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Summary The incidence of chronic pelvic pain (CPP) is widespread, with multiple
potential aetiological features. There is evidence that CPP is relatively poorly
understood, even by specialists in genitourinary dysfunction and disease, and
certainly by the wider health care community. Recent research has suggested
connections between chronic sacro-iliac restrictions/instability and a wide range of
pelvic floor related problems, as well as breathing pattern dysfunction. In addition
myofascial trigger points are reported to be commonly actively involved in the pain
aspects of problems associated with these structures. Studies have also indicated
that in many instances CPP is amenable to manual therapeutic approaches.

It has been hypothesized that inadequate force closure may be a common
aetiological feature, affecting both urethral and sacroiliac instability. This paper
attempts to outline current research-based concepts linking these mechanisms
and influences with pelvic pain and dysfunction, including variously interstitial
cystitis, stress incontinence, dyspareunia, vulvodynia, prostatitis, prostatodynia,
penile pain, sacroiliac dysfunction, myofascial trigger point activity, and respiratory
disorders such as hyperventilation. Evidence-based therapeutic approaches suitable
for application by physiotherapists, osteopaths and other manual practitioners and
therapists are discussed.
& 2007 Elsevier Ltd. All rights reserved.

Introduction

Chronic pelvic pain (CPP) is a widespread and
distressing condition that accounts for between
10% and 15% of all gynaecological referrals, 25–35%

of laparoscopies and 10–15% of hysterectomies
(Reiter, 1998). Zondervan et al. (2001) report
that the estimated lifetime occurrence of CPP
is 33%, affecting primarily, but not exclusively,
females.

Associated conditions (to CPP) may include:

� Stress urinary incontinence (SUI)—difficulty in
controlling urination.
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Foreword 

The Journal of Bodywork and Movement Therapies (JBMT) has unique and targeted 
aims and scope.  The journal attracts submissions from both researchers and 
practioners from around the world, reporting on their observations and findings.

The journal provides a source of user-friendly and clinically relevant articles for 
those involved in health care (prevention and treatment) who use manual, physical 
and movement modalities, therapeutically. Types of articles featured include original 
research, review, case studies, hypothesis etc. The journal bridges the divisions 
between health care professionals, from different backgrounds, as they identify 
communal ground, based on evidence.

JBMT has always been a source of information on the evolution of different models 
that have expanded all our horizons – for example the initial articles by Tom Myers 
that became Anatomy Trains, as well as a series of articles by James Oschman that 
became Energy Medicine (two extraordinarily important books) started their lives in 
JBMT. A variety of equally important papers and series have been, and continue to 
be, published in JBMT.

An invaluable regular feature of the journal has been the rehabilitation section 
authored by world renowned practitioner Craig Liebenson DC. His series offers ‘free 
to photocopy’ pages of illustrated rehabilitation and prevention guidelines usually 
accompanied by background research evidence for clinicians.

Our publication standards are high. All submitted articles are subject to a thorough 
blind review process. Where appropriate a dedicated evaluation of methodology and 
statistical analysis is conducted however, sufficient elasticity is built in to allow for 
speculation and hypothesis.

Along with my Associate Editors and Advisory Board members, I invite you to browse 
through the selection of papers from past JBMT issues in this brochure in order to get 
a flavour of what’s in store for you when you subscribe.

Leon Chaitow, Editor. 
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� Interstitial cystitis (IC)—frequency, urgency,
discomfort/pain on urination—non-bacterial.
This is also described as Painful Bladder Syn-
drome (PBS).

� Vestibulitis—essential Vulvodynia—with no ob-
vious cause.

� Vulvar Vestibulitis Syndrome—a subset of urinary
and genital pain disorders or ‘‘painful bladder’’
syndromes.

� Dyspareunia—painful intercourse.

A broad clinical definition of IC includes any
patient who complains of urinary urgency, fre-
quency, and/or pelvic/perineal pain, in the ab-
sence of any identifiable cause, such as bacterial
infection or carcinoma (Rovner et al., 2000).

Bo and Borgen (2001) found that 41% of elite
female athletes experience SUI, a common feature
of CPP. Nygaard et al. (1994) noted that in a study
of 144 nulliparous female athletes, ages 18–21
years, 28% suffered from SUI.

Savidge and Slade (1997) observe that CPP ‘‘is a
poorly understood condition’’.

This view is echoed by major researchers into
CPP in general, and IC in particular. For example
Rovner et al. (2000) state: ‘‘In the absence of a
generally accepted and effective therapy, a ‘‘trial-
and-error’’ approach has emerged for the treat-
ment of IC. Subsequent therapy is predicated on
prior failures, and the patient’s and physician’s
willingness to proceed with increasingly time-
consuming, invasive, and/or costly treatments.’’

As discussed later in this paper, a strong associa-
tion has been identified between chronic low back
pain (LBP) and many of the CPP symptoms listed
above (Eliasson, 2006; Smith et al., 2006). These
and other studies suggest that there may frequently
be identifiable relationships between lumbo-pelvic
dysfunction, and a variety of pelvic floor/organ
problems.

A subgroup of individuals with CPP/IC/SUI, etc.,
who appear to respond well to manual methods of
treatment, are the main focus of this paper.
Common features, and manual treatment ap-
proaches, are described below.

Trigger points, pelvic pain and associated
symptoms

Recent studies, a number of which are summarized
below, suggest that a variety of chronic symptoms
involving the pelvic organs, including the bladder,
urethra, prostate and the lower bowel, can be
caused, aggravated or maintained by the presence

of active myofascial trigger points (TrPt) in the
muscles of the region, both external and internal.
In many instances deactivation of these triggers has
been shown to improve or eliminate functional
symptoms, as well as associated pain.

Additional finding in some of these studies (see
below) indicate that sacroiliac dysfunction may at
times also be a part of the complex of overlapping
influences (Anderson et al., 2005; Weiss, 2001;
Holzberg et al., 2001; Lukban et al., 2001; Glazer,
2000; Oyama et al., 2004; Riot et al., 2005; Mckay
et al., 2001; Ling and Slocumb, 1993). Bernstein
et al. (1992) observed that patients, with the
urgency-frequency syndrome, commonly demon-
strated a high tonic level in the pelvic floor
muscles, associated with a poor ability to relax or
tense these muscles, often leading to inadequate
voluntary control of urinary flow.

Weiss (2001) echoes this observation, noting that
in his experience the majority of patients with IC
report an early history that resulted in pelvic floor
muscle dysfunction, suggestive of increased pelvic
floor tension. Weiss reports that he has found that
an integral part of the treatment regimen, in such
patients, involves normalization of these muscles
via manual deactivation of TrPts, while also
reducing the pelvic floor hypertonicity by means
of stretching and strengthening exercises.

Weiss’s (2001) study (described below), via
publication in a major peer-review journal, was a
landmark in drawing attention to the efficacy of
these approaches. It has been followed by numer-
ous good quality studies, all of which confirm the
validity of the link between major, often debilitat-
ing, pelvic symptoms, and the presence of high-
tone pelvic floor musculature containing active
trigger points. These are usually capable of being
manually deactivated with marked symptomatic
improvement following (Figs. 1–3, Box 1).

Box 1

Brief glossary

The following definitions/explanations should
help with unfamiliar terms:

Diastasis recti: separation at the midline of
rectus abdominis left and right, pre-
venting normal pelvic floor function.

Force closure: how musculo-ligamentous
forces control translation between
two joint or soft tissue surfaces, when
under load.

ARTICLE IN PRESS

L. Chaitow328



High tone: excessively sustained tone or
‘tension’ in muscular or fascial struc-
tures.

Thiele massage: a form of internal soft tissue
manipulation of pelvic floor muscles
developed in the 1930s by a German
physician G.H. Thiele.

Paradoxical breathing: a paradox occurs when
reality conflicts with expectation. In
respiration the diaphragm should
move caudally on inhalation, however,
in paradoxical respiration it moves
cephalad instead.

Examples of clinical studies

1. Using trigger point deactivation methods, de-
scribed below, Weiss (2001) has reported the
successful amelioration of symptoms in (mainly
female) patients with IC, using myofascial release
techniques. Forty-five women and 7 men, including
10 with IC and 42 with the urgency-frequency
syndrome, underwent manual physical therapy to
the pelvic floor once or twice weekly for 8–12

weeks. Results were determined by patient-com-
pleted symptom score sheets. These indicated the
rate of improvement according to outcome para-
meters, with 25–50% improvement rated as mild,
51–75% rated as moderate, 76–99% rated as
marked, and 100% rated as complete resolution.
In 10 cases these subjective results were confirmed
by measuring resting pelvic floor tension by
electromyography, before and after the treatment
course.

Of the 42 patients with the urgency-frequency
syndrome, with or without pain, 35 (83%) had
moderate to marked improvement, or complete
resolution, while 7 of the 10 (70%) with IC reported
moderate to marked improvement. The mean
duration of symptoms before treatment, in those
with IC and the urgency-frequency syndrome, was
14 years (median 12) and 6 years (median 2.5),
respectively. In patients with no symptoms, or
brief, low-intensity flares, mean follow-up was 1.5
years. In 10 patients who underwent electromyo-
graphy mean resting pelvic floor tension showed a
65% improvement, decreasing from 9.73 to 3.61mV.

Noting that it is well established that dysfunc-
tional pelvic floor muscles contribute significantly
to the symptoms of IC, and what has been called
the urethral syndrome (urgency-frequency with or
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Figure 1 The pelvic diaphragm (from Gray’s Anatomy for Students p. 393, Fig. 5.34).
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without chronic pelvic pain), Weiss suggests that it
is also possible that these muscles act not only as a
source of symptoms, but also as contributing factor
for the evolution of neurogenic inflammation of the

bladder wall, which is itself a source of urothelial
permeability, characteristic of IC.

2. Chronic prostatitis involving non-bacterial
urinary difficulties, accompanied by chronic pelvic
pain (involving the perineum, testicles and penis),
has been shown in a 2005 study at Stanford
University Medical School by Anderson et al., to
be capable of being effectively treated using
trigger point deactivation, together with relaxation
therapy. The researchers point out that 95% of
chronic cases of prostatitis are unrelated to
bacterial infection, and that myofascial TrPs,
associated with abnormal muscular tension in key
pelvic muscles, are commonly responsible for the
symptoms. This 1-month study involved 138 men,
and the results showed that there were marked
improvements in 72% of the cases, with 69%
showing significant pain reduction and 80% an
improvement in urinary symptoms. Anderson
et al. (2005) note that the levator endopelvic
fascia, lateral to the prostate, is the most common
location of trigger points in men with pelvic pain.
The manual methods used involved the therapist
applying treatment with the patient lying prone or
lateral. The therapist’s right hand was used to
examine and treat the left side of the pelvic floor
musculature, while the left hand was used for the
right side. When myofascial TrPs were identified,
digital pressure was held for approximately 60 s
[described as myofascial trigger point release
technique—MFRT]. In addition it was found to be
helpful if the patient was periodically requested to
voluntarily contract the muscles being palpated/
treated in a manner that induced ‘‘release/hold-
relax/contract-relax/reciprocal inhibition’’ of the
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tissues. Additionally mobilization of the pelvic floor
muscles included ‘‘stripping, strumming, skin roll-
ing and effleurage’’. Treatment in this study was
delivered weekly for 4 weeks, and biweekly for a
further 8 weeks.

3. In a review of prostatitis and chronic pelvic
pain, Anderson (2002), the lead author of the study
outlined above, has described palpation and treat-
ment protocols for locating myofascial TrPt asso-
ciated with prostatitis symptoms, and something of
the rationale associated with this approach:

The patient is examined in the dorsal lithotomy
position to provide better examination of the
lower abdomen, genitalia, and rectal and inter-
nal pelvic musculature. Inserting a finger in the
rectum yy the examiner evaluates the sphinc-
ter ani circular muscles for tone and tenderness.
Mapping of painful trigger points is performed
with special attention focused on the insertion
of muscles and ligaments into the following
areas: rectus abdominus into pubic bone, in-
guinal canal obliques, subpubic adductor longus
insertion, pubococcygeus insertion intersecting
with prostatic endopelvic fascia, and obturator
internus muscle with accompanying Alcock’s
canal (examined with and without external
rotation of the knee).

Anderson (2002) has also reflected on possible
aetiological features:

Predisposing factors for the formation of myo-
fascial trigger points [in this region] include
mechanical abnormalities in the hip and lower
extremities; chronic holding patterns, such as
those that occur in toilet training; sexual abuse;
repetitive minor trauma in constipation; sports
that create chronic pelvic stimulation; trauma;
unusual sexual activity; recurrent infections;
and surgery. Pelvic floor muscles are commonly
tightened out of instinct under stress. Initiating
factors that incite trigger points are often
forgotten; they may not arise from a single
event but are rather additive in nature. There
seems to be a general association with the
process of somatization.

Anderson notes that pelvic TrPt are painful on
compression, commonly giving rise to character-
istic referred pain, tenderness, and autonomic
phenomena. When pressure is applied the patient
may react with a spontaneous verbal expression or
withdrawal movement.

4. The effectiveness of transvaginal Theile
massage (see Note below) has been demonstrated
on high-tone pelvic floor musculature in 90% of
patients with interstitial (i.e. ‘unexplained’) cysti-

tis by Holzberg et al. (2001). Describing the
technique the researchers observe: ‘‘Subjects
underwent a total of 6 intravaginal massage
sessions using the Theile ‘stripping’ technique.’’
This technique encompasses a deep vaginal mas-
sage via a ‘‘back and forth’’ motion over the levator
ani, obturator internus, and piriformis muscles, as
well as a myofacial release technique. Where a
trigger point is identified, pressure is held for 8–12 s
and then released. As to the mechanisms involved,
they report: ‘‘As a result of the close anatomic
proximity of the bladder to its muscular support, it
appears that internal vaginal massage can lead to
subjective improvement in symptoms of IC.’’

Note: Thiele massage was developed in the 1930s
(Thiele, 1937) for treatment of coccygodynia. Thiel
subsequently noted that in his experience pain in
this region was only due to trauma in approximately
20% of cases and in the rest by pelvic muscles that
were ‘in spasm’ (Thiele, 1963) (Fig. 4).

5. Lukban et al. (2001) have noted a link between
the sort of symptoms described in the previous
examples, as well as painful intercourse (dyspar-
eunia), together with sacro-iliac (SI) joint dysfunc-
tion. Sixteen patients with IC were evaluated a/ for
increased pelvic tone and trigger point presence,
and b/ for sacro-iliac dysfunction. The study
reports that in all 16 cases SI joint dysfunction
was identified. Treatment comprised direct myo-
fascial release, joint mobilization, muscle energy
techniques, strengthening, stretching [as appropri-
ate to findings], neuromuscular reeducation, and
instruction in an extensive home exercise pro-
gramme. The outcome was that there was a 94%
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Figure 4 Diagrammatic view of the levator ani and
ischio-coccygeus, viewed from the pelvic surface (from
Sapsford et al., 2001, with permission).
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improvement in problems associated with urina-
tion; 9 of the 16 patients were able to return to
pain-free intercourse. The greatest improvement
seen related to frequency symptoms and suprapu-
bic pain. There was a lesser improvement in urinary
urgency and nocturia. The researchers suggest
that: ‘‘Manual physical therapy may be a useful
therapeutic modality for patients diagnosed
with IC, high-tone pelvic floor dysfunction,
and sacroiliac dysfunction. Intervention seems to
be most useful in patients with primary complaints
of urinary frequency, suprapubic pain, and
dyspareunia.’’

