severe nausea and fai nti ng, severe, u nex
pected, and prolo nged exacerbation of symptoms, prolonged pain and bruising, and psy
chological and emotio nal reactions l 1 3 No serio LIS major adverse events that required a 
hospi tal admission or a prolonged hospital stay or that caused permanent disability or 
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death were reported (95% CI :  0-1 . 1  per 10,000 treatments). l l3 The most common side effects 
of dry needling include soreness, hematoma, and muscle edema. l iD General precautions for 
dry needling include establishing competence through adequate training and competency 
testing, clinical experience, and-last but not least-using common sense. Although there is 
limited evidence to suggest a significant risk of spread of infection through acupuncture, uni
versal precautions are still important. l I4 Specific precautions that should be taken include 
proper patient positioning, use of surgical gloves to protect the clinician against needle stick 
injuries, knowledge of detailed clinical anatomy, and knowledge of muscle-specific precau
tions . l  1 0  Training programs for physical therapists wanting to use dry needlingJIMS are avail
able in the United States, Canada, Swi tzerland, Spain, Chile, No rway, Aus tralia, The 
Netherlands, Belgium, Germany, Great Britain, Ireland, South Africa, and other countries. 

For this patient, the initial trial treatment using dry needling was meant to serve 
two purposes: 

• Confirm the cl i nical diagnosis of active MTrPs through re producing o r  
relieving the patient's symptoms. 

• Assess patient tolerance during and after treatment to this sometimes painfu l  
procedure. 

For this reason, the initial trial was performed for a minimal period of time (i.e., approxi
mately 5 minutes). The patient was thoroughly educated on the basic premise of TrPDN 
treatment, how this technique differs from traditional acupuncture, what to expect during 
and after the treatment, the type of needle used, precautions used, possible side effects, and 
expected outcomes. Clinician education, training, and clinical experience with TrPDN were 
made clear to the patient. The patient provided informed consent for the suggested treatment 
including TrPDN. In this case, the UT and SCM were chosen for the trial treatment, because 
manual palpation of the MTrPs in these muscles causes referred pain into the neck, head, and 
face that was similar to the patient's complaints. Treating these m uscles first could then serve 
as a diagnostic indicator for the contribution of MTrPs to the patient's total presentation. 

For this patient, individually packaged stainless steel acupuncture needles in plastic 
insertion tubes were used. The needle sizes (diameter x length) used were 0.30 x 30 mm, 
0.30 x 50 mm, and 0.20 x 13 mm. The taut band and MTrP were identified by palpation 
with the dominant or nondominant hand; the needle in its tube was then fixed against the 
suspected area by the nondominant hand either by using a pincer grip or nat palpation, 
depending on the muscle orientation, location, and direction of penetration. With the 
dominant hand, the needle was gently loosened from the rube and then a nick or tap of 
the top of the needle was performed to quickly penetrate the layers of the skin. This is 
done to ensure pain-free penetration of the needle. The needle was then guided toward the 
taut band until resistance was felt at a particular direction and depth. Gentle, small ampli
tude withdrawals and penetrations of the needle were performed until a trigger point zone 
had been found that was clinically identified by the elicitation of an LTR. Within the con
text of TrPDN, the elicitation of an LTR is considered essential in  obtaining a desirable 
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therapeutic effecr. 1 2.96.99, l lS- 1 l 8 The needle was focused in this area or other areas by 
drawing the needle back toward the skin and then redirecting the needle toward sus
pected areas. Numerous LTRs can generally be reproduced; sometimes >20 LTRs can be 
elicited from several MTrPs in a focused trigger point zone. The needle was removed once 
few LTRs were attained ( none i n  three to five passes) or until palpable and/or visible 
release of the taut band had been determined. The needle could be placed back in the tube 
to be used immediately on the same patient or discarded in a sharps container while pres
sure was being applied to the treated area with the nondominant hand for approximately 
10-30 seconds. Generally, if the needle had been used twice or if it had been bent or dulled 
during the procedure, it was discarded. During the procedure, the patient was closely 
monitored for tolerance and for reproduction of local or referred pain sensations. If the 
patient had not tolerated the treatment due to numerous or strong LTRs, the treatment 
would have been paused for several seconds until the patient indicated the ability to con
tinue. As clearly communicated to the patient, the treatment would be stopped at any time 
upon her request or if it was clear that she was not tolerating the treatment. 

Immediately after TrPDN, manual myofascial therapy was performed to relieve sore
ness, to increase circulation, to decrease myofascial hypertonicity, and to improve flexi
bility. The application of a cold pack or moist heat was used at the end of the session 
dependent on the outcome of that session. A cold pack was used if treatment was inten
sive and edema was visible or palpable. Moist heat was used if no visible or palpable edema 
was present. At the end of the TrPDN session, the patient was educated as to the following 
post-treatment care. The patient should expect soreness in the treated area typically for 
1-2 days (occasionally more than 2 days). This soreness should be clearly identified as due 
to treatment and should always resolve. Soreness might make it difficult to judge previous 
complaints, but the effec ts would be easy to judge once soreness had subsided. POSt
treatment soreness could be decreased with moist heat, gentle massage of the treated area, 
self-stretch, and over-the-counter pain medication, as necessary. 

For the UT muscle, TrPDN was performed with patient in sidelying and/or supine (for 
the anterior fibers) and the therapist was standing to the side or at the head of the patient 
(Figures 9-5 and 9-6). The pincer grip was used in sidelying, and the taut band and con
traction knot was grasped with the nondominant hand while the dominant hand per
formed the needling procedure in the inferior-lateral, anterior-superior, or anterior-lateral 
direction. The therapist took care only to needle the muscle fibers accessible between the 
thumb and index fi nger. Using flat palpation, the UT taut band and contraction knot 
were fixed in between the index and middle finger against the superior portion of the 
scapula. Using the pincer grip in supine, the muscle was needled in the posterior direction 
towards the index finger. For this technique, the 0.30 x 30 mm and 0.30 x 50 mOl needle 
are used depending on patient physical make-up, location, and direction of treated area. 
Precautions i ncluded that the needle should never be directed in the anterior-medial or 
i nferior direction to avoid puncturing the apex of the lung. 

For the SCM muscle, TrPDN was performed in supine or sidelying with the neck and 
head adequately supported and with the therapist standing to the side or at the head of 
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Figure 9-5 Trigger po in t  d ry need l ing u pper trapezius m uscle s id e ly ing.  

Figure 9-6 Trigger po in t  d ry needl ing u pper trapezi u s  m usc le sup i ne .  
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Figure 9-7 Trigger po in t  d ry need l ing sternoc l e idom asto id  musc le .  

the patient (Figure 9-7). In supine, the pincer grip was used to grasp both heads of the 
muscle while the needle was directed from the medial side to the posterior-lateral and/or 
anterior to posterior direction between the thumb and i ndex finger. For this muscle, the 
0.30 x 30 mm needle was used. Precautions for dry needling of the SCM included that the 
carotid artery should be iden tified medial to the SCM and that the direction of the needle 
should not be in the medial direction to avoid puncturing said artery. 

For the lower trapezius (LT) muscle, TrPDN was performed in sidelying or prone with 
the therapist standing to the treated side (Figure 9-8) . The diagonally oriented taut band 
was fixed between the i ndex and middle finger with the contraction knot firmly over a rib. 
The index finger and middle finger were subsequently located in the intercostal space. The 
needle was directed anteriorly against the rib or laterally at a shallow angle tangential to 
the chest wall. For this muscle the 0.30 x 30 mm needle was again used. Precautions for 
needling this muscle included avoiding penetration of the lung by needling over a rib or 
tangentially to the chest wall. 

For the masseter muscle, TrPDN was performed in sidelying or supine with the neck and 
head supported by a pillow and with the therapist standing to the side or at the head of 
patient (Figure 9-9) . The taut bands and sensitive knots i n  the superficial and deep 
masseter muscle were identified by pincer grip or flat palpation. The treated area was fLXed 
between the index and middle fingers and the needle was directed between the fingers. For 
this technique, the 0.20 x 1 3  mm needle was used, as precautions included avoiding needle 
stick injury to the facial nerve. 
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Figure 9-8 Trigger po int dry need ling lower trapezi us muscle . 

Figure 9-9 Trigger po int dry need l ing m asseter muscle. 
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For the temporalis muscle, TrPON was performed in sidelying or supine with the neck 
and head supported by a pillow and with the therapist again standing to the side or at the 
head of the patient (Figure 9-10) . The temporal artery was first palpated and then the 
tau t bands and sensi tive knot  were identified and fixed against the temporal bone 
between the index and middle finger. The needle was then directed towards the contrac
tion knot. The 0.20 x 1 3  mm needle was used, as the precaution for this technique was 
avoidance of the superficial temporal artery. 

Orthopaedic Manual Physical Therap)1 
Well integrated into physical therapy, OMPT includes manipulation techniques with pur
ported effects on either soft tissue or joints. Soft- tissue manipulation uses manual tech
niques aimed at relaxing muscles, increasing circulation, breaking up adhesions or scar 
tissue, and easing pain in the soft tissues. Soft tissue manipulation techniques include 
manual trigger point therapy, strain-counterstrain, muscle energy technique, neuromus
cular technique, myofascial release, and other therapeutic massage techniques. Paris 1 1 9 

defined joint manipulation as "the skilled passive movement to a joint." Joint manipula
tion techniques are aimed at restoring motion at a joint and modulating pain .  Joi nt 
manipu lation techniques include nonthrust, thrust, and traction forces applied at various 
grades and directions. 1 19 

Soft-tissue manipulation is used to describe therapeutic massage and manual tech
niques for mobilizing soft tissue (e.g., muscles, connective tissue, fascia, tendons, ligaments) 

Figure 9-10 Trigger po i n t  d ry n eed l ing temporal i s  musc le .  
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to improve the funnion of the muscular, circulatory, lymphatic, and nervous systems. 120 
Some techniques are general for treating large areas using the palm of the hand and the 
forearm, for example, whereas other techniques are specific, such as deep stroking, tranS
verse frinion, and trigger point compression release using the thumb and fingertips. 
Postisometric relaxation (PIR) was a technique used for this patient  with the goal of 
achieving muscle relaxation and elongation. 12,l 2 1 With the patient relaxed and the body 
supported, the therapist passively lengthened the muscle to i ts first barrier. The patient  
then performed a mini mal isometric contraction of the muscle ( 1 0-25%) for 5 seconds 
during an inhalation while the therapist stabilized the muscle to be stretched. Then the 
patient relaxed completely and exhaled, while the therapist passively stretched the 
muscle to the new barrier. The technique was then repeated three to five times. This tech
nique is very similar to contract/relax and hold/relax techniques. Specific muscles treated 
with this technique are indicated in Table 9-8 with the technique illustrated for the upper 
trapezius muscle in Figure 9-11 .  Subcranial inhibitive distraction (SID) i s  a myofascial 
technique described by ParisGO that is aimed at releasing tension in suboccipi tal soft tissue 
and suboccipital muscularure (Figure 9-12). The patient was lying supine with head sup
ported. The therapist placed the three middle fingers just caudal to the nuchal line, lifted 
the fingertips upwards, resting the hands on the treatment table, and then applied a gentle 
cranial pull, causing a long �'(is extension. The procedure was performed with this patient 
for 2-5 minutes, as indicated in Table 9-8. 

Figure 9-11 Post-iso medric relaxat ion u pper trapezius  m usc le .  
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Figure 9-12 Subcran ia l  i n h i b i tive d i straction .  

Mull igan 122,)23 described reverse natural apophyseal glides as a mid- to end-range oscil
latOry mobilization indicated from the C7 vertebra down that were intended to aid in 
treatment of end-range loss of neck mobility, postural dysfunction (FHP with UT pain), 
and degenerative lower cervical or upper thoracic spine segments. The patient was seated 
and the therapist stood to the side and cradled the head to the body with forearm main
taining some neck flexion. Flexing the index finger IP joint and extending the MCP joints 
constituted the mobilizing handgrip. The thumb and index finger formed a V-shape that 
made contact with the articular pillars; then an anterior-cranial mobilization was applied 
gliding the inferior facet up on the superior one (Figure 9-13) . 

Rocabado 124 described long axis distraction of the upper cervical spine (CO-C2). The 
patient was lying supine with head in neutral. The therapist was sitting behind the patient 
and cradled the occiput with one hand while placing the same shoulder on the frontal 
bone to prevent head e levation .  The opposite hand stabi l ized C2 with a pincer grip 
(Figure 9-14) . Gentle cranial grade 3 distractions were applied six times with a 6-second 
duration. 

Sustained natural apophyseal glides (SNAGS) involve concurrent accessory joint 
gliding and active physiological movement with overpressure at end-range. 122, 1 23 In this 
case, a C l -C2 SNAG to improve C l-C2 RR was performed with the patient sitting or 
standing and with the therapist behind the patient (Figure 9-15) .  The lateral border of the 
left thumb was placed on the lateral border of the left Cl transverse process and then 
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Figure 9-13 Reverse natura l  apophyseal gl i d es .  

Figure 9-14 Long axis d istraction u pper cervical sp ine .  
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Figure 9-15 S u stai n e d  n at u ra l  a p o p hyseal g l i d e  C I-C2.  

reinforced with the right thumb to give an anterior glide. The patient was asked to slowly 
turn her head to the right while the therapist maintained the anterior glide, also during 
rerurn to starting position. The horizontal plane of the glide was maintained throughout 
the movement. If pain free, i t  was repeated five times. 

Right lateral glide at CO-Cl was performed to improve CO-Cl SBU24 (Figure 9-16). 
The patient was lying supine with head in neutral. The therapist was sitting behind the 
patient grasping the head by placing the medial side of the index finger on the mastoid 
process. A right lateral grade III glide was performed with the left hand using the nose as 
the center of rotation and this was repeated for three sets of 10 repetitions. The right hand 
simul taneously moved with the head to maintain stabili ty. 

Posterior-anterior (PA) glide progressive oscillations were performed to address restric
tions of upper and mid-thoracic extension6o (Figure 9-17) . The patient was prone, and the 
therapist stood facing the patient. The therapist'S cranial hand with elbow slightly bent 
was placed on the thoracic spine with the spinous process fitting in the hollow part of 
hand just distal to the pisiform bone. In time with the patient's breathing, at mid-exhalation, 
a series of four  short progressive impulses were given in the PA direction ending at the 
patient'S end-range (grade N-IV++) . 

Traction manipulation as described by Kaltenborn et al125 was performed for slight facet 
restrictions of upper and mid-thoracic extension (Figure 9-18) . The patient lay supine 
with arms folded across the chest and hands on opposite shoulders. The therapist faced 
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Figure 9-16 Right lateral g l i de  CO-C I .  
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Figure 9-17 Postero-anterior gl ide  progressive osc i l l at ion  m id -th orac ic sp ine. 
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Figure 9- 18 Tract ion  m a n i p u lat ion upper  and m id-thorac ic  sp i n e .  

the patient and eased he r  into a left sidelying position using his right hand. The thera
pist's left hand fixated the caudal vertebra of the segment with the thenar eminence on 
the right transverse process and the flexed third finger on the left transverse process. The 
therapist then rolled the patient back into a supine position with the right hand, main
taining the position of the left hand on the patient's back. The right hand and forearm 
were placed over the patient's c rossed arms with the chest over the elbows. During an 
exhalation, a grade V li near mobil ization was applied with the right arm and body moving 
the upper tru nk in a posterior direction at right angle to the treatment plane through the 
facet joints. 

TMJ long-axis distraction, medial glide, and lateral glide were performed to improve 
TMJ position, mobility, and stabil i ty, as described by Rocabado124 (Figures 9-19 through 
9-2 1 ) .  Bilateral TMJ manipulation was performed in this case; described here is an 
example of the procedure on the left. The patient was supine with the therapist sitting at 
the head of the table. The patient was asked to open her mouth mini mally ( 10  mm). Using 
the right hand and wearing gloves, the therapist placed the palmar side of the thumb on 
cranial aspect of the bottom row of teeth on the left hand side toward the molars while 
the index fi nger gently grasped the mandible. A gen tle long-axis distraction was applied 
by performing an ulnar deviation of the wrist. To perform a medial glide or lateral dis
traction of the joint, the therapist changed the position of the hand to place the thumb 
on the inside as pect of the bottom row of teeth and grasped the lateral aspect of the 
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Figure 9-19 Tem p o ro m a n d i b u lar  l o n g  axis d i stract i on .  

Figure 9-20 Te m po ro m an d i b u l ar m edia l  glid e .  
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Figure 9-21 Te mporoman d i bu l a r  lateral gl i d e. 

mandible wi th the index finger. The therapist then performed an ulnar deviation of the 
wrist resulting in a medial glide. To do a lateral glide or medial distraction of the joint, 
the therapist kept the same hand position as the medial glide but the left hand was 
placed on the vertex of the head. The glide was performed by stabilizing the mandible 
with the right hand and performing a left head side-bend motion using the left hand 
resulting in a relative lateral glide of the joint. These TMJ manual interventions were per
formed as grade III mobilizations and repeated six times each. In between each direction, 
the hand was removed from the mouth and the patient was encouraged to swallow. 
De tails on when these articular OMPT procedures were performed on this patient can be 
found in Table 9-8. 

Exercise Therapy 
Self-stretch exercises were provided for each muscle treated and were aimed at reducing 
muscle tension, decreasing pain, and improving f1exibility. The general approach of per
forming the exercise was based on teaching the patient to stabilize one end of the muscle 
and then to passively stretch the other end to feel  a gentle s tretch. Directions were pro
vided to hold the stretch for 20 seconds for th ree re petitions, two to three times per day. 
Slow, relaxed breathing was encouraged during the stretch. Neuromuscular re-education 
included verbal and manual cues that were used to provide proprioceptive feedback and 
to promote quality of movement. The neck clock exercise was used to induce relaxation, 
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decrease pain, and improve mobi l ity and coordination of the head and neck complex. 120 
This exercise involved the patient lying on her back with a towel roll to support the neck, 
knees bent, and feet flat. The patient was instructed to imagine the head against the face 
of a clock. Using the eyes or nose as a guide and the clock as a reference, she was asked to 
move the head into the 1 2:00 and 6:00 positions, then to repeat this for the 3:00 to 9:00 
positions, doing this in both clockwise and counterclockwise directions. The patient was 
asked to repeat eac h direction 10  t imes .  The shoulder clock exercise was aimed at 
inducing relaxation, reducing pain, and improving mobi l ity and coordination fo r the 
neck and shou lder-girdle complex .  120 This exercise involved the patient lying on the side 
that was not targeted and imagining the shoulder against the face of a clock, where 1 2:00 
is toward the head, 6:00 toward the hip, 3:00 toward the front, and 9:00 toward the 
back. The shou lder blade was moved between the different positions and directions, as it 
was for the neck clock exercise and, as for this exercise, this was repeated 10 times in  each 
direction .  AROM for anterior rotation of the head on the neck (also known as craniocer
vical flexion or axial extension) emphasized cervical muscular postu ral train ing and 
strengthening, craniocervical flexion mobility, and lengthening of the posterior c ranio
cervical musculature often shortened in FHP, as noted in this patient. 1 20,l 24 The patient 
was again lying on her back with a towel roU to support the neck, knees bent, and feet 
flat. She was then instructed to perform a chin tuck and l ift the back of the head upward 
off the floor holding this position for 6 seconds for six repetitions. Feedback was given 
to isolate the deep cervical flexors and to prevent an over-compensatory contraction of 
the SCM. 

TMJ exercises were aimed at relieving joint irritation, p romoting muscle relaxation, and 
reestabl ishing joint stabi l i ty.57. 126 The patient performed AROM for 10  mm mouth 
opening (MO), 10  mm of right lateral excursion (LE), and 10 mm MO in LE for six repe
titions each.57, 126 AROM for 10 mm MO was performed by applying gentle compression 
using thumb or fingertips through the bilateral shaft of the mandible, followed by a small 
excursion of mouth opening, egual to a small separation of the teeth, while keeping the 
tongue positioned against the palate at the roof of the mouth. AROM for 10 mm LE was 
performed to the opposite side of dysfunction or hypermobili ty, in this case to the right; 
10  mm ofLE is an approximate excursion egual to bringing the upper canine in line with 
the lower canine. The patient performed AROM of 10 mm MO in opposite LE by gently 
opening the mouth in the right lateral position. Throughout these exercises, the tongue 
was positioned at the roof of the mouth to maintain a minimal amount of stress to the 
TMJ. Manual guiding for these movements m ay initially be necessary to provide proprio
ceptive feedback and to encou rage guality of motion. 

The Neck Program is a patient education booklet that includes information on neck 
pathology, body mechanics with daily activiti es, and exercises. The exercises can be  per
formed in a short period of time and they address four  components of musculoskeletal 
neck care: ( 1) relaxation, (2) posture, (3) flexibility, and (4) strengthening. During the 
last visit, the patient was given the booklet, and the relaxation and posture sections 
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were reviewed and performed. One  additional visit was recommended to  review and 
perfo rm the flexibi l ity and strengthening aspects, but the patient did not schedule 
another visit. 

