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Foreword
An outside observer might consider – what with the
plethora of professions focusing on the topic, and

the ceaseless flow of research reports about it – that

fixators of the shoulder (upper trapezius, levator
scapula) as well as shortened shoulder protractors/
back pain might now be pretty well understood.
However, those of us who labour at the coal-face,
confronted daily by myriad versions of ‘back pain’,
realise that the truth is somewhat different, with
aetiologies almost as varied as the individuals with
the symptoms.

Congresses and conferences devoted to different
aspects of back pain come and go, almost always gen-
erating contrasting viewpoints, sometimes diplomati-
cally managed, and sometimes not. However – by
small incremental degrees – we appear to be inching
forwards towards a realisation that it is actually pos-
sible, in many instances, to identify coherent patterns
of dysfunction that relate to the reported pain, and
that a degree of categorisation is often possible. As
a result therapeutic choices can frequently be based
on what the author of this fascinating book has
described as ‘a balance between practice-based evi-
dence and evidence-based practice’. This book
encourages that process by offering a deeper under-
standing of some of the processes of compensatory
change that may at times be neglected when
confronted by a pain-afflicted patient.

It was in the early 1980s that I first became
aware of the work of the great Czech physician,
Vladimir Janda. Along with many thousands of
others, his landmark work has continued to
inform my understanding of the human body.
Of particular value were his explanations of patterns
of dysfunction – for example – Upper and Lower
Crossed Patterns (‘syndromes’). These describe
the veritable chain reactions that emerge when
overused, hypertonic, muscle groups alternate with
inhibited antagonists to form sequences of dysfunc-
tion that commonly translate into pain and other
symptoms. (see Chapter 9)

The classical example Crossed Syndrome Pattern
is exemplified by the individual whose head and
neck are forward of their normal centre of gravity,
chin poked anteriorly, with a combination of hyper-
tonic shortened neck extensors/inhibited – possibly
lengthened deep neck flexors; short-tight upper

alternating with weak inhibited lower shoulder
fixators – including middle and lower trapezius . . .
and so on, down the body; with shortened lumbar
erector spinae – inhibited core abdominal muscles –
shortened hip flexors – inhibited gluteal muscles,
and so on, involving a complex and compound series
of adaptations and compensations, extending the
full length of the body. What emerges are not just
biomechanical stresses and strains and, inevitably,
pain and dysfunction of affected muscles and joints.
Additional pathophysiological changes impact on
breathing function, and internal pelvic function –
with major implications for the individual’s health
and wellbeing.

Janda not only described and codified such pat-
terns, but via many years of research was able to
offer cogent clinical guidelines as to how to begin
the process of understanding and ‘reading’ them –
using functional assessments such as the scapulo-
humeral rhythm test, and hip abduction test – as
examples.

Keen observation and analysis, over a long period,
has allowed Josephine Key to accurately describe
further elaborations on the theme of Crossed
Syndromes, that have immense clinical value.
Important insights emerge from Key’s expansion
of – for example – Janda’s original Lower Crossed
Syndrome – (where the pelvis translates posteriorly
in relation to the trunk - see p. 219). Importantly
she also recognised the obverse pattern - one in
which the pelvis virtually translates anteriorly (see
p.224). My own first reaction to seeing and reading
about these expanded descriptions of Janda’s work
was to say – ‘Of course, that’s obvious!’. But what
was not immediately obvious was that the physiolog-
ical adaptations that flowed from one such Crossed
Pattern would be so different from those flowing
from another – with clear implications for
subsequent clinical choices. Details of these changes
are a small part of what remains for the reader to
explore during the reading of this book.
vii



Foreword
Once the global scale of postural imbalances, and
the habitual patterns of use with which these are
associated, can be more effectively understood,
rehabilitation and normalisation are more readily
achievable. What has become clear in this greater
understanding is the relative pointlessness – apart
from offering symptomatic relief – of excessive
therapeutic attention being paid to where pain is
being experienced. Low back pain, for example,
can well be the end-result of adaptive changes result-
ing from a primary lower limb imbalance, or a
head/neck imbalance – and treating the area of pain
without attention to the origin is – to paraphrase
an old osteopathic term - no more than ‘engine
wiping’.

What Josephine Key and her collaborators have
achieved in this book is to build on Janda’s founda-
tional body of work. If Janda was able to demon-
strate ‘what’ happens when posture goes wrong,
viii
Key has taken the focus further towards the ‘why?’
adaptation failure culminates in pain, dysfunction
and other symptoms.