6. Oyama et al. (2004) evaluated the effective-
ness of transvaginal manual therapy of the pelvic
floor musculature (Thiele massage) in 21 sympto-
matic female patients with IC and high-tone
dysfunction of the pelvic floor. Thiele massage
treatment (including trigger point deactivation)
was given twice weekly for 5 weeks. At long-term
follow-up symptoms of pain and urgency remained
‘significantly improved’. They concluded that:
‘‘Thiele massage appears to be very helpful in
improving irritative bladder symptoms in patients
with IC and high-tone pelvic floor dysfunction, in
addition to decreasing pelvic floor muscle tone.’’

7. A French osteopathic study by Riot et al.
investigated a new approach to treatment of
irritable bowel syndrome (IBS), in which the
treatment offered involved a combination of
massage of the coccygeus muscle, together with
physical treatment of frequently associated pelvic
joint disorders. One hundred and one patients (76
female, 25 male, mean age: 54 years) with a
diagnosis of Levator ani syndrome (LVAS) were
studied prospectively over 1 year following treat-
ment. Internal massage, including trigger point
deactivation) was given with the patient sidelying
on the left. Physical treatment of the pelvic joints
was applied at the end of each massage session.
Forty-seven (46.5%) of the 101 patients, suffered
both from LVAS and IBS. On average less than 2
sessions of treatment were necessary to alleviate
symptoms. Sixty-nine per cent of the patients
remained free of LVAS symptoms 6 months later,
while 10% still had symptoms, but were improved.
At 12 months, 62% were still free of symptoms, with
a further 10% improved. A similar improvement
trend was observed in the IBS-patient group (53%
IBS free initially following treatment, 78% at 6
months, 72% at 12 months). All IBS-free patients
were LVAS-free at 6 months. The conclusion was
that the LVAS symptoms may be cured or alleviated
in 72% of the cases at 12 months, following one to
two treatment sessions. The researchers suggest
that since most of IBS patients benefited from this

treatment, it is reasonable to suspect a mutual
aetiology, and to screen for LVAS in all IBS patients.

Observation

These studies (amongst many others) point to
trigger point activity being a probable aetiological
feature of a number of different conditions invol-
ving the pelvic organs, most notably urinary
incontinence (UI) and IC. A recurring feature in
these studies was an excessive degree of tone in
the pelvic floor muscles, particularly levator ani, as
well, commonly, as piriformis. A variety of names
have been ascribed to the condition including
‘levator ani spasm syndrome’ (Lilius and Valtonen,
1973), ‘tension myalgia of the pelvic floor (Sinaki
et al., 1977), and most recently ‘chronic pelvic
floor myofacial trigger point pain syndrome’
(Baldry, 2005).

In addition to pelvic floor involvement, pre-
viously cited researchers such as Lukban et al.
(2001), Riot et al. (2005) as well as Anderson
(2006), have all identified sacroiliac dysfunction as
a frequently associated factor. Possible mechanisms
for this connection deserve some consideration.

It has been suggested that what are termed
Idiopathic Pain Disorders (IPD)—which include
pelvic disorders such as—IC and vulvar vestibulitis
(VVS) (as well as non-pelvic related conditions such
as temporomandibular joint disorders (TMJD),
fibromyalgia syndrome (FMS), IBS, chronic head-
aches, chronic pelvic pain, chronic tinnitus and
whiplash-associated disorders), are mediated by an
individuals genetic variability, as well as by
exposure to environmental events. The primary
pathways of vulnerability that underlie the devel-
opment of such conditions are seen to involve pain
amplification and psychological distress, modified
by gender and ethnicity (Diatchenko et al., 2006).
The possibility that stress and emotion are

aetiologically linked to CPP is not universally
accepted. For example Henderson (2000) states,
in relation to IC: ‘‘Stress is often cited as the
underlying cause of the disorder, and relaxation is
the first treatment option—regardless of the fact
that neither stress nor psychological factors has
been show to cause IC.’’

Nevertheless, the fact that this paper focuses
largely on the structural features of pelvic pain
conditions is not meant to ignore the possibility
that, in some instances, profound psychosocial
elements may have been part of the aetiology of
the condition, or that they may be important
features in maintenance of such problems (Krir,
2000).
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High tone? low tone?

Despite some of the studies reported on above
confirming the presence of excessive pelvic floor
muscle tone, it is important to acknowledge that in
many instances the cause of such symptoms may
relate to low-tone pelvic floor conditions, and to
prolapse. It is of course possible, and indeed likely,
that in some instances some of the pelvic floor/
lower abdominal/inner thigh muscles (some hous-
ing active TrPt) might be hypertonic, while others
are hypotonic.

The treatment studies described earlier, and
throughout this paper, relate in the main to high-
tone conditions, and not to prolapse-related
symptoms, where quite different strategies would
be more appropriate than Thiele massage, as used
in the high-tone settings described above. (Saps-
ford, 2004; Hagen 2004).

With some studies demonstrating relatively high
(o70%) success rates when Kegel-type toning
exercises are employed (Nygaard et al., 1996),
and others relatively low (�50%) success rates
(Chaiken et al., 1993), it is clear that categoriza-
tion of patients with IC and/or UI, into high-tone
(where toning exercise may be less appropriate) or
low-tone (where toning may be more appropriate)
groups, remains an inexact science. In some
studies, where high-tone issues prevail, and where
success was achieved via Thiele massage as the
main therapeutic tool, Kegel exercises were never-
theless employed as part of home care. Weiss
(2001) for example reports that ‘‘In addition to
office [i.e. Thiele massage] treatment, the patient
is instructed in a home programme consisting of
biofeedback and Kegel instruction, external pelvic
muscle stretches and strengthening, and stress
reduction techniques.’’

Investigation of clinical methods for differentiat-
ing whether high-tone or low-tone pelvic floor
dysfunction (or mixtures of these states) are
operating, and therefore selecting appropriate
treatment strategies in any given case, offer a
potentially fruitful area for research.

Pelvic floor problems and back pain

A number of studies have pointed to an association
between LBP and pelvic symptoms, such as those
discussed earlier, particularly UI. For example
Eliasson (2006) reports that UI was noted by 78%
of 200 women with LBP. In comparison with a
reference group, the prevalence of UI and ‘‘sig-
nificant UI’’, as well as signs of dysfunctional pelvic
floor musculature, were greatly increased in those

with back pain. Analysis of the evidence shows that
suffering from LBP, and inability to interrupt the
urine flow, increases the risk for UI.

Smith et al (2006) evaluated these, and other
symptoms, in a total of 38,050 women, from three
age-cohorts. They found that unlike obesity and
physical activity, disorders of continence and
respiration were strongly related to frequent
back pain. It was considered that this relationship
might be explained by physiological limitations of
co-ordination of postural, respiratory and conti-
nence functions of the trunk muscles (Fig. 5).

The breathing connection

Hodges (2007) has observed that there is a clear
connection between respiratory function, pelvic
floor function, and SIJ stability, particularly in
women. He notes that if pelvic floor muscles are
dysfunctional, spinal support may be compromised,
increasing oblquus externus activity that alters
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Figure 5 Diagrammatic representation of the abdomino-
pelvic cavity surrounded by muscles, which contribute to
spinal stability, intra-abdominal pressure and continence
(from Sapsford et al., 2001, with permission).
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pelvic floor muscle activity, possibly leading to UI.
Smith et al. (2007) has confirmed this relationship
between spinal support, pelvic and abdominal
musculature, with implications for dysfunction
involving UI.

Earlier Barbic et al. (2003) revealed evidence
that the pelvic floor muscles actively assist lumbo-
pelvic stability, as well as urinary and fecal
continence. A motor control deficit, operating in
incontinent individuals, affects levator ani and
pubo-coccygeus muscles, and therefore lumbopel-
vic stability. In addition, motor control can be
shown to be disturbed by the effects of breathing
pattern disorders such as hyperventilation (Chai-
tow, 2004, 2007).

Earlier still Hodges et al. (2001) had demon-
strated that after approximately 60 s of over-
breathing (hyperventilation), the postural (tonic)
and phasic functions of both the diaphragm and
transversus abdominis are reduced or absent, with
major implications for spinal stability.

Recently O’Sullivan and Beales (2007) have
shown the benefits of rehabilitation of motor
function to pelvic floor, diaphragm and sacroiliac
function, when applied to individuals with SI joint
pain. The combined evidence that emerges sug-
gests that there is a complex inter-relationship
between spinal and sacro-iliac stability, and a
variety of pelvic floor/organ problems, including
UI, as well as diaphragmatic (and therefore
respiratory) function. Somewhere in this mix
myofascial trigger point activity emerges as a
significant symptom causing, aggravating or main-
taining, feature.

The evolution of trigger points and their
influences

Anxiety and other emotions have been shown to
encourage recruitment of a small number of motor
units that display almost constant, or repeated,
activity when influenced psychogenically. In one
study, low-amplitude myoelectric activity (mea-
sured using surface electromyography) was evi-
dent, even when muscles were not being
employed, in situations of mental stress (Waersted
et al., 1993): ‘‘A small pool of low-threshold motor
units may be under considerable load for prolonged
periods of timeymotor units with Type 1 [postural]
fibres are predominant among these. If the subject
repeatedly recruits the same motor units, the
overload may result in a metabolic crisis.’’

This sequence parallels the proposed aetiological
evolution of myofascial TrPt, as suggested by

Simons et al. (1999) with major implications for
the development and exacerbation of myofascial
pain conditions. Simons et al. have clearly demon-
strated that an ischaemic environment is a natural
breeding ground for TrPt. This has recently been
confirmed by remarkable techniques involving
microanalytical assays of the milieu of living muscle
in the region of active TrPt (Shah et al., 2005). In
addition ischaemia is a natural result of both
excessively long-held muscular tone, and over-
breathing (Jammes et al., 1997; Chaitow et al.,
2002).

It has been hypothesized that in situations of
hypotonia and joint laxity, symptoms deriving from
the presence of active trigger-points, may repre-
sent a stabilizing response to the resulting hyper-
mobility (Chaitow and DeLany, 2002). Trigger point
evolution in associated muscles appears to be a
common accompanying feature of relatively lax
ligaments (Kerr and Grahame, 2003). The author
hypothesizes that these energy efficient (if painful)
entities (TrPts), may offer a means of achieving
relative stability.

The implications of this are that, if myofascial
TrPTs are serving functional roles, such as in
stabilization of hypermobile joints, or in the
context of our present discussion, enhancement
of pelvic floor stability in stretched or lax tissues,
their deactivation may ease pain, but at the cost of
stability. Simons (2002) concurs ‘In this case it is
wise to correct the underlying cause of instability
before releasing the MTrP tension.’

It is also important to consider that, at times,
apparent symptoms may represent a desirable
physiological response to imbalance or hypotonia
(Thompson, 2001).

Lewit and Horacek (2004) report that active TrPt
in the erector spinae of the thoracic region are
capable of inducing strong contractions of the
lumbar erector spinae, extending the lumbar spine
and pelvis (Silverstolpe, 1989). Lewit and Horacek
have also identified a trigger point in the coccygeus
muscle that if deactivated, also deactivates the
erector spinae TrPt. Subsequent maintenance of
the resulting improvement is then best achieved,
these authors assert, by the individual learning to
relax the muscles of the pelvic floor. Skoglund
(1956) showed, using EMG evidence, that these
triggers and reflexes are linked to what he termed
‘mechanical pelvis dysfunction.’

Noting that ‘[the coccygeus muscle] shares a
common attachment to the pelvic diaphragm via
the pubococcygeus muscles’, Liebenson (2000)
reports that symptoms associated with these same
TrPts may also affect ‘LBP, coccygeal pain, pseu-
dovisceral pain’.
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Undoubtedly such scenarios (hypermobility, re-
flex influences) can be clinically confusing, and are
deserving of clinical research that may ultimately
offer clear guidelines as to when to deactivate, and
when to consider not deactivating, symptom-
producing, active, TrPt.

Fortunately most TrPt affecting pelvic structures
(both internal and external) are well documented
and mapped (Simons et al., 1999; Chaitow and
DeLany, 2002) (Figs. 6–8).

Urethral and sacro-iliac stability and
instability

It is abundantly clear that symptom-related TrPt
develop in pelvic floor and other muscles local to
the lower pelvis, such as those muscles attaching to
the pubic region. The local causes of their evolu-
tion might relate to excessive tone in these

muscles, however some may relate to psychogenic
symptoms such as anxiety.

Chronically dysfunctional postural patterns may
further add to instability in the pelvic region.

Janda (1983) identified crossed-syndrome pat-
terns in which particular muscle groups were either
inhibited or lengthened, while opposing muscle
groups tightened and shortened, in response to
patterns of overuse and misuse, often involving
postural factors.

Key et al. (2007) have observed and catalogued a
number of variations within the patterns of
compensation/adaptation associated with chronic
postural realignment involved in crossed-syn-
dromes. Such modified postural patterns are
commonly associated with pelvic deviation and or
rotation, with profound implications for both
respiratory and pelvic floor function. For example
Key et al. report that, in relation to what they
terms the posterior pelvic crossed syndrome,
characterized by ‘‘a posterior [pelvic] shift with
increased anterior sagittal rotation or tilt’’, to-
gether with an anterior shunt/translation of the
thorax, among many other stressful modifications,
there will inevitably be poor diaphragmatic control
and altered pelvic floor muscle function.

Efficient control of the urethra is essential for
normal bladder control. Force closure of the
urethra involves a similar mechanism to the force
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Figure 6 Trigger point location and referral pattern
lateral abdominal muscles (from Chaitow and DeLany,
2002 adapted with permission from Travell and Simons,
1992).

Figure 7 Trigger point location and referral pattern
pectinius muscles (adapted with permission from Travell
and Simons, 1992).
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closure feature that is a requirement for optimal
sacro-iliac stability (Lee and Lee, 2004). An
important part of the achievement of urethral
control, and sacroiliac stability, relates to how
these structures and functions respond to load
transfer during movement of the body, and this is
dependent on the efficiency of muscles that
produce adequate force closure, including levator
ani, pubococcygeus, the diaphragm and multifidi.
There appears to be a direct functional connection
between pelvic floor muscle activity and the major
abdominal muscles such as transversus abdominis
(Sapsford et al., 2001).

Lee and Lee (2004) remind us that achievement
of continence relies on a combination of endopelvic
support for the urethra, the active muscular
involvement of levator ani that offers a constant
degree of tone, and a muscular control system that
is dependent on pudendal nerve innervation of
levator ani, as well as reflex interactions between

the detrusor muscle and pelvic floor muscles. These
muscular relationships confirm that pelvic organ
function, respiration and many of the major
muscles involved in spinal support, are all inti-
mately related.