Education 
Education for this patient included postural education, instruction on relaxation, self
application of a suboccipital release technique, and a TMJ self-care program. The thera
pist explained to the patient the role that posture played in relation to her complaints and 
musculoskeletal impairments, and what constituted good and bad postural alignment 
using the aid of a spine skeleton. Then functional tests were performed with the patient 
seated in front of a mirror to demonstrate the consequences of poor sitting posture. The 
patient was asked to assume her habitual posture. A vertical compression test was per
formed through the shoulders assessing alignment and stabil ity. The patient was encour
aged to see and feel  any spinal instability as well as to note any pain. The posture was 
subsequently manually corrected and the test repeated so that the patient might note the 
positive changes in stability and discomfort. In her habitual posture, the patient was then 
directed to slowly turn her neck in each direction and then to raise her arms overhead 
noting ease of mobility and discomfort. After posture correction, the patient was directed 
to repeat the movements and note improvement in range and reduction in discomfort. 
The patient was taken through a series of postural adjustment steps that she could use to 
aid in correcting her posture. First, the concepts of base of support through the feet and 
chair adjustment were reviewed. The patient was then asked to roll her pelvis forward and 
backward noting the range of mobility, and then asked to overcorrect the lumbar lordosis, 
followed by slowly releasing the lordosis until she felt  that her pelvis was in a comfortable, 
neutral position. The patient was encouraged to fee l  the pressure on the ischial tuberosi
ties and the therapist explained how this was her neutral position. The patient was then 
shown the adjustment of the shoulder girdle into neutral while preventing the anterior 
ribs from elevating. The patient was instructed in the adjustment of the head position 
into neu tral by performing a gentle chin tuck guided passively using the finger tips of the 
index finger and releasing the chin tuck at the point of a comfortable position. The 
patient was then shown strategies for maintaining the corrected sitting position using 
active sitting, lumbar or sacral roll, or broader lumbar supports. Finally, the patient was 
educated in body mechanics with proper dynamic posturing for home and work activities. 
These postural education concepts were based on the therapist's personal experience, the 
therapist's education, and teachings by Paris60 and Johnson. 120 

Relaxation is addressed through teaching of relaxed positioning of the head, neck, and 
jaw incorporated with breathing techniques as described by Rocabado.57 The positions of 
the head, jaw, and tongue have been shown to have potential adverse effects on TMJ com
pression, TMJ mobility, and periarticular muscle activity 57 The patient was directed to lie 
in a supine position with towel support under the neck and pillow support under the head 
and then to note resting positions of her head, jaw, and tongue and to recognize her 
breathing pattern (e.g., through nose or mouth, with chest or abdomen). The patient was 
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then directed to find the neutral position of the head, to position the tongue to the roof 
of the mouth with the tip behind the top two teeth, and to close the mouth but keep a 
small separation of the teeth. The patient was then directed to inhale through the nose 
allowing the breath to initiate from the abdomen by letting it naturally rise rather than 
via the chest and then to exhale slowly through the nose allowing the abdomen to natu
rally fall .  This relaxation exercise was also instructed in a corrected sitting or standing pos
ture and recommended as needed to rel ieve stress and tension. Conscious correcting of 
her posture and performing these relaxation exercises was encouraged once every hour for 
any duration. 

A suboccipital release self-treatment technique was taught to address tension at the base 
of the head as well as for relieving headaches. The patient was educated on placing two 
tennis balls in a thin sock and then tying the sock to maintain stability of the balls. The 
technique was to be performed in a quiet dark room lying supine with the use of a neck 
roll to support the neck and a pillow to support the head with knees supported. The tennis 
balls were to be placed above the neck roll at the base of the head with additional support 
as needed under the head to prevent craniocervical extension. Lying in this position for 5 
minutes while focusing on relaxation and breathing exercises, patients have described good 
success with the release of tension and pain as well as reducing or warding off headaches. 

A TMJ self-care program was instructed for reducing pain, relaxing muscles, relieving 
intrajoint irritation, and maintaining gains achieved from therapeutic i ntervention.s7 
Advice for self-care i ncluded a soft nonchewy diet, no wide opening of mouth (maximum 
of two fingers width), no b i ti ng, no gum chewing, prevention of direct pressure on 
mandible or sleeping on problematic side, yawning with tongue againSt the palate, tongue 
against the palate at rest, nasal breathing maintaining free airway space, and maintaining 
good posture. 

Outcomes 

On the patient's last visit, she reported doing very wel l  with no headache in the preceding 
month. The primary author recommended that the patient fol low LIp for one additional 
visit to perform the flexibility and strengthening portions of the issued Neck Program and 
to review the entire program prior [0 discontinuation of therapy. However, the patient did 
not schedule another appointment for an unknown reason, so unfortunately objective 
data and outcome measures could not be reassessed. 

Overall, the patient noted a significant decrease in headache frequency with progressive 
improvement since the start of therapy from more than once per week (daily) to one to 
four per month and finally to none in the month preceding her  last therapy visit .  
Headache intensity also progressively improved since therapy onset from a reported severe 

to a mild intensity. Throughout the duration of PT treatment, the patient also reported 
cessation oftinnirus, less neck tenderness, and improved jaw and neck mobili ty and func
tion. The patient reported improvement with the following activities of daily living: s he 
was now able to do as much work as she wanted, able to drive longer distances with only 
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slight neck pain, able to read as much as she wanted with only slight neck pain, and expe
rienced some neck pain related only to a few recreational activities. 

The last set of outcome measures completed by the patient was on the second-to-last 
visit. The resul ts of the four HOI (Table 9-10) and NOI (Table 9-11)  outcome measu res 
completed throughout the treatment period are shown in Figures 9-22 and 9-23. The 
results of  the HOI outcome measure showed a 3 1  % improvement for the emotional 
score, a 42% improvement for the functional score, and a 36% improvement in the total 
score between the time of the ini tial evaluation and the second to last visit. Ouring the 
same time period, the results of the Nor outcome measure showed an 18% improve
ment and-at one time-a 26% improvement for an earlier assessment date. Although 
specific subjective and objective signs of improvement were not assessed on the last visit 
date, which was ap proximately 1 month after the previous follow-up, there was noted 
significant improvement through the assessment of self-perceived outcome measures 

TABLE 9,1 0  HOI Outcome Measures 

10/1 8/04 1 1/1 1/04 1/1 3/05 3/3 1/05 

Frequency > I /wk > 1/wk 1-4/l11onth 1 -4/month 

Intensity Severe Moderare Mild Nor completed 

Emotion;)l �core 26 1 8  1 2  I O  

(max 52)  

Functional scure 30 24 1 2  t o  
(max 48) 

Total score 56 42 24 20 

(max 100) 

TABLE 9,1 1  NOI Outcome Measures 

1 0/1 8/04 1 1/1 1/04 1/13/04 3/3 1/05 

1 9  1 4  6 1 0  

Disability core 38% 2 % 1 2% 20% 

Disability Moderate Moderate M i ld Mild 
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3/31 /05 

used in this case. A 29% change in the HOI total score constitutes the MOC9s for this 
measll re.39 A 7-point or 14% change in the NOI score constitutes the MCIO for the NOI.42 
The change in the total score of the HOI outcome measure in this case was a decrease 
of 36%, which indicates that the MOC was exceeded and that a true change had indeed 
occurred in pain and disabi l ity due to the headache complaints. S imilarly, the change in 
NOr score, which exceeded the establ ished MCIO for this measu re, indicated that a true 
and meaningful change in neck-re lated disabi l i ty had occurred during the course of  
treatment. 
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Discussion 

The patient described in this case report had a very complex presentation. Medical diag
noses i ncluded chronic TTH associated with pericranial tende rness, probable M H  
without aura, probable CGH, and TMD. Impairments identified during the PT examina
tion included postural deviations (FHP), MTrPs and decreased length in the neck and jaw 
muscles, hypo mobility in the CO-C2 and Tl-T8 segments, and hypermobility of the left 
TMJ. Poor prognostic indicators, including the presence of possible central sensitization, 
emotional stress, depression, and the worsening nature of a chronic condition, further 
com plicated the patient's presentation.  Despite this complexity, the patient clearly 
improved over the course of treatment. She exceeded the MDC on the HOI indicating that 
a true improvement h ad occurred with regard to headache-related disabi l i ty, while 
exceeding the MCID on the NDI implied that a true and clinically meaningful  improve
ment also occurred for disability due to neck pain. In addition, the patient reported on the 
last visit after 1 month of no treatment that she had not experienced a single headache in 
the preceding month. This is especially significant considering that the patient initially 
described daily headaches. Although a case report does not allow us to infer a cause-and
effect relationship between intervention and outcome, true and meaningful changes in a 
previously worsening, chronic condition do imply that the PT management described was 
at least contributory to the positive changes noted. 

At this point, we should mention and discuss two assumptions that are at the basis of 
the choices made in the PT diagnosis and management of this patient: 

1. The impairments found during the PT examination as noted above can contribute 
to or even cause the medical headache diagnoses relevant to this patient. 

2. By addressing these neuromusculoskeletal impairments, PT management can 
affect l imitations in activities and restrictions in participation attributed to these 
medical headache diagnoses. 

So what is the evidence linking the neuromusculoskeletal impairments noted in this 
patient to the medical diagnoses of chronic TIH associated with pericranial tenderness, 
probable MH without aura, probable CGH, and TMD? 

Myofascial trigger points were among the main neuromusculoskeletal impairments 
identified and treated in this patient. Active MTrPs were diagnosed by way of subjective 
history, neck mobility tests, and manual palpation. The patient described her headache 
pain as a moderate to severe bandlike pain across her forehead; she reported her other 
head and neck pain as tenderness. Myofascial pain is often described as a dull, aching, 
tightening, or pressure-like pain of mild to moderate intensity. 12 The patient also com
plained of tinnitus in the left ear. Unilateral tinnitus may be associated with MTrPs in the 
deep masseter muscle. It is thought to be due to a referred sensory phenomenon or motor 
unit facilitation of the tensor tympani and/or stapedius muscles of the middle ear. 12 
Various authors h ave claimed that head, neck, and shoulder girdle muscles are capable of 
referring pain i nto the head experienced as headaches . 1 2,2o Knowledge of  myo fascial 
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referred pain patterns when interpreting the patient's pain diagram (Figure 9-1 )  indicated 
a possible involvement of the UT, SCM, SO, temporalis, and masseter muscles. 1 2 In addi
tion, referred pain patterns for the masseter and temporalis were consistent with the 
reported facial pain; referral patterns for the upper, middle, and lower portions of the 
trapezius muscles were consistent with the patien t's report of upper and lower neck 
pain. 12 Matching established referral patterns to a patient report of pain distribution then 
guided further examinatio n: Referred pain recognized by the patient as part of her  
headache pain was elicited with compression of tender nodules within the left SCM and 
left UT. A trial ofTrPDN on the first visit further confirmed the existence of active MTrPs 
by the elicitation of numerous LTRs with local and referred pain phenomena. In addition, 
[he patient's cervical AROM test findings indicated myofascial tightness. Muscles with 
MTrPs are known to exhibit decreased f1exibility and painful l imitation to full stretch. 

The primary author inferred in this case not only that MTrPs contributed to myofas
cial hypertonicity, myofascial tenderness, and referred pain into the head, neck, and face, 
but also that these trigger points played a major etiologic role in the chronic TIH diag
nosed in this patient. Studies have shown that prolonged peripheral nociceptive input 
from pericranial myofascial tissue can sensi tize the second-order neurons at the spinal 
and trigeminal level leading to impaired central nervous system (CNS) modulation of this 
nociceptive activi ty, thereby resulting in an increased general pain sensi tivity? In patients 
with chronic TIH with pericranial muscle tenderness, there appears to be just such a dis
ruption of the balance between peripheral nociceptive input and CNS pain modulation ?  
The convergent afferent input in this scenario includes nociceptive input from muscles 
innervated by C 1-C3, among which are the UT, SCM, and suboccipi tal muscles, and of 
those innervated by the trigeminal nerve, which includes the temporalis and the masseter 
muscles. In addition, we need to tal<e into consideration the nociceptive input from pos
sible segmental dysfuncrion of the upper cervical spine (CO-C3), thereby providing a 
potential explanation for the observed clinical l ink between and diagnostic confusion 
with regard to TIH and CGH. The resultant temporal and spatial summation is the CNS 
misinterpretation of the peripheral input leading to central sensi tization. 

The neuroanatomic explanation of how structures innervated by cervical nerve roots 
can refer pain into the head or face starts with the trigeminal nucleus caudalis .  This 
nucleus descends as low as the C3 or C4 segments of the spinal cord. The trigeminocervical 
nucleus, a column of gray matter that is located adjoining to the trigeminal nucleus cau
dalis, exchanges sensory information from the upper cervical spinal nerve roots to the 
trigeminal nerve via interneurons, thereby explaining how cervical nociceptive input may 
be referred to the sensory receptive fields of the trigeminal nerve supplying the head and 
face, most commonly affecting the ophthalmic division, which in turn may lead to the per
ception of referred symptoms to the forehead, temple, or orbit. Because afferent sensory 
signals ascend or descend up to three spinal cord segments, nociceptive signals for spinal 
segments C6 or C7 may even interact with the trigeminocervical nucleus, and ultimately 
this may result in referral of pain i nto the head or face from structures as far distant as the 
lower neck region 25 
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Fernandez-de-Ias-Pefias et a[l3 provided clinical support for this proposed etiologic role 
for MTrPs in TTH. They found that there was a significant difference between a group of 
patients with chronic TTH and healthy controls with regard to the presence of active 
MTrPs (P <0.00 1), but not for latent MTrPs (P >0.05); they also noted that active MTrPs 
i n  the UT, SCM, and temporalis muscles were associated with chronic TTH. 13 In another 
study, Fernandez-de-Ias-Pefias et a[l27 also demonstrated significant (P <0.00 1) between
group differences for active MTrPs in the SO muscles in patients with chronic TTH as 
compared to healthy controls; the between-group difference with regard to latent MTrPs 
was again not significant (P >0.05). In addition, they found that chronic TTH subjects 
with active suboccipital MTrPs described greater headache intensity, duration, and fre
quency compared to those with latent MTrPs (P <0.05) .  Furthermore, the characteristics 
ofTTH noted in various studies 13,2o were very similarly described as pressure and/or tight
ness or increased tenderness of neck and shoulder muscles, and the similarity of this 
description with the documented nature of pain due to MTrPs further increases the plau
sibility of referred pain from MTrPs as contributory to TTH. 

Assessing pericranial muscle tenderness and pressure pain thresholds are ways of eval
uating diagnostic criteria with regard to the contribution of muscular disorders. Studies 
have shown that subjects with episodic and chronic TTH have increased muscle tender
ness compared to subjects with MH and those without headaches. 128 I n  a random sample 
of 735 adults, 87% of those with chronic TTH and 66% of those with episodic TTH were 
found to also have signs of muscular disorders including i ncreased tenderness recorded by 
either manual palpation or pressure algometry and/or increased EMG levels 8 Relevant to 
the clinical examination of this patient, this same study also found that manual palpation 
for tenderness was more specific and sensitive than EMG and algometry 8 This degree of 
pericranial muscle tenderness has also been shown to be strongly correlated to the fre
quency and intensity ofTTH. 128 

Myofascial palpation revealed latent and active MTrPs using the recommended diag
nostic criteria (Table 9-3). Although not specifically mentioned as a diagnostic criterion 
for MTrPs, in this patient myofascial hypertonicity was also noted during the palpatory 
examination of the muscles affected. Myofascial hypertonicity has been shown to be 
increased in patients with chronic TTH as compared to normal control subjects, irrespec
tive of whether they had a headache that day 129 Research 129 supports the clinical obser
vation that hypertonic muscles are more tender than muscles with normal tone. In this 
patient, myofascial hypertonicity was indeed associated with tenderness. 

Postural deviations as found in this patient have also been associated with TTH: 
Fernandez-de-Ias-Pefias et a[ l30 demonstrated that subjects with chronic TTH had a 
higher prevalence of FHP compared to a healthy control group (P <0.00 1) .  They also 
noted a significant negative correlation (r = -0.5; P <0.04) between FHP and headache fre
quency, thereby linking a more pronounced FHP to a higher headache frequency. These 
same researchers again confirmed this significant negative correlation between FHP and 
headache frequency but also duration in a related study. 1 27 However, FHP is not limited 
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to patients with TIH: Marcus et al37 found spinal postural abnormalities in 90% of those 
with chronic headache of various types versus 46% of controlsY 

Postural abnormalities of the cervical spine can theoretically also contribute to the acti
vation of trigger points in head, neck, and shoulder musculature . 1 3 1  Shortening of the SO, 
semispinalis, splenii, UT, and SCM muscles is associated with FHP. 12 Fernandez-de-las
Peflas et al 127 noted that patients with chronic TIH and active MTrPs had a greater FHP 
than patients with latent trigger points, although this difference was nonsignificant. The 
study also showed a positive correlation between the degree of FHP and the presence of 
active suboccipital MTrPs . 1 27 

Above we provided the neuroanatomic explanation for CGH; interconnections between 
the trigeminocervical nucleus and the trigeminal nucleus caudalis allow pain from cervical 
sources to be perceived as headache and facial pain. The postural deviation in this patient 
(i.e., FHP) is often a contributing factor to the onset and/or the maintenance of headaches, 
neck pain, and facial pain, because it may result in suboccipital compression with conse
quences on the trigeminocervical complex and vertebral artery, excessive compression of the 
facet joints and posterior surfaces of the vertebral bodies, alteration of cervical spine biome
chanics, and altered proprioceptive input.31 There has been notable study on the effects of 
poor activation, motor control, and endurance of the deep and postural tonic muscles of the 
neck and shoulder girdle as it relates to postural abnormalities, neck pain, and CGH.9 1 A 
specific test has been used to test the tonic function of the deep cervical flexors,9 1 but this 
test was not used in this case; rather, the primary author simply assumed that this impair
ment existed given the identified FHP resulting in a craniocervical extension position, sub
occipital hypertonicity, and decreased craniocervical flexion mobility. In addi tion, the 
identification of CO-C2 segmental restrictions with-in our opinion-a sufficient degree of 
diagnostic confidence further strengthened the likelihood of a diagnosis of CGH. 

Forward head posture has also been associated with TMD because it, too, leads to 
increased muscle tension of the muscles acting on the mandible, abnormal tongue posi
tion, tongue thrust and anterior open b ite, and increased muscle activity of the muscles of 
mastication.31 

The connection between MH and neuromusculoskeletal impairments as identified in 
this patient is less well supported i n  the research literature. Fernandez-de-las-Peflas et aj 132 
reported a significantly (P <0.00 1)  greater number of  active but  not latent  MTrPs in  
patients with MH  as compared to healthy controls; trigger points were located mostly 
ipsilateral to the headache. Migraine subjects also had a significantly (P <0.00 1) greater 
FHP than controls and more limited mobility in neck extension (P = 0.02) and flexion
extension combined (P = 0.0 1), leading those authors to hypothesize a contributory role 
for trigger points in  the initiation or  perpetuation of MH. 

Our second assumption concerned the effect that PT management might have on limita
tions in activities and restrictions in participation related to headache complaints by 
addressing the identified neuromusculoskeletal impairments hypothesized to be related to 
the various headache diagnoses. Many headache sufferers seek numerous different treatment 
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approaches, become dependent on  meclications to relieve their symptoms, and eventually 
accept their headaches as a fact of life. Treatment of chronic headache is varied and has 
i ncluded pharmacologic, nonpharmacologic, anesthe tic, and surgical interventions. 
Pharmacologic treatment of headaches has included over-the-counter analgesics,6,L33 non
steroidal anti-inflammatories,6,14,L7,25,29,133,L34 tricyclic antidepressants,6,14,17,25,L33, 134 anticonvul
sancs, L4,17,25, 134 and muscle reiaxancs 6,L4,25 Nonpharmacologic treatment may include spinal 
manipulation,24,25,29,38 so-called "conventional" PT,6, 14, L6,24,25,29,38 transcutaneous electrical 
nerve sti mulation (TENS),6,25,29 biofeedback/relaxation therapy,6,14,L7,25,29,L33 intraoral dental 
devices, L4,30 acupuncrure, L3S well ness education,6,14,16.38 and psychotherapy.6,25,29, 133 Anesthetic 
intervention for the treatment of headaches has included blocks of spinal roots, spinal 
nerves,25,29 and zygapophyseal joints,25 MTrP injections (using analgesics and botuli num 
toxin),6, L6,17,24,25 and neurolytic procedures (racliofrequency thermal neurolysis and cryoneu
rolysis) 24,25,29 Surgical interventions have included neurectomy, dorsal rhizotomy, microsur
gical vascular and nerve decompression, and cervical spine fusion.25,29 The PT plan of care for 
the patient described in this case report consisted of dry needling, myofascial and articular 
OMPT, exercise, and education, as discussed above. 