Key, with ample reference to the research of
others, has mined and collated the evidence of her
many years of clinical practice, to effectively dem-
onstrate the need for us to understand the ways in
which overuse, misuse, abuse and disuse lead inevi-
tably to altered posturo-movement control, and
commonly to pain. How to read such changes more
effectively, and how to integrate appropriate treat-
ment and rehabilitation strategies, are the tools that
are on offer from this excellent work.

All those working in manual/physical medicine –
practitioners and therapists of all schools - can
benefit from its’ practical insights.

Leon Chaitow, ND DO
University of Westminster, London



Preface
In common parlance the spinal column is often
referred to as the ‘backbone’.
‘Back pain’ has generally come to mean that of
differential diagnosis and rehabilitation.

This book examines many of the accepted con-

the low back but can infer pain occurring anywhere
between the shoulders and the bottom. This book
about back pain and movement considers that the
whole spine functions as an integrated system.
Extending from the head to the tail bone, changed
function in one region of the spinal column will be
reflected in adaptations in other regions as their
functioning is interdependent. Local spinal pain
and related syndromes may not necessarily be the
result of changed local function but result from a
more widespread dysfunction.

Back pain science is becoming an enormous body
of work, in particular that pertaining to the low
back. More recently, cervical spine disorders are
also attracting much more research interest.
Increasingly, because of the exciting advances being
made in motor control and pain research, there is a
diagnosis and management shift from considering
that certain pathological anatomical structures are
responsible for ‘back pain’ to a more dynamic sys-
tems approach which sees that it is a variable path-
ophysiology in the interdependent functioning of
the neuro musculoskeletal systems which is impli-
cated in most spinal pain disorders. That changes
in the underlying ‘functional mechanisms’ such as
the control of movement drive the pain disorder
which will in turn, influence the bio-psycho-social
health of the individual.

This book chooses to focus more upon the aspect
of back pain and movement. It attempts to explore
and enhance the understanding of healthy move-
ment control of the spine in Chapters 3, 4, 5 & 6;
and in the subsequent chapters, the related changes
in movement function that are evident in those with
spinal pain disorders. Philosophically, an enhanced
understanding enables the clinician and movement
therapist to better identify the abnormal features
and posturomovement defects presenting in that
particular patient, laying the foundation for better

temporary models of thinking and approach and
questions the veracity of some. The ideas proposed
in this book have emanated from a clinician attempt-
ing a balance between practice based evidence and
evidence based practice. In some instances, adjusted
or alternate models are offered as a basis for thought
and discussion that will hopefully stimulate debate.
For some, the work will represent a certain paradigm
shift: one which argues for a ‘functional approach’ –
quality in the control of the functional kinematic pat-
terns involved in our ‘ordinary movements’. A motor
control perspective is offered which argues that
developmental and adaptive changes in movement
underlie most ‘back pain’ syndromes.

I have attempted to marry the contemporary evi-
dence available with clinically apparent altered pat-
terns of motor response. In general terms these
can be simply teased out to a case of too little con-
trol in some regions of the spine and too much in
others, with certain predictable consequences.

I envisage that this book will provide helpful
information and guidance for all those practitioners
involved with managing people with back pain –
physiotherapists, osteopaths, chiropractors and doc-
tors of orthopedics, rheumatology, rehabilitation
and manual medicine. Likewise for students of
movement and those who are involved in re-educat-
ing movement – exercise physiologists, Pilates and
yoga teachers and so on. In particular it is my hope
that those working in the fitness industry such as
personal trainers will look beyond advocating
‘strength and toning’ – and the resultant inevitable
need for ‘stretching’, and begin to offer more
responsible, physiological and functionally useful
programmes for their many ‘at risk’ clients, so that
in time they do not become a ‘patient’.

Josephine Key
ix
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Chapter One
1

Introduction
Back pain is usually a symptom of dysfunction in the
musculoskeletal system.

Janda1 suggests that pain, however undesirable,
serves an important biological function acting as a
warning signal that all is not well in the movement
system. It may be functioning in a harmful way and
rather like the warning light on your dashboard
reminding you the car needs a service, pain heralds
the ‘tipping point’ in a continuum of dysfunction.
Addressing the dysfunction will generally amelio-
rate the pain. However, classical Western medicine
has by and large tended to view pain within a ‘dis-
ease model’, hunting for ‘the pathological’ struc-
ture in order to arrive at diagnosis and ‘fix it’. As
we all know, the results have been less than
promising and there is now a shift towards the pos-
sibility that disturbed function may be more
important than structural damage as the physical
basis of back pain.1 When the dysfunction and pain
continue unabated, secondary factors such as dis-
ability and psychosocial factors begin to create a
complex picture of interlocking dysfunctions. The
‘biopsychosocial model of dysfunction’2 acknowl-
edges the multifactorial nature of the ‘problem of
back pain’ and contemporary treatment approaches
generally embrace addressing each aspect as
indicated.