A number of factors that appear to be capable of
interfering with force closure of the urethra by
these muscles include:

� Trauma (major or repetitive minor) that leads to
loss of anatomical integrity or neurophysiologi-
cal function of the pelvic floor (Lee and Lee,
2004).

� Inefficient load transfer involving excessive
increases in intra-abdominal pressure, resulting
in bladder and other pelvic organs being repeti-
tively compressed inferiorly. Sapsford et al.
(2001) suggests that this may result in repetitive
microtrauma to the fascial support of the
urethra, or altered recruitment of the pelvic
floor muscles.

� Female SUI has been associated with bladder-
neck hypermobility (Balmforth et al., 2006).

� An inherited element involving reduced collagen
in the individual’s connective tissue has been
suggested as one aspect of hypotonic pelvic floor
structures, with decreased collagen content in
the tissues of women affected by prolapse.
Biopsy specimens of women with striae also
show a diminution of collagen far more fre-
quently than is observed in non-prolapse women
(Salter et al., 2006).

� Straining during bowel movements has been
found to be common in women with uterovaginal
prolapses and SUI, often involving altered
lumbopelvic posture (Spence-Jones et al., 1995).

� Uterovaginal prolapse is often associated with
reduced lumbar lordosis and back pain (Nguyen
et al., 2000).

� Vaginal delivery may impair normal pelvic floor
muscle strength (Allen et al., 1990).

� Ashton-Miller et al. (2001) report that failure of
the endopelvic fascial support for the urethra,
preventing optimal closure, may sometimes be
the result of damage to the nerve supply to the
levator-ani muscle, caused during labor.

In examples where tone is inadequate, or where
tissues have been over-stretched, it is not unrea-
sonable to hypothesize (as discussed above)
that trigger point evolution might be seen as a
physiological response that is attempting to restore
tone in damaged, dysfunctional or denervated
tissues.
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Figure 8 Designated areas in the anterior abdominal and
pelvic region to which pain may be referred by myofascial
trigger points (reproduced with permission from Chaitow
and DeLany, 2005, after Travell and Simons, 1992).
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Summary

� Pelvic pain may be associated with a variety of
conditions involving genitourinary function in-
cluding IC, stress incontinence, vulvodynia,
prostatitis, prostatodynia, penile pain and dys-
pareunia (Ottem et al., 2007).

� Pelvic problems involving low back and pelvic
pain, as well as pelvic floor dysfunction, may
involve failed load transfer through the muscu-
loskeletal components of the pelvic girdle, and/
or failed load transfer through the organs of the
pelvic girdle. Load transfer, force closure and
motor control of urethra is very similar to that of
the SI joint. (Lee and Lee, 2004).

� Treatment strategies should reflect assessment
findings. There may be joint or bladder neck
hypo- or hypermobility, High or low muscle tone,
or combinations of these features (Lee, 2007;
O’Sullivan, 2005)—with or without the presence
of active TrPt that contribute to the pain being
experienced.

� Pelvic-floor muscle training (PFMT) may be
useful in rehabilitation of control of bladder
function, particularly where evidence exists of
hypermobility of the bladder neck. PFMT has
been shown to increase the resting tone of the
pelvic floor, improve bladder elevation during
voluntary pelvic-floor contraction, and reduce
bladder displacement during straining (Balm-
forth et al., 2006).

� A cautionary note is raised by Key et al. (2007)
who suggest that there is currently an over-
emphasis on core control/stability, which may
result in ‘core rigidity’: ‘‘Over-applied core
stability training can become ‘core rigidity
training’—inducing central fixing behaviour
around the body’s centre of gravity and asso-
ciated dysfunctional breathing patterns’’. And
by implication, pelvic floor dysfunction.

Assessment and treatment

Before commencing manual/structural interven-
tions, there should be consideration of Red flag
symptoms that might suggest the need for referral
to eliminate serious pathology (Fall et al., 2004).

Additionally, signs and symptoms should be
considered that suggest that psychological issues
should be evaluated, and possibly treated, by a
suitably trained health care provider (Savidge and
Slade, 1997).

In order to develop a manual treatment plan
where biomechanical features appear to be con-

tributing to the patient’s symptoms, a comprehen-
sive overview of patterns-of-use and function is
necessary, in which there would be evaluation of:

� Posture-particularly crossed syndrome patterns.
� Gait and other functional movement patterns.
� Spinal and pelvic (e.g. SI, pubic) status: mobility,

restriction and-if appropriate-form and force
closure tests (Lee, 2004).

� Possible shortness of key pelvic and related
muscles: multifidi, iliopsoas, thigh adductors,
piriformis, QL, hamstrings, quadriceps, abdom-
inals (internal oblique) as well as internal pelvic
muscles.

� Possible weakness of key pelvic and related
muscles: as above and gluteals, abdominals
(transversus).

� Possible presence of diastasis recti (Fitzgerald
and Kotarinos, 2003).

� Hypermobility tendencies.
� Firing sequences of major muscle groups (e.g.

Janda’s (1983) hip extension and hip abduction
tests).

� Presence of active TrPt (i.e. TrPt that when
stimulated reproduce symptoms recognizable to
the patient as relating to current symptoms) in
key pelvic muscles, as well as in the abdominal
wall, inner thigh, pelvic floor. Recognizing that
pelvic floor status may be important to both the
pathogenesis and maintenance of pelvic neuro-
visceral pain syndromes, a study was conducted
of female pelvic floor pressure pain thresholds,
involving ten healthy female volunteers, using a
novel vaginal pressure algometer (Tua et al.,
2006). The mean pressure pain threshold of the
female levator ani and obturator complex was
1.59 kg/cm2 (SD ¼ 0.55), while thresholds of
non-muscle vaginal sites (anterior and posterior
raphe) were 1.68 kg/cm2 (SD ¼ 0.68).

� Breathing function (particularly evaluating for a
paradoxical patterns).

� Diaphragm and rib status.

Conclusion

Pelvic floor muscles may be hyper or hypotonic in
relation to chronic pelvic pain and dysfunction.
Such conditions are frequently related to lumbo-
pelvic or sacroiliac dysfunction (restriction or
instability), although the aetiological relationship
is not always clear.

Manual treatment methods (broadly covered by
the term Thiele massage for internal TrPt and
excessive tone) might include digital deactivation
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of TrPt, and/or use of dry needling (Baldry, 2005),
and/or rehabilitation methods involving biofeed-
back, relaxation and/or toning of the dysfunctional
pelvic floor muscles.

The manner in which force closure of the SI joint
is achieved is closely mirrored by the way urethral
control of urination is achieved, and dysfunction of
one may be related to the other, as well as being
influenced by respiratory function and dysfunction.

Myofascial TrPt situated in high-tone muscles of
the pelvic floor, the lower abdomen and the
abductors, adductors, internal and external rota-
tors of the hips, are a common feature of chronic
pelvic pain.

Therapeutic approaches that endeavour to deac-
tivate TrPt contributing to symptoms, as well as
normalizing joint and soft tissue imbalances,
together with concomitant postural and breathing
pattern disorders, have all been shown to be
capable of modifying, modulating or eliminating
associated symptoms, including chronic pelvic
pain.

Several areas of evaluation of patterns of
pelvic floor dysfunction would benefit from
research, particularly in relation to identification,
in a clinical setting, of methods for establishing
whether symptoms relate to high or low-tone
conditions, as well as whether or not trigger
point deactivation is an appropriate treatment
strategy.
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Most active people and trainers place a great deal
of emphasis on stretching tight hamstrings. Sadly,
the tightness usually only decreases for a short time
only to come back over and over again. If a muscle
is very tight it is better to find out the cause of the
tightness, rather than to continue to treat the
symptom (e.g. poor flexibility, pulled muscles).

One of the main factors associated with knee
problems is weak hamstrings. Most people utilize
the front of their thighs (the quadriceps) too much
which puts added stress on their knees. A key way
to help reduce knee pain and improve stability is to
strengthen the hamstring muscles in the back of the
thigh and knee. This will also help the muscles to
stay relaxed since they will not be constantly
getting overloaded causing a vicious cycle of
overload breactive tightness bmore overload.

It is simple to strengthen the hamstrings using a
bridge exercise on a gymnastic ball.

Bridge up and down

� Place your heels on the apex of the ball.
� Press your heels into the ball to bridge your

body up.

� Lower down.
� Perform 8–12 repetitions (see Figs. 1a and b).
� To progress the exercise either attempt the

Curl exercise or perform with a single leg
(see Fig. 2).

� Perform with your arms at your sides for better
balance.

ARTICLE IN PRESS

www.intl.elsevierhealth.com/journals/jbmt

Figure 1

1360-8592/$ - see front matter & 2006 Published by Elsevier Ltd.
doi:10.1016/j.jbmt.2006.11.003

$This paper may be photocopied for educational use.
�Tel.: +1 310 470 2909; fax: +1 310 470 3286.
E-mail address: cldc@flash.net.

S
E
LF

-M
A
N
A
G
EM

E
N
T:
PA
TI
E
N
TS

S
EC

TI
O
N

Curls

� Place your heels on the apex of the ball.
� Press your heels into the ball to bridge your

body up.

� Without lowering down curl the ball back
towards your buttock.

� Then push the ball out until your legs are
straight, but stay in an elevated position.

� Perform 8–12 repetitions (see Figs. 3a and b).
� To progress the exercise either attempt the

Short-arc curl exercise or perform with a single
leg (see Figs. 4a–c).

Short-arc curls

� Bend your knees to a right angle and place your
heels on the apex of the ball.
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Curls

� Place your heels on the apex of the ball.
� Press your heels into the ball to bridge your

body up.

� Without lowering down curl the ball back
towards your buttock.

� Then push the ball out until your legs are
straight, but stay in an elevated position.

� Perform 8–12 repetitions (see Figs. 3a and b).
� To progress the exercise either attempt the

Short-arc curl exercise or perform with a single
leg (see Figs. 4a–c).

Short-arc curls

� Bend your knees to a right angle and place your
heels on the apex of the ball.
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� Press your heels into the ball to bridge your body
up while curling the ball all the way in towards
your buttock.

� Then lower your buttocks to the floor while
pushing the ball out until your knees are bent at
a right angle.

� Perform 8–12 repetitions (see Figs. 5 and b).
� To progress the exercise perform with a single

leg (see Figs. 6a and b).
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Pilates and the ‘‘powerhouse’’FII

Joseph E. Muscolino*, Simona Cipriani

7, Long Ridge Road, Redding, CT 06896, USA

Abstract Part one of this article described the key principles of the Pilates Method of
body conditioning and then went on to investigate in detail the principle of centering.
Further, the concept of the powerhouse was presented and described and the major
effects of Pilates exercises upon the powerhouse were analysed. The sum total of
these effects is to create what may be termed the Pilates Powerhouse Posture. Part
two relates the concept of having a strong powerhouse to the concept of core-
stabilization and describes some of the benefits of core-stabilization. While many
Pilates exercise may not seem to be directed toward affecting the powerhouse, the
powerhouse is always foremost in the mind of the Pilates instructor when the client is
performing each and every Pilates activity. A number of Pilates exercises are shown
and the focus upon the powerhouse is described for each one. These exercises are
divided into two categories: (1) those exercises whose sole purpose is to attain and
create the Pilates Powerhouse Posture by directly addressing and working the muscles
of the powerhouse, and (2) those exercises that may seem to be focusing on another
part of the body where motion is being directed to occur, but meanwhile the
underlying focus and intent is directed just as much, if not more so, toward the
stabilizing contractions of the muscles of the powerhouse.
& 2003 Elsevier Ltd. All rights reserved.
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The powerhouse and core-stabilization

The powerhouse is the core of the body. Therefore,
having a strong powerhouse creates a stabilized
core from which muscles can contract. Most
muscles of the body can be said to have a proximal
attachment and a distal attachment; often these
proximal attachments are onto the spine. The
essence of the muscular system is that when a
muscle contracts, it creates a pulling force upon

both of its attachments that is directed toward its
center. Even though either attachment may move,
in most instances, movement of the distal attach-
ment is desired. For the distal attachment to move
efficiently and with maximal strength, the proximal
attachment must be fixed or stabilized. This is the
essence of core-stabilization: strengthen the core
of the body so that the proximal attachment is well
stabilized; as a result, the distal attachment can
move strongly and efficiently. When the core of the
body is weak and not well stabilized, not only will
the strength of the movement of the distal body
part be diluted, but damage will tend to occur
proximally as well (Chaitow and DeLany, 2002). This
is due to the fact that when the core is less stable,
the pulling force of the contracting muscle will
generate greater movement at the proximal
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attachment. In the case of the spine, these
repeated movements over time create a wear and
tear that can lead to increased stress upon the
joints and concomitant degeneration of the spinal
joints.

A strong and healthy powerhouse improves the
body’s health in another manner. The greater the
curves of the spine become, the less efficient the
spine becomes at bearing the weight of the body
through it. Further, as the curves of the spine
increase, the apexes of the curves become weaker
points in the chain of vertebrae; greater stress is
borne upon them and degeneration occurs more
rapidly. The effect of lengthening the spine
decreases the degree of spinal curves and counters
this tendency toward early degeneration.

The Pilates method of attaining the
Pilates Powerhouse Posture

Pilates exercises have one factor in common; they
all strengthen the powerhouse because all Pilates
exercises constantly work the powerhouse (Siler,
2000). Indeed, every Pilates exercise that is done,
even the exercises that seem to have nothing to do
with the powerhouse of the body, are done with a
focus and intent on working the powerhouse.
Brooke Siler calls this ‘‘Integrated Isolation’’ and
explains this concept as follows: ‘‘It is commonly
thought that the areas of the body that are in
motion during an exercise are the areas in which
the mind should be focused; this is known as
‘isolating’ a particular group of muscles. The
problem with this ideology is that it ignores the
other areas of the body that are not in motionyit
is most effective to think of focusing on stabilizing,
or anchoring, the area of the body that is not in
motion’’ (Siler, 2000, p. 21). This area that is not in
motion that the Pilates method focuses upon is the
powerhouse. This concept is very important if one
is to understand and appreciate what is happening
during a Pilates workout. For example, it is too
simple to view a Pilates exercise that is being done
in which the arms are the only body parts moving
and believe that the only reason for doing this
exercise is to strengthen the arms (see Fig. 1).