The efficacy ofTrPDN has been studied generally for the treatment of myofascial pain 
or trigger point inactivation5 1 ,98,99,J36-138 and specifically for use in patients with low back 
pain (LBP) , 1 1 6, 139-1 40 jaw pain , 14 1 hemiparetic shoulder pain , 1 42 and cervical radicu
lopathy, 1 18 A Cochrane review suggested that dry needling might be useful in combina
tion with other therapies in the treatment ofLBP. 1 39 A systematic review of23 randomized 
controlled trials (RCT) of needling therapies in the treatment of myofascial pain found 
that direct trigger point needling was an effective treatment in decreasing symptoms, but 
efficacy compared to placebo could not be established.5 1  A randomized controlled trial 
(RCT) that looked at the immediate effects of dry needling and acupuncture in the treat
ment of chronic neck pain found that dry needling was not effective in decreasing pain or 
improving mobility as compared to acupuncture . 1 43 However, this study did not take into 
account that dry needling often causes soreness immediately after treatment and pain 
relief is often reported 2-3 days later and may, therefore, have provided an inaccurate indi
cation of the effectiveness of dry needling for chronic neck pain, Another RCT suggested 
that deep needling of MTrPs might be more effective than traditional acupuncture or 
superficial trigger point needling  in  the treatment of chronic LBP in the elderly. 140 
However, only two studies have looked at the effect of TrPDN on various headache 
forms.93, 127 One RCT that compared dry needling ofMTrPs in the neck and metoprolol in 
migraine prophylaxis for the treatment of MH found a significant reduction in headache 
frequency (P <0.0 1 )  for both groups and no between-group difference in frequency or 
duration. 136 The second RCT study-albeit one with a small sample size-looked at the 
effect of dry needling on TTH and found a significant improvement in headache indices, 
tenderness score, and neck mobility limitation.93 

With regard to the research basis on the efficacy of OMPT, massage therapy has been 
deemed effective in the treatment of LBP due to MTrPs. 144 One study looked at the effi
cacy of ischemic compression technique and transverse friction massage for the treatment 
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of  active and latent MTrPs; both techniques produced significant improvement in pressure 
pain threshold and in visual analog pain scale scores without significant between-group 
differences . 1 45 Manual pressure release of latent MTrPs in the UT has shown a reduction in  
perceived pain and a significant increase in  pressure tolerance (P <0.00 1) 146 Lewi t12 1  
treated 351  muscle groups in  244 patients with myofascial pain with the PIR technique 
and found immediate pain relief in 94%, lasting pain relief in 63%, and lasting relief of 
po int  tenderness in 23% of the s ites treated . 147 B lanco et a l 147 demonstrated the 
improvement of active mouth opening following a single treatment of PIR as  used for 
the patient in this case report i n  subjects with latent MTrPs in the masseter muscle. 

A systematic review of n ine RCTs involving 683 patients into the efficacy of spinal 
manipulative therapy for chronic headaches that included TTH, MH, and CGH con
cluded that spinal manipulative therapy was more efficacious than massage for CGH and 
that it was of comparable efficacy to the use of prophylactic medication (amitriptyline) in 
the short-term treatment of tension-type and M H.92 Another systematic review suggested 
that spinal manipulation has proven to be effective in CGH, but  it has not been shown 
to be consistently effective i n  the treatment of TTH. 148 An RCT of 127 subjects with 
MH treated by chiropractic thrust manipulation for a maximum of 16  treatments over 
a 2-month period showed statistically significant improvement in favo r of the treat
ment group with regard to headache frequency (P <0.005) and duration (P <0.0 1 ) ,  
headache-related disabil ity (P <0.05), and medication use (P <0.00 1 ) . 149 A systematic 
review of 20 RCTs that looked at efficacy of manual therapy for the treatment of mechan
ical neck disorders concluded that manual therapies combined with exercise therapy were 
more effective in improving pain and patient satisfaction in mechanical neck disorders 
with and without headaches than j ust  manual therapy alone. ISO Although cervical 
SNAG techniques are widely used for the treatment of neck pain and mobility restric
tions, li ttle evidence has been provided on the biomechanical basis or on the efficacy of 
the technique . 1 s 1  

Jull et al77 studied the effectiveness of various combinations of OMPT and an exercise 
program consisting of deep cervical flexor endurance training, scapular retraction exer
cises, postural education, and low-load cervical flexion and extension resistive exercises in 
200 patients with cervicogenic headache. The three active treatments (OMPT, exercise 
therapy, and OMPT combined with exercise) reduced headache frequency and intensity 
more than the control therapy immediately post-intervention and after 12 months. The 
combined OMPT and exercise treatment showed clinically but not statistically relevant 
increased effect sizes over the other two treatment groups at 12 months. 

A systematic review of studies that looked at the effectiveness of PT interventions for 
the treatment of TMD supported the effectiveness of the use of active and passive oral 
exercises and postural training exercises in reducing symproms. However, most of the 
studies included only small sample sizes and were of poor methodology; only one study 
included OMPT treatments. IS2 

We acknowledge that the case report described in this chapter has a number of limitations. 
As discussed earlier, the format of a case report does not allow us to infer a cause-and-effect 
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relationship. Also, the lack of long-term follow-up and the lack of outcome data collected 
on the final visit negatively affect our careful assertion that there was a positive effect over 
the course of treatment. We also acknowledge that for many of the tests and measures and 
also with regard to the classification systems used to diagnose the headache (ICHD-II) and 
TMD (AAOFP diagnostic criteria), insufficient data are available on diagnostic accuracy to 
reach a diagnosis with research-based confidence. Despite plausible neuroanatomic expla
nations as provided above, the bulk of the clinical research linking the neuromuscu
loskeletal i mpairments theoretically amenab le to PT management to the headache 
diagnoses relevant to this patient is correlational research; we need to remember that cor
relation does not imply causation. It is relevant to consider that neck pain accompanies 
60-70% of all headache types . 1 53-J5S In addition, recent research has established bidirec
tional interactions between afferents from the three upper cervical nerves and trigeminal 
afferents in the trigeminocervical nucleus. 156- 1 58 In clinical terms, nociceptive afferent 
information originating in a structure innervated by the trigeminal nerve can therefore be 
perceived as neck pain .  As also pointed out recently by Jull, 159 this bidirectional relation
ship might explain the h igh prevalence of neck pain (and perhaps of associated neuro
musculoskeletal impairments in the cervical s tructu res evident upon a physical 
examination as described in this chapter) as one possible symptom (and associated signs) 
of headache types where such cervical musculoskeletal impairments truly do not have an 
etiologic role. This chapter also has highlighted the fact that the research basis for the PT 
management of patients with headache-and specifically for the interventions used for this 
particular patient-is still too limited for confident research-supported designs of a plan of 
care for a patient as described in this case report. Instead, the plan of care remains based to 
a large extent on a pathophysiologic rather than a research-based rationale. 

Con cl us i o n 

This case provides a detailed account of  the PT diagnosis and management of  a patient 
with chronic headaches, facial pain, and neck pain. After ascertaining that there were no 
contraindications to PT examination, the therapist used the ICHD-II and AAOFP classi
fication systems to classify the headache and TMJ complaints. Physical examination find
ings were evaluated based o n  a pathophysiologic and research-based rationale, and 
relevant impairments amenable to PT management were identified. The ICF disablement 
model was used to describe the patient's diagnosis, impairments, current functioning, and 
level of disabi l i ty. The preferred practice patterns from the Guide to Physical Therapist 
Practice85 were used as broad consensus-based guidelines for the development of a plan of 
care. Treatment incorporated TrPDN, OMPT, exercise therapy, and education. Over the 
course of treatment, true and meaningful changes were docu mented with regard to 
headache and neck pain-related disability. The patient also reported a noted decrease in 
headache frequency from daily to none over the month preceding the last visit. Despite 
the fact that a case report format as used in this chapter does not allow us to infer a 
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cause-and-effect relationship between intervention and outcome, true and meaningful 
changes in a previously worsening, chronic condition do imply that the PT management 
described was at least contributory to the positive changes noted. 

This case report has also shown a great many areas in  need of further research. Data is 
lacking on the diagnostic accuracy of the clinical tests and measures and also on the diag
nostic classification systems used for this patient. Research is also limited with regard to 
providing a causal or at least contributory link between the various headache rypes dis
cussed in this case report and the neuromusculoskeletal impai rments that might be 
amenable to PT management. Finally, research is lacking in the area of efficacy of the PT 
interventions used for patients with various headache rypes that might pose an inclication 
for PT management (i.e., TTH, MH, CGH, TMD-related headaches, and occipital neuralgia). 
We hope that this chapter not only serves to make the clinical reasoning process related to 
PT diagnosis and management of patients with various headache rypes more transparent to 
the various health-care professionals involved in the care of such patients, bur also that the 
identified areas in need of further study will lead to adclitional much needed research. 

Refere nces 

1.  Headache Fact Sheet. Lifting The Burden. Avai lable at: http://www.l-r-b.org/pages/18/index.htm. 
Accessed May 20, 2006. 

2 .  Boissonnault WG. Prevalence o f  comorbid condi rions, surgeries , and medication use in a phys
ical therapy ou tpatient popularion: A multi-centered study. J Orthop Sports Phys TherI 999;29: 
506-5 1 9; discussion 520-525. 

3 .  Olesen J. The International Classification of Headache Disorders. 2nd ed. Application to practice. 
Funct Neul·o1 2005;20(2) :61-68. 

4. Olesen J. The International Classification of Headache Disorders. 2nd ed. Cephalalgia 2004;24: 1 - 150.  
5 .  Schoenen J, MacGregor E, Hol royd K, et al.  Tension-rype headache. In:  Olesen J,  ed. The 

International Classification of Headache Disorders. 2nd ed. Oxford, UK: Blackwell; 2003. 
6. Schulman EA. OverVlew of tension-type headache. Curr Pain Headache Rep 200 1 ;5 :454-462. 
7. Jensen R, Bendrsen L, O lesen J. Muscular factors are of importance in tension-type headache. 

Headache 1 998;38: 10- 1 7. 
8. Jensen R, Rasmussen BK. Muscular disorders in tension-type headache. Cephalalgia 1996; 1 6: 

97- 1 03. 
9.  Bendtsen L. Central sensitization in rension-type headache: Possible pathophysiological mech

anisms. Cephalalgia 2000;20:486-508. 
10. Meyer RA, Campbell IN, Raja SN. Peripheral neural mechanisms of nociception. In: Wall PO, 

Melzack R, eds. Te.xtbook of Pain. 3rd ed. New York: Churchill Livingstone; 1994. 
1 1 . Dommerholt J. Persisrent myalgia following whiplash. Curr Pain Headache Rep 2005;9:326-330. 
12.  Simons DG, Travel!  JG, Simons LS. Travel! & Simons' Myofascial Pain and Dy,function: The Trigger 

Point Manual. Vol. 1 .  Upper half of body. 2nd ed. P hiladelphia, PA: Lippincort Wil l iams & 
Wilki ns; 1999. 

13 .  Fern{lI1dez-de-las-Peiias C, Alonso-Blanco C, Cuadrado ML, Gerwin RD, Pareja JA. Myofascial 
trigger points and their relationship to headache clinical parameters in chronic tension-type 

. headache. Headache 2006;46: 1 264- 1 272. 

Copyrighted Material



254 • Ch apter 9 Phys ical Th erapy D i agn o s i s  a n d  Management 

14.  G raff-Radford SB. Regional myofascial pain syndrome and headache: Principles of diagnosis 
and management. Curr Pain Headache Rep 200 1 ;5:376-381 .  

1 5 .  F reund B, Schwanz M .  Pos[- [rau ma[ic myofascial p ain of [he  head and neck .  Curr Pain 
Headache Rep 2002;6:36 1-369. 

1 6 .  Davidoff RA. Trigger poims and myofascial pain: Toward u nders[anding how [hey affec[ 
headaches. Cephalalgia 1 998; 1 8:436-448. 

1 7. Borg-S[ein J. Cervical myofascial pain and headache. Curr Pain Headache Rep 2002;6:324-330. 
18. Alvarez DJ, Rockwell  PG. Trigger poims: D iagnosis and managemem. A m  Fa.m Physician 

2002;65:653-660. 
1 9 .  Han SC, Harrison P. Myofascial pain syndrome and [rigger-poim managemem. Reg Anesth 

1 9 97;22:89 - 1 0 1 .  
2 0 .  Fernandez-de-las-Pefias C, C uadrado M L, Gerwin RD, Pareja J A .  Referred pain from [he 

[rochlear region i n  [ension-[ype headache: A myofascial [rigger poi n [  from [he superior 
oblique muscle. Headache 2005;45 :73 1 -737. 

2 1 .  Graff-Radford SB, Jaeger B, Reeves JL. Myofascial pain may present clinically as occipital neu
ralgia. Nettrosurg 1 986; 19 :610-613.  

22 .  Borsook D, Burstein R,  Moulton E,  Becerra L .  Functional imaging of the trigeminal system: 
Applications to migraine pathophysiology. Headache 2006;46(suppl):S32-S38. 

23. Haldeman S, Dagenais S. Cervicogenic headaches: A critical review. Spine] 200 1 ;  1 :31-46. 
24. Jensen S. Neck rela[ed causes of headache. Aust Fam Phys 2005;34:635-639. 
25. Biondi DM. Cervicogenic headache: Mechanisms, evaluation, and treatmem strategies. ] Am 

Osteopath Assoc 2000; 1 00(suppl) :S7-S 14.  
26. Alix ME, Bates DK. A proposed etiology of cervicogenic headache: The neurophysiologic basis 

and anatomic relationship be [ween [he dura macer and the rectus posterior capi tis minor 
muscle . ]  Manipulative Physiol Ther 1999;22:534-539. 

27. Martelletti P, van Suijlekom H.  Cervicogenic headache: Practical approaches to therapy. CNS 
Drugs 2004; 18:793-805 . 

28. Petersen SM. Articular and m uscular impairmems in cervicogenic headache: A case report. 
] Orthop Sports Phys Ther 2003;33:21-30;  discussion 30-22. 

29. Pollmann W, Keidel M, Pfaffenrath V. Headache and the cervical spine:  A cr i[ical review. 
Cephalalgia 1997; 1 7:80 1-8 1 6. 

30. Benoliel R, Sharav Y. Craniofacial pain of myofascial origin: Temporomandibular pain and tension
type headache. Compend Contin Educ Dent 1998;19:701-704, 706, 708-710 passim; quiz 722. 

3 1 . Mannheimer JS, Rosenthal RM. Acute and chronic postural abnormalities as related to cran
iofacial pain and temporomand ibular disorders. Dent Clin North Am 1 9 9 1 ;35: 185-208. 

32.  N H F  Headache Fact S h eet.  National Headache Foundation. Avai lable at: h ttp://www. 
headaches.org/ consumer / presski t/NHA W04/ Ca[egories_oCHeadache. pdf Accessed May 20, 
2006. 

33.  Leonardi M, Steiner T}, Scher AT, Lipton RB. The global burden of migraine: Measuring dis
ability i n  headache disorders with WHO's Classification of Functioning, Disability and Health 
(ICF) . ]  Headache Pain 2005;6:429-440. 

34. Stang PE, Crown WH, Bizier R, C hat[erton M L, White R. The family impact and costs of 
migraine. Am] Manag Care 2004; 10:3 1 3-320. 

35. Schwartz B, S[ewan W, S i m o n  D ,  R. L .  E p i demi ology of tension-type h eadache.  ]AMA 
1998;279:38 1-383. 

36. Fishbain DA, Lewis J, Cole B, Cutler RB, Rosomoff RS, Rosomoff HL. Do the proposed cer
vicogenic headache diagnostic criteria demonstrate specificity in [erms of separa[ing cerv·ico
genic headache from migraine? Curr Pain Headache Rep 2003;7:387-394. 

Copyrighted Material



References • 255 

37. Marcus DA, Scharff L, Mercer S,  Turk DC. Musculoskeleral abnormaliries in c h ronic headache: 
A conrrolled comparison of headache diagnosric groups. Headache 1 999;39:2 1-27. 

38. Mills Rorh J. Physical rherapy in rhe rrearmem of chronic headache. CUrT Pain Head4che Rep 
2003;7:482-489. 

39. Jacobson GP, Ramadan NM, Aggarwal SK, Newman CWo The Henry Ford Hospiral Headache 
Disability Invemory (HOI). Neurology 1 994;44:837-842. 

40. Jacobson GP, Ramadan NM, Norris L, Newman CWo Headache disability invemory (H OI): 
Shorr-rerm resr-reresr reliability and spouse perceprions. Headache 1 9 95;35:534-539.  

41.  Vernon H, Mior S.  The Neck Disability Index: A srudy of reliability and validity. J Manipulative 
Physiol Ther 1 9 9 1 ; 14:409-415.  

42.  Cleland JA, Frirz JM, Whirman JM, Palmer JA. The reliability and consrruct validity of rhe Neck 
Disability Index and pariem-specific functional scale in pariems wirh cervical radiculoparhy. 
Spine 2006;3 1 :598-602. 

43. Roy M .  Level 1. Differential Diagnosis Part-A: Course Manual. Fairfax, VA: North American Insrirure 
of Orthopaedic Manual Therapy, Inc.; 2002. 

44. Gardner KL. Generics of migraine: An updare. Headache 2006;46(suppl):S 19-S24. 
45. Fedorak C, Ashworrh N, Marshal l J, Paull H. Reliability of rhe visual assessmem of cervical and 

lumbar lordosis: How good are we? Spine 2003;28: 1857- 1859. 
46. Youdas JW, Carey J R, Garren TR. Reliability of measuremems of cervical spine range of 

morion: Comparison of rhree merhods. Phys Ther 1 9 9 1 ; 7 1 :98- 104; discussion 105 - 1 06.  
47. Tenvee CB, de Wimer AF,  Scholren RJ, er al .  Imerobserver reproducibility of rhe visual esrima

rion of range of morion of rhe shoulder. Arch Phys Med RehabiI 2005;86: 1356- 1 3 6 1 .  
4 8 .  Jepsen J ,  Laursen L ,  Larsen A ,  Hagen C G .  Manual srrengrh resring i n  1 4  upper l i m b  muscles: 

A srudy of imer-rarer reliabili ty. Acta Orthop Scand 2004;75:442-448. 

49. Berrilson BC, G runnesjo M, Srrender LE. Reliability of clinical resrs i n  rhe assessmenr of 
pariems wirh neck/shoulder problems: Impacr o f h isrory. Spine 2003;28:2222-223 1 .  

5 0 .  JepsenJR, Laursen LH, Hagen C G ,  Kreiner S, Larsen AI. Diagnosric accuracy of r h e  neurolog
ical upper limb examinarion. 1. Imer-rarer reproducibility of selecred findings and parrerns. 
BMC NeuroI 2006;6:8. 

5 1 . Cummings TM, Whire AR. Needling rherapies in rhe managemem of myofascial nigger poim 
pain: A sysremaric review. Arch Phys Med Rehabil 200 1 ;82:986-992. 

52. Gerwin RD, Shannon S, Hong CZ, Hubbard 0, Gevirrz R. Imerrarer reliability in myofascial 
nigger poim examinarion. Pain 1 997;69 {1-2):65-73. 

53. Lew PC, Lewis J, Srory 1. Imer-rherapisr reliability i n  locaring larem myofascial rrigger poinrs 
using palparion. Man Ther 1997;2:87-90. 

54. Sciorri VM, Mirrak VL, DiMarco L, er al. Clinical precision of myofascial trigger poim locarion 
in rhe trapezius muscle. Pain 200 1;93:259-266. 

55. Schbps P, Pfingsren M, Sieben U. [Reliability of manual medical examinarion rechniques of rhe 
cervical spine. Srudy of quality assurance in manual diagnosiS.] (German) Z Orthop 2000; 138:2-7. 

56. Hong CZ, Kuan TS, Chen JT, Chen SM. Referred pain elicired by palparion and by needling of 
myofascial rrigger poims: A comparison. Arch Phys Med Rehabil 1 997;78(9):957-960. 

57. Rocabado M .  TMJ Evaluation and Treatment of the Craniomandibular System. Course nores. S r. 
Augusrine, FL: University ofSr. Augusrine; 200 1 .  

5 8 .  Mercalfe S ,  Reese H,  B S. The effecr o f  high-velocity low-amplirude manipularion o n  cervical 
spine m uscle strengrh:  A randomized c l inical trial .  J Manual Manipulative Ther 2 0 0 6 ; 1 4 :  
1 52- 157. 

59 .  Lewis J, Green A, Reichard Z, Wrighr C. Scapular posirion: The validity of skin surface palpa
rion. Man Ther 2002;7:26-30. 

Copyrighted Material



256  • Chapter 9 Physical Therapy Diagn os is and Management  

60. Paris SV. S l :  Introduction to Spinal Evaluation and Manipulation. Seminar manual. 3rd ed. St. 
Augustine, FL: Insticute of Physical Therapy Universiey ofSt. Augustine for Health Sciences; 1 999. 

6 1 .  ]ull G, Zito G, Trott P, Potter H ,  Shirley D. Inter-examiner reliabil iey to detect painful upper 
cervical joint dysfunction. Aust] Physiother 1997;43: 125-129 .  

62. McGregor AH, Wragg P, Gedroyc WM. Can interventional M RJ provide an insight into the 
mechanics of a posterior-anterior mobilisation? Clin Biomech 200 1 ; 1 6:926-929. 

63. Pool ]], Hoving ]L, de Vet HC, van Mameren H, Bouter LM. The interexaminer reproducibi l iey 
of physical examination of the cervical spine.] Manipulative Physiol Ther 2004;27:84-90. 

64. FjeHner A, Bexander C, Faleij R, Strender LE. Interexaminer reliabi l i ey in physical examination 
of the cervical spine. ] Manipulative Physiol Ther 1 999;22 :51 1-5 1 6. 

65. Huij bregts PA. Spinal motion palpation: A review of reliabiliey scudies. ] Manual Manipul4tive 
Ther 2002;10:24-39. 

66.  Humphreys BK, Delahaye M, Peterson CK. An investigation into the validiey of cervical spine 
motion palpation using subjects with congenital block vertebrae as a 'gold standard'. BMC 
M usculoskelet Disord 2004;5: 1 9 .  

67. ]ull  G ,  Bogduk N ,  Marsland A .  The accu racy o f  manual diagnosis for cervical zygapophysial 
joint pain syndromes. Med] Aust 1 988;1 48:233-236. 

68. Zito G,  ]ull G, Story I. Clinical tests of musculoskeletal dysfunction in the d.iagnosis of cer
vicogenic headache. Man Ther 2006; 1 1 : 1 18- 1 29.  

69. Aprill C, Axinn M], Bogduk N. Occipital headaches stemming from the lateral atlan to-axial 
(Cl -2) joint. Cephalalgia 2002;22: 1 5-22. 