Back pain is fundamentally a physical problem
and the focus of this book is to primarily address
the ‘bio’ aspect – the physical perspective of back
pain.

Gracovetsky3 has said ‘restoring the function of
the injured patient implies knowing what the nor-
mal function is, something which is still the subject
of speculation’. In similar vein, Van Dieën4 states
‘the relationship between low-back pain and motor
behavior is poorly understood. Consequently the
(para) medical disciplines involved lack a theoretical
basis for treatment and outcome evaluation’. Mose-
ley5 asks ‘what is it about pain that changes the way
people move?’ Conversely, one could ask: ‘what is it
about the way people move that causes pain?’

The aim in this work is an attempt to assist the
understanding of normal movement function and
the nature of movement dysfunction seen in spinal
pain patients. Understanding how and why move-
ment is altered goes a long way towards effectively
redressing it.

An integrative model of neuromusculoskeletal
dysfunction is offered as both a theoretical and a
practical framework to aid the understanding of
dysfunction and enhance current clinical practice
skill. It describes the consistently observed, more
common altered patterns of postural and movement
control seen clinically in patients with spinal pain
and related disorders. While each person with back
pain presents individually, we can observe the ten-
dency for common features which can be collated
into a general paradigm of dysfunction. In general,
the kinematic patterns of movement adopted dur-
ing the simple repetitive activities of daily living
are altered as a result of changed posturomovement
control, and contribute to repetitive microtrauma
and ‘injury’. Most back pain is a developmental
movement disorder – a simple event often called
an ‘injury’ can end up being a major problem. This
helps explain the development and perpetuation of
pain and related symptoms.
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The model is somewhat of a paradigm shift – one
of functional adaptation and maladaptation of postur-
omovement control as a common underlying genesis
of most spinal pain disorders. It also provides a clini-
cal classification system based upon posturomove-
ment dysfunction providing a framework guiding
assessment and management. Without a conceptual
practical framework, there is a risk that ‘evidence
based research’ is often misinterpreted and inappro-
priately applied to all patients regardless of that
patient’s presenting dysfunction. The aim of treat-
ment interventions, both manual and therapeutic
exercise, is to restore function. Manual treatment is
necessary initially to alleviate pain and help normalize
the local neuromuscular dysfunction. Retraining con-
trol of movement protects the spine against reoccur-
rence and helps restore function.

An appreciation of these more common changed
responses in motor control helps to formulate the
choices and enhance the quality of teaching thera-
peutic exercise in the rehabilitation of spinal mus-
culoskeletal pain syndromes. We are seeing a larger
group of patients presenting with symptoms result-
ing from, or exacerbated by, inappropriate exercise
therapy. Hopefully an improved understanding of
the problem can help rescue and refine the art of
exercise therapy.

The work has emanated from the fruits of over
40 years of extensive clinical practice, scientific ‘evi-
dence’ to hand and the diverse influences of
inspired thinkers within the realms of therapeutic
practice and somatic movement education. The
clinical practice combination of manual therapist
and movement educator has helped in seeing and
understanding the relationships between joint and
2

myofascial dysfunction and movement disorders.
Conducting therapeutic exercise and movement
classes has provided more opportunity for observing
and recognizing certain ‘patterns’ of response which
appear to be somewhat common in people with a
history of spinal pain disorders.

Significantly however, by our observation, it
appears that the boundary between ‘normal’ and
abnormal movement function is often quite blurred
and dysfunction may represent subtle variations
from normal.6 Similar patterns are often evident,
albeit less marked, when observing the general pub-
lic: students in a yoga class or similar exercise forum
perhaps reflect common underlying tendencies in us
all and which, when more pronounced, contribute
to the development of pain syndromes. The pres-
ence of pain further compounds the dysfunction.
Janda noted ‘the high incidence of functional
impairment makes it extremely difficult to estimate
the borders between the norm and evident pathol-
ogy’. The prevalence of low back pain appears to
be on the rise in affluent urbanized countries.7

This book is addressed to the clinician to practi-
cally assist in the physical aspect of the management
of patients with spinal pain disorders. It attempts to
examine and provide an overview of ideal normal
movement function of the torso and the functional
interrelationship of its parts. This includes the sig-
nificant aspects of normal motor development and
the important qualities in normal movement
control. It also describes the commonly observed
inefficient patterns of axial muscle control and the
close relationship between these and the develop-
ment of changed articular function and pain
syndromes.
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[4] Van Dieën JH. Low back pain and
motor behavior: contingent
adaptations, a common goal. Proc.
6th Interdisciplinary World
Congress on Low Back and Pelvic
Pain. Barcelona; 2007.