This misjudgement of the underlying purpose of
this exercise is easy to make because the average
lay person, as well as a number of professionals in
the health and fitness field, have become incul-
cated by the fitness world’s focus on ‘‘isolating’’
certain muscles and/or muscle groups that are
moving during an exercise. The result is that focus
has been lost on the other muscles that are working

as stabilizers, the Pilates Powerhouse Muscles. It is
these key muscles at the core of the body that
ultimately prove to be the key to health and
stability.
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(a)

(b)

Figure 1 The Hundred: (a) demonstrates the starting
position of The Hundred; (b) illustrates the upward
movement of the arms that is done during The Hundred.
The Hundred is an indirect Pilates Mat exercise for the
powerhouse. In The Hundred, the client moves her arms
up and down sequentially (between the position seen in
(b) and the position seen in (a). These movements of
flexion and extension of the arms at the shoulder joints
are done while maintaining a static posture of neck
flexion at the spinal joints and thigh flexion at the hip
joints. These arm movements are repeated 100 times,
hence the name. This is a Pilates mat exercise that is
usually done at the beginning of a workout. While the
intent seems to be to concentrically and eccentrically
work the sagittal plane muscles of the arm at the
shoulder joint (along with isometrically working the
anterior neck and hip joint muscles, as well as being a
cardiovascular warm-up); strict attention is always being
paid to isometrically maintain the Pilates powerhouse
posture. Toward this end, the focus is on isometrically
engaging the abdominals, pressing the navel to the spine
and lengthening up in a cephalad direction. This exercise
may also be done using apparatus, and there are
alternate versions of the hundred that are easier to
perform.
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When assessing the wide breadth of Pilates
exercises, two broad categories may be viewed:
category one includes those exercises whose sole
purpose is to attain and create the Pilates Power-
house Posture by directly addressing and working

the muscles of the powerhouse; category two
includes those exercises that may seem to be
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(a)

(b)

Figure 5 Teaser 1: (a) demonstrates the first part of The
Teaser in which the thighs are raised; (b) illustrates the
second part in which the trunk is flexed upward with
the upper extremities brought to a position parallel to
the lower extremities. The second phase of the exercise
would be to return to the starting position. The Teaser 1
is a direct Pilates Mat exercise for the powerhouse. The
client begins flat on her back and then flexes her thighs at
the hip joints to a 45-degree angle. She then rolls up to a
‘‘V’’ position, with her hands reaching toward her toes,
all the time keeping the navel to the spine and
lengthening upwards. She then returns to the mat,
controlling her descent. To accomplish this exercise,
concentric and then eccentric contraction of her anterior
abdominal musculature is clearly required. The added
difficulty is to create these movements with the lower
extremities held at 45 degrees of flexion and the upper
extremities held straight and perfectly parallel to the
lower extremities. Of course, the powerhouse posture of
navel to the spine and lengthening upwards along with
accomplishment of this exercise in a smooth, precise and
controlled fashion is as critically important, in fact more
critically important, than the actual accomplishment of
raising and lowering the trunk with parallel extremities.

(a)

(b)

Figure 6 Footwork: (a) demonstrates the starting
position of The Footwork Exercise; (b) illustrates the
extended position attained by pushing against the bar
with one’s feet. The second phase of the exercise would
be to return to the starting position. The Footwork
exercise is an indirect Pilates Apparatus exercise for the
powerhouse. It is done on an apparatus called the
Reformer. In the initial phase of the exercise, the client
pushes her feet against a bar. The force that she creates
pushes her body away from the bar. This movement
occurs against the resistance of springs that are attached
to the board that her body is lying on. In the second phase
of the exercise, she then returns to the initial starting
position in a controlled manner (resisting the force of the
springs to pull her back to the starting position). This
exercise requires concentric contraction of knee and hip
joint extensors for the initial phase and then eccentric
contraction of the same muscles for the second ‘return’
phase of the exercise. Again, the apparent purpose of
this exercise seems to be to strengthen extensors of the
hip and knee joint. However, constant attention is being
paid to the proper maintenance of the powerhouse
posture during these lower extremity movements, by
focusing on lengthening the spine by bringing the navel
toward the spine and up toward the head. There are a
series of these footwork exercises that change the
position of the foot upon the bar so that the toes, arches
or heels are in contact with the bar.
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(a) (b)

(c) (d)

Figure 7 Chest Expansion: (a) demonstrates the starting position of The Chest Expansion exercise; (b) illustrates the
first step of pulling the bar down with the arms. (c) and (d) illustrate the final step of turning the head and neck first to
one side and then to the other. The second phase of the exercise would be to return to the starting position. The Chest
Expansion exercise is an indirect Pilates Apparatus exercise for the powerhouse. It is done on an apparatus called the
Cadillac. In the first step of this exercise, the client pulls a bar down toward the body with both arms. Given the
resistance of the springs to which the bar is attached, this movement requires concentric contraction of the extensors
of the arms at the shoulder joints. In the second step, the client rotates the head and neck in both directions while
holding down the bar; this step both works the rotators of the head and neck concentrically and stretches the same
muscles. The second phase of the exercise requires bringing the bar back to the initial starting position in a slow,
controlled manner; this exercises the shoulder joint extensors eccentrically. As in other exercises of this category, the
main purpose of this exercise is not the surface movements of the shoulder and neck joints. The main focus is to
maintain the Pilates Powerhouse Posture, while forces are being transmitted to the trunk by the bar attached to
springs. As the bar is moved in the first and last phases of this exercise, these transmitted forces change requiring fine
adjustments for the powerhouse muscles. Thus, this core stability exercise is more dynamic than the previously
demonstrated exercises.
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focusing on another part of the body where motion
is being directed to occur, but meanwhile the
underlying focus and intent is directed just as
much, if not more so, toward the stabilizing
contractions of the muscles of the powerhouse,
and therefore, maintenance of the Pilates Power-
house Posture. Generally, category one incorpo-
rates those exercises that create concentric and
eccentric (and isometric) contractions of power-
house muscles while category two incorporates
those exercises that create isometric contractions
of powerhouse muscles, while concentric and
eccentric (and occasionally isometric) contractions
are occurring in other regions of the body. Category
one exercises may be termed Direct Powerhouse
Exercises and examples of these are seen in Figs. 2–
5. Category two exercises may be termed Indirect
Powerhouse Exercises and examples of these are

seen in Figs. 1, 6 and 7. Figure 8 is an example of an
exercise that is both an indirect and direct exercise
for the powerhouse.

Regardless of which type of exercise is being
done, the focus of the Pilates instructor is always
upon the proper posture of the client’s power-
house. Even slight deviations from it, while doing
an exercise that is seemingly distant from the
powerhouse, will elicit admonitions for fine adjust-
ments in core posture from the Pilates instructor. It
is largely for this reason that Joseph Pilates felt
that precision was so very important. The precision
is aimed at maintaining the proper Pilates power-
house posture at all times.

The sharp and precise focus of the Pilates method
is to require the client to use a concentrated mind
to precisely control this all-important posture of
the powerhouse, all the time breathing to maintain
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Figure 8 Press-Up Bottom: (a) demonstrates the starting position of The Press-Up Bottom Exercise; (b) illustrates the
first step of raising the body up toward the ceiling. (c) Illustrates the final step of arching the body back into extension.
The second phase of the exercise would be to return to the starting position by pushing the pedal back down. The Press-
Up Bottom exercise is both an indirect and direct Pilates Apparatus exercise for the powerhouse. It is done on an
apparatus called the Electric Chair. In the first phase of the exercise, the client begins on a pedal that is attached to
springs. The first step requires the client to concentrically contract the extensors of the elbow joint, pushing the body
up into the air; this movement is aided by the tension of the springs. While this step of the Press-Up Bottom exercise
may appear to be simply a vertical version of a push-up exercise aimed at strengthening elbow joint extensors, the
Pilates instructor is constantly looking for the client to hold the Pilates Powerhouse Posture by pulling the navel to the
spine and lengthening the spine upwards. Pilates instructors often instruct their clients to think of the lifting force for
the body as coming from the powerhouse, in effect marshaling the force from the powerhouse to ‘levitate’ their body.
This first step could be considered to be an indirect exercise for the powerhouse. The second step requires the client to
concentrically contract the extensors of the spine, creating extension of the trunk at the spinal joints as well as anterior
tilt of the pelvis at the lumbosacral joint. As such, this step is a direct powerhouse exercise, specifically a concentric
strengthening exercise of the spinal extensors. The return phase of this exercise requires the client to precisely
maintain the powerhouse posture while returning to the starting position, pushing down against the springs of the
pedal.
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proper blood flow to bathe the tissues with
nutrients and drain away the waste products of
metabolism. Add onto this the proper flow of one
exercise to the next during a Pilates session and we
have all six key components of Pilates woven
together into one cohesive systematic method.
Through a mixture of exercises focused directly
upon the core of the body along with continual
isometric stabilization of the core powerhouse
during every exercise, the Pilates method of body
conditioning obtains the results that it seeks, a
lengthened, strengthened and flexible spine, both
in a static postural sense and a dynamic functional
sense.
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Summary Shoulder dysfunctions are frequently accompanied by a pattern of
retraction in key myofascial components. Soft-tissue release techniques for three
pivotal myofascial ‘tethers’ in the shoulder complex—subclavius, pectoralis minor,
and teres minor—are described in terms of assessment, palpation, and treatment.
& 2006 Elsevier Ltd. All rights reserved.

Introduction

Shoulders can be problematic in upright human
posture for two reasons:

(1) the shoulders are designed for mobility over
stability (compared to any quadruped’s fore-
limbs), making problems of hypermobility,
friction, and displacement far more common,
and

(2) the shoulder is yoked over the rib cage in a
precarious manner. The only point of direct
articular contact with the axial skeleton is the
sternal manubrium (Kapandji, 1982) and other-
wise the human shoulder is suspended in a
welter of muscles, tendons, bursae, and liga-
ments (Levin, 2005)—such that displacements
of the elements of the trunk—pelvis, lumbars,
ribs, neck or head—can be a literal ‘drag’ on
the shoulder girdle. The result of even slight

displacements is that the forces from the arms
do not get distributed properly to the trunk,
which in turn leads to internal strain patterns as
the shoulder girdle accommodates these forces
in less than optimal ways.

For these reasons, the preconditions for shoulder
injuries, or failure, often build up over years of
even slight misuse.

Identified ‘conditions’, such as frozen shoulder,
deltoid bursitis, or biceps tenosynovitis are always
unique to each individual, involving a complex set
of relationships—hence the emphatic preamble
that a systemic approach is absolutely essential
for long-term relief of shoulder dysfunctions. That
said, there is clinical value in familiarity with
techniques focused on three essential ‘tethers’
commonly associated with complex strain patterns.
Although the techniques described below may

not necessarily address the cause of dysfunction,
clinical experience suggests that they are fre-
quently part of the resolution, since the shoulder
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commonly tends to shorten around these myofas-
cial tethers, no matter what the underlying failure.
It is worth noting that when any muscle is

referred to by name this should be understood to
be shorthand for the muscle and all the fasciae
associated with it. Shortness, contracture, or
adhesion may occur anywhere within the myofascia
itself, or in the surrounding connective tissues
adherant to nearby muscles, joints, or bones.
Sensitive and exploratory fingers are required to
tease out the particulars of each situation.

The three myofascial units being addressed are
the subclavius, pectoralis minor, and the teres
minor. The shoulder couples three joints into its
movement—the sternoclavicular, the acromiocla-
vicular and the glenohumeral, and each of these
muscles acts as a tethering point around which
each of the three respective joints can pivot.
Generous and integrated movement for the
shoulder depends on available movement at these
three points.

These muscles, among the ten or so that attach
the shoulder to the axial skeleton, are pivotal in
setting the position while allowing subtle relative
movement of the bones, so that the overlying
trapezius, latissimus dorsi, pectoralis major, and
deltoideus can work properly. If these inner
muscles are chronically contracted, fascially shor-
tened, or (rarely, for these muscles) too lax, the
overlying muscles will be required to strain to do
their jobs, inevitably resulting in multiple trigger
points in these large surface muscles (Rolf, 1977;
Chaitow and Delany, 2000).

Subclavius

Subclavius is a tether for the sternoclavicular joint,
a shallow saddle joint with an articular disc.
Usually listed as a ‘depressor of the clavicle’ (but
how often does one actively pull the clavicle
down?), the subclavius, which nearly parallels the
clavicle, is clearly more designed to be an
adjustable reinforcement to the joint. Instead
of—or in addition to at the very least—actively
changing the clavicular position, the subclavius
contracts to prevent dislocation of the joint,
‘tethering’ the clavicle and constraining excessive
motion, particularly superior–posterior movement.
Chronic contraction, fascial shortening or adhesion
of this myofascial tether will actually prevent such
normal motion.

Assessment: with the individual standing in front
of the therapist, have him slowly open his arms
wide, to the easy limit of horizontal extension.

Toward the end of this ‘wing-spreading’ movement,
the two proximal ends of the clavicles should
spread apart from each other slightly at the sternal
notch. Try this assessment with several people to
observe when the movement occurs and when it
does not. When it does not, i.e., when the clavicles
remain anchored and (often) the shoulders bunch
and rise posteriorly, the following technique may
be effective in restoring this adaptive resilience.

Palpation: the subclavius and associated fasciae
are located just inferior to the clavicle, between
the first rib and the medial clavicle’s caudal
surface. With the individual supine, roll a thumb
pad, fingertips, or a knuckle through the more
superficial layer of myofascia, the clavicular ‘head’
of pectoralis major, to reach the denser, and
sometimes more sensitive, subclavius. See Fig. 1.

Technique: position the supine individual near
the edge of the treatment table such that the
shoulder is at or just off the surface. Hold the
laterally rotated arm (palm up) just proximal to
the elbow. Lift the arm to slacken the front of the
shoulder, and apply pressure under the clavicle to
contact the dense tissue in and around the
subclavius. Lower the arm toward the floor, either
maintaining the compressive contact (‘pin and
stretch’) or, move the contact thumb out along
the underside of the clavicle in time with the
movement. The arm can also be moved down
actively during the work, with the additional
suggestion, ‘‘Extend your fingers away from your
shoulder, then lower the back of your hand toward
the floor’’ (active eccentric release).

With the arm off the table, a full stretch toward
the floor can be achieved by taking it beyond the
coronal plane. The position of the shoulder relative
to the table edge can be adjusted: the greatest
range of motion is increased as the shoulder lies off
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Figure 1 Thumb on subclavius.
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the table, but a gentle stretch to joint restrictions
in the anterior glenohumeral ligamentous capsule
can be achieved by leaving the shoulder joint more
in contact with the table. The pressure should be
adjusted if the individual is wincing or withdraw-
ing, as this area can produce discomfort. The most
effective work is confined to the medial half of the
clavicle. The technique may be repeated several
times, changing the position of the applied pressure
each time to contact deeper tissues or adjacent
areas of tissue shortness.

Reassessment: once again have the individual
stand and widen both arms. The clavicles should
widen slightly away from each other at the ends of
this movement.

Pectoralis minor

The second tether, primarily for the acromioclavi-
cular joint, is the pectoralis minor, located within
the same fascial plane as the subclavius—the
clavipectoral fascia (Netter, 1989; Gray’s Anatomy,
1998). The pectoralis minor is an anterior anchor
for the scapula, running from its forward-most
point, the coracoid process, inferiorly and medially
in a fan shape to ribs 5,4,3 and often 2 (Fig. 2).

Note that the slip to rib 5 runs nearly vertically,
while the slip to rib 3 or 2 is more horizontal in
orientation. This means that contraction of the
outer, longer slip will tend to create an anterior tilt
of the shoulder blade, while shortening the inner,
shorter slips will result more in a medial rotation
(protraction) of the scapula.