70. Walker N, Bohannon RW, Cameron D. Discriminate val idi ey of temporomandibular joint range 
of motion measurements obtained with a ruler. ] Orthop Sports Phys Ther 2000;30:484-492. 

7 1 .  Manfredini D, Tognini F, Zampa V, Bosco M. Predictive value of clinical findings for temporo
mandibular joint effusion. Oral Surg Oral Med Oral Pathol Oral Rftdiol Endod 2003;96:521-526. 

72. Lobbezoo-Scholte AM, De Wijer A, Steenks MH, Bosman F. Interexaminer reJiabi l iey of six 
orthopaedic tests in diagnostic su bgroups of cran iomandi bular d isorders. ] Oral Rehabil 
1994;21 :273-285. 

73. Is rael HA, D iamond B, Saed-Nejad F, Ratcli ffe A .  Osteoarthri t is  and synovi ti s  as m ajor 
pathoses of the temporoman dibular joint :  Comparison of clinical diagnosis with arthroscopic 
morphology. ] Oral Maxillofac Surg 1998;5 6: 1023 - 1 027; discussion 1 028. 

74. Holmlund AB, Axelsson S.  Te mporomandibular arthropathy: Correlation between clinical 
signs and symptoms and arthroscopic findings. Int] Oral Maxillofac Surg 1 996;25 : 1 78- 1 8 1 .  

7 5 .  Nilsson N, Bove G .  Evidence that tension-eype headache and cervicogenic headache are distinct 
disorders .] Manipulative Physiol Ther 2000;23:288-289. 

76. Fernandez-de-las-Pefias C, Alonso-Blanco C, San-Roman], Miangolarra-Page ]c. Methodological 
quality of randomized controlled trials of spinal mani pulation and mobilization in tension-eype 
headache, migraine, and cervicogenic headache. ] Orthop Sports Phys Ther 2006;36: 1 60-1 69. 

77. ]ull  G, Trott P, Potter H ,  et al. A randomized controlled trial of exercise and manipulative 
t herapy for cervicogenic headache. Spine 2002;27: 1 835- 1 843. 

78. M o o re MK. Upper c rossed syndrome and i ts relati onsh i p  t o  cervicoge n i c  h eadach e. ] 
Manipulative Physiol Ther 2004;27:4 14-420. 

79. Niere K, Robinson P. Determination of manipulative physiotherapy treatment outcome in 
headache patients. Man Ther 1 997;2: 1 99-205. 

80. Griegel-Morris P, Larson K, M ueller-Klaus K, Oatis CA. Incidence of common postural abnor
mal ities in the cervical, shoulder, and thoracic regions and their association wi th pain in two 
age groups of healthy subjects. Phys Ther 1 992;72:425-43 1 .  

Copyrighted Material



References • 257  

8 1 .  Agustsson H .  Evaluation and Treatment of the Craniomandibular System. C o u rse manual .  St .  
Augustine, FL:  University of St. Augustine; 2004. 

82. Okeson JP. Orofacial Pain: Guidelines for Assessment, Classification, and Management. Hanover Park, 
IL: Quintessence Publishing; 1 996. 

83. The I n ternational Classification of Fu n c t i o n i ng, D i sab i l i ty, and H e a l t h .  Avai lable at: 
http://www.who.int/class ifications/icf/enj. Accessed M ay 6, 2006. 

84. Stucki G.  International Classification of Functioning, Disabil ity, and Health (ICF): A promising 
framework and classification for rehabilitation medicine. Am} Phys Med RehabiI 2005;84:733-740. 

85. Guide to Physical Therapist Practice. 2nd ed. Phys Ther 200 1;81 :9-746. 
86. Moog M ,  Qu intner J ,  Hall T, Zusman M. The late whiplash syndrome: A psychophysical study. 

Eur} Pain 2002;6:283-294. 
87. Choi YC, Kim W], Kim CH, Lee MS. A clinical study of chronic headaches: Clinical characteris

tics and depressive trends in m igraine and tension-type headaches. Yonsei Med} 1 995;36:508-5 14.  
88.  Holroyd KA, Stensland M, Lipchik GL, Hill KR, O'Donnell FS, Cordingley G.  Psychosocial cor

relates and impact of chronic tension-type headaches. Headache 2000;40:3- 1 6 .  
89. Leis tad RB ,  Sand T, Westgaard RH ,  Nilsen KB, Stovner LJ. Stress-induced pain a n d  muscle 

activity in patients with migraine and tension-type headache. Cephalalgia 2006;26:64-73. 
90. Hanten WP, Olson SL, Lindsay WA, Lounsberry KA, Stewart JK. The effect of manual therapy 

and a home exercise program on cervicogenic headaches: A case report. } Manual Manipulative 
Ther 2005; 1 3 :35-43. 

9 1 .  Jull G.  Management of cervical headache. Man Ther 1 997;2: 182-1 90. 
92. Bronfort G,  Assendelft W], Evans R, Haas M, Bouter L. Efficacy of spinal manipulation fo r 

chronic headache: A systematic review. } Manipulative Physiol Ther 200 1 ;24:457-466. 
93. Karakurum B, Karaali n  0, Coskun 0, Dora B, Ucler S, lnan L. The 'dry-needle technique': 

Intramuscular stimu lation in tension-type headache. Cephalalgia 200 1 ;2 1 :8 13-81 7. 
94. Jull GA, Stanton WR. Predictors of responsiveness to physiotherapy management of cervico

genic headache. Cephalalgza 2005;25 : 1 0 1 - 1 08.  
95. Tuttle N .  Do c hanges within a manual therapy treatment session pred ict between-session 

changes for patients with cervical spine pain? Aust} Physiother 2005;5 1 :43-48. 
96. G u n n  cc. The Gunn Approach to  the Treatment of Chronic Pain: Intramuscular Stimulation for 

Myofascial Pain ofRadiculopathic Origin. 2nd ed. New York, NY: Churchill Livingstone; 1996.  
97. Travel l  J ,  Rinzler S,  Herman M .  Pain and disability of the shoulder and arm:  Treatment by 

intramuscular i nfil tration with procaine hydrochloride . }AMA 1 942; 1 20:4 17-422. 
98. Lewit K. The needle effect in the relief o f  myofascial pain. Pain 1 979;6:83-90. 
99. Hong CZ. Lidocaine injection versus dry needling to myofascial trigger point: The impo rtance 

of the local twitch response. Am} Phys Med Rehabil I 994;73:256-263. 
1 00. Chen JT, Chung KC, Hou CR, Kuan TS, Chen SM, Hong CZ. Inhibitory effect of dry needling 

on the spontaneous electrical activity recorded from myofascial trigger SPOtS of rabbit skeletal 
muscle. Am} Phys Med RehabiI 2001 ;80:729-735. 

1 0 1 .  Dommerholt J. Dry needling i n  orthopaedic physical therapy practice. Orthop Phys Ther Pract 
2004; 1 6(3): 1 1 - 1 6. 

1 02. Cummings M. Myofascial pain from pectoralis major following trans-axil lary surgery. Acupunct 
Med 2003;2 1 : 105-107. 

1 03. Cummings M .  Referred knee pain treated with elecrroacupuncrure to i l iopsoas. Acupunct Med. 
2003;2 1 :32-35. 

1 04. Ingber RS. Shou lder impingement in tennis/racquetball players treated with subscapularis 
myofasciaI treatments. Arch Phys Med RehabiI 2000;8 1 :679-682. 

Copyrighted Material



258 • C hapter 9 Phys i ca l Therapy D i ag n o s i s  a n d  M a n age m e n t  

1 0 5 .  Ingber RS. Iliopsoas myofascial dysfunction: A treatable cause o f  " failed" low back syndrome. 
Arch Phys Med RehabiI 1 989;70:382-386. 

1 06. Kaye MJ. Evaluation and treatment of a patient with upper quarter myofascial pain syndrome. 
J Sports Chiro RehabiI 200 1 ; 1 5 ( 1) :26-33. 

107. Gozon B, Chu J, Schwartz I .  Lum bosacral radiculopathic pain presenting as groin and scrotal 
pain: Pain management with twi tch-obtaining intramuscular stimulation. A case report and 
review of literature. Electromyogr Clin Neurop/rysiol 200 1 ;4 1 :3 1 5- 3 1 8. 

108. Chu J, Takehara I, Li TC, Schwartz J. Electrical twitch obtaining intramuscular stimulation 
(ETOIMS) for myofascial pain syndrome in a football player. Br J Sports Med 2004;38:E25. 

1 09. Gunn CC, Byrne D, Goldberger M ,  et al. Treating whiplash-associated disorders with intra
m uscular st imulation:  A retrospective review of 43 patients with long-term follow- u p .  J 
Musculos/lel Pain 200 1 ;9 :69-89. 

1 1 0. Gerwin RD, Dommerholt J .  Trigger Point Needling. Seminar manual. Bethesda, MD: Janet G. 
Travell, MD, Seminar Series; 200 1 .  

1 1 1 . Peuker E ,  G ronemeyer D .  Rare but serious complications o f  acupuncture: Traumatic lesions. 
Acupunct Med 200 1 ; 19 :  1 03- 108. 

1 12 .  White A, Hayhoe S, Hart A, Ernst E. Survey of adverse events following acupunctu re (SAFA): A 
prospective study of 32,000 consultations. Acupunct Med 200 1 ; 19 :84-92. 

1 1 3 .  MacPherson H,  Thomas K, Walters S, Finer M .  A prospective survey of adverse events and 
treatment reactions following 34,000 consultations with professional acupuncturists. Acupunct 
Med 200 1 ; 1 9:93- 1 02. 

1 14. Walsh B. Control of infection i n  acupuncture. Acupunct Med 200 1 ; 1 9 :  1 09- 1 1 1 .  
1 1 5 .  Chu J .  The local mechanism o f  acupuncture. Zhonghua Yi Xue Za Zhi ( Taipei). 2002;65:299-302. 
1 1 6.  Chu J, Yuen KF, Wang BH, Chan RC, Schwartz I, Neuhauser D. Electrical twitch-obtaining 

i n t ram uscular  st im ulation in l ower back pain :  A p i l o t  study. Am J Phys Med Rehabil 
2004;83: 1 04- 1 1 1. 

1 1 7. Chu J, S chwartz J. The muscle twitch in myofascial pain relief: Effects of acupuncture and 
other needling methods. Electromyogr Clin Neurophysiol 2002;42:307-3 1 1 .  

1 18. Chu J .  Twitch-obtaining intramuscular stimulation (TOIMS): Long-term observations i n  the 
manage m e n t  of c h ro n i c  partial  cervical radi c u lopathy. Electromyogr Clin Neurophysiol 
2000;40:503-5 10.  

1 1 9. Paris SV, Loubert pv. Foundations of Clinical Orthopaedics. Sr. Augustine, FL:  Institute Press; 1 999. 
120. J o h n s o n  GS, J o hnson VS. Functional Orthopedics 1: Soft Tissue Mobilization, PNF and Joint 

Mobilization. Course manual. Baltimore, MD:  The Institute of Physical An; 200 1 .  
1 2 1 .  Lewit K ,  Simons D G .  Myofascial pain: Reliefby post-isometric relaxation. Arch Phys Med Rehabil 

1 984;65:452-456. 
1 22. M ulligan B .  The Mulligan Concept: Spinal and Peripheral Manual Therapy Treatment Techniques. 

Course manual. Baltimore, M D: Northeast Seminars; 2000. 
123. M u lligan B. Manual Therapy "NAGS", SNAGS", "MWMS" etc. 4th ed. Wellington, New Zealand: 

Plane View Services; 1999.  
1 24.  Rocabado M .  CF3-Advanced Cranio-Facial. C o u rse notes. S t. Augustine, FL:  University of 

Sr .  Augustine for Health Sciences; 2002.  
125.  Kaltenborn FM, Evjenth 0, Kaltenborn TB,  Morgan D, VoLlowitz E,  Kaltenborn F .  Manual 

Mobilization of the Joints: The Spine. 4th ed. Minneapolis, MN: O PTP; 2003. 
126. Rocabado M .  CF2-Intermediate Cranio-Facial. Course notes. St. Augustine, FL: University of St. 

Augustine for Health Sciences; 2002. 

Copyrighted Material



References • 259 

1 27. Fernandez-de- Ias-Pefias C ,  Alonso-Blanco C ,  Cuad rado M L ,  Gerwin RD ,  Pareja J A .  Trigger 
points i n  the subocc i p i tal muscles and forward head pos tu re in tension-type headache. 
Headache 2006;46:454-460. 

1 28.  Jensen R, Rasmussen BK, Pedersen B, Olesen]. M uscle tenderness and pressure pain thresholds 
in headache: A population study. Pain 1 993;5 2 : 1 93- 1 99. 

129.  Ashina M, Bendtsen L, Jensen R, Sakai F, Olesen ]. Muscle hardness i n  patients with ch ronic 
tension-type headache: Relation to actual headache state. Pain 1 9 99;79(2-3) :20 1 -205. 

1 30.  Fernindez-de-Ias-Penas C, Alonso-Blanco C, Cuadrado M L, Pareja JA. Forward head posture 
and neck mobility in chronic tension-type headache: A bl inded, controlled study. Cephalalgia 
2006;26: 3 14-3 19.  

1 3 1 .  Gerwin RD, Dommerholt J .  Treatment of myofascial pain syndromes. In:  Weiner RS, Ed. Pain 
Management: A Practical Guide JOI' Clinicians, 6th ed. Boca Raton, FL: CRC Press; 2002:235-249. 

1 32 .  Fernandez-de-las-Penas C, Cuadrado M L, Pareja JA. Myofascial trigger points, neck mobility 
and forward head posture i n  uni lateral migraine. Cephalalgia 2006;26(9): 1 0 6 1 - 1070. 

133 .  Mil lea P], Brodie JJ. Tension-type headache. Am Fam Physician 2002;66:797 -804. 
134. Goadsby PJ, Boes C.  Chronic daily headache. ] Neurol Neurosurg Psychiatry 2002;72 (suppl  

2):i i2-i i5.  
1 35 .  Audette JF, Blinder RA. Acupuncture in the management of myofascial pain and headache. 

Curr Pain Headache Rep 2003;7:395-40 1.  
136.  Hesse J, Mogelvang B, Simonsen H .  Acupuncture versus metoprolol i n  migraine prophylaxis: 

A randomized trial of trigger point i nactivatio n . ]  Intern Med 1994;235:45 1 -456. 
1 37. Kamanli A, Kaya A, Ardicoglu 0, Ozgocmen S, Zengin FO, Bayik Y. Comparison of lidocaine 

injection, botulinum toxin injection, and dry needling to trigger points in myofascial pain syn
drome. Rheumatol Int 2005;25:604-6 1 1 .  

1 38. Ilbuldu E, Cakmak A ,  Disci R, Aydi n  R. Comparison o f  laser, dry needling, and placebo laser 
treatments i n  myofascial pai n syndrome. Photomed Laser Surg 2004;22:306-3 1 1 . 

139 .  Furlan AD, van Tulder MW, Cherkin DC, et al. Acupuncture and dry-needl ing for low back 
pain. Cochmne Database Syst Rev 2005 ( 1):CD00 135 1 .  

1 40. Itoh K ,  Katsumi Y, Kital<oji H .  Trigger point acupuncture treatment o f  chronic low back pain 
in elderly patients: A blinded RCT. Acupunct Med 2004;22: 1 70- 1 77. 

1 4 1 .  McMillan AS, Nolan A, Kelly PJ. The efficacy of dry needling and procaine in the treatment of 
myofascial pain i n  the jaw muscles . ] OroJac Pain 1997; 1 1 (4) :307-3 1 4. 

1 42.  DiLorenzo L, Traballesi M, Morelli 0, et al. Hemiparetic shoulder pain syndrome treated with 
deep dry needling duri ng early rehabil itation: A prospective, open-label, randomized investi
gatio n . ]  Musculoskel Pain 2004 ; 1 2 (2):25-34. 

1 43.  Irnich 0, Behrens N, G leditsch JM, et aI. Immediate effects of dry needling and acupuncture at 
distant points in chronic neck pain: Results of a randomized, double-blind, sham-controlled 
crossover trial. Pain 2002;99{ 1 -2) :83-89. 

1 44.  Chatchawan U, Thin khamrop B,  Kharmwan S, Knowles], Eungpinichpong W. E ffectiveness of 
tradi tional Thai massage versus Swedish massage among patients with back pain associated 
with myofascial trigger points . ] Bodywork Movement Ther 2005;9:298-309. 

1 45 .  Fernandez-de-las-Penas C, Blanco CA, CarneroJF, Page JCM. The i m mediate effect of is chemic 
compression tech n ique and transverse friction massage on tenderness of active and latent 
myofascial trigger points: A pilot study. ] Bodywork Movement Ther 2006; 1 0:3-9. 

1 46. Fryer G, Hodgson L. The effect of manu al pressure release on myofascial trigger points in the 
upper trapezius muscle. ] Bodywork Movement Ther 2005;9:248-255.  

Copyrighted Material



260 • Chapter 9 Phys i cal Therapy D i agn o s i s  a n d  M anage m e n t  

1 47. Blanco C R ,  Fernindez-de-Ias-Penas C, Xumet JEH, Algaba CP, Rabadan MF, Quintana MCLd!. 
Changes i n  active mouth opening following a single treatment of latent myofascial trigger 
points in the masseter muscle i nvolving post-isometric relaxation or strain/counterstrain. 

] Bodywork Movement Ther 2006 ; 1 0: 1 97-205. 
1 48. Fernindez-de-Ias-Penas C, Alonso-Blanco C, C uadrado ML, MiangolarraJC, Barriga FJ, ParejaJA. 

Are man u al therapies effective i n  reducing pain from tension-type headache? A systematic 
review. Clin] Pain 2006;22:278-285. 

1 49.  Tuchin PJ, Pollard H,  Bonello R. A randomized controlled trial of chiropractic spinal manipu
lative therapy for migraine . ]  Manipulative Physiol Ther 2000;23(2) : 9 1 -95. 

1 50. Gross AR, Kay T, Hondras M, et  al.  Manual therapy for mechanical neck disorders: A system
atic review. Man Ther 2002;7: 1 3 1 - 1 49.  

1 5 1 .  Hearn A, Rivett DA. Cervical SNAGs: A biomechanical analysis. Man Ther 2002;7:71-79. 
1 52. McNeely M L, Armijo Olivo S, Magee DJ. A systematic review of the effectiveness of physical 

therapy interventions for temporomandibular disorders. Phys Ther 2006;86:710-725. 
153. Fishbain DA, Cutler R, Cole B, Rosomoff H L, Rosomoff RS. International Headache Society 

headache diagnostic patterns in pain facility patients. Clin] Pain 200 1 ; 1 7:78-93. 
1 54. Hagen K, Einarsen C, Zwart JA, Svebak S, Bovim G. The co-occurrence of headache and mus

culoskeletal symptoms amongst 5 1 ,050 adults in Norway. Eur] NeuroI 2002;9(5):527-533. 
155. Henry P, Dartigues J, Puymirat C, Peytour T, Lucas J. The association of cervicalgia-headaches: 

An epidemiologic study. Cephalalgia 1 987;7: 1 89-1 90. 
1 56. Bartsch T, Goadsby PJ . Stimulation of the greater occipital nerve induces increased central 

excitability of dural afferent input. Brain 2002; 125: 1496- 1509. 
1 57. Bartsch T, Goadsby PJ . The trigeminocervical complex and migraine: Current concepts and 

synthesis. Curr Pain Headache Rep 2003;7:371-376. 
158. Bartsch T, Goadsby PJ . Increased responses in trigeminocervical nociceptive neurons to cer

vical input after stimulation of the dura mater. Brain 2003 ; 1 26: 1 80 1 - 1 8 1 3 .  
1 5 9 .  J u l l  G. Diagnosis o f  cervicogenic headache. ] Manual Manipulative Ther 2006; 14: 136- 1 38. 

Copyrighted Material



Part 4 

Future Research Directions 

261 

Copyrighted Material



Chapter 10 

Myofascial Pain Syndrome: 
Unresolved Issues and Future Directions 

Robert o. Gerwin) MO) FAAN 

Introduction 

Myofascial pain syndrome has progressed from the stage of classical clinical descriptions 
of local trigger point manifestations and referred pain symptoms to sop histicated descrip
tions of the biochemistry of the trigger point region by way of microdialysis techniques, 
the imaging of the trigger point taut band by special magnetic resonance i maging tech
niques, and explorations of the cerebral responses to trigger point activation. This chapter 
will explore areas of interest where studies are needed to provide critical information on 
the nature of the myofascial trigger point and its clinical p resentations. It is hoped that 
the discussions in this chapter will help clinicians and researchers alike to formulate plans 
to study and address some of the issues that are raised. Whereas some of the studies con
sidered in this chapter require sophisticated equip ment, many require only an inqu isitive 
mind and the willingness to organize clinical observations and to record them carefully. 
Of course, even clinical studies that record observations in an organized manner need to 
be well designed and approved by institu tional review or ethical research boards. 

Etiology of Myofascial Trigger Points 

Generation of the Taut Band 

The cause of trigger points is a matter of specu lation. It appears evident from clinical 
inspection that a trigger point forms as a latent trigger point first and then becomes 
tender or not depending on the degree of activation. This sequence of events is assumed 
because latent trigger points exist without spontaneous pain. Pain is induced in muscle 
trigger points with physical activity. Trigger point tenderness does not occur except in 
regions of muscle hardness, but regions of muscle hardness occ u r  without local or 
referred pain. It is concluded that muscle hardness or the tau t band that occurs in the 
absence of pain is the first abnormality, and that the active trigger point is a more devel
oped or secondary stage of the trigger point. However, this sequence of events, as simple 
as it is, has not been systematically studied and confirmed. One study that needs to be done is 
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the study of the relationship of the latent to active trigger point, or put another way, the study of the acti
vation of trigger points. 