[5] Moseley GL. Psychosocial factors
and altered motor control. Proc. 5th
Interdisciplinary World Congress on
Low Back and Pelvic Pain.
Melbourne; 2004.

[6] DonTigny RL. A detailed and
critical biomechanical analysis of the
sacroiliac joints and relevant
kinesiology: the implications for
lumbopelvic function
and dysfunction. In: Vleeming A,
Mooney V, Stoeckart R, editors.
Movement, stability & Lumbopelvic
Pain: Integration of research and
therapy. Edinburgh: Churchill
Livingstone Elsevier; 2007.

[7] Volinn E. The epidemiology of low
back pain in the rest of the world: a
review of surveys in low and middle
income countries. Spine 1997;
22(15).



Chapter Two
2

The problem of back pain
Just about any book or paper you read on lowback pain
(LBP) introduces the subject by restating the fact of
the increasing ‘epidemic’ of lowback pain and its enor-
mous cost to society. We can fly man to the moon yet
despite the advances of modern science the effective
diagnosis and treatment of back pain remains some-
what of an elusive dilemma. Is it perhaps a case of
losing sight of basic principles? To utilize Feldenkrais’1

term, is it missing ‘the elusive obvious’?
According to Janda,2 excluding insidious pathol-

ogy, most musculoskeletal pain is the result of
impaired function in the motor system. Pain serves
an important biological function,

It might even be said that the motor system
suffers from our whims and thus has no other
way of protecting itself than by producing pain’.2

The Eastern medical paradigm would tend to
view pain as a valuable sign signalling harmful over-
stress in the system. Western medicine has had a
vested interest in treating pain as a disease and back
pain has certainly become this.

The diagnosis dilemma

Waddell3 says: ‘only with the introduction of west-
ern medicine does chronic back disability become
common’. The approach of contemporary medicine
is to search for a ‘pathological’ diagnosis, the corner-
stone for instituting appropriate treatment. How-
ever, definite structural pathology is only evident
in about 15% of patients with back pain.3-5 The
relationship between imaging and symptoms is
weak.4,6 There are inherent limitations to the accu-
racy of diagnostic tests and imaging studies have
their greatest value in the exclusion of other condi-
tions.7 There is often relatively weak agreement
between the results of medical ‘physical examina-
tion’ and the subjective reporting of pain and
disability.8 As Waddell3 suggests the problem of
back pain exists ‘because we cannot diagnose any
definite disease or offer any real cure’ – ‘if back pain
becomes chronic patients soon realize that we do
not know what is wrong’; and ‘so when treatment
for back pain fails, the professional may look for
psychological reasons or other excuses’; ‘the patient
is likely to become defensive and both patient and
professional may become angry and hostile’. Liti-
gation and the potential ‘reward’ for back pain
further muddy the waters. However, Hendler
et al.9 point out that the psychiatric abnormalities
that are the normal response to chronic pain cou-
pled with litigation tend to bias many physicians
resulting in less extensive evaluation. They reported
finding an organic origin for the pain, which had
been overlooked in 98% of their sample group,
who had been variously diagnosed as ‘chronic pain’,
psychogenic pain’ or lumbar strain’. No wonder the
‘biopsychosocial model’10 has evolved.

To aid diagnosis, Waddell3 suggests a simple
‘diagnostic triage’ approach to determine manage-
ment. As part of this framework, screening for
‘red flags’ indicating possible insidious pathology
and ‘yellow flags’ indicating psychosocial risk factors
are considered. Most patients will fall into either of
three categories:
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• Ordinary backache – ‘the common or garden
non-specific low back pain’

• Nerve root pain

• Serious spinal pathology which accounts for
less than 1% of cases.