Assessment: there are three indications that the
pectoralis minor region is too short:

(1) In a normal inspiration, if the shoulders move in
complete concert with the ribs, the shoulder
complex is probably altogether too tethered to
the rib cage, and pectoralis minor is most
probably among the tissues involved. If the
individual’s deep inspiration produces a round-
ing movement in the shoulder, the shorter slips
of pectoralis minor to the upper ribs is probably
not elastic enough to allow the ribs to move
under the shoulders.

(2) If the individual has trouble reaching the top
shelf of the cupboard, the pectoralis minor is a
common restrictor of the upward rotation and
posterior tilt of the scapula.

(3) View the individual from the side. The medial
border of the scapula should lie vertically, like a
cliff. If it is angled, like a roof, then a shortened
pectoralis minor is probably pulling down on the

coracoid process in the front, thus pulling the
scapula up and over the rib cage to create the
anterior tilt. Have the individual interlock his
fingers in front of his torso, and instruct him to
slide the scapulae down and together—military
or ‘sivasana’ style. If this movement is difficult,
restricted, or requires an anterior projection of
the lower ribs, pectoralis minor is likely to be a
contributing factor.

Additionally, when the individual lies supine on
the treatment table, if the tip of the shoulder does
not relax toward the table, but instead remains and
inch or two (2.5–5 cm) off the surface, the
pectoralis minor may well be fascially or muscularly
short.

Palpation: although the more vertical slips of the
pectoralis minor may often be palpated through
the more horizontal fibers of pectoralis major, the
axillary approach is to be preferred for detailed
assessment and treatment. Kneel or sit by the
table, and place the three middle fingertips just
under the outer edge of the pectoralis major. (In
females with large breasts, the individual can hold
the breast out of the way, or, if you prefer, this
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Figure 2 Pectoralis minor in dissection.
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same approach can be made, but not quite as
effectively, in side-lying.) The individual’s arm can
rest over the therapist’s wrist, or he can flex the
shoulder to lie palm up on the table. Only use this
position if the arm rests comfortably on the table,
not if the hand or elbow hang unsupported. See
Fig. 3.

Ease the fingertips in under the pectoralis major,
heading in the direction of the sternoclavicular
joint, paralleling the ribs. Minor adjustments may
be necessary to have the proper slack in the skin.
Do not press down toward, or into, the ribs. This is
a common error, and since the rib periostea are
highly innervated (Snell, 1973), this creates strong
and useless pain. Kneeling helps position the hand
and pressure direction correctly, with the finger
pads gently resting on and moving along parallel to
the rib cage, as the hand moves medially and
slightly cranially (in the direction of the sternocla-
vicular joint) under the pectoralis major.

The pectoralis minor cannot be encountered
until a line drawn from the coracoid process to
the lateral edge of the rectus abdominis attach-
ment on the 5th rib is crossed. In general, the
pectoralis minor can occupy several positions:

� in the author’s clinical experience, it can be a
thin strap that is quite adherent to the ribs,

� it can be a distinct and palpable muscle (as it
should be), between the ribs and the pectoralis
major, or

� in fewer cases, especially in those who have had
breast surgery of any kind, it can be adhered to
the posterior side of the pectoralis major. In this
last case, it is necessary to turn the hand over, so
that the finger nails are against the ribs, and the

pads can feel the small slips of the pectoralis
minor on the underside of the pectoralis major.

The first slip encountered is the most vertical,
and thus, in the author’s experience, in the position
to be most responsible for an anterior scapular tilt.
By insinuating fingers under or through this slip, one
can reach the shorter and more horizontal slips to
the 4th, 3rd, and even 2nd ribs, which are
progressively in the position to pull the coracoid
process medially for protraction or medial rotation
of the scapula.

Technique: once contacted, any of these slips can
be activated and released in any or all of several
ways. When very restricted, a deep breath while
the practitioner lifts and distracts any given slip
toward the coracoid process will result in progres-
sive release. A second approach involves pinning
the slip medially while the individual lifts the arm
overhead, stretching the slip out from under the
practitioner’s pressure. A third possibility is to have
the individual bring the shoulder blades down and
together posteriorly, thus lengthening the pector-
alis minor tissues as the coracoid is pulled laterally
and posteriorly.

Several repetitions of any given approach may be
called for, and these repetitions may be extended
over several treatment sessions, since this area can
very quickly become uncomfortable with over-
treatment. Obviously, bruising, or extended sore-
ness after treatment indicates too heavy a hand.
Smaller amounts of soreness are acceptable,
especially initially, as long-held tissues are released
and (this author surmises) stored metabolites
released.

Reassessment: with the individual standing, a
deep breath should produce less disruption of the
shoulder girdle. Improvement may also be marked
by an ability to reach overhead with greater ease
and reduced lumbar lordosis, because it is no longer
necessary to posteriorly tilt the rib cage to gain the
shoulder mobility necessary to reaching up. The
scapula may also have dropped down the back to a
more vertical resting position in normal posture.

Homework: the pectoralis minor enjoys a reci-
procal antagonistic relationship with the lower
section of the trapezius (Myers, 2001). The lower
trapezius pulls the medial border of the scapula
inferiorly and medially, while a shortened pector-
alis minor pulls the medial border up and laterally.
After loosening the pectoralis minor and its fascia,
strengthening exercise to the lower trapezius may
be useful. Two possibilities include:

(1) Have the individual lie prone. Lift one arm and
the contralateral leg at the same time off the
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Figure 3 Reaching the lateral edge of the pectoralis
minor under the pectoralis major.

T. Myers6



surface. The timing is important here—work for
precision in lifting the two limbs at exactly the
same time, not sequentially. Repeated, this will
strengthen the lower trapezius via the Back
Functional Line (Myers, 2001).

(2) with the individual standing, have him clasp his
fingers behind his back, down by the sacrum.
Slide the hands down the sacrum, ‘pinching’
shoulder blades together and sliding them down
as well. Again, this must be repeated for one
minute, 5 or so times per day, for a week, to
build tone in the lower trapezius, in order to
counter the tendency of the pectoralis minor to
overcome it and pull the shoulder forward. See
Fig. 4.

Teres minor

The third pivotal myofascial unit is the teres minor,
which tethers the greater tubercle of the humerus
to the lateral border of the scapula. It acts as a
lateral rotator of the humerus and weakly, as an
adductor (Thieme, 2006). In practical movement,
in the author’s findings, it acts much more to limit
medial humeral rotation and abduction—in other
words, as a steadier of the humerus when the hands
are engaged in working. As such it often degen-
erates into a trigger-point-riddled taut band that is

fascially sealed. In this shortened condition, move-
ments of the humerus are likely to drag the scapula
off its stable position on the rib cage, causing the
larger outer shoulder muscles to overwork from a
position of disadvantage.

Assessment: if excessively short, the teres minor
will produce postural lateral rotation of the
humerus, relative to the scapula. Since in many
cases the scapula will often be protracted or
medially rotated, it is important to compare the
two bones. Merely assessing the olecranon position
relative to the trunk is insufficient. Cases in which
the teres minor is restricting movement, yet
without a postural lateral rotation of the humerus,
are exceedingly common, so the best assessment is
palpatory.

Palpation: with the individual sitting or prone,
measure half-way between the fold at the back of
the armpit and the posterior edge of the acromion.
Strum up and down in this area to find a small round
band, more or less horizontal, and usually sized
between the diameter of a pencil or the little
finger. The feel is very distinct—once identified a
few times, its location will be memorized. Alter-
natively, have the individual hold his arm out, and
work up from the back of the axilla: the first slick
band is the latissimus tendon, the second large,
round muscular band is the teres major, and the
teres minor will be the smaller, slightly deeper, and
definitely tighter band just above this. Just above
the teres minor is the band of the infraspinatus
which fills the posterior fossa up to the scapular
spine/acromion (Biel, 2005). See Fig. 5.
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Figure 4 Torso from rear with hands clasped, trapezius
drawn in, and arrows.

Figure 5 Shoulder from rear, teres minor drawn in.
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Clinical aspects
of biological fields:
an introduction for

health care professionals
. . . . . . . . . . . . . . . . .

James L. Oschman

Clinical application of natural and artificial electric and electromagnetic fields has had

a long and controversial history. This presentation will summarize this history and

recent research. Sensitive magnetometers, called SQUIDs, are being used by medical

researchers to map the biomagnetic environment of the human body in health and

disease. The well-known electrical activities in the body, which provide the basis for

the electrocardiogram, electroencephalogram, and electromyogram, have biomagnetic

counterparts, called the magnetocardiogram, magnetoencephalogram, and

magnetomyogram, respectively. These measurable biomagnetic fields extend into the

space around the body. After a long period of discouraging clinical application of

electric or electromagnetic fields, orthopedic researchers developed a pulsing

electromagnetic field therapy (PEMF) that stimulates repair of fracture non-unions.

Extensive clinical trials led the FDA to approve this device as ‘safe and effective’ in

1979. The method has been modified for treating soft tissues, such as nerves,

ligaments, skin, and capillaries. Research into the mechanisms involved in PEMF

therapy has led to a better understanding of the ways cells and tissues respond to

minute environmental fields of particular frequencies. This research is beginning to

provide a logical scientific basis for some of the subtle effects of complementary

therapies such as Reiki, Therapeutic Touch, Polarity Therapy, Massage, and

Acupuncture. r 2002 Elsevier Science Ltd. All rights reserved.

Historical background

Clinical application of natural and
artificial electric, magnetic, and
electromagnetic fields has had a long
and controversial history (Becker &

Marino 1982). The Pure Food and
Drug Act of 1906 and the Flexner
Report of 1910 led to the overhaul
of medical education in the USA
and abolished popular but unproven
electrotherapy devices, some of

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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which had been in widespread use
by physicians in the late 1800s
(Fig. 1).

Subsequently, academic research
into bioelectricity focused primarily
on the development of the
electrocardiogram,
electroencephalogram, and
electromyogram, which are now well
established diagnostic tools in

clinical medicine. Electrophysiology
became an important tool for cell
and tissue research. For half a
century there was little academic
interest in clinical applications of
electricity and magnetism.

An important but little known
exception was the research of
Professor Harold Saxton Burr at
Yale Medical School between 1932

and 1956 (Burr 1957). Burr and his
colleagues published evidence that
early stages of pathology including
cancer can be diagnosed as
disturbances in the body’s electrical
field, and that reestablishing a
normal field will halt the progress
of disease. These concepts were
generally passed over, as physicians
focused on the emerging and hugely

Fig. 1 19th century electrical and magnetic ‘healing’ devices. (A) Device patented by E. Smith in 1869, in which the patient is placed inside a coil of

wire. (B) French version described by d’Arsonval in 1894. (C) The ‘electric hand’ widely used by physicians in the late 1800s. The doctor and patient

are connected in series with an induction coil. The patient was ‘faradized’ by the physician’s hand. (D) Various electrical healing devices listed in the

1902 catalogue of the Sears Roebuck Company, Chicago, Illinois.

Oschman

118

JOURNAL OF BODYWORK AND MOVEMENT THERAPIES APRIL 2002



successful pharmacological
approaches.

Biomagnetism

In 1820, Hans Christian Oersted in
Copenhagen noticed that an electric
current flowing in a wire can affect a
compass needle. Ampére’s Law
quantifies the relationship between
an electric current and the magnetic
field produced at a distance from the
current flow. It is one of the
fundamental equations of
electromagnetism.

The well-documented electrical
activity of the heart should therefore
give rise to a magnetic field in the
space around the torso. The heart’s
magnetic field was first measured in
the laboratory in 1963 by Baule and
McFee, at the electrical engineering
department of Syracuse University
in New York (Baule & McFee 1963).
They used a pair of 2 million-turn
coils on the chest to pick up the
magnetic field produced by the
electrical activity of the heart muscle
(Fig. 2).

In the same year that Baule and
McFee reported their findings on the
heart’s magnetic field, a physics
graduate student at Cambridge

University in England, Brian
Josephson, developed the concept of
quantum tunneling (Josephson
1964). In 10 years Josephson had a
Nobel Prize (Josephson 1973).
Josephson tunneling found many
important applications, including
the development of a magnetometer
of unprecedented sensitivity
(Zimmerman et al. 1970). It is
known as the SQUID, the acronym
for the Superconducting Quantum
Interference Device (Fig. 3).

By 1967, Cohen and colleagues at
MIT had perfected the SQUID to
the point that it could produce
recordings of the heart’s
biomagnetic field with more clarity
and sensitivity than ever before
(Cohen 1967). Their work laid the
foundation for a whole new field of
diagnostics, magnetocardiography.
Figure 4 compares an
electrocardiogram with the
corresponding magnetocardiogram.
The magnetic recordings actually
contain more detailed information.
The reason for this is that electrical
fields are distorted as they pass
through the various layers of tissue
between the source and the skin
surface, whereas these tissues are
essentially transparent to magnetic
fields.

By 1972, further refinements
of the SQUID enabled the
recording of the biomagnetic field
of the brain, now called the
magnetoencephalogram (Cohen
1972). Figure 5 shows the set-up
used at the National Magnet
Laboratory at MIT for recording
the magnetoencephalogram. The
field of the brain is hundreds of
times weaker than the heart’s field.

Pulsing electromagnetic
¢eld therapy

After a long period when clinical
application of electric or
electromagnetic fields was
discouraged by the FDA, and
energy field therapies were regarded
with great skepticism, orthopedic
researchers, C.A.L. Bassett MD and
colleagues, at Columbia University
College of Physicians and Surgeons
developed a pulsing electromagnetic
field therapy (PEMF) that
stimulates repair of fracture non-
union. Figure 6 shows the
arrangement of coils for stimulating
bone repair.

Extensive clinical trials led the
FDA to approve this device as ‘safe
and effective’ in 1979. By 1995, more
than 17 500 members of the
approximately 20 000 member
American Academy of Orthopedic
Surgeons had prescribed the
method, most on multiple occasions.
PEMF therapy has been used on
more than 300 000 non-unions,
world wide. Between 1979 and 1995,
four additional double-blind clinical
studies buttressed earlier
randomized prospective studies to
show sound, statistically significant
effects of PEMF in healing bone
(Bassett 1995).

The PEMF method has been
modified for treating soft tissues,
such as nerves, ligaments, skin, and
capillaries. Each tissue requires a
different frequency of stimulation.
Nerves respond to 2Hz, bone to
7Hz, ligaments to 10Hz, and skin

To amplifier
and recorder

Fig. 2 Set-up used by Baule and McFee in 1963 to detect the magnetic field of the heart. The two

coils each have 2 million turns of wire wound around dumbell-shaped ferrite cores. The wires

connect to a recording system. The heart’s magnetic field is about one-millionth that of the

Earth’s field.
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and capillaries to 15, 20, and 72Hz
(Sisken & Walker 1995).

Mechanisms

Research into the mechanisms
involved in PEMF therapy has led
to a better understanding of the
ways cells and tissues respond to
minute environmental fields of
particular frequencies. PEMF’s

induce soft fibrocartilage in the
fracture gap to calcify, facilitating
invasion by blood vessels that bring
in bone-forming cells needed to
convert the rubbery union into a
solid bony union.