R o l e  of the Neuro muscu la r Ju nct ion i n  T rigger Point Formation 

Trigger point pain does not occur in the absence of a taut band, as stated above. The 
mechanism of local and referred pain is well understood as a general phenomenon, based 
on the release of local neurotransmitters, hydrogen ions, potassium ions and cytokines 
peripherally, and the activation of nociceptive neurons in the dorsal horn centrally. The 
spread of nociceptive neuronal activation segmentally is also a well-described phenom
enon, regardless of the tissue of pain origin. However, the underlying, initial change in 
muscle associated with the trigger point seems to be a motor phenomenon, the develop
ment of the taut band. How the taut band develops remains a matter of speculation and 
has not been proven. Simons' integrated hypothesis of the trigger point,! expanded on by 
Gerwin, Dommerholt, and Shah2 and further elaborated on by Gerwin,J suggests that an 
excess of acetylcholine at the motor endplate, modulated by adrenergic facilitation or 
inhibition of neurotransmitter release, inhibition of acetylcholine esterase, and other 
modulating factors, such as adenosine concentration and feedback control of neuro
transmitter release related to the frequency of endplate discharge, results in the develop
ment of localized muscle contraction. This is supported by the initial observations by 
Hubbard and Berkoff4 of spontaneous low-amplitude electrical activity at the trigger point 
site, later called "endplate noise" by Simons. This activity is modulated by an a-adrenergic 
blocking agentS and by botulinum toxin,6 indicating that it is related to acetylcholine 
release and is subject to sympathetic nervous system influences. Gerwin3 has added the 
further consideration of a postsynaptic muscle dysfunction that increases intracellular 
calcium concentration through a leaky ryanodine receptor calcium channel on the sar
coplasmic reticulum membrane or through adrenergic-mediated second-messenger sys
tems involving prote in kinase C and cyclic-AMP, i nitiating actin-myosin interaction 
leading to muscle fibril contraction. McPartland and Simons? raised similar considera
tions in discussing possible molecular mechanisms of trigger point formation. Mense and 
Simons8 have explored inhibition of acetylcholinesterase as a mechanism, but the results 
did not represent what is thought to occur at trigger points. Thus, the biochemical mechanism 
for the establishment and maintenance of the persistent taut band or localized muscle hardness 
remains to be elucidated. 

Perip h e ra l  Nerve A lterat ions in Myofascial Pain Synd ro me 

Peripheral nerve sensitization is  well recognized in chronic pain syndromes. It has not 
been addressed in myofascial pain syndromes, where emphasis has been placed more on 
changes in muscle than in nerve. Nevertheless, it would seem reasonable that peripheral 
nerve sensitization would be a consequence of chronic myofascial pain JUSt as i t  would in 
other chronic pain syndromes. Some manifestations of the myofascial trigger point are 
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clearly related to a spinal reflex, such as the local twitch reflex9 Further studies have sug
gested that there is a central integration at the spinal cord level in animal trigger point 
models. 10 The role of the peripheral nerve at the neuromuscular j unction and its relation
ship to anterior  horn cell function, however, h ave been l ittle studied. 

A study of neu romuscular jitter by stimulated single fiber electromyography showed a 
significantly increased mean consecutive difference Uitter) in the trapezius and levator 
scapulae muscles in subjects with myofascial pain syndrome compared to controls. I I Th is 
study demonstrated instability of peripheral end plate function that could be related to 
(1) peripheral motor nerve axonal degeneration and regeneration, or  (2) motor neuron 
degeneration with development of collateral reinnervati on. The implication is that the 
myofascial trigger point is a complex dysfunction with peripheral and/or central motor 
dysfunction as well as a sensory abno rmality with peripheral and/or central hypersensiti
zation. Peripheral sensory nerve sensitization and peripheral motor nerve and anterior horn func
tional alterations in myofascial pain have not been widely studied. More research is needed on this 

aspect of myofascial trigger point generation, maintenance, and dysfunction. 

Muscle Stress and Overuse 

Th e general proposition is widely accepted that muscle overuse or biomechanical stress is 
the cause of the trigger point, resul ting in the dysfunctional neu romuscular j unction. 
This concept is central to S imons' integrated hypothesis of the trigger point and is 
expressed by Simons et all as an energy crisis that they think is the primary cause of trigger 
point phenomena. Many studies s how that supramaximal muscle contraction or  over
loaded eccentric contraction can damage muscle and lead to pain, including delayed-onset 
muscle soreness. Repeti tive strain is considered a variant of muscle overload and is thought 
to have the same effect. Maintenance of fixed positions for long periods of time and sus
tained contraction of muscle as a result of emotional stress (anxiety, fear, depression) are 
also thought to produce muscle overuse. No srudies, however, have shown that these phe
nomena actually lead to the development of the trigger point, although we have postulated 
that to be the case.2 Studies are needed, therefore, that investigate the kinds of muscle activity that lead 

to the development of the trigger point, particularly of the taut or contracted muscle band. 
Sus tained low-level muscle contraction, in contrast to supramaximal contraction, has 

been implicated in the development of trigger points. The concept is that the earliest 
recruited and last deactivated motor units are overworked, particularly during p rolonged 
tasks. This concept is supported by studies of ergono mic stress,12,13 and well su mmarized 
by Dommerholt et a1.14 

Postural stresses are another form of mechanical muscle stress that has been related to 
myofascial trigger point fo rmation and activation. Spondylosis with joint hypomobility 
results in a kind of postu ral dysfunction that is associated with neck, trunk, and low back 
pain. Myofascial trigger points are seen in these conditions, bur there are few studies that 
speci fically show such an association. The prevalence of myofascial trigger points in the 
upper trapezius, sternocleidomastoid (SCM), and levator scapular muscles in mid-cervical 
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spine hypomobility was examined in a pilot study by Fernandez-de-Ias-Penas et al,15 but 
the association of trigger point presence with hypomobility did not reach statistical sig
nificance. This study limited the trigger point evaluation to the region of the scapular 
insertion of the levator scapulae and to the vertical fibers of the trapezius muscle in the 
neck, in addition to the SCM. A more expanded survey of cervical musculature looking at semi· 

spinalis and splenius capitis and cervicis, and suboccipital muscles, as well as the cervical fibers of the 

levator scapulae and the upper shoulder component of the trapezius muscle, might show such an associ· 

ation. In fact, a previous study by the same primary investigator showed a statistically sig
nificant relationship between trigger points in the upper fibers of the trapezius muscle 
and C3-C4 hypomobility.!6 Similar studies are relevant to mid-thoracic and lumbar spine regions 

as well, and indeed are relevant to joint hypomobility in general, includingJrozen shoulder and hip 

and knee osteoarthritis with hypomobility. 

Weak ness 

Muscles harboring a trigger point are often weak) without atrophy.! The weakness is usu
ally rapidly reversible immediately on inactivation of the trigger point. One postulated 
mechanism is the l imiting of muscle contraction below the threshold that activates 
painful triggers. However, inhibition of effort or contractile force in one muscle is known 
to be the result of a trigger point in a different muscle, indicating some type of central 
inhibition of muscle activity. Studies are needed to identify the central inhibitory and peripheral 

mechanisms that lead to trigger-point-induced) rapidly reversible weakness. 

Hypoxia a nd Isc he mia 

The myofascial trigger zone or region is thought to be hypoxic, consistent with the con
cept that there is capillary compression and ischemia. Ischemia and hypoxia, in this con
struct, are i nevitably connected .  One study of tissue oxygen tension recorded 
temperatures in tender, tense indurations. There was a region of severe oxygen desatura
tion at the presumed core of induration, surrounded by a region of increased oxygenation, 
as if the core were ischemic and surrounded by a hyperemic zone.!7 Likewise, Travel[l8 
reported temperature studies of the trigger zone as early as 1954, showing an increase in 
temperature in the trigger point region. This would be consistent with a hyperemic area 
surrounding the trigger zone, but inconsistent with a hypoxic trigger zone core. Infrared 
studies of the skin overlying muscles affected by trigger points were done in the 1 980s and 
1990s, with varying results, 19,20 but address only the peri-trigger point tissue, and not the 
core of the trigger point itself. Studies of the core of the trigger point of oxygen tension and of tern

perature would address the issue as to whether the trigger point is ischemic/hypoxic or not. 

B ioc hem istry of the T rigger Po int Regi o n  

Biochemical changes i n  the area o f  the trigger point have been identified by Shah et al21,22 

through studies of the trigger point region by microdialysis. Elevations of substance P, 
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calcitonin gene-related peptide (CGRP), bradykinin, serotonin, and cytokines were found in 
active trigger point sites relative to the concentrations of these substances in latent trigger 
point regions and in normal muscle.21 The pH of the trigger point region is low (between 4-5) 
compared to a pH of 7.4 seen normally. Further studies showed that the concentrations of 
these substances are also elevated at the active trigger point region compared to a distant 
muscle site, but that the concentrations of these substances are elevated at a distant site in sub
jects with active trigger points compared to subjects with latent or absent trigger points.22 This 
is a preliminary study that woked at only one distant site, but it raises the question about a possible systemic 
effect of chronic pain. Is the elevation of concentrations of these substances at sites distant to painfol areas a 
general phenomenon or one unique to myofascial trigger points? Does this represent an acute or a chronic 
change? Do these changes reflect peripheral sensitization? There needs to be more work done by this inge

nious technique woking at a wider selection of distant muscles and a variety of painful conditions. 

Ce ntra l  Se nsitizati o n  

So far the discussion has focused on  the peripheral phenomena associated with the trigger 
point. The central connections of the trigger point are of interest because trigger point ten
derness is most certainly associated with central sensitization and hypersensitivity, just as 
is the case with other tissues. The mechanisms of central sensi tization and expansion of 
dorsal horn reference zones in acute muscle pain have been extensively studied by Mense.23 
One study of the central responses of trigger point pain did not show a difference in the 
numbers of neurons in the dorsal horn associated with trigger spots compared to con
trOIS.IO Central sensi tization has been extensively studied in fibromyalgia and other chronic 
pain states. It has been much less studied in myofascial pain syndromes. The spread of central 

activity and signs of sensitization and development of hypersensitivity need to be examined in myofas

cial pain syndrome as it has been in other chronic pain states. Another aspect of central responses 
to myofascial pain syndromes is the cerebral response to stimulation of myofascial trigger 
point. Painful stimulation of the trigger point results in activation of the cerebral cortex 
pain network in the primary and secondary somatosensory cortex, the inferior parietal 
lobe, and the link to the emotional (affective) cortex, the insula.24.25 

Referred Pai n 

Referred pain is a manifestation of central spread of pain perception via the spinal cord. 
Explanations for this include convergence of afferent nociceptive fibers on single sensory 
neurons and segmental spread of dorsal horn neuron activation through activation of 
ineffective synaptic connections centrally.26 Referred pain patterns seen clinically con
tinue to be identified and refinedY· 28 New referred pain patterns have been described for 
headache.29 Further delineation of referral patterns from muscle continue to be made and are a 

helpfol addition to our understanding of clinical pain syndromes. Areas of special interest include head 

referral patterns as related to headache and to trigeminal neuralgia, and to pelvic pain referral pat
terns that are insufficiently described. Carefol clinical reports as well as experimental studies of pain 
referral patterns m-e both useful. 
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Epidemiology of Myofascial Pain 

Preva l ence Studies 

Studies on the epidemiology of myofascial pain syndrome are hampered by the lack of 
consensus about the criteria used to diagnosis the condition. This problem is addressed 
in the next section, "Diagnosis of My of as cia I Pain Syndrome." 

There are no prevalence studies of myofascial pain syndrome per se in the general pop
ulation. One Canadian study showed 20% prevalence for musculoskeletal pain in a gen
eral population.3D Pain complaints were found in 32% of a university primary care general 
internal medicine practice series of 1 72 patients, of which 30% were found to have myofas
cial pain (9% of the persons in the series).3! Myofascial pain syndrome was diagnosed in 
85% of persons evaluated in a pain rehabilitation referral center.32 In a pain treatment 
referral program known for its interest in myofascial pain, within a larger neurological 
practice, 93% of persons with musculoskeletal pain had myofascial trigger points.3 3 

Most other studies of the prevalence of myofascial pain syndrome have been confined 
to special populations. Myofascial pain syndrome (MPS) was detected in 61 % of a series of 
41 subjects with complex regional pain syndrome34 A study of 243 female sewing 
machine operators showed a prevalence of MPS of 15 .2% in neck and shoulder muscles 
compared to 9.0% among 357 women serving as controls.3s Single mothers, smokers, and 
those with perceived low support from colleagues and supervisors were at a higher risk for 
developing neck and shoulder pain. 

Gende r  Differences 

Gender-related differences are known to exist in a variety of painful conditions, including 
migraine headache, f ibromyalgia, in terstitial cystitis, and irri table bowel syndrome. 
Differential responses based on gender are known to occur in musculoskeletal pain36 and 
are represented in increased days of absence from work and greater expenditures for 
health care for women than men .3? Occupational neck and shoul der pain is more 
common in women than in men.38 Pressure pain thresholds are also lower for women. 
Injection of hypertonic saline in bilateral trapezius muscles, to simulate the real-life bilateral 
shoulder pain commonly experienced in  certain work situations, resulted in greater pain 
inhibition in men than women 7.5 and 15 minutes after injection.39 Baseline pain pressure 
threshold was lower in women, but the increase in pain pressure threshold (PPT) after a 
second injection of hypertonic saline was much greater in  men than in women. The 
greater increase in PPT in men represents an increased hypoalgesia or increased nocicep
tive inhibition that is likely to be central. Glutamate-evoked muscle pain is also greater in 
women, whereas hypertonic saline-evoked pain is not, and glutamate-evoked afferent dis
charges are greater in female rats than males, suggesting that the effect is mediated 
peripherally.4D,4! One explanation is that there is an increased central sensitization in 
women, but another is that descending inhibition is weaker in females than in males. The 
exact mechanism(s) remains to be identified. A role for estrogen in the development of 
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hypersensitization has been considered42 Nevertheless, one study of sex differences i n  
recalled and experimentally induced muscle pain showed no difference between male and 
female subjects43 Estrogen facilitates the activation of the NMDA receptor in the rat,44 
offering one explanation of mechanism. 

Gender studies of myofascial pain are lacking, except by secondary inference. Direct evaluation of 
gender relationships to myofascial trigger point pain is needed. Mechanisms of gender differences in 
pain perception may then be evaluated in populations of males and females with myofascial pain .ryn
drome. 

Hypermobility 

Hypermobility seems to be a relevant risk factor for the development of myofascial pain 
syndromes45 It has been considered to be a risk factor for the development of trigger 
points .  The mechanism is thought to be the need for muscle to provide the support that 
ligaments ordinarily provide. Those persons with recu rrent large joint dislocations or  sub
l uxation seem to be at an even higher risk for the development of trigger points. 

Studies of the prevalence of myofascial pain syndrome in the general population and as a comorbid 
condition associated with other conditions such as Lyme disease or hypermobility are needed. The role 
of female gender as a predisposing factor needs to be clarified and explained. 

Diagnosis of Myofascial Pain Syndrome 

The diagnosis of myofascial trigger points has long been controversial in the medical p ro
fession, because there had been no laboratory or  i maging tech nique that was capable of 
confirming the clinical diagnosis. Diagnosis had been possible only by clinical history and 
examinat i o n, very s i m i l ar to m i g raine  and tens i o n - type headache in that  regard. 
Nevertheless, the l iterature was critical of the ability to make a diagnosis of myofascial 
trigger point pain until  quite rece ntly. Part of the problem was undoubtedly the failure to 
u nderstand the nature of referred pain, an issue put to rest with the advances in the 
understanding of pain neurophysiology. Several attempts to demons trate the clin ical effi
cacy of physical examination failed to do so. It was only i n  1997 that the first paper to 
establish interrater reliability in trigger point identification was published.46 The most 
reliable findings in that study were localized tenderness, presence of a tau t band, and pain 
recognit ion .  Others have s i n ce confi rmed the efficacy of p hys ical examination i n  
detecting myofascial trigger points .  Interrater reliability to a p recision o f  a square cen
timeter or so within a s ingle muscle, indicating that examiners could i ndependently iden
tify the same tau t band region, h as been demons trated.47 Assess m e n t  of inte rrater 
reliability in the detection of trigger points continues to a topic of inte rest. A recent study 
looked at in terrater reliability of palpation of myofascial trigger points in shoulder muscles.48 
They found that referred pain and the "ju mp sign" had the greatest degree of agreement 
among the blinded examiners. Identification of a nodul e  in  a taut band and elicit ing a 
twitch response had the twO lowest degrees of agreement. Recogn ition of usual pai n was 
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not evaluated in that study. Degree of agreement among examiners varied with the muscle 
study, and even within different areas of a single muscle. The kappa coefficient (K) for 
agreement on identifying a palpable nodule within a taut band varied from 0 . 1 1-0.75 
(percentage of agreement varying from 45-90%). In clin ical practice, feedback from 
patients allows assessment of reproducing clinically relevant pain elicited by palpation. 
Studies relating the presence of trigger points to treatment outcome (find a trigger point 
->0 inactivate the trigger point ->0 measure the outcome) have not been done with the aim 
of delineating the criteria for trigger point identification or for reliability of the examina
tion (e.g., multiple examiners identify a trigger point, it is treated, pain goes away) except in 
a preliminary report. Trigger points identified only by finding tenderness in a taut band 
showed a significantly greater increase in pain pressure threshold after treatment with 
either trigger point injection, dry needling, or manual compression than non-treated con
trol sites.49 There continues to be a need to develop an objective, laboratory diagnostic procedure that 
would definitively identify the trigger point and relate the criteria to the elimination of trigger point pain. 
This would be highly useful for research studies, if not for day-to-day clinical practice. 

A review of the criteria used to diagnose trigger points concluded that there was lim
ited consensus on case definition of trigger point syndrome.50 Specifically, the authors 
noted that there has not been a consensus on the criteria for the defini tion of trigger point 
syndrome, despite the majority of authors citing Simons, Travell, and Simons! as the 
authori tative source for such criteria. For example, of 57 papers citing Simons, Travell, 
and Simons! as the source for the criteria defining MPS, the authors found that only 12 
papers used the criteria correcrly. The authors also noted that 30 papers that used algom
etry cited Fische�1,52 as the authority for defining MTrP criteria, but that only one applied 
the criteria as described by Fischer. Over half of the studies used the criteria: ( 1) tender 
Spot in a taut band of skeletal muscle and (2) recognition of usual pain or predicted pain 
referral pattern. The authors suggested that claims for effective interventions in treating 
myofascial pain syndrome should be viewed with caution until there are better validated 
criteria for case definition. 

The development of criteria for the diagnosis ofMPS was the object of an attempt initi
ated at the 1998 International Myopain Congress in Italy. A multicenter study was devel
oped, but in the end only two centers completed the study. A merged data evaluation of the 
80 subjects in the study showed that local tenderness, referred pain, and a palpable taut 
band were useful. However, agreement on diagnosis for both centers was weak (K = 0.32).53 

There has been no attempt to validate the clinical criteria with any objective criteria such 
as electromyographic evidence of endplate noise54 or the biochemical changes identified 
with active myofascial trigger points, as reported by Shah et a12! Validation of clinical diagnosis 
by palpation with these or other objective tests such as magnetic resonance elastography would help estab
lish the reliability of the clinical examination, not as interrater reliability, but in terms of the reliability 
of the physical examination to identify those patients whose myofascial trigger point pain is verifiable by 
other means. Current laboratory studies that show abnormalities would have to be validated themselves 
by showing that they independently identify trigger points that can be treated resulting in pain relief and 
improved function. Lucas et al55 have done this with latent trigger points in the shoulder, by 
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demonstrating that latent trigger points cause disordered sequencing of muscle recruit
ment for arm abduction, then showing the restoration of normal recruitment after treat
ment. That k.ind of study can include identification of trigger points by a particular set of criteria, 
validate the identification by showing a specific impairment, and then restoring function by treating the 
identified trigger point. 

Skin resistance bas been evaluated as a means of distinguishing myofascial trigger 
points in a superficial muscle from normal muscle tissue. Trigger points, whether active 
or latent, cause decreased skin resistance that can be used for identification, at least in 
a superficial muscle. 56 The specificity of this skin resistance to myofaSCIal trigger points needs to be 
established. 

Magnetic resonance elastography may emerge as an effective tool to identify the trigger 
point taut band. The technique involves the introduction of cyclic waves into the muscle 
and then using phase contrast imaging to identify tissue distortions. The speed of the 
waves is determined from the images. Shear waves travel more rapidly in stiffer tissues. 
The harder taut band can thus be distinguished from the surrounding normal muscle.57,58 

There remains a need to develop a consensus on the clinical features required to diagnose myofas
cial trigger points. There is also a need to develop objective laboratory criteria that can be used to stan
dardize the diagnosis of MPS for research studies. These may also have clinical value if they can be used 
to confirm an examination made by physical examination. Elastography needs to be studied in a 
variety of trigger point pain syndromes. 