Most backpain is ‘ordinary backache’which is ‘non-
specific’.3 The remainder of patients have a ‘specific’
factor to account for their pain. Zusman11 suggests
that the term ‘non specific’ means essentially the
inability of orthodox medicine to arrive at a definitive
diagnosis for pain largely on the basis of structure,
anatomy and biomechanics (SAB). However the
patient has come to expect a SAB basis for his pain
andmaywell prefer any reasonable diagnosis to uncer-
tainty. The ‘disc’ provided a very handy hook onwhich
the patient could hang his hat. Concerned people
immediately ‘understood the problem’. Unfortu-
nately, as a result of these SAB beliefs and ‘failure for
various reasons, to obtain acceptable levels and/or
duration of pain relief usually in association with the
unproductive sequence of providers and treatments,
effectively renders these patients chronic, partial or
complete activity intolerant cripples’.11 The patient’s
belief that the pain may signify ‘serious damage’, and
provoking it might cause disablement, contributes
towards the fear of moving, known as ‘fear avoidance
beliefs’3. The recognition of the negative impact of
fear avoidance beliefs and deconditioning behavior
led to the establishment of various task force groups
that suggested the ‘de-medicalization’ of back pain
and the avoidance of inactivity.12 This was further
reinforced by the Paris Task Force on Back Pain13

which recommended the early resumption of ‘activity
of any form – rather than any specific activity’. Whilst
these recommendations are understandable in helping
to stem secondary factors contributing to the magni-
tude of the problem it is not a specific therapeutic
solution to the underlying problem. In fact for many,
the ‘keep them moving’ advice has contributed to the
further entrenchment of already dysfunctional move-
ment patterns, serving to perpetuate their ‘non
specific chronic pain’ problem. If ‘activity’ and thera-
peutic exercise are to be effective they must specifi-
cally redress the actual impairments.

Classification systems for
chronic low back pain

Chronic non specific low back pain (CNLBP) or
‘ordinary’ backache accounts for approximately
4

85% of back pain. The lack of a specific diagnosis
has resulted in the lack of specific treatment inter-
ventions and poor outcomes. Various clinical classi-
fication systems have been proposed in attempt to
improve intervention outcomes, some with dubious
veracity.14 In a review of the literature, Riddle15

notes some classification systems are designed to
determine the most appropriate treatment, some
to aid in prognosis, and others to identify pathology.
Still others place patients into homogenous groups
based upon selected variables. Examining these is
inclined to give one a headache, so laborious can
they be. Riddle highlighted the limitations of the
four most commonly cited systems, found those in
current use did not meet many of the measurement
standards and clinical utility was unclear.

The biopsychosocial paradigm acknowledges that
CNLBP is a multifactorial problem.3 Treatment
interventions will only show positive outcomes
when they appropriately address the patient’s
actual prime impairments. O’Sullivan16 stringently
argues for a classification system based upon the
specific mechanism underlying and driving the
pain disorder. He provides an excellent overview
of the current operant classification/ diagnosis mod-
els which are summarized below.

• Patho-anatomical model. The traditional
medical approach where abnormal structural
findings such as ‘disc prolapse’ are assumed to be
the cause of pain and treatment interventions
provided on the basis of this assumption.
(Extraordinarily, it appears that ‘function affects
structure’ is rarely considered.)

• Peripheral pain generator model. Identification
of the painful structure based upon history, clinical
examination and diagnostic blocks. Treatment such
as blocks and denervation procedures address the
pain symptom without consideration for the
underlying mechanism.

• Neurophysiological model. Central sensitization
of pain secondary to sustained peripheral nociceptive
input and changes in cortical mapping. Medical
interventions inhibit both central and peripheral
processing of pain.

• Psychosocial model. The impact of psychological
and social factors upon the modulation of pain and in
particular their capacity to increase theCNSmediated
drive of pain. Poor coping strategies, anxiety,
catastrophizing, hyper-vigilance tend to increase pain
levels, disability and muscle guarding. Cognitive
behavioral interventions can be effective. There is only
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a small subgroup where these factors are primary. The
danger, however, is that due to lack of an alternate
diagnosis, physiotherapists are tending to classifymost
patients with CNLBP as primarily psychosocial
driven. This is significant!

• Mechanical loading model. Both high and low
levels of physical activity are reported risk factors for
LBP; sustained end range loading; sudden and repeated
loading, and relatedmechanical exposures are also
influencedbyergonomicandenvironmental factors and
have the potential for ongoing peripheral nociception
and need to be addressed as part of management.