Figure 7 summarizes the
information we have at the cellular
level. A cascade of reactions enables
a single molecular event at the cell
surface to initiate, accelerate, or

inhibit biological processes. This is
possible because of amplification.
A tiny field, far too weak to power
any cellular activity, can trigger a
change at the regulatory level which
then leads to a substantial
physiological response that is
carried out using the energy of cell
metabolism (Pilla et al. 1987). The
significance of amplification was
recognized by the 1994 Nobel Prize
in Physiology or Medicine. Various
components of the regulatory
cascade, including receptors,
calcium channels, and enzymatic
processes within the cell are sensitive
to magnetic fields. New research is
revealing how free radicals,
including nitric oxide, are involved
in the coupling of electromagnetic
fields to chemical events in the signal
cascade. Again, the medical
importance of this research was
recognized by a Nobel Prize in 1998
(Furchgot et al. 1998).

Biological ¢elds in
complementary medicine

The idea that an energy exchange
of some type occurs between
individuals is a central theme in
many healing techniques, including
Reiki, Therapeutic Touch, Polarity
Therapy, Qi Gong, and Massage.
References to energetic interactions
can also be found in the psycho-
therapeutic literature as far back as
Freud (1856–1939), who proposed
that an energy exchange between
practitioner and patient operates at
an unconscious level to affect the
patient’s mental, emotional and
physical health (Freud 1962).

Careful research has repeatedly
demonstrated a wide variety of
effects that can occur with or
without physical touch, indicating
that energy of some kind can be
radiated or broadcast between
practitioner and patient. Effects
have been demonstrated on the
healing rates of wounds (Wirth
1990), pain (Keller 1986),

Fig. 3 The drawing to the left shows the basic design of the SQUID magnetometer now being

used in medical research laboratories world-wide to study the biomagnetic fields around the

human body. The biomagnetic field induces a current flow in the pickup coils. The input coil

influences the Josephson junctions in the SQUID proper, and changes in the properties of the

junctions are sensed by another circuit that is connected to various amplifiers and filters of the

SQUID electronics. The coils and the Josephson junctions are immersed in liquid helium to

maintain the superconducting state. The drawing to the right shows a modern 122 channel

SQUID, ‘Neuromag-122’ developed in Helsinki (Hämäläinen et al. 1993). This instrument allows

3-dimensional mapping of the brain’s biomagnetic field in the space around the head.
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hemoglobin levels (Krieger 1974),
conformational changes in DNA
and water structure (Rein &
McCraty 1994), tumor growth
(Bengston & Krinsley 2000), and
emotional state (Quinn 1984). In
spite of all of this research, western
biomedicine has continued to be
justifiably skeptical because of the

lack of a plausible mechanism to
explain the nature of this energy
exchange or how it could have any
physiological or emotional effects.

A number of schools of
complementary therapy emphasize
the importance of attaining a
relaxed and caring state on the part
of the practitioner. For example, the

literature on Therapeutic Touch
describes the role of the practitioner
as attempting ‘to focus completely
on the well-being of the recipient in
an act of unconditional love and
compassion’ (Quinn & Strelkauskas
1993).

Quantifying emotions

Until recently, these statements have
had little meaning for scientific
medicine because of the seeming
impossibility of quantifying
phenomena such as unconditional
love and compassion. The study of
emotional states has been regarded
as the province of psychology, a field
that is often been regarded with low
esteem by biomedical researchers
and physicians. This situation has
changed recently due to some
remarkable research at the Institute
of HeartMath in Boulder Creek,
California. Researchers there have
established important and readily
measurable physiological correlates
of emotional states using
sophisticated analysis of the
frequency spectrum of the
electrocardiogram and measures of
heart rate variability. These are
measures that are well appreciated
by medical researchers and
clinicians.

To be specific, heart rate
variability (HRV) can be converted
mathematically into power spectral
density (PSD), a commonly used
non-invasive test of integrated
neurocardiac function. In clinical
medicine this measure has been used
to:

. distinguish between sympathetic
and parasympathetic regulation
of the SA node (Ori et al. 1992)

. predict mortality following
myocardial infarction (Kleiger &
Miller 1978), congestive heart
failure (Saul et al. 1988), and
during coronary angiography
(Saini et al. 1988)

Fig. 5 Set-up at the National Magnet Laboratory at MIT and other laboratories for studying

the magnetic field of the brain. The SQUID detector is positioned close to but not touching the

subject’s head. Shielded room is essential to avoid interference from environmental fields.

Fig. 6 Pulsed magnetic field therapy involves passing currents through coils adjacent to an injury

such as a bone fracture. The magnetic fields induce current flows in the bone (arrow) that ‘jump-

starts’ the healing process.
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. prediction of rejection risk
following transplantation (Binder
et al. 1992)

. characterize psychological
illnesses including major
depression and panic disorders
(Yeragani et al. 1991a, 1991b)

. characterize autonomic changes
associated with hostility (Sloan et
al. 1994)

. predict risk from hypertension
(Markovitz et al. 1993).

The research at HeartMath
revealed that different emotional
states have specific
electrophysiological correlates. This
discovery was published in a major
peer-reviewed medical journal
(McCraty et al. 1995). A shift from
frustration to appreciation, for
example, quickly leads to a shift in
the heart rate variability. Intentional
‘heart focus’ and sincere feelings of
appreciation can lead to a more
regular variation in heart rate, a

condition the researchers refer to as
‘coherence’ (Fig. 8). This
phenomenon can be confirmed by
anyone with access to an
electrocardiograph. Physiologically,
this state reflects a balance between
the rhythms of the sympathetic and
parasympathetic branches of the
autonomic nervous system that
regulate the heart rate.

The heart ¢eld hypothesis

The heart generates the largest
biomagnetic field of the body, which
can now be measured in the space
around the body using the SQUID.
Since cellular regulations can be
influenced by pulsing
electromagnetic fields (Fig. 7), the
possibility arises that the heart’s
field is involved in the effects of
various complementary therapies.
Moreover, the frequencies used in
various clinical electrotherapies,
such as those for stimulating repair
of bone non-unions, fall in the
frequency spectrum emitted by the
heart. This is certainly a reasonable
hypothesis and worthy of test using
the standard electrophysiological
methods widely used in biomedical
research.

Documenting energy
exchanges

Several groups of researchers have
now documented energy exchanges
taking place when people touch or
are in proximity. Specifically, it has
been demonstrated that one’s
electrocardiogram (ECG) signal can
be registered in another person’s
electroencephalogram (EEG) and
elsewhere on the other person’s
body. In addition to the HeartMath
work, see an important paper by
Russek and Schwartz (1996).

One method used to explore
energy exchanges involves signal
averaging. This is a digital technique
used for separating a repetitive
signal from noise without

Fig. 7 The cellular cascade and amplification. A single antigen, hormone, pheromone, growth

factor, or smell, taste, or neurotransmitter molecule, or a single photon of electromagnetic energy,

can produce a cascade of intracellular signals that initiate, accelerate, or inhibit a cellular process.

This is possible because of enormous amplification – a single molecular event at the cell surface

can trigger a huge influx of calcium ions, each of which can activate an enzyme. The enzymes, in

turn, act as catalysts, greatly accelerating biochemical processes. The enzymes are not consumed

by these reactions, and can therefore act repeatedly. Some of the reactions are sensitive to

electromagnetic fields, some are are not, and others have not yet been tested. Some frequencies

enhance calcium entry, others diminish it.
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introducing distortion. The R-wave
peak of the ECG of a ‘source’
person is used as the time reference
for cutting the signals measured in a
‘recipient’ into segments that are
averaged to produce the composite
waveforms. Only signals in the
‘recipient’ that are repeatedly
synchronous with the ‘source’s’
ECG are present in the resultant
waveform. Other signals are
subtracted out by the process.

The results of many years of
experimentation of this kind are
documented in a remarkable paper
entitled ‘The electricity of touch:
Detection and measurement of
cardiac energy exchange between
people’ (McCraty et al. 1998). The
magnitude of these effects
diminishes with distance, as
expected with a field interaction.
Here are some of the key results:

. While the signal is strongest when
people are in contact, it is still
detectable when they are in
proximity without contact.

. A larger effect is obtained when
the receiver’s right hand is held by
the source’s left or right hand.

. When the source wears a latex
glove, the transfer is still present,
but is about 10-fold lower in
strength.

. When subjects is separated by 18
inches, a signal is detected in the
receiver’s arms, but it is delayed
or phase shifted by about
10msec.

These discoveries, if confirmed,
have a number of implications for
clinical practice. For example, the
results imply that a health care
professional taking a patient’s pulse
will establish a better ‘heart
connection’ if they take the pulse on
their patient’s right wrist.

Entrainment

Hence we now have a logical,
testable theory and set of methods
that can be used to explore the
observed effects of many healing

modalities that are based on theories
of energy exchanges. The fact that
the heart’s biomagnetic field is
hundreds of times stronger than that
of the brain provides a simple
physical explanation for the
apparent entrainment of one
person’s electroencephalogram
(EEG) by another person’s
electrocardiogram (ECG). Physicists
use the term entrainment to describe
a situation in which two rhythms
that have nearly the same frequency
become coupled to each other.
Technically, entrainment means the
mutual phase-locking of two or
more oscillators. For example, a
number of pendulum clocks
mounted on the same wall will
eventually entrain, so all of the
pendulums swing in precise
synchrony. In the case of EEG-ECG
entrainment, we do not yet know
precisely what the second oscillator
is.

It can be argued that, even if there
were an energy exchange between
people, the energy contained in the
signal would be far too weak to
produce significant physiological or
emotional effects. However, recent
research has shown that the noise in
a biological system can play a
constructive role in the detection of
weak rhythmic signals by a
nonlinear cooperative effect known
as stochastic resonance. In essence, a
regular periodic signal can entrain
ambient noise to boost the signal to
a level above the threshold value,
enabling it to generate measurable
effects. Stochastic resonance has
been firmly established as a valid
phenomenon in a wide range of
sensory and neural systems and is
being exploited in electronic
equipment (Wiesenfeld & Moss
1995; Bulsara & Gammaitoni 1996).

Conclusions

The significance of the research
summarized here goes beyond de-
mystifying and validating
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Fig. 8 Electrophysiological correlates associated with different emotional states. A shift from

frustration to appreciation quickly leads to a shift in the heart rate variability. The variation in
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phase-locking of a variety of electrical and mechanical rhythms, including the heart, respiration,

autonomics, and the baroreceptor feedback loop to the brain (Childre 1994).
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complementary therapies. Research
on interpersonal energy exchanges
through biological fields may
have important applications in a
wide variety of therapeutic
encounters, including those in
conventional medicine. After all,
physicians palpate for diagnostic
purposes, not always considering the
possibility that their hands-on
activities might have therapeutic
significance.

Given what we now know about
these phenomena, it is conceivable
that we will be able to document a
scheme similar to that shown in
Fig. 7 for beneficial energy field
interactions that can take place
between individuals. Such a scheme
may involve brain waves and,
possibly, effects on the autonomic
nervous system, neuropeptide
release, and the immune system. We
now have logical and testable
hypotheses to begin to explain the
clinical effects of a wide variety of
approaches such as Reiki,
Therapeutic Touch, Polarity
Therapy, Massage, and
Acupuncture.
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Understanding effective
treatments of myofascial
trigger points
. . . . . . . . . . . . . . .

David G. Simons

This article considers specific treatment approaches and the role of etiological

mechanisms in terms of clinical feature characteristics of MTrPs: increased muscle

tension, pain and tenderness, painful stretch range of motion, initiating causes of

MTrPs. Final sections note additional treatments that are currently used, and

summarize the etiological and clinical distinctions between MTrPs and

fibromyalgia.

Introduction

Truly effective treatment of
neuromusculoskeletal pain often
hinges on accurate identification of
the sources of the pain. Myofascial
trigger points (MTrPs) are
unbelievably common yet
commonly overlooked or poorly
treated because the initial training of
so few medical practitioners includes

adequate instruction in the
identification and treatment of
MTrPs.
Although this article concerns

primarily treatment of MTrPs, it is
important to appreciate how
remarkably common MTrPs are and
how often they are a major cause of
a patient’s musculoskeletal pain
complaint. Table 1 lists a number of
commonly used diagnostic terms

Table1 Widespread Nature of MTrPs

Common diagnoses Common trigger point Causes

Tension-type headache Sternocleidomastoid, upper trapezius, posterior cervical,

and temporalis

Frozen shoulder Subscapularis, supraspinatus, pectoralis major and minor,

deltoid muscles

Epicondylitis Finger and hand extensors, supinator, and triceps brachii

Carpal tunnel syndrome Scaleni, finger extensors

Atypical angina pectoris Left pectoralis, major intercostals

Lower back pain Quadratus lumborum, iliopsoas,

thoracolumbar paraspinals, rectus abdominis, piriformis,

gluteus maximus and medius

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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that only identify the region of pain,
but not its cause. These diagnostic
terms are not diagnoses.
Identification of MTrPs that are
causing a patient’s pain is a
diagnosis.
As outlined in Box 1, the

likelihood of a trigger point (TrP)
causing the patient’s pain should be

established by taking a careful
history of the onset and course of
the pain. The presence of the TrP
should be established by diagnostic
findings of the physical examination
whenever possible. The strength of
the diagnosis can be reinforced by
confirmatory findings, some of
which are also valuable for research
purposes.
Box 2 lists reasons why MTrPs

may be inaccessible to palpation for
diagnostic purposes, making it
necessary to rely on clinical
judgment.
Box 3 identifies features of

MTrPs that clarify how to
distinguish them from other
conditions.
Fortunately, the kinds of

pathophysiological mechanisms
responsible for MTrPs are becoming
clear and can explain why some
therapeutic approaches are so
effective, and why others are of
limited benefit for this condition.

The concept of etiology used here
is based on the endplate (integrated)
hypothesis that is fully described in
two books (Simons et al. 1999,
pp. 69–78; Mense et al. 2001,
pp 240–259). This is a valuable
working hypothesis for
understanding current clinical
practice and future research.
Many details remain to be refined or
filled in.

Increased muscle tension

Clinicians have recognized for more
than a century that effective
treatment of painful, tense, tender
muscles includes stretching the
involved muscle fibers, either locally
in the region of tenderness (massage)
or by lengthening the muscle as a
whole. Frequently MTrPs were the
cause of the symptoms and were
what was being treated.
The reason that muscles with

MTrPs feel abnormally tense on
palpation and have a reduced stretch
range of motion is the increased
tension of the palpable taut band
that is associated with the MTrP.
This palpable increase in muscle
tension is commonly mistaken for
muscle spasm. Muscle spasm is
clearly identified by motor unit
activity that is identified
electromyographically (Simons &
Mense 1998) while taut bands show
no motor unit activity at rest.

The problem

The increased tension of the
palpable taut band is the result of
regional shortening of the
sarcomeres of numerous involved
muscle fibers in the taut band. One
demonstrated cause of that
shortening of an affected muscle
fiber is the presence of a contraction
knot (Simons & Stolov 1976) that
would be in the region of a motor
endplate (Simons 1999, Mense et al.
2001). The sarcomeres in the
contraction knot appear maximally

Box1 Diagnostic featuresofactiveMTrPs
[based on Simonset al.1999FThe Trigger
Point Manual,Vol.1,Ed. 2 including table 2.4B
p. 25]

History

KRegional aching pain complaint–

onset related to acute, chronic, or

repetitive muscle overload.