Another diagnostic issue has to do with the relative responsiveness of musculoskeletal 
tissues. Pain can arise from the junction of bone and tendon, from tendon alone, and 
from muscle, or from a combination of any of these components. Hypertonic saline and 
mechanical stimulation at all three sites showed greater pain to injection of the proximal 
tendon-bone junction and tendon than muscle, referred pain predominantly from 
tendon and bone-tendon junction stimulation, indicating that proximal bone-tendon 
junction and tendon are more sensitive and susceptible to sensitization by hypertonic 
saline,59 although pain during eccentric loading was greater in the muscle belly.6o These 
studies suggest that pain from tendon and bone-tendon junctions must be considered 
among the sources of musculoskeletal pain in addition to muscle. Studies of myofascial pain 
and musculoskeletal pain in general should consider the possibility that local and referred pain can 
have a contribution from tendon and tendon-bone junction. Simons has alluded to enthesopathy as a 
source of pain, but this concept is often overlooked both in studies and in treatment. 

Treatment Issues 

Treatment of trigger point pain syndromes involves the relief of pain by inactivating the 
myofascial trigger point and then restoring normal biomechanics to the extent possible. 
Finally, those factors that initiated and maintained the pain syndrome need to be identi
fied and corrected. There are unanswered questions associated with each of these stages 
of treatment. Trigger point inactivation can be accomplished by either noninvasive or 
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invasive means (needling or injecting the trigger point). Prop hylaxis or preven tion of 
trigger point recurrence can also be acco m plished by invasive and by noninvasive means. 

Manual Inactivation of Trigger Points 

Manual inactivation of trigger points has been reviewed by Fernandez-de-las-Pefias et al 6 1  
They found few randomized, controlled studies o f  the effectiveness o f  manual therapy in 
trigger point  inactivation.  The techniques used included trigger point  compression, spray 
and stretch, strain/counterstrain, u ltrasound, and various forms of m uscle stretching. 
They noted that a l imiting factor in assessing manual treatment techniques was the lack 
of uniform ou tcome measures. Most studies, but not all, used pressure pain threshold or 
an II-point Likert numerical or visual pain scale. H owever, some studies used the McGill 
Short Form Pain Questionnaire or Quality of Life assessments. Range of motion has also 
been used as an o utcome m easurement of effectiveness of treatment. M oreover, some 
trials evaluate just one type of manual therapy and others evaluated a combination of 
manual therapies. The conclusion of these authors was that there was no rigorous evidence 
that the manual tech niques studied have better ou tco me beyond placebo. The role of 
manual the rapi e s  was n e i t h e r  s u p p orted nor refu ted by the resu l ts of their study. 
Rickards62 looked at some manual interventions, but only two of the studies included i n  
the review used typical manual treatments of trigger points used by trained physical ther
apists (ischemic compression). These two studies had short-term (im mediate) benefit bu t 
no long-term follow-u p. One of the two studies looked at a combination of heat, range
of-motion exercises, in terferential current, and myofascial release. The other study looked 
at ischemic compression. Clearly, more research is required on the efficacy of manual techniques 
in treatment of myofascial pain and some uniformity in selecting outcome measures would make cross
comparison of studies more feasible. 

The mechanism of pain reduction and softening of the tau t band by manual therapy 
remains speculative. The effectiveness of a most com monly used manual technique of 
trigger point inactivation, trigger point compression, has been infrequently studied. A 
novel approach to evalu ating t h e  effectiveness of this  approac h  u ti l i zed a digital 
algo meter, demonstrating a benefit of manual compression with pain reduction and an 
increase in pain pressure threshold 63 Further controlled studies of the effectiveness of manual 
therapy techniques are warranted. Moreover, the mechanisms whereby the effects are mediated remain 
to be elucidated. 

Noninvasive, Nonmanual Treatment Techniques 

Treatments i n  this category include all forms of electrical stimu lation, ultrasound, laser, 
and magnet therapies. One systematic review of the li terature62 reported that there is evi
dence to support the im mediate benefit of transcutaneous electrical stimulation (TENS), 
but there is insufficient data to address long-term benefit. Conventional ultrasound was 
not more effective than placebo in neck and upper back pain based on the l imited data 
available (one high-quality and two lower-quality studies). One recent s tudy, nonbli nded, 

Copyrighted Material



Treatment Issues • 273 

showed a short-term improvement in pain pressure threshold with ultrasound.64 In a 
follow-up study, Srbely et al65 demonstrated that low-dose ultrasound can evoke short
term segmental anti nociceptive effects on trigger points. Preliminary evidence supported 
the use of magnetic therapy, but data is very limited and studies were of only moderate 
quality.62 

Another noninvasive approach to the inactivation of myofascial trigger points that has 
created much interest is the use of low-level laser. There have been mixed results in the 
studies that have been randomized, controlled, and blinded. Earlier studies have shown 
benefit,66,67 but a more recent study showed no benefit.68 Consequently, this treatment 
modality, already increasing in use, needs to be further studied to determine its place in the treatment 

of myofascial pain syndromes. 

I nvasive Treatment of Myofascial Trigger Points 

Invasive myofascial trigger point treatment is generally done by either dry needling or 
injection of substances. Deep dry needling was considered to be effective in some 
studies,69 particularly in the management of myofascial pain syndromes. A recent 
Cochrane review concluded that dry needling might be an effective option in the treat
ment of persons with chronic low back pain?O One study showed that lidocaine diluted to 
0.25% was the most effective concentration associated with the least postinjection soreness?l 
Substances other than lidocaine have been used for injection, most commonly some form 
of corticosteroid. Cummings and Whiten reviewed 23 papers and found the effect of 
needling was independent of the material injected. Moreover, there were no trials of suffi
cient quality or design to test the efficacy of any needling technique over placebo. Their 
conclusion was that direct needling of trigger points appears effective, that in three trials 
there was no difference between dry needling and injection, and that controlled trials are 
needed to determine if trigger point injections are more effective than placebo. An 
updated review found lS randomized, controlled studies that met their inclusion cri
teria.73 However, the small sample size, deficiencies in reporting, and heterogeneity of the 
studies precluded a definitive synthesis of the data. A review of acupuncture and trigger 
point dry needling came to much the same conclusion, that there is a paucity of studies 
that precludes making a definitive statement about the benefit of these techniques?4 
Trigger point injection (TPI) appeared to relieve symptoms when it was the sole treatment 
for whiplash syndrome, and for chronic neck, shoulder, and back pain. However, the 
authors concluded that there is no clear evidence that TPI is ineffective or beneficial, but 
that it is a safe procedure in experienced hands. No evidence supports or negates the use 
of any injectate over dry needling. 

There is one study that compares TPI with lidocaine with intramuscular stimulation 
using acupuncture needles (dry needling)?5 Dry needling currently is most commonly 
done with acupuncture needles, so that this study is consistent with current clinical prac
tice. The study demonstrated the effectiveness of both techniques in providing pain relief, 
better relief of depression with dry needling (1), and improvement in passive range of 
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motion with both treatments. Post-treatment soreness was the same in both groups. Local 
twitch responses were elicited in 97.7% of subjects treated. An additional study by the 
same group evaluated peripheral dry needling without and with the addition of dry 
needling multifidi muscles (paraspinal dry needling) in the neck.76 Although the addition 
of needling multif idi gave a small statistical advantage, both techniques were effective in 
relieving pain at 1 month. Better studies are needed to settle the question of use of various injectates 
and of dry needling compared to trigger point injection) adequately powered) with common outcome 
measures) of both TPI and dry needling used as sole therapies and given in combination with other 
physical therapy approaches. There is, however, a major difficulty in finding appropriate 
placebo or sham treatments in controlled studies. Many placebo treatments of myofascial 
trigger points are active, not inactive, placebos. 

Acupuncture trigger point needling is a term used to describe inserting the acupuncture 
needle into a muscle trigger point. It has been used to treat myofascial trigger points in a 
manner identical to the dry needling technique described by physical therapists, physicians, 
and others. It has been shown to be effective in treating chronic neck pain77 and chronic low 
back pain?8,79 Blinding using sham needles was effective in these two studies. These studies 
further suPPOrt the effectiveness of dry needling in treating myofascial pain syndromes. 
However, a recent systematic review of acupuncture and dry needling (deep needling tech
niques) concluded that there was only limited evidence from one study that deep dry needling 
was beneficial compared with standardized care.74 Some studies were criticized because 
trigger points were not convincingly the sole cause of pain, although in clinical practice that 
is often the case. Treatment techniques (depth of insertion of the needle, location of needle 
placement, duration of needle insertion) varied, and cotreatment varied, all of which reduced 
the comparabiliry of studies. There is an additional need to develop a reliable way to assess needling 
technique effectiveness in myofascial trigger point pain syndromes. The clinical effectiveness of deep dry 
needling without injectate needs to be firmly established with additional credible studies) as well. Classical 
acupuncture needs to be better evaluated in trigger point treatment as well as deep dry needling. 

An interesting study looked at the effect of dry needling key trigger points on satellite 
trigger point activiry.so In this single-blinded, randomized, controlled trial, inactivation of 
infraspinatus trigger points had a beneficial effect on trigger point manifestations (pain 
intensiry and pressure pain threshold) in ipsi lateral, proximal, and distal upper extremiry 
muscles. This study suggests that there is a central modulating effect of dry needling inac
tivation of myofascial trigger points. More studies of the peripheral and central effects of dry 
needling are needed to further elucidate the clinical effects and mechanism of action of this technique. 

The mechanism of action of trigger point needling has never been adequately eluci
dated. The results of dry needling seem to be about  as effective as injection of local anes
thetic, suggesting that local anesthetic is not absolutely necessary. Thus, it seems that it is 
the mechanical action of the needle i tself that inactivates the trigger point. The mechanical 
stimulation of the trigger point by the needle causes a change in  the substances that have 
been shown to be elevated in the trigger point region.21 Some consideration has been given 
to disruption of the muscle cell wall by the needle, causing alterations of calcium influx 
into the cytoplasm. This mechanism does not seem credible, as disruption of the cell wall 
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on a macroscopic basis would seem to result in major cellular functional disruption. A 
paper by Fine et al81 in which well-documented trigger point inactivation associated with 
the injection of bupivicaine was significantly reversed with intravenous naloxone (10 mg) 
strongly suggests that endogenous opioids are involved in the needle-induced relief of pain 
and in the reversal of the physical manifestations of the trigger point. There have been no 
follow-up studies of this phenomenon. Moreover, there have been no studies of the effect 
of naloxone on the manual inactivation of the trigger point. The mechanism of action of inac
tivation of trigger-point-related pain and taut band formation needs further investigation, including 
investigation of the role of endorphins in mediating the clinical response. 

Botulinum toxin has been used to inactivate trigger points. Theoretically, botulinum 
toxin should act like a long-lasting trigger point injection if i t  acts to prevent the devel
opment of the trigger point or inactivates it. One study showed that it reduced or blocked 
end plate noise at the trigger zone in the rabbit.6 A number of randomized, controlled, 
double blind studies have been conducted, but many were small studies or did not utilize 
appropriate criteria for identification of trigger points. In addition, variable amounts of 
toxin have been used in the studies, lack of docu mentation of injecting precisely at the 
rrigger zone, and lack of arrention to rrear the entire relevant funcrional muscle unir may 
have contributed to rhe inabiliry to show efficacy.82 Studies of the effect of botulinum toxin inac
tivation of myofascial trigger points should meticulously use proper diagnostic criteria for identification 

of relevant active trigger points, take into consideration the effect of latent trigger points and treat them, 
and consider treatment of relevant trigger points in the entire functional muscle unit. 

Some new, interesring substances used for rrigger point injecrion are presenrly being 
explored, such as bee venom and rropiserron83-85 Tropiserron is a 5HT3 antagonist that 
has been shown to alleviate pain in myofascial trigger point pain syndromes. It  also has 
a more widespread analgesic effect. It may be the first specific injectate shown to have a 
positive benefit in the treatment of myofascial trigger point pain syndromes. Tropisetron 
should be studied in more myofascial pain situations than low back pain, where it has been found to 
be effective. 

Baldry's technique of superficial dry needling has never been subjected to adequate 
srudy.86 BaidryB6 proposed that this technique is effective and less invasive than inserting 
needles into muscle and avoids the porential complications of pneumothorax and other 
complications of deep needling. Superficial dry needling as a treatment for myofascial trigger 
point pain needs to be properly studied for its underlying mechanisms and effectiveness, and compared 
to other treatment techniques. 

Selected Specific Clinical Syndromes 

Headache 

The role of myofascial trigger points in the generation of headache has recently been inten
sively studied87•8 8 The general concept pur forth by these series of papers is thar chronic 
rension-rype headache is at least partly explained by referred pain emanating from trigger 
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points in the head, neck, and shoulder muscles. Trigger points are considered to be respon
sible for the development of the central sensitization that initiates referred pain and 
headache. Trigger points in the trochlear region have been identified in unilateral migraine 
headache.89 Forward-head postural dysfunction is associated with suboccipital muscle 
trigger points and chronic tension type headache 90 Key to the concept that trigger points 
contribute to the development of headache is the finding that treatment of relevant trigger 
points results in reduction or elimination of headache. This has been shown in one elegant 
study by Giamberadino et al91 in which inactivation of trigger points that referred pain to 
the headache areas resulted in reduction of headache frequency and intensity and a reduc
tion in electrical pain thresholds. Another study, open labeled, showed that inactivation of 
trigger points in the head and neck by the injection of the long-acting local anesthetic ropi
vacaine decreased migraine headache frequency by more than 1 1% in more than 50% of sub
jects, and produced more than a 50% reduction in headache frequency in 1 7% subjects.92 
This study was problematic in that the authors talked about subcutaneous injection of 
trigger points and not intramuscular injections. Moreover, there was no mention of postin
jection assessment of the treated trigger points to evaluate the effectiveness of the injections. 
More studies are needed that study the inactivation of trigger points that refer pain to headache areas 
and/or cause scalp allodynia in a variety of headache types such as chronic tension-type headache, episodic 
tension-type headache, and chronic daily headache with either tension-type or migraine headache to see if 
such inactivation will reduce headache frequency and intensity and reduce associated scalp allodynia. 

Fi b ro mya lgia 

There has long been a discussion about the relationship between myofascial pain and 
fibromyalgia, including whether myofascial pain evolves into fibromyalgia ("regional" 
pain evolving into "generalized" pain). Fibromyalgia is characterized by widespread mus
culoskeletal tenderness. Tender points theoretically are not associated with taut bands. 
However, myofascial trigger points are also tender, and many clinicians do not make a dis
tinction between taut bands and trigger points. A prel iminary report of 96 subjects evalu
ated for fibromyalgia and myofascial pain syndrome found 25 subjects who fulfilled the 
criteria for fibromyalgia.33 Of these, 18 (72%) had trigger points as well as tender points. 
Central hypersensitization is considered to be the basis of fibromyalgia.93 It is also likely 
to be implicated in the etiology of myofascial pain syndrome. There is interest, therefore, 
in whether persons with fibromyalgia have myofascial trigger points that account for the 
pain of fibromyalgia. A study of fibromyalgia subjects for symptomatic myofascial trigger points 
would therefore be of interest. 

Endo metrios is  and Other Pe lvic Visceroso matic Pa i n  Syndro mes 

A serious pelvic pain problem is endometriosis, where recurrent abdominal pain is a 
common manifestation. Endometriosis is often treated by laparoscopic surgery when 
hormonal control is not effective to identify endometrial implants and remove them 
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and to lyse adhesions. However, because abdominal pain u sually recu rs, laparoscopic 
surgical procedures tend to be repeated. Su rgical excision of e ndometrial implan ts did 
not res ult  in  an i mprovement o f  i-year outcome compared to sham surgery.94 Jarrell 
and col leagues94-96 explored the relatio nsh i p of myofascial trigge r points to visceral and 
pelvic pain syndromes, concluding that the cause of pain may not be the endometriosis 
itse l f, bur rather abdo minal wall trigger points that may rep resent pain referral fro m the 
affected viscera or  even may reflect the development of trigger poi nts fro m  the s u rgical 
procedure itself. Jarrell9S and Nazareno et al97 found that treating abdo minal trigger 
points alleviated the visceral pain syndromes. However, Nazareno et al did not define 
myofascial trigger poi n ts; i t  is not clear what criteria they used to direct the choice o f  
i njection site in  the abdo minal wall other than tenderness. They re ported an 89% par
tial or complete relief o f  pain in both the short and long term, with no apparen t  greater 
benefit following the addition of corti costeroids to the injection mixture.  

Another study examined the results of treat ment of abdominal pain with point ten
derness following surgery or diagnosis with abdominal adhesions, pelvic inflammatory 
disease, or nerve entrapmenr.98 Treatment was by injection of local anesthetic and corti
costeroids into trigger points. Again, this paper did not define how trigger points were 
defined or localized. The authors reported 95% of 140 treated patients were either pain 
free or had only mild pain after treatment, and that the benefit was sustained for 3 months: 
86.5% retained the benefit. 

Treatment of pelvic pain associated with interstitial cystitis responded to pelvic floor 
muscle trigger point treatment i n  a report of a small case series.99 Pelvic floor pain syn
dromes and pelvic visceral pain syndromes such as noninfectious prostatitis, levator ani 
syndrome, irritable bowel syndrome, and interstitial cystitis com monly have pelvic floor 
and abdominal wall trigger poi nts relevant to the complai n t  of pain, but are poorly under
stood.1oO More needs to be done to define the myofascial contributions to viscerosomatic pain syn
dromes and to outline examination procedures and treatment protocols for these conditions. 

Whiplash 

Myofascial trigger points have been implicated i n  the mechanism of neck and shou lder 
pai n in whiplash -associated dis orders . l o l  A review of manual treatm ent of followi ng 
whiplash injury reported the common occu rrence of trigger poi nts in this condition, a 
finding also noted by others. 1 02 Trigger point release techniques have been advocated as part of the 
treatment protocol in this condition, but the effectiveness of such treatment needs to be supported by 
careful clinical studies. 

Radicu lopathy 

Myofascial trigger point pain may be the presenting symptom and the only sign of cervical 
or lumbar radiculopathy in some patients in this author's clinical practice. This phenom
enon has not been well described in the literature, but certainly opens the question of the 
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relationship of root compression and the development of trigger points and of the nature 
of at least a component of pain in radicular syndromes. A study of 1 9 1  subjects evaluated 
for suspected cervical radiculopathy were evaluated for myofascial pain syndrome as well 
as for other condirions.103 Electrodiagnostic testing identified cervical radiculopathy in 
52% of subjects and other neurological syndromes (plexopathy, peripheral nerve entrap
ments, or polyneuropathy) in 25%. Myofascial pain syndrome was found in 53% of persons 
with normal electrodiagnostic testing and also in 17% of patients with electrodiagnostic 
evidence of radiculopathy and 1 9% of those with other nerve diagnoses. Although diag
nostic criteria for the identification of myofascial trigger point pain were not well defined 
in this study, the authors nevertheless highlight both the possibility that myofascial pain 
syndromes may mimic cervical radiculopathy and that it may be a symptomatic comor
bidity of cervical radiculopathy. Moreover, this author has found that many patients with 
postlaminectomy pain syndromes have myofascial trigger point pain syndromes rather 
than recurrent disc herniation or scar formation. These findings have not been explored 
either in the literature. The presence of myofascial pain syndrome as a presenting or complicating 
feature of radiculopathy) and the role of nerve root or peripheral nerve injury in the generation of 
myofascial trigger points) deserves greater attention and evaluation. 