• Signs and symptoms model. Impairments in
spinal movements and function, changes in
segmental mobility, pain provocation tests; the effect
of repeated movement on pain. The approaches of
Maitland17 and McKenzie18–21 fall into this model
which is based upon biomechanical and patho-
anatomical models and have led to the treatment of
signs and symptoms associated with CNLBP. Limited
evidence of efficacy may reflect research designs and
neglecting the biopsychosocial dimensions.

• Motor control model. This model includes the
approaches of Richardson and Jull22, Sahrmann23

and O’Sullivan.24,25 Movement and control
impairments are highly variable and their presence
does not establish cause and effect. Altered motor
behavior is either protective or maladaptive which
results in ongoing abnormal tissue loading and
mechanically provoked pain. This group are
amenable to tailored physiotherapy interventions
directed at their specific physical and cognitive
impairments with demonstrated positive outcomes.

• Biopsychosocial model – the multidimensional
approach to dealing with CNLBP. The relative
contributions of the different dimensions and their
dominance will differ for each patient. Clinical
reasoning allows determination as to which factors
are dominant. Consideration of all factors allows for
a diagnosis and mechanism based classification
guiding management.

The subject of this book makes the case for adding
another category to those summarized by O’Sullivan.

• Functional movement model. This encompasses
the biopsychosocial paradigm with the major focus
upon improving the understanding and skill of the
physical therapist in better dealing with the problem
of movement dysfunction in spinal pain disorders.
It sees that altered function in the posturomovement
system is the primary problem largely responsible for
the development and perpetuation of most pain
syndromes. A simple clinical classification system
based upon altered posturomovement function guides
assessment functional diagnosis and management.
Specific, appropriate treatment interventions directed
to both the ‘peripheral pain generator’ and the altered
posturomovement function improves pain and ability
and helps counter the development of secondary
psychosocial problems. Restoring neurmyoarticular
function helps restore the person.

The model is cognisant of all the above models but
mainly rests within models 5–8 described above.
The need for clinical classification
of chronic LBP for diagnosis
and directing appropriate physical
therapy

The classification of chronic lowback pain (CLBP) into
subgroups based upon movement impairments has
been advocated by Sahrmann,23,26 O’Sullivan16,27 and
colleagues.28,29 Classification enables more appropri-
ate, specific and effective interventions. Interventions
adopting this approach have shown more positive
outcomes.30

With regard to the motor control impairments
found in patients with chronic low back pain,
O’Sullivan16,27considers there are three main groups:

• The underlying pathology drives the pain and the
movement impairment is secondary and adaptive.

• Those with dominant psychological and/or social
problems and maladaptive coping strategies.

• The largest group where movement impairments
are a maladaptive response to pain resulting in
chronic abnormal tissue loading and ongoing pain
and distress. Presentation is in either of two
manners:

• Movement impairment characterized by
avoidant pain behavior, guarding and
cocontraction and fear of movement.
Management is based upon a cognitive behavioral
model to reduce fear of movement and relax
muscle tone by education and facilitating
graduated movement exposure.

• Control impairment characterized by no
impairment in mobility but adopts provocative
postures and movements and show defective
motor control. Motor learning interventions
based upon a cognitive behavior treatment model
with the aim of changing faulty movement
5
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behavior that is linked to the pain disorder is
advocated.

These two different strategies create either exces-
sive or deficient spinal stability, 16represent the pri-
mary physical problem and, with secondary
cognitive problems, drive the pain disorder.

This book argues from a clinical perspective
informed by research that motor control changes
lead to the development of back pain and when pain
arrives it further influences motor control as O’Sul-
livan,16,27 Van Dieën31 and others32,33 describe.
The ‘functional movement model’ sees that move-
ment and control impairments often coexist in the
one patient (see Ch. 8). The extent of each will be
dependent upon the patient’s functional classifica-
tion and stage of the disorder.

The case for a functional
classification system based upon
posturomovement impairments

When function is disturbed it can be overwhelming
for the therapist ‘to see’ and make sense of the
patient in front of her. Why and how is he
dysfunctional?

Assessing patterns of torso muscle recruitment,
Nussbaum and Chaffin34 noted that when they did
not average experimental myoelectric data, but
adopted a ‘competitive neural network model’, sub-
jects formed consistent and finite clusters and could
be categorized as either ‘majority’ or ‘minority’ type
responders based on their individual muscle response
patterns. They speculated that interindividual muscle
recruitment differences may be important for asses-
sing individual musculoskeletal risk.

Similarly, observant clinical practice delineates
certain ‘clusters’ of response in the patterns of pos-