KPain intensity usually related to

movement or positioning but may

become continuous when severe

Diagnostic findings

KPainful limit to stretch range of

motion

KPalpable taut band with exquisitely

tender nodule

KPressure on tender spot elicits pain

familiar to patient and often a pain

response (jump sign)

Confirmatory findings

KLocal twitch response induced by

snapping palpation or needle

penetration of MTrP and

evidenced by movement detected

by vision, palpation, or ultrasound

imaging

KPain or altered sensation in

expected location (published

referred pain patterns for that

muscle)

KDemonstration of endplate noise

from an electromyographic needle

gently inserted into the MTrP

Box 2 Myofascial trigger points canbe
inaccessible to palpation because of:

KLayer(s) of fat

KIntervening muscles(s)

KIntervening aponeuroses

KTense, thick subcutaneous tissue

KInadequate palpation skill

Box 3 Distinguishing featuresof MTrPs

KMTrPs produce specific regional

pain complaints and NOT

widespread, total body pain and

tenderness

KFor practical purposes, only

MTrPs are points of spot

tenderness in a palpable taut band

KNot all tender points are MTrPs

KAll MTrPs are tender points

(points of spot tenderness)

KReferred tenderness as well as

referred pain is characteristic of

MTrPs

KAll MTrPs have a taut band

KNot all taut bands are palpable

(requires sufficient palpation skill

and accessibility)

KAll active MTrPs cause a clinical

pain (sensory disturbance)

complaint

KOnly an active MTrP when

compressed reproduces the clinical

sensory symptoms. A latent MTrP

produces no clinical sensory (pain

or numbness) complaint.
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contracted (hypercontracted), while
remaining sarcomeres of an involved
muscle fiber are noticeably stretched
to compensate for the missing length
of the shortened sarcomeres. Due to
the nature of titin – the spring-like
molecule that holds the myosin
molecules in place – the maximally
contracted sarcomeres would tend
to become stuck in this shortened
position. The effect of these
shortened sarcomeres is one likely
source of increased resting tension in
an involved muscle fiber. This effect
is transmitted through the fiber as
increased resting tension of the
stretched sarcomeres (Wang 1985,
1996). The central MTrP is located
close to the middle of the muscle
fiber where the motor endplates are
found. The primary goal of manual
therapy treatment is to restore
uniform sarcomere lengths in the
affected muscle fibers that have
developed unequal sarcomere
lengths as illustrated in Figure 1.

Solutions

Figure 2 illustrates why a gentle
muscle contraction tends to equalize
sarcomere length in fibers afflicted
with the dysfunction that is
characteristic of MTrPs. The
relatively few (about 400 in a dog
biopsy [Simons & Stolov 1976])
maximally contracted sarcomeres of
the contraction knot are already as
short as they can get. Therefore,
based on the sarcomere length-
tension curve, those sarcomeres are
unable to produce any additional
tension. On the other hand, the
much larger number, about 20 000,
in a 3-cm (1 1/2-inch) long muscle
fiber (assuming 1.5 mm mid-range
sarcomere length – 10 000 mm/cm;
6666 sarcomeres/cm� 3 cm=20 000
sarcomeres/3 cm muscle fiber) is a
ratio of 1:50 between the number of
shortened contraction-knot
sarcomeres and the number of
lengthened sarcomeres. The
shortened sarcomeres are greatly

outnumbered. The remaining,
somewhat stretched, sarcomeres in
that fiber are still in the optimal
range of their length-tension curve.
Therefore, the fully shortened, weak
sarcomeres are readily overpowered
by the remaining strong sarcomeres
during a gentle voluntary
contraction (see Fig. 2).
Time can be a critical factor.

Because of the stickiness of the titin
molecules, releasing them can be
expected to take time, and clinical
experience confirms that slowly
sustained stretches are much more
effective at releasing MTrP tightness
than rapid brief stretches. As the
shortened sarcomeres lengthen, the
stretched sarcomeres now return
toward normal length.
Unfortunately, as soon as the

muscle relaxes, the sarcomeres
immediately tend to return to their
previous state unless something
more is done.
Figure 3 presents schematically

the essence of postisometric
relaxation or contract–relax.
Contraction alone is not adequate
treatment. The gentle
(approximately 10% of maximum)
contraction is immediately followed
by relaxation and movement to take
up slack that develops in the muscle.
Better terminology might be
‘postisometric relaxation and
release’ or ‘contract–release’. The
term ‘stretch’ could be used in place
of ‘relax’ or ‘release’ but that term
has been avoided because it is so
commonly associated with forceful
movement and this technique should

be a painless, gentle one. Figure 3
illustrates the stepwise nature of the
process.

Methods of release
The relaxation and release phase can
be accomplished in a number of
ways. Immediate elongation of the
muscle encourages equalization of
sarcomere lengths throughout the
length of affected muscle fibers, and
when done slowly helps to reset the
new sarcomere lengths so they tend
to stay that way. This principle for
effectively releasing muscle tension

Tendon

Normal muscle fibre

Contraction knot
(central trigger point)

Involved muscle fibre Tendon

Tension enduced
enthesopathy

Attachment
trigger point

Fig. 1 Unequal sarcomere length: Comparison of the uniform, equal length of all sarcomeres of a

normal muscle fiber compared to the severe shortening of a group of sarcomeres near the center

of the fiber and the compensatory lengthening of the remaining sarcomeres. Note locations of

central and attachment trigger points.

Voluntary
contraction

T
en

si
on

1.5 µ
Length

3.0 µ

Voluntary
contraction

Fig. 2 Voluntary contraction. The length–

tension curve below shows that the relatively

few (roughly 1 in 50 but maximally contracted

sarcomeres of contraction knots are in a range

where they can no longer exert any additional

contractile force because they are already

maximally shortened. On the other hand, the

much larger number of slightly elongated

sarcomeres between the trigger point and the

muscle fiber attachments are at, or close to,

the optimal strength portion of the curve.

Therefore, gentle voluntary contraction allows

the lengthened sarcomeres to exert an effective

elongation force on the shortened sarcomeres

of the contraction knot.
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(and for release of restricted joint
movement that is often caused by
muscle tightness) has been
recommended by various schools of
thought with many names, such as
‘contract–relax’, ‘postisometric
relaxation’, and ‘muscle energy
technique’. In any case, full
relaxation of the patient is an
essential prerequisite to effective
release.
Release can be achieved passively

or actively. In passive release, the
movement is done for the patient; in
active release it is done primarily by
the patient. Lewit (1991) emphasizes
the advantage of using gravity for
passive release. When properly
positioned for appropriate muscles,
gravity is gentle and helps the
patient relax more completely.
Much operator skill is required to
sense the tissue resistance that

indicates how much movement is
optimal. Too little movement is
ineffective and too much movement,
too fast causes pain that inhibits
release.
With active release, the patient

extends the muscle to take up the
slack by actively contracting its
antagonist muscles. This has the
advantages of adding the effect of
reciprocal inhibition to facilitate
release of the muscle being
elongated. Many patients can learn
quickly to optimize the effort, but
must understand what to do, why to
do it, and have the innate capacity
to learn to do it effectively. It can be
a powerful tool for a patient’s home
program. This technique is
particularly useful for clinicians to
treat their own MTrPs and
combines nicely with contract–
release.
Figure 4 illustrates ‘trigger point

pressure release’ that is performed
by simply applying gentle persistent
digital pressure against the palpable
tissue barrier in the MTrP. A
sarcomere is a space of constant
volume. Like a balloon, if its height
is reduced by compression, it
becomes wider. This applies to the
sarcomeres of a contraction knot.
By applying digital pressure in a way
that reduces their height, they must
become longer, tending to normalize
the length of all sarcomeres in that
muscle fiber. The sticky,
overcompressed titin molecules
resist elongation of the short
sarcomeres.
Again, if compression is applied

for only a short period of time and
then released, the shortened
sarcomeres tend to return
immediately to their previous state
and little has been gained. However,
if gentle compression is sustained
until the clinician feels the release of
tension, this corresponds to a
degree of equalization of sarcomere
length that can be demonstrated
as an increased range of motion
and reduced muscle tension. This is

the essence of the ‘trigger point
pressure release’ technique and
can be continued as long as
additional release of tension occurs.
Figure 5 demonstrates combined

finger pressure and voluntary
contraction. The combination of
applying firm, gentle, persistent TrP
pressure release and sustained gentle
voluntary contraction adds the
impact of two effective ways of
equalizing the sarcomere lengths
and releasing muscle tightness. This
combination is most effective when

Fig. 3 Postisometric relaxation (contract–

release). The essence of many effective

myofascial trigger point release techniques is

to repeat a series of incremental releases each

of which are achieved by a gentle voluntary

contraction of the muscle that is followed by

active or passive elongation of the muscle to

restore full pain-free range of motion and to

inactivate its trigger points. Other names that

are used for this principle of treatment include

muscle energy techniques, and contract–relax.

Fig. 4 Trigger point pressure release.

Demonstration of the principle responsible

for the effectiveness of this treatment method.

Individual sarcomeres, like a balloon are

constant-volume structures. Compressing

either one of them in the vertical dimension

cause an increase in the horizontal dimension.

Thus, finger pressure applied downward on a

MTrP tends to lengthen sarcomeres that are

shortened for any reason and can be

responsible for the tension of the taut band.

Fig. 5 Finger pressure and voluntary

contraction. This figure illustrates how the

effects of simultaneous application of trigger

point pressure release and voluntary

contraction are additive.
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it begins with the muscle in a
comfortably stretched position. The
muscle is gently extended until no
slack remains. Following each
period of gentle contraction, the
muscle is immediately gently
extended to take up the slack that
was produced by treatment. This
helps the sarcomeres to retain their
new lengths and establishes a new
starting point for the next release
cycle.
Figure 6 shows trigger point

massage – a TrP-specific variation of
deep massage that is particularly
helpful in equalizing sarcomere
length. It elongates the contraction
knot sarcomeres, allowing the
remaining stretched sarcomeres to
shorten a bit. This massage is
performed with the muscle extended
to just eliminate slack. Then the
clinician starts by simultaneously
applying bimanual digital pressure
on the middle of the MTrP, short
fingernail against short fingernail,
and then pulls the fingers apart while
maintaining gentle, firm pressure.

Pain and tenderness

The local tenderness of the MTrP
and its ability to refer pain to distant
location depends primarily on the
sensitization of nociceptors in the
immediate region of the endplates

that are associated
electromyographically with endplate
noise. Endplate noise indicates
abnormal endplate function.
(Simons 2001). Endplate noise is
characteristic of MTrPs. (Simons et
al. 2002; Couppe et al. 2001). Figure
7 outlines the basis of the energy
crisis responsible for release of
substances that sensitize local
nociceptors. This positive feedback
cycle starts (upper left corner) with
resting release of grossly abnormal
amounts of acetylcholine (ACh)
from the nerve terminal of the motor
endplate (Simons 2001). This leads
to contraction knots and possibly
other contractile effects that cause
local ischemia and hypoxia (Brückle
et al. 1990), which are combined
with a greatly increased energy
consumption (local maximal
sarcomere contractile activity). This
combination of greatly increased
sustained energy demand and loss of
energy supply creates an energy
crisis that causes release of

neurovasoreactive sensitizing
substances (Mense et al. 2001, pp
37–40). Any treatment that reduces
the sarcomere shortening in the
region of the MTrP reduces the
energy consumption, which in turn
reduces the release of sensitizing
substances.
The degree to which the released

sensitizing substances get to actually
sensitize nociceptors depends
strongly on the closeness of the
nociceptors to an affected motor
endplate and that depends on
variations in local anatomical
structure. Generally the endplate
and nociceptors are near each other,
but not always. This is why MTrPs
are primarily a motor dysfunction
disease and only secondarily a pain
phenomenon. The pain results
secondarily from the endplate motor
dysfunction. This helps to explain
why there is only a general
correlation between the motor
expression of a MTrP (the taut
band) and its degree of painfulness
and why latent MTrPs are so much
more common than active ones.
It is well established (Simons et al.

1999, p. 75, Lewis et al. 1994;
McNulty et al. 1994; Chen et al.
1998) that variations of local
autonomic activity can affect
acetylcholine release at endplates.
Activation of local autonomic nerve
fibers by the neurovasoreactive
substances would complete the
feedback loop and induce continued
excessive release of acetylcholine by
the motor endplate. This also
explains why anxiety and nervous
tension that increases autonomic
activity commonly aggravates
symptoms caused by MTrPs.

Painful stretch range
of motion

A valuable clinical indicator of
MTrPs is painful restriction of
stretch range of motion of the
involved muscle. The pain is caused
by increased tension on attachment

MTrP

Fig. 6 Trigger point massage. This massage

technique is specific for trigger points and

requires two hands. It is an extension of

trigger point pressure release and can be even

more effective. It is designed to effectively

lengthen the shortened sarcomeres of

contraction knots in a myofascial trigger

point and should be applied with the muscle

extended to eliminate any slack. Concept by

C-Z. Hong, MD.

Abnormal
ACh release

Local sarcomere
contracture

Local
ischemia

Increased
metabolism

Sensitizing
substances

Pain

Local energy
crisis

Autonomic
nerves

Nociceptors

Fig. 7 Energy crisis. Schematic diagram of

steps involved in the positive feedback loop of

the end plate integrated hypothesis. It shows

the origin and results of the energy crisis

characteristic of MTPs. See text for

explanation.
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TrPs. During examination, it is
frequently more convenient to
examine first for an attachment TrP
rather than the central TrP.
Attachment TrPs are more
accessible and more readily
identified than central MTrPs,
especially in muscles such as levator
scapulae, gluteus medius and
iliopsoas.
Figure 8A explains the relation

between the central TrP and
attachment TrPs. The central TrP
causes the tension of the taut band

that produces the attachment TrP.
The taut band imposes sustained
abnormal tension on the
myotendinous junctions where the
muscle fibers attach to the muscle
tendon. These attachments are
complicated delicate structures that
are not designed to tolerate
unrelieved, constant tension.
Muscles normally contract then
relax, contract then relax, with
appreciable periods of relief from
tension between contractions. This
abnormal tension induces

inflammatory changes
(enthesopathy) that often include
some edema, release of pain-
inducing sensitizing substances and
eventually some degenerative
changes (Fassbender 1975) that
account for the attachment TrP.
Clinically, the attachment TrP can

be identified by local spot tenderness
in the region of the myoneural
junctions, sometimes referral of
familiar pain when digitally
compressed, and sometimes
palpable induration. Frequently the
examiner can identify a palpable
taut band extending toward the
central TrP that is responsible for
the attachment TrP.