Concl usion 

Research in myofascial pain has increased greatly since the basis for peripheral and central 
nervous system sensory sensi tization became established. M uch of the work on pain 
mechanisms in muscle and the effects of neural sensitization-such as the expansion of 
receptive fields-has been done by Mense and his associates. Hong and his group did many 
clinical studies both in the United States and in  Taiwan. David Simons was often the cat
alyst if not the investigator in many studies that established the nature of the disorder in 
the trigger point dysfunction. The work of these individuals and others laid the ground
work for further s tudies that have been forthcoming now in ever-increasing numbers. The 
advent of more sophisticated imaging offers new ways to evaluate both the muscle har
boring a trigger point  as well as central responses to muscle trigger point  pain. 
Nevertheless, there are many areas that need more detailed or innovative studies in order 
to expand our knowledge about the fundamental nature of the trigger point as well as to 
develop more effective ways of diagnosing and managing trigger-point-related pain. It is 
hoped that the comments in this chapter will direct attention to some of the areas that 
await further attention from those interested in the nature of muscle pain and in ways to 
alleviate it. 
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A 
AAOFP. American Academy o f  

Orofacial Pain 
agreement, 106 

(ACh), 264 
and, 165 

SEA and, 32 
acetylcholine receprors (AChR), 

34-35 
ACh. See acetYlcholine 
AChR. See ac�t:)'lcholine receprors 
actlve myofascial trigger point pain, 

noninvasive treatments 
for, 1 29-158 

active range o f  motion (AROM), 
206, 247 

mouth 241 

2 1 3  
1 0 6  

complications, 226-227 
RCT, 250 
TrP-ON v., 1 78- 1 79 

acupuncture points, 1 79 
acu puncture trigger poim 

needling, 274 
adenosine, 7 
A h Shi 

headache. 
anandamide. See 

retrahydrocannabinol 

ani mal 
EA, 168 

MTrP 
177 

referred head pain, 1 1 2- 1 1 3 

MTrPs v., 9 

artachmem trigger poims, 28 
autonomic nervous system, 34 

B 

85-86 

<V'Cd<''''''<"" in, 94 
biomechanical scress, 265 
Berch , 1 79 
blood donations, RLS, 5 5  
botulinum toxin, 32, 1 77, 275 

MTrPs, I I  
bourons, 5 
rmJ(]VKJ[Il(] 7-8 

c 
c 

caffeine, 1 0  
calciconin 

Oenervation, 
JCll"" ,arrlV model, 1 63 

capsaicin cream, 
case studies; See also i n terventions 

srudies 

285 

AROM, 206 
FHP, 205 
headache 

AROM , 206 
cervIcal percutaneous electrical 

nerve stimu larion and 
TrP-ON comhi nation, 1 7 1  

chronic bead ache, 

intervention, 2 1 8-2 1 9, 
227-228, 230, 2 32-234, 
236, 238, 240-243 

central sensitization, 8,  9,  3 1 , 267 
signs of, 2 1 5 ,  2 1 7  
tngger 1 20, 122, 276 
TTH, 

cervical anive range of motion 
(AROM), 206 

cervical nerve rooes, referred 
and, 247 

cervical nociceptive i n put, 
nerve and. 247 

cervical percuraneous elecrrical 
nerve stim ulation and 
TrP-ON combination, 1 7 1  

249 
1 1 5 

1 09, 

beadache 
chronic daily 1 98 - 1 99 

case description, 200-20 1 ,  
204-253 
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chronic headache 
head/neck trauma, 1 97 
physical therapy diagnosis, 

management of, 1 9 1 -260 
spinal postural abnormalities, 249 
whiplash inju ry, 197 

chronic migraine, diagnostic 
criteria, 2 1 0 

chronic musculoskeletal pain 
epidemiology, 5 1  
herbal remedies, 1 1  

chronic myalgia, perpetuating 
factors, 36-37 

chronic myofascial pain, vitamin 
B'2 insufficiency, 57 

chronic tension-type headache 
(CITH), 246 

diagnostic criteria, 2 1 0 
forward-head postural 

dysfunction, 276 
MTrPs, active v. latent, 1 1 7, 1 1 8 
myofascial trigger poi nts and, 

109- 1 26 
trigger points in, c l inical 

evidence of, 1 1 7, 1 1 9 
Chu,j. ,  electrical twitch-obtaining 

intramuscular 
stimulation, 1 62,  1 64 

CINAHL search, results, 67, 68-70 
Cinderella hypothesis, 26 
cl inical studies. See specific study 
cluster headache, 1 9 1  
Cochrane Collaboration, trigger 

point dry needling and, 
180 

Cochrane review, 2005 
case stud ies, 1 72 
TrP-DN, 273 
LBP, 273 

construct validity, MTrP manual 
palpation study, 80, 
8 1 -8 2  

conti ngency matrix, shoulder 
complaint study, 96 

contracted muscle band, 265 
contraction knots, 33 
conventional u ltrasound, 273 
CoQ 10. See statin-induced 

coenzyme Q I 0  
cortisol-releasing hormone (CRH), 

52-53 
craniocervical active range of 

motion (AROM), case 
study, headache, 206 

craniocervical flexion, 2 4 1  
CRH. See cortisol-releasing 

hormone 

CITH. See chronic tension-type 
headache 

Cummings, 1 70- 1 7 1  
TrP-DN and, 170 

Cummings and White, 1 77 
cytochrome oxidase, myalgia, 36 
cyrochrome oxidase reaction, iron 

and, 54-55 

D 
Data Extraction and Quality Scoring 

Form for Reliability Studies 
of Spinal Palpation criterion 
list, 80 

deep acu puncture, su perficial 
ac upuncture v., 1 74 

deep dry needling (TrP-DDN), 
163, 1 66, 167 

SON v., 1 73 
study, 1 72- 1 73 

deep tissue pain, 24 
deficiency, insufficiencies v., 5 1 -52 
demyelination, 8 
dense bars, 3, 4 
depression, headache, 2 1 7  
des min, eccentric loading and, 30 
diabetes mellitus, statin plasma 

concentrations and, 5 6  
dichotomous test, shoulder 

complaint study, 96 
diet, MTrPs, 10 
digital algometer, pain reduction 

and, 272 
Dilorenzo et al, 1 72-173 
diltiazem, 1 1  
di rect trauma, MTrPs, 28-29 
Dorsher, MTrP referred pain 

patterns, 1 78 
dry needling. See trigger point dry 

needling 

E 
EA. See electroacu punc ture 
eccentric exercise, MTrPs, 29-30 
eccentric loading, desmin and, 30 
eccentric muscle overload, MTrPs, 

29-3 1 
Edwards and Knowles, 173 
elastography. See magnetic 

resonance elastography 
elderly 

analgesic techniques, 1 73 
vitamin B ' 2  deficiency, 36 

electrical muscle srimulation 
(EMS), 272-273 

data synthesis for, 1 4 4  
MTrP, 1 3 1  

electrical pain thresholds, 276 
electrical twitch-obtai ning 

in tramuscular stimulation, 
Chu,j.,  1 62, 1 64 

electroacupuncture (EA), 168 
electromyography studies 

(EMG stud ies) 
cli nical practice and, 23 
MTrPs, 5, 22 

electrotherapies 
data synthesis for, 144- 1 45 
MPS, 133 
summary of findings, 147 
for trigger points, 1 40 

EMG stud ies. See electromyography 
studies 

emorional and fu nctional subscale 
scores, HOI, 20 1 

emotional stress, headache, 2 1 7  
EMS. See electrical muscle 

stimulation 
endometriosis, 276-277 
end plate hyporhesis, 5-6 
end plate noise (EPN), 264 

electromyographic evidence, 270 
SEA and, 3 1 -32 

energy crises hypothesis, 3 1  
energy metabolism, norepinephrine 

and, iron-deficient rars 
and, 54-55 

enthesopathy, as pain source, 27 1 
episodic tension-type headache 

(episodic ITH) 
diagnostic criteria, 2 1 0  
myofascial trigger points and, 

1 2 1, 1 9 8  
episodic ITH. See episodic 

tension-type headache 
EPN. See end plate noise 
evidence-based medicine paradigm, 

orthopedic manual 
therapy and, 1 8  

exetcise therapy; See also eccentric 
exercise 

headache, 240-242 
external val id i ty, MTrP manual 

palpation study, 80, 82-83 
extraocular muscle MTrPs, referred 

pain from, 1 1 7, 1 1 9 

F 
facial pain, TMJ, 1 98 
fast fibers, 28 
feed-forward neu rogenic 

inflammation, 3 1  
Fernandez-de-las Penas e t  al, 248, 

249, 266 
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ferritin, 36; See also muscle ferritin; 
serum ferritin levels 

levels, 55 
FHP. See forward head posture; 

postural deviations 
Ao fibers, 175 
fibrogen, needle grasp 

studies, 176 
fibromyalgia, 1 1 , 276 
flat palpation technique, 20, 2 1  
floating needling. See Fu's 

subcutaneous needling 
focal tenderness, 1 29 
folic acid, 3 6  
forward head posture (FHP) 

headache, 205 
TIH and, 248 

FREMS. See freq uency-mod ulated 
neu ral stimulation 

fteq uency specific microcurrent 
(FSM), 1 2  

frequency-modulated neural 
stimu lation (FREMS), 
data synthesis for, 144 

frequent episodic tension-type 
headache, diagnostic 
criteria, 2 1 0  

frontal region (of arm), referred 
pain pattern to, 92 

frontal region (of shoulder), 
referred pain panern 
to, 92 

FSM. See frequency-specific 
mlcrOCLIrrenr 

FSN. See FlI's subcutaneous 
needling 

Fu's subcutaneous needling 
(FSN; floating 
needling), 169 

G 
gemfibrozil, statins plasma 

concentrations and, 56 
gender, myofascial pain, 268-269 
Gerwin et aI study, 74-76 

interrater reliabi I ity statistics, 
74-76 

goose bumps, MTrP, 8 
Guide to Physical Therapist Practice, 

2 1 5, 252 
Gunn, C. 

acupuncture, 178 
assessment technique, 

1 64 , 1 78 
IMS technique, 1 63, 1 64 
neuropathic pain, 1 64 
radiculopathy model, 163- 1 65 

H 
HOI. See Henry Ford Hospital 

Headache Disability 
Inventory 

head, myofascial trigger points, 
275-276 

headache, 109; See also cervicogenic 
headache; chronic daily 
headache; chronic 
headache; chronic 
migraine; chronic 
tension-type headache; 
migraine headache; 
tension-type headache 

AROM, 206 
attributed to disordet of cranium, 

neck eyes, ears, nose 
sinuses , teeth, mouth, 2 1 1  

anributed to head/neck 
rrauma, 2 1 1  

case studies, 2 1 8-2 1 9 ,  227-228, 
230, 232-234, 236, 238, 
240-243, 246-252 

cervical percutaneous electrical 
nerve stimulation and 
TrP-DN combination, 
1 7 1  

chronic, physical therapy 
diagnosis, 1 9 1-260 

conclusions on, 252-253 
discussion, 246-252 
d isorders, 1 09 
duration, 1 1 8 
epidemiology, 1 9 1 - 1 92 
evaluation and diagnosis, 209-2 15 
exercise therapy, 240-242 
frequency, 1 1 8 
intensity, 1 1 8  
intetvention, 2 1 8-2 19, 227-228, 

230, 232-234, 236, 238, 
240-243 

non pharmacologic treatment, 250 
patient outcomes, 243-245 
prognosis, 2 1 5, 2 1 7 - 2 1 8  
TMj, 1 9 8  
treatments, 250 
TrP-DN, 1 70- 1 7 1 , 2 1 9, 226-228, 

230, 232 
TIH and, 248 

health care cost, outpatient, 
m igraine and, 199 

Henry Ford Hospital Headache 
Disability Inventory (H O I), 
200-20 1 , 202 

outcome measu res scores, 
244, 245 

H EP. See home exercise program 
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herbal remedies, chronic 
muscu loskeletal pain, 1 1  

high-powet ulrrasound, 123 
high-voltage galvanic stimu lation 

(HVGS), data synthesis 
for, 144 

hip straight leg raising, case 
studies, 1 7 1  

histamine, 7-8 
home exercise program (H EP), 

2 1 8, 2 1 9  
Hong et aI, 207, 278 
Hsieh et aI study, interrater 

reliability statistics, 77-78 
HVGS. See high-voltage galvani c  

stimulation 
hyperexcitability, CTIH and, 120 
hypermobility, myofascial pain, 269 
hypersensitivi ty, 267 
hypothalamic-pitui tary-adrenal 

axis, stress and, 52-53 
hypothyroidism, 52-54 

muscle pain v.,  53 
statins and, 5 6  

hypoxia 

I 

ischemia and, 266 
noneccentric/eccentric exercise, 30 

ICF disablement model. See 
International Classification 
of Functioning, Disability, 
and Health disablement 
model 

ICHD. See International Classification 
of Headache Disorders 

ICHD-Il. See International 
Classification of Headache 
Disorders II 

IES. See i n tramuscular electrical 
stimulation 

IFC. See in tetferential current 
IFOMT. See International 

Federation of 
Orthopaedic 

IL-6, 52 
IL-8, 34 

Mani pu lative Therapists 

lmitrex. See sumarriptan 
i n fectious d iseases, 57 
informed consent, 227 
i n fraspinatus muscle 

palpation, 104 
technique, 95 

shoulder pai n and, 9 1  
trigger point localization in, 94 
trigger points in, 92 
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I ngber, 170 
injection th erapy, 1 3 1 , 2 1 9, 276 

dry needling v., 1 76- 177 
insufficiencies, deficiency v., 5 1 -52 
in tegrated trigger point hypothesis 

expansion of, 35 
h istological studies, 33 
MTrP sites and, 30-35 

in terferential cu rrent (IFC), data 
synthesis for, 144 

internal consistency reliability, 2 0 1  
International Classification of 

Functioning, Disability, 
and Health (ICF) 
disablement model, 2 1 4  

patient diagnosis, fu nctioning, 
level of disability, 2 1 4 

rehabilitation meclicine, 2 14 ,  2 1 6 
terms and definitions, 2 1 4, 2 1 5 

International Classification of Headache 
Disorders (ICHD), 1 9 1  

International Classification of Headache 
Disorders II (ICHD-II), 
2 1 2, 252 

International Federation of 
Orthopaedic 
Manipulative Therapists 
(IFOMT) , 1 7  

International Headache Society 
cervicogenic headache, 1 09,  I I I  
migraine without aura, 

1 09, 1 1 1  
TTH, 1 09, 1 1 0, 1 1 1  

I nternational Myopain Congress in 
I taly, 1 998, 270 

interrater reliability 
for individual MTrP 

characteristics, 74 
MTrP manual palpation studies, 

85-86 
myofascial trigger point pain, 

269-271 
shoulder muscles, palpation o f, 

8 9- 1 08 
interrater reliability statistics 

Bton et al study, 78-79 
Gerwin et al  study, 74-76 
Hsieh et al  study, 77-78 
Nice et al study, 72-73 
Njoo and Van der Does study, 

73-74 
Sciorri et al study, 78 

interstitial cystitis, 277 
interventions studies, 2 1 8 - 2 1 9 ,  

227-228, 230, 232-234, 
236, 238, 240-243 

M PS, 1 32- 1 37, 144- 1 5 2  

intramuscular electrical stimulation 
(IES), 1 68 

intramuscular pressure distribution 
myalgia and, 26-28 
in toad, gastrocnemius muscle 

of, 27 
intramuscular stimulation study, 

using acupuncture 
needles, TrP-DN, 273-274 

iron, 54-55 
deficiency, 36 
insufficiency, 54-55 

iron-deficient rat study, energy 
metabolism, norep
i nephrine and, 54-55 

ischemia, hypoxia and, 266 
ischemic compression, transverse 

friction massage v., 146 

J 
Jadad scale, MPS study, 1 5 2  
joint 

hypomobility, 266 
manipulation techniques, 232 

joint dysfunctions, i n  u p per 
cervical spine, 
cervicogenic headache, 
109, 1 1 1 - 1 1 2  

Jull e t  al, 25 1 
mobi lity tests, 208 

jump signs, 129 
MTrP palpation in trarater 

reliability study, 79-80 
myofascial trigger point pain, 269 
shoulder pain study, 1 02,  103 

K 
Kappa 

benchmark values, MTrP manual 
palpation study, 83 

coefficient, myofascial trigger 
point pain, 270 

measurement, 105 
Kappa statistics, l imitation of, 

MTrP manual palpation 
study, 84 

Kappa value, shoulder complaint 
study, 96, 97 

L 
Langevin et al, 1 76 
needle grasp studies, 1 76 
laser therapies, 272-273 

data synthesis for, 144 
MPS and, 133, 1 38 
summ ary of findi ngs, 146-147 
for trigger poims, 1 38- 139 

late whiplash syndrome, 2 1 5  
latent trigger points, 20, 86, 90, 

129, 248, 263-264 
active trigger points v., 1 06 
identifying, criteria for, 2 1 3 
manual pressure release, 25 1 
in shoulder, 2 7 1  

lateral epicondylalgia, 120 
lateral rectus muscles, referred pain 

from, 1 1 7, 1 1 9 
LBP. See low back pain 
Leistad et al. See International 

Classification of 
Functioni ng, Disability, 
and Health disablement 
model 

levator scapular muscles, 265-266 
levothyroxine, hypothyroid ism 

v., 53-54 
Lew et al study, interrater reliability 

statistics, 76-77 
Lewis et aI, 208 
Lewit, K., 1 70 
TrP-Dn and, 170 
lidocaine 

injections, 177 
patches, 1 2  
TrP-DN , 273 

LLLT. See 10w-Ieve1 laser therapies 
local twitch responses (LTR), 1 29, 

228, 265 
EMG needle, 23 
interrater reliability testing, 7 1  
intramuscular sti m u lation 

study, 274 
MTrPs, 1 66, 1 67, 207 

palpation intra rater reliability 
study, 79-80 

research, TrP·DDN, 1 72 
shoulder pain study, 1 0 1 - 102 

localized hypoxia, noneccentric/ 
eccentric exercise, 30 

long axis d istraction, 234 
upper cervical spine, 235 

long axis extension, 233 
low back pain (LBP), 1 06;  See also 

Oswestry Low Back Pain 
Index 

Coch rane review, TrP-DN, 273 
Nice et al  study, 72-73 

lower trapezius (LT) muscle, trigger 
point d ry needling, 230, 
231 

low-level laser therapies (LLLT), 144 
pain and, 273 

LT muscle. See lower trapezius 
muscle 
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LTR. See local twi tch responses 
Lyme disease, 269 

M 
Macdo na.ld et aI, 1 74 
magnesium, 36 
magnetic resonance elasrograph)" 

rrigger point taur band, 
271 

magnetic stimulation, 1 3 1  
magnetic therapies 

data synthesis for, 1 4 5  
M PS, 1 3 3  
summaly offind ings, 1 4 7  
fo r trigger points, 1 4 1  

manual inactivation o f  trigger poims, 
treatment techniques, 272 

manual myofascial therapy, after 
TrP·ON, 228 

manual therapist, perpetuating 
facrors, mechanical, 36-37 

manual therapy, 272 
molecular theory and, 3-15 
perpetuating fac rors, 36-37 
role of, 37-38 

manual trigger point therapy, 232 
masseter muscle, trigger poi n t  d ry 

needling, 230, 23 1 
masticarory muscle disorders, 2 1 2  
McG i l l  Short Form Questionnai re, 

272 
MOC score. See mini mal detectable 

change score 
mechanical neck pain, 25, 1 20 
mechanical overload, 1 1 2 
medications; See a./so specific 

medications 
statin plasma concentrations 

and, 5 6  
Medl ine, 67 
Melzack e t  aI ,  1 78, 1 79 
methodological quality assessment 

tool scores, 67, 68-70 
MH. See migraine headache 
mid-thoracic spine, traction 

manipulation, 236, 238 
migraine. See migraine headache 
migraine headache (MH), 109, 1 9 1 ;  

See MSO chronic migraine 
categories, 192 
musculoskeletal impairments, 249 
ropivacaine, 276 

migraine with aura, 1 92, 193 
diagnostic criteria, 2 10 

migraine without aura. 1 92, 1 9 3  
International Headache Society, 

1 09, I I I  

minimal detectable change score 
(MOC score), HOI, 201 

mobility tests, Jul l  et aI,  208 
moist heat, aftel' TrP-ON, 228 
molecular theory, 3- 1 5  
Moral, M.,  1 68 
moror end plate, 3, 5 

calcironin gene-related peptide, 
34-35 

motor end plate hypothesis, 1 1  
moror vehicle accident (MVA), 

chronic daily headache, 
199-200 

mouth opening, AROM, 24 1 
M PS. See myofascial pain syndrome 
MTrP. See myofascial trigger points 
M u l l igan, B., 234 
muscle(s) 

contractions, 26 
nociceprors, 30 
pain, 20, 278 

hypothyroidism v., 53 
with referred pain pattern, 92 
relaxants, 250 
spasms, 20, 22 
stress, and overuse, 265-266 
strerch i ng, 272 
tenderness, i n terrater reliability 

testing, 7 1  
muscle energy technique, articular 

dysfu nction, 9 
muscle ferritin, depletion, 54 
muscle fibers 

MTrPs and, 20, 22 
tendons and, 28 

muscle fibril  contraction, 264 
muscular disorders, TTH and, 248 
muscu lar noxious generative 

points, 1 9  
muscu loskeletal pain, 129; See also 

chronic musculoskeletal 
pain 

myofascial nigger poi nts, 90 
vitamin D deficiency, 37 

musculoskeletal tissues. See 
magnetic resonance 
elastography 

MVA, See moror vehicle accident 
myalgia; See also chronic myalgia 

cyrochrome oxidase, 36 
intramuscular pressure 

distri bution, 26-28 
medical evaluation fo r, S 1 
perperuating fac tors, 57-58 

myofascial pain; See also active 
myofascial trigger point 
palO 
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epidem iology of, 268-269 
herbal remedies, I I  
n u tri tional/metabolic factors, 

5 1 - 6 1  
palpation and, 1 04 
perperuating factors, 57-58 
research conclusions, 278 
TMO, diagnostic criteria fo r, 207 

myofasc ial pain syndrome (MPS), 
1 7, 25, 1 29, 267 

cervical rad iculopathy and, 278 
clinical p ractice, 152 
conclusions, 152- 1 5 3  
diagnosis, 269-2 7 1  
discovery, historical review of, 

1 8- 1 9  
fibromyalgia, 276 
in terventions studies 

discussion, 1 46- 152 
in tervention types, 132 
levels of evidence, 132- 1 3 3  
materials a n d  methods, 

1 3 1 - 1 33 
literature search strategy, 

1 3 1 - 1 3 2  
methodological quality 

assessment, 1 33 
srudy selection, 132 - 1 3 3  

methodologic quality 
assessment, 1 33 

scores, 1 34 - 1 3 6  
outcome measures, 1 3 2- 133 
participant types, 1 3 2  
results, 1 33- 1 36, 1 3 7, 

1 44 - 1 5 2  
types o f, 132 

noninvasiveJnon manual 
treatment tech niques, 
272-273 

peripheral nerve altera tions, 
264-265 

prevalence of, 65 
researc h,  implications fo r, 153 
un resolved issues and, fu ture 

di rections, 263-283 
myofascial palpation, See 

myofascial trigger points 
myofasc iaI release, 232 
myofascial trigger point pain; See 

also active myofasci a l  
trigger point pain; 
myofascial pain; 
myofascial pain syndrome 

diagnosis, 269-2 7 1  
criteria for, 270 

noninvasive therapies, excluded 
papers, 137 

Copyrighted Material



290 • I ndex 

myofascial trigger points (MTrPs), 
3 - 1 5 , 1 7, 1 29, 177, 246, 
247; See also myofascial 
pain; semispinalis cervicis 
muscle MTrPs; trigger 
point 

acerylcholine and, 165 
acrive v. latent, 1 1 7, 1 1 8 
autonomic component, 8-9 
classification of, 20 
clinical aspects of, 20, 2 1 ,  22-25 
CITH, 1 2 1  
defined, 1 1 2 
diagnostic criteria, 1 30 
diagnostic features, 1 2 9  
discovery, hisrorical review 

of, 1 8 - 1 9  
episodic TTH, 1 98 
etiology, 25-3 1 ,  263-267 
evidence-informed review, 1 7-50 
exrraocular muscle, 1 1 7, 1 1 9  
formation o f, 1 1 2 
h isrological study, 1 5 0  
identi fication of, criteria for, 66 
inrerrater reliabiliry stud ies/ 

testing, 7 1 -7 2  
invasive rreatment, 273-275 
manifestations of, 264-265 
manual palpation studies 

best evidence synthesis, 80-87 
limirations and conclusions, 

N 

86-87 
mechanisms in, 25-3 1 
motor component of, 6-7 
other pain syndromes and, 25 
palpation, 248 

within taut band, 20, 2 2  
palpation intrarater reliabiliry 

study, 79-80 
palparory diagnosis of, criteria 

for, 93 
pathogenesis, theories, 1 30 
psychological fac tors, 1 2 2  
rabbit study, 1 74 
sensory component of, 7-8 
study 

methods and materials, 67 
results, 67, 68-70 

treatments, 38, 1 3 1  
TrP-DN, 1 5 9  

nAChRs (nicotinic A C h  receptors), 
"gain-of-function"defect, 6 

naloxone, trigger point 
inactivation, 275 

NDI. See Neck Disability Index 

Neck Disability Index (NDI), 200, 203 
interpretation, 204 
outcome measures scores, 244, 

245 
neck djsorders, 2 5 1 ,  252 
neck pain; See also mechanical neck 

pain 
NDI, 20 1 

Neck Program, 243 
patient education, 24 1-242 

needle grasp studies, Langevin et al, 
1 76 

neural acupuncture, 1 6 2  
neurogenic inf1ammation, 3 1  
neuromuscular jitter study, 265 
neuromuscular junction, trigger 

point formation and, 264 
neuromuscular re-education, 

240-24 1 
neuromuscular technique, 1 9  
neuropathic pain, Gunn, 1 64 
new daily persistent headache, 

d i agnostic criteria, 
2 1 0-2 1 1  

Nice et al study 
in terrater reliabiliry statistics, 

72-73 
MTrP interrater reliabiliry 

testing, 7 1 -72 
nicorinic ACh receprors. 