Initiation of trigger points

Acute or chronic muscle overload
initiates the excessive release of
acetylcholine, which produces the
local energy crises that can account
for the clinical characteristics of
MTrPs. The motor endplate is a
synaptic junction with basically the
same delicate structure (Fig. 9) as
that of the myriad of synapses that
conduct the business of the central
nervous system with one very
important difference. The central
nervous system synapses are
cushioned from mechanical trauma
by suspensory ligaments encased in
a protective bony cage. The motor
endplates are exposed to all the
mechanical stresses and strains that
beset the muscular system, but with
no special protection.
It is little wonder that, with

normal use, it is only a matter of
time until the muscles develop the
disease caused by mechanical
trauma, myofascial trigger points.
The pioneer muscle physiologist,
Liley, in 1956 observed that almost
any kind of mechanical stimulation
of the endplate induced the same
kind of electrical activity that nearly
20 years later was proven by another
physiologist team to be caused by
excessive release of acetylcholine

Fig. 8 Relation between central and attachment trigger points. (A) Schematic diagram looking

down on a fusiform muscle such as the biceps brachii. The central trigger point (encircled *) is
found close to the center of the muscle fibers that form a palpable taut band (dark fibers).

Attachment trigger points (open circles) are tender myotendinous attachments of taut band fibers

due to enthesopathy (inflammatory reaction) caused by the sustained tension of the taut band

fibers. That tension is caused by and can be relieved by normalizing, the contraction knots of the

central trigger point. (B) Schematic diagram of enlargement of a microscopic part of the trigger

point. The fusiform enlargements of involved muscle fibers are produced by local maximal

contraction of the sarcomeres that seem to be located in the region of a motor endplate. Note that

the remaining sarcomeres of the involved fiber are longer compared to the normal, uninvolved

fibers.
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(Heuser & Milelli 1971; Ito et al.
1974). This endplate noise is the
same kind of electrical activity that
is characteristic of MTrPs (Simons
et al. 2002). Liley (1956) reported
that once it was initiated, this
dysfunction persisted, which is also
characteristic of MTrPs. The
classical history of onset of
myofascial pain caused by MTrPs is
either an acute muscular overload
(sometimes due to an accident, poor
coordination when fatigued, or an
awkward movement) or chronic
overload caused by sustained muscle
contraction or by monotonous
repetition of the same movement.

Additional treatments

Box 4 lists additional treatments
that some clinicians find effective in
treating MTrPs. Augmentation
techniques are well described by
Lewit (1986,1991) and by Simons et
al. (1999). Reciprocal inhibition is
described as such by Simons et al.
(1999) and by Lardner (2001). The
value of dry needling has been
reported by Hong (1994) and Baldry
et al. (2001). The value of
therapeutic ultrasound, especially
with regard to patients with
fibromyalgia was reported by Lowe
et al. (1999). Although the
mechanisms described to explain
their clinical effectiveness are not
convincing, many clinicians find

strain–counterstrain, microcurrent
application, and laser irradiation
useful forms of treatment for MTrPs
(Simons et al. 1999). Injection of the
MTrP itself with an analgesic
medication such as procaine or
lidocaine are well-established
techniques commonly used by
physicians (Simons et al. 1999).
Occasionally, as pointed out by

Thompson (2001) the taut bands of
MTrPs may be serving a useful
function as a stabilizing mechanism.
In this case it is wise to correct the
underlying cause of instability before
releasing the MTrP tension. In fact,
correcting the underlying instability
often results in spontaneous
resolution of the MTrP (Thompson
2001).

Fibromyalgia and trigger
points

Table 2 summarizes features that
distinguish MTrPs from
fibromyalgia. Recent advances now
make it clear that myogenic MTrPs
and central nervous system
fibromyalgia syndrome (FMS) are
etiologically and
pathophysiologically distinct
conditions (Mense et al. 2001,
Chapters 8 & 9). The regional-only
pain of MTrPs can appear
confusingly like the widespread pain
of FMS when there is multiple
regional involvement in one patient.
The palpable taut band is a reliable
distinguishing feature of MTrPs,
when it is accessible (See Box 2).

Box 4 Additionalwaysof treating MTrPs

KTechniques to augment release

(exhalation, eye movement)

KReciprocal inhibition (voluntary

contraction of antagonist muscle)

KDry needling (acupuncture

technique)

KTherapeutic ultrasound

K Strain–counterstrain

KMicrocurrent application

KLaser irradiation

K Injection

Table 2 DistinguishingMTPMTrPsand ¢bromyalgia

MTrPs Fibromyalgia

Peripheral muscular origin Central nervous system origin

Female to male ratio 1:1 Female to male ratio 4–9 : 1

Local or regional pain Widespread, general pain

Focal tenderness Widespread tenderness throughout

Muscle feels tense (taut bands) Muscle feels soft and doughy

Restricted stretch range of motion Commonly hypermobile

Examination for MTrPs anywhere Examination for prescribed tender points

Immediate response to MTrP injection Delayed response to MTrP injection

May also have fibromyalgia Nearly all also have MTrPs

Fig. 9 Motor endplate synaptic structure and function. Schematic cross-section of the terminal

nerve fiber, synaptic cleft, and postjunctional muscle fiber membrane. It also shows how the

electrical signal of the motor nerve is normally converted to a chemical signal and then back to an

electrical signal that is propagated along the muscle fiber membrane in both directions. The

original electrical signal (propagated action potential along the nerve membrane) causes the

presynaptic nerve terminal to simultaneously release many packets of acetylcholine that diffuse

across the synaptic cleft. On arrival at the postjunctional membrane of the muscle cell, this

chemical messenger is converted back to an electrical signal when the acetylcholine activates

acetylcholine receptors located in the postjunctional membrane. Normally just a few packets per

second of acetylcholine are released randomly under resting conditions.
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Restriction of stretch range of
motion is characteristic of MTrPs,
not FMS, but most FMS patients
also have MTrPs. Totally different
examinations are required to make
each diagnosis (Mense et al. 2001).
MTrP injections respond differently
in patients who do or do not also
have FMS (Hong & Hsueh 1996). It
is becoming increasingly clear that
most, if not nearly all, FMS patients
also have pain-generating MTrPs.
One important study of FMS

patients (Donaldson et al. 1998) and
two case reports (Starlanyl & Seffrey
2001; Donnelly in press) give
remarkable insight into the close
relationship between the two
distinctly different conditions. The
Donaldson paper calls attention to
the importance of
electroencephalogram (EEG)
changes in FMS patients and raises
the likely possibility that a software-
type brain dysfunction is the critical
dysfunction in FMS patients that
disturbs normal functioning of all
organ systems. Donnelly (in press)
documents the repeated observation
that some FMS patients are able to
clearly distinguish between pain of
fibromyalgia and that caused by
MTrPs. FMS produces a
generalized pain relatively
independent of movement. MTrPs
produce a regional deep aching pain
and are more strongly related to
muscular activity. The author
personally knows a number of
medically trained patients who
describe convincingly their ability to
distinguish the two sources of pain
and then successfully initiate
different remedial action for each.
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Brückle W, Suckfüll M, Fleckenstein W,

Weiss C, Müller W 1990 Gewebe-pO2-

Messung in der verspannten

Rückenmuskulatur (m. erector spinae).

Zeitschrift für Rheumatologie 49:

208–216

Chen J-T, Chen S-U, Kuan T-S, Chung K-C,

Hong C-Z 1998 Phentolamine effect on

spontaneous electrical activity of active

loci in a myofascial trigger spot of rabbit

skeletal muscle. Archlves of Physical

Medicine and Rehabilitation 79: 790–794

Couppe C, Midttun A, Hilden J, Jorgensen U

2001 Spontaneous needle

electromyographic activity in myofascial

trigger points in the infraspinatus muscle:

A blinded assessment. J Musculoske Pain

9(3): 7–17

Donaldson CCS, Sella, GE, Mueller HH 1998

Fibromyalgia, a retrospective study of

252 consecutive referrals. Canadian

Journal of Clinical Medicine 5(6): 2–11

Donnelly J (in press) Physical therapy

approach to myofascial trigger points

and fibromyalgia: a case report. Journal

of Musculoskeletal Pain

Fassbender HG 1975 Non-articular

rheumatism Chapter 13. In: Pathology of

Rheumatic Diseases. Springer-Verlag,

New York pp 303–314

Heuser J, Miledi R 1971 Effect of lanthanum

ions on function and structure of frog

neuromuscular junctions. Proceedings of

the Royal Society (London Series B) 179:

247–260

Hong C-Z 1994 Lidocaine injection versus dry

needling to myofascial trigger point: the

importance of the local twitch response.

American Journal of Physical Medicine

Rehabilitation 73: 256–263

Hong C-Z, Hsueh T-C 1996 Difference in

pain relief after trigger point injections in

myofascial pain patients with and

without fibromyalgia. Archives of

Physical Medicine and Rehabilitation

77(11): 1161–1166

Ito Y, Miledi R, Vincent A 1974 Transmitter

release induced by a ‘factor’ in rabbit

serum. Proceedings of the Royal Society

(London Series B) 187: 235–241

Lardner R 2001 Stretching and flexibility: its

importance in rehabilitation. Journal of

Bodywork and Movement Therapies

5(4): 254–263

Lewis C, Gevirtz R, Hubbard D et al. 1994

Needle trigger point and surface frontal

EMG measurements of

psychophysiological responses in tension-

type headache patients. Biofeedback &

Self-Regulation 19(3): 274–275

Lewit K 1986 Postisometric relaxation in

combination with other methods of

muscular facilitation and inhibition.

Manual Medicine 2: 101–104

Lewit K 1991 Manipulative Therapy in

Rehabilitation of the Locomotor

System, 2nd ed. Butterworth

Heinemann, Oxford

Liley AW 1956 An investigation of

spontaneous activity at the

neuromuscular junction of the rat.

Journal of Physiology 132: 650–666

Lowe J-C, Honeyman-Lowe G 1999

Ultrasound treatment of trigger points:

differences in technique for myofascial

pain syndrome and fibromyalgia patients.

Medecine du Sud-est: April-May-June,

No. 2: 12–15

McNulty WH, Gevirtz RN, Hubbard DR,

Berkoff GM 1994 Needle

electromyographic evaluation of trigger

point response to a psychological

stressor. Psychophysiology 31(3):

313–316

Mense S, Simons DG, Russell IJ 2001 Muscle

Pain: Understanding its Nature,

Diagnosis, and Treatment. Lippincott,

Williams & Wilkins, Philadelphia.

(Endplate hypothesis, pp. 240–259)

Simons DG, Mense S 1998 Understanding

and measurement of muscle tone

related to clinical muscle pain. Pain 75:

1–17

Simons DG, Travell JG, Simons LS 1999

Travell & Simons’ Myofascial Pain and

Dysfunction: The Trigger Point Manual,

Vol. 1, Ed. 2. Williams & Wilkins,

Baltimore. (Endplate hypothesis,

pp. 69–78)

Simons DG, Stolov WC 1976 Microscopic

features and transient contraction of

palpable bands in canine muscle.

American Journal of Physical Medicine

55: 65–88

Simons DG 2001 Do endplate noise and

spikes arise from normal motor

endplates? American Journal of

Physical Medicine Rehabilitation 80(2):

134–140

Simons DG, Hong C-Z, Simons LS (2002)

Endplate potentials are common to

midfiber myofascial trigger points.

American Journal of Physical Medicine

Rehabilitation 81(3): 212–222

Starlanyl DJ, Jeffrey JL 2001 Geloid

masses in a patient with both

fibromyalgia and chronic myofascial

pain. Physical Therapy Case Reports

4(1): 22–31.

Thompson B 2001 Neuromuscular massage

therapy perspective. Journal of

Bodywork and Movement Therapy 5(4):

229–234

Wang K 1985 Sarcomere-associated

cytoskeletal lattices in striated muscle

Chapter 10. In: Shay J.W. (Ed.) Cell and

Muscle Motility, Vol. 6, Kluwarts

Plenum, New York

Wang K 1996 Titin/connectin and nebulin:

giant protein rulers of muscle structure

and function. Advances Biophysics 33:

123–134

Simons

88

JOURNAL OF BODYWORK AND MOVEMENT THERAPIES APRIL 2002



Visit www.writingforpublication.com 
and make your fi rst step towards becoming 
a published journal author.

Don’t let a lack of confi dence or knowledge on how to write and 
submit an article to an academic journal stop you from making a 
contribution to the fi eld of Physical Therapy! Go online to 
www.writingforpublication.com and be empowered to contribute 
and participate in sharing professional knowledge, specifi cally 
through publishing in academic journals.

On the website you will have access to:

• A printable Hints and Tips booklet on how to write for 
publication in academic and professional journals. 

• Links to online submission. 

• A writers blog, to share 
your experience of 
writing for publication. 

• Free sample journal 
articles.

• Links to sign up for the 
TOP25 Hottest Article 
Alerts to keep you 
up-to-date in the latest 
trends in your speciality

Get Read! Get Writing! 

For more information or to subscribe online visit

www.elsevier.com

Elsevier has something to meet the needs of every 
practitioner and researcher involved in Physical Therapy. 
From multidisciplinary coverage of the latest topics and 
research in manual therapy and physiotherapy, to expert 
focus on physical therapy in sport, chiropractic and 
osteopathic medicine, we’ve got it covered! 

Physical Therapy  
journals from Elsevier



Visit www.writingforpublication.com 
and make your fi rst step towards becoming 
a published journal author.

Don’t let a lack of confi dence or knowledge on how to write and 
submit an article to an academic journal stop you from making a 
contribution to the fi eld of Physical Therapy! Go online to 
www.writingforpublication.com and be empowered to contribute 
and participate in sharing professional knowledge, specifi cally 
through publishing in academic journals.

On the website you will have access to:

• A printable Hints and Tips booklet on how to write for 
publication in academic and professional journals. 

• Links to online submission. 

• A writers blog, to share 
your experience of 
writing for publication. 

• Free sample journal 
articles.

• Links to sign up for the 
TOP25 Hottest Article 
Alerts to keep you 
up-to-date in the latest 
trends in your speciality

Get Read! Get Writing! 

For more information or to subscribe online visit

www.elsevier.com

Elsevier has something to meet the needs of every 
practitioner and researcher involved in Physical Therapy. 
From multidisciplinary coverage of the latest topics and 
research in manual therapy and physiotherapy, to expert 
focus on physical therapy in sport, chiropractic and 
osteopathic medicine, we’ve got it covered! 

Physical Therapy  
journals from Elsevier



�  Bonus DVD-ROM of author demonstrating
techniques

�  Step-by-step descriptions of techniques 
accompanied by images 

�  Compares all major positional 
release methods, from strain/
counterstrain to functional osteopathy 
£32.99/€49.99
September 2007 • 288 Pages 258 illus • Paperback
9780443101151

£22.99/€34.99
August 2007 • 256 pages

183 illus • Paperback
9780443102189

New from Leon Chaitow!

�  Bonus DVD-ROM of author demonstrating techniques
�  4 new chapters 
�  Features patient self-application methods 

£32.99/€49.99
October 2006 • 276 pages 250 illus • Paperback  • 9780443101144

�  Bonus DVD-ROM demonstrates 
palpation and treatment methods

�  Easy to navigate
�  Highly illustrated

DVD

DVD

�  Bonus DVD-ROM demonstrates 
palpation and treatment methods

�  Easy reference, with simple language
�  Key Concepts boxes in each chapter

£22.99/€32.99
October 2006 • 192 pages 200 illus • Paperback

9780443102004
DVD

DVD
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