See nAChRs 
nifedipine, 1 1  
Ni mmo's law, 1 9  
Njoo and Van der Does study, 

interrater reliabiliry 
statistics, 73-74 

nociception, 7-8 
nociceptive activiry, 247 
nodule, 1 0 1  

i n  taut band, myofascial crigger 
point pain, 269 

non eccentric exercise, localized 
hypoxia, 30 

nonsteroidal anti-inf1ammarories, 
headache, 250 

norepi nephrine 
energy metabolism and, iron

deficient rats and, 54-55 
MTrPs, 34 

nutritional deficiencies, 36 

o 
occipital neuralgia (ON), 1 9 2  

MTrPs v., 9 
omega-conoroxin GVIIC, 1 1  
OMPT. See orrhopaed ic manual 

physical therapy 

ON. See occipital neuralgia 
orange peel skin, 1 64 
orthopaedic manual physical therapy 

(OM PT), 200, 232-234, 
236, 238, 240, 2S0 

orthopedic manual therapy, 1 7- 1 8  
osteoarthritis, MTrPs, 120 
Oswestry Low Back Pain Index, 201 

interpretation, 204 
outcome measures, NDI scores, 

244, 245 
overall agreement, shoulder pain 

study, 102, 103-104 
oxygen saturation levels, MTrP sites 

and , 32 

P 
PA values. See percentage agreement 

values 
pain, 4, 5, 7-8, 1 1 , 1 7-20, 24, 25, 37, 

5 1 - 6 1 , 65, 66, 72-73, 9 1 ,  
92, 1 0 1 - 1 04, 1 06, 
1 1 2- 1 13,  l i S,  1 1 7, 1 1 9, 
1 20, 1 29- 158, 1 64, 1 7� 
1 98, 201, 207, 2 1 2, 247, 
267, 269-273, 276, 278; 
See also visual pain scale; 
specific pain 

EA, 1 68 
EMG studies, 22 
models 

temporalis muscle referred 
pain, 1 1 6  

u pper trapezius muscle 
referred pain, 1 1 6 

MTrPs and, 7-8 
i n  muscle, 263-264 
response, 1 75 
scores, 144 
sensi tivi ry, peripheral nociceptive 

input, 247 
supramaximal muscle 

contraction, 265 
syndromes, treatment issues, 

271-275 
threshold, 20 
trigger-point related, 275 

pain drawing, 204, 247 
chronic daily headache, 200, 20 I 

pain management specialist, 66 
pain recognition (by patient), MTrP 

palpation intrarater 
rel iabiliry study, 79-80 

pain-related fear, 37 
pairwise interrater agreement, 

shoulder pain study, 99, 
100, 1 0 1  
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palpable nodule, in taut band, 1 0 1  
palpation, 95 

myofascial pain and, 104 
for passive mobility of cervical 

spine, 208 
for position, in sitting, 208 

parasi tic d iseases, 5 7  
paraspinal dry need.ling, 274 
passive intervertebral motion 

(PfVM) , 2 08 
passive intervertebral motion 

(PIVM) tests, grad ing 
system, 208 

patient characreristics, shoulder 
pain scudy, 98 

patient diagnosis, referral 
information and, 98 

patient education, 1 0- 1 1  
headache trearment, 242-243 
Neck Program, 24 1 -242 

patient feedback, 270 
patient management, p hysical 

therapy diagnosis and, 246 
patient ou tcomes, case stud)" 

243-245 
pelvic pain, pelvic floor muscle 

trigger point treatment, 
277 

PENS. See percutaneous nerve 
stimulation 

percentage agreem ent (PA) 
values, 105 

percutaneous nerve stimulation 
(PENS), 1 68 

pericranial muscle tenderness 
thresholds, manual 
palpation for, 248 

peripheral endplate, fu nction, 265 
perip heral nerve alterations, in 

myofascial pain 
syndrome, 264-265 

peripheral nociceptive input, 247 
perip heral sensitization, 20 
pH, 30 
phentolamine, 34 
phosp hatidyl choline, 1 1  
physical and manual therapies; See 

also manual inacrivation 
of trigger points; manual 
therapisr; manual therapy; 
manual trigger point 
t herapy; orthopaedic 
manual physical therapy 

data synthesis for, 145-146 
MPS, 133 
summary o f findings, 14 7-148 
for trigger points, 143 

p hysical examination 
case study, headache, 205-209 
MPS, 66 

physical examination tests, 1 04 
physical therapist 

diagnosis and management, 
252-253 

eval uation and diagnosis, 
headache, 209-2 1 0  

TrP-DN, trai ning programs, 227 
physical rherapy; See (liso orthopaedic 

manual physical therapy 
academic programs, 159-1 60 
d iagnosis 

case report, 19 1-260 
ICF format, 2 1 6  
patient management and, 246 

visits and treatment interventions, 
headache, 2 1 9, 220-225 

pincer palpation technique, 20, 2 1  
FIR. See post-isometric relaxation 
PIVM. See passive i n terverrebral 

motion 
placebo laser, 146 
pneumothorax, 168 
posterior deltoid muscle, 

palpation, 1 05 
posterior-anterior glide p rogressive 

oscillations, 236, 237 
postherpetic neu ralgia, TrP-DN 

and, 1 7 1  
post-isometric relaxation (PIR), 

233, 25 1 
postsynaptic muscle dysfunction 

theo ry, 264 
postural abnormali ties, of cervical 

spine, 249 
postural deviations (FHP), 246 

TIH, 248 
postural education concepts, 

242-243 
postu ral observation, case sm dy, 

205-209 
postural stresses, 265 
postural trai n ing, 1 0  
posture, 242-243 

myofascial trigger points and, 1 22 
pressure pain thresholds, 248, 

25 1, 272 
presynaptic dysfunction, end plate 

hypothesis and, 5-6 
prevalence studies, myofascial 

pain, 268 
primary headaches, 1 9 1 - 196 
procaine, 1 2  
publication bias, MPS study, 

1 5 1 - 152 

I ndex • 2 9 1  

Q 
quality assessment, MTrP manual 

palpation studies, 84-85 
quality o f  l ife assessments, 272 
quinidine, 1 1  

R 
rabbit study, 1 74 
rad icular pain syndromes, 1 67 
rad iculopathy, 277-278 
radiculopathy model, 1 62, 1 63- 1 65 
randomized controlled trials 

(RCTs) 
d ry needling v. acupun cture, 250 
methodological l i m i tations, 148 
theoretical considerations, 

148- 1 5 1  
range o f  motion, as outcome 

measurement, 272 
RCTs. See randomized controlled 

trials 
referral i n formation, patient 

d iagnosis and, 98 
referred pain, 20, 23, 25, 90, 92, 106, 

1 1 9, 1 29, 1 78, 247, 267 
cervical nerve roots, 247 
to head, from trigger points, 

1 12- 1 1 7  
historical perspective, 1 9  
i nterrater reuability testing, 71, 72 
MTrP pal pation intrarater 

reliability study, 79-80 
palpation and, 105 
patterns, 23, 24, 90, 1 1 3, 1 1 4, 

1 1 5 ,  1 1 6 
Kellgren, 165 

sensation, shou.lder pain stud)" 1 0 1  
TIH, I9 2 
zone, 93, 94 

relaxation, 242-243 
reliability findings, prestudy 

training and, 82 
research, 1 53, 172, 252, 278 
restless leg syndrome (RLS), fe rritin 

and, 55 
retro-orbital pain, 1 19 
reverse natural apop hyseal glides, 

234, 235 
reverse T3 (rT3), 53 
right lateral glide, CO-C l ,  237 
RLS. See restless leg syndrome 
Rocabado, long axis d istraction, 

234, 238 
root compression, 278 
rop ivaca ine, 276 
rotator cuff tendonitis, 1 65 
rT3. See Reverse T3 
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S 
sarcomere contractions, 32 
satellite crigger point, 93 
scalp allodynia, headache rypes and, 

276 
Sciotti et al study, 84, 1 65, 207 

interrater reliabiliry statistics, 78 
SCM . See sternocleidomastoid 

muscle 
SDN. See su perficial dry needling 
SEA. See spontaneous electrical 

activiry 
secondary headaches, 1 9 1 - 192, 

1 97- 1 98, 2 1 1  
secondary hyperalgesia, central 

sensi tization, 1 20 
Seffinger et al study, curoff 

values, 85 
self-management concepts, 2 1 8, 243 
self-repo rting outcome, HDI, 201  
self-stretch exercises, 240 
semispinalis cervicis muscle MTrPs, 

referred pain, 1 1 4, 1 1 6 
sensitization, 267 

of peripheral nerve ending, 32-33 
sensitizers, 7-8 
sensory nerve demyelination, 8 
serum ferri tin levels, 54 
Shah et al, 1 72 
shockwave therapy, 123 

MTrP, 3 8  
shoulder, latent trigger points i n ,  271  
shoulder active range of motion 

(AROM), 206 
shoulder complaints, 89 

nontraumatic, 89-90 
studies, 1 7 1  

methods, 95-96 
and materials, 90- 9 1  

raters and observers, 9 1  
results, 98-99, 1 0  1 - 1 02 
statistical analysis, 96-98 
trigger point exami nation, 9 1 ,  

93-95 
shoulder muscles 

myofascial trigger points, 122, 276 
palpation of, 89- 1 08 

palpation of, 89- 1 08 
shoulder pai n 

DDN group, 1 72 
myofascial pain syndrome, 90 
studies, 98, 1 0 1  

jump signs, 1 02, 1 03 
LTR, 1 0 1 - 1 02 
overall agreement, 102, 

103- 1 04 
pairwise i nterrater agreement, 

99, 100, 1 0 1  

patient characteristics, 9 8  
referred pain, 1 0  1 
taut bands, 1 0 1  

subjects, 90- 9 1  
TrPs i n ,  1 65 

SID. See subcranial inhibitive 
cLstraction 

Simons, 178 
integrated hypothesis of crigger 

point, 1 65, 264 
skin resistance, 2 7 1  
skin/muscle needle stimulation, 

c afferent fibers, 1 75 
sleep distu rbance, 57 

musculoskeletal pain and, 37 
RLS, 55 

SNAGS. See susta ined natural 
apophyseal glides 

soft-tissue manipulation, 
232-233 

spi nal nerves, 196 
spinal postural abnormalities, 249 
splenius capitis muscle MTrPs, 

1 14, 1 1 5 
spondylosis with joint 

hypomobili ry, 265 
spontaneous electrical activiry 

(SEA), 30, 3 1 , 32 
Spot tenderness, MTrP palpation 

intrarater reliability study, 
79-80 

spray and stretch, 272 
statin myopathy, 56 
statin-class d lUgs, 55-56 
statin-ind uced coenzyme QI0 

(CoQI0) deficiencies, 56 
statistical conclusion validiry, 

MTrP manual palpation 
study, 80, 83-84 

sternocleidomastoid muscle (SCM) 
myofascial trigger points in, 

265-266 
referred pain, 1 1 3, 1 1 4 
trigger point dry needli ng, 

228, 230 
strain/counterstrain, 272 
stress 

hypothalamic-pitui tary-adrenal 
axis, 52-53 

psychological, 37, 1 1 2 
stretching, 1 4 6, 272 

SDN v., 173-174 
studies. See specific study 
subcranial inhibitive distraction 

(SID), 233, 234 
subcu taneous injection, of trigger 

poi nts, 276 
suboccipital muscle MTrPs 

forward-head postural 
dysfunction, 276 

referred pain, 1 1 3, 1 1 5 
suboccipital release technique, self

application, 242, 243 
sumatriptan (Imitrex), MH, 204, 205 
su perficial acupuncture, deep 

acupuncture v., 174 
su perficial dry needling (SDN), 

1 63, 1 68-169 
active scretching v . ,  1 73 
Baldry's technique, 275 
DDN v., 173 

superior oblique muscles, referred 
pain from, 1 1 7, 1 1 9 

su pramaximal muscle contraction, 
265 

supra-orbital pain, 1 1 9 
sustained natural apophyseal glides 

(SNAGS), 234, 236 
synaptic cleft, S 

T 
T4. See tetraiodothyronine 
taut bands, 20, 22, 23, 28, 264, 

265, 275 
fibromyalgia, 276 
generation of, 263-264 
in terrater reliabiliry testing, 

7 1 , 72 
magnetic resonance 

elastography, 271 
MTrP palpation intrarater 

reliabiliry study, 79-80 
myofascial trigger point 

pain, 270 
nodule in, 269 
palpable nodule in, 1 0 1  
shoulder pain study, 1 0 1  

temporaJis muscle(s), MTrPs and , 
232, 248 

referred pain, 1 1 3,  1 1 4, 1 1 6  
temporomandibular disorder (TMD) 

articular, 2 1 2  
case study, 2 1 3  
classification of, 196 
headache associated with, 1 92 
myofascial pain, diagnostic 

criteria fo r, 207 
temporomandibular joint (TMJ) 

evaluation, AROM, 209 
exercises, 240 
headache/fascial pain, 1 98 
lateral glide, 238, 240 
long-axis discraction, 238, 239 
manual interventions, 240 
medial glide, 238, 239 
self-care program, 243 
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tender point 
fibromyalgia, 276 
interrater reliability testing, 71 

tendon-bone junctions, referred 
pain and, 25 

tendons, muscle fiber and, 28 
TENS. See transcu taneous electrical 

nerve stimulation 
tension-type headache (TTH), 109, 

1 9 1 , 1 92, 193- 196; See also 
chronic tension-type 
headache; episodic 
tension-type headache; 
frequent episodic tension
type headache 

composite pain pattern of, 1 19 
I n ternational Headache Society, 

109, 1 10 
MTrPs in, 248 

test-retest reliability, H DI, 201 
tetrahydrocan nabinol (THC), I I  
tetraiodothyronine (T4), 52 
THe. See tetrahyd rocannabinol 
theory, to therapy, translating, 9-10 
therapy focus, 218 
thyroid hormone, a s  regu latOry 

agent, 52 
thyroid levels, measurements of, 53 
thyroid-stimu lating hormone (TSH) 

and muscle pain, 52 
T3 and, 53 

tinnitus, 246 
tissue oxygen tension study, 266 
TMD. See temporomand ibular 

disorder 
TMJ. See temporomandibular joint 
tobacco, 10 
traction 

manipulation, 236, 238 
test case study, 206 

training programs 
academic, 159-160 
physical therapists, 277 
sufficient agreement and, 1 05 
TrP-DN, 227 

transcutaneous electrical nerve 
stimulation (TENS), 168, 
272-273 

data synthesis for, 144 
MTrP, 1 3 1  

transverse friction massage, ischemic 
compression V., 146 

trapezius muscle MTrPs, 29 
referred pain, 1 13 

trauma, 1 12; See also direct trauma 
TraveJl, 19 , 3 1 , 5 1 , 1 60, 1 65, 1 78 

MTrP injections, 2 1 9  
myofascial pain, 90 

tricyc lic antidepressants, 250 
trigeminal autOnomic cephalalgias, 

1 9 1  
trigeminal ne rve 

cervical nociceptive input 
and, 247 

CGH, I 96 
trigeminal nucleus caudalis, 247 
trigger point compression, 272; 

See also manual trigger 
point therapy 

trigger point dry needling (TrP-DN), 
1 1 , 159- 189, 229, 273 

acupuncture v., 178- 179 
contraindications and 

complications, 226-227 
Florida statute, 1 60, 1 62 
Hawaii Physical Therapy Practice 

Act, 160, 162 
headache, 2 1 9, 226-228, 230, 232 
injection therapy v., 1 76-177 
latent trigger points, 23 
mechanisms of, 1 74- 1 76 
models of, 163 
MTrP, 38, 1 3 1  
myofascial pai n, 2 1 8  
New Mexico Acupuncture and 

Oriental Medicine 
Practice Act, 1 79 

outcome srud ies, 164 
peripheral v .  central effects, 274 
physical therapists performing 

requi rements for, 1 60-162 
training programs, 227 

procedure, case study, 227-228, 
230, 232 

RCT, 250 
techniques, 1 62- 169 
Tennessee Board of Occupational 

and Physical Therapy, 
1 60, 1 62 

Virginia Board of Physical 
Therapy, 1 60, 1 62 

Trigger Point Manuals, 18, 19 ,  1 78 
trigger point taut band. See taut 

bands 
trigger poi nts, 92; See also active 

myofascial trigger point 
pain; active trigger points; 
attachment trigger points; 
manual inactivation of 
trigger poi nts; myofascial 
trigger points; trigger 
point dry needling 

cause of, 263-264 
in CTTH, clinical evidence of, 

1 1 7, 1 1 9 
dysfunction 
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motor end plate and , 3, 5 
treatments, 12 

electrotherapies, 140 
examination, shoulder complaint 

study, 9 1 , 93-95 
formarion, neuromuscular 

junction and, 264 
injection, 13 1 
laser therapies, 138- 139 
magnetic therapies, 1 4 1  
manual inactivation of, 272 
model, 1 65-167  
pai n study, 267 
pain syndromes, treatment 

issues, 271 -275 
palpation 

systemic review, 65- 126 
upper' trapezius, 207 

physical and manual 
therapies, 143 

pressure release, 9 
region, biochemistry of, 266-267 
tenderness, 263 
ultrasound therapies, 1 42 

tropisetron, 275 
TrP-DDN. See deep dry needling 
TrP-DN. See trigger point dry 

needling 
TSH. See thyroid-stimulating 

hormone 
TTH. See tension-type headache 
tumor necrosis factor-a, 52 
typical aura w i t h  migrai ne, 

d iagnostic cri teria, 2 1 0  

U 
ulnar deviation of wrist, 240 
ultrasound, 272; See also high-power 

u ltrasound 
data synthesis for, 1 45 
low-dose, pain and, 273 
M PS, 133 
summary, 147 
therapies, for trigger 

points, 1 42 
upper cervical spine, long axis 

distraction, 235 
upper thoracic spine, traction 

manipulation, 236, 238 
upper thoracic spine active range of 

motion (AROM), case 
study, 206 

upper trapezius (UT) 
MTrPs, 25, 1 1 3 
myofascial trigger points in, 

265-266 
PIR, 233 
referred pain, 1 1 6 
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u p per trapezius (UT) (continued ) 
trigger point palpation, 207 
TrP-DN and, 228, 229 

UT. See u p per trapezius 

V 
validjty; See also statistical 

conclusion validity 
MTrP manual palpation study, 80 

verapamil, 1 1  
vertical compression test, 242 
viscerosomatic pain syndromes, 

276-277 
viscerosomatic reflexes, 8-9 
visual pain scale, 272 
vicamin BI ' 36 
vitamin B", 36 

vitamin B12' 36 
insufficiency, 57 

vitamin C, 36 
vicamin D 

deficiency, 37 
insufficiency, 56-57 

vitamin supplements, 10 
25-0H vicamin levels, measuring, 37 
volrage-sensitive calcium channels 

(VsCCs), 3, 5 
VsCCs. See volcage-sensicive calcium 

channels 

W 
weakness, 266 
Weiner and Sch mader, 1 7 1  
wec needling, 177 

whiplash-associaced disorders, 29, 
1 97, 215 , 277 

MTrPs, 29 
WHO (World Health 

Organization), chronic 
daily headache, 199 

Wo l fe e t  al study 
methodological quality, 85 
MTrP interracer reliability 

testing, 7 1-72 
World Healch Organizacion. 

See WHO 

Z 
Z-band , 32 
zinc, 36 
Zito et al,  208 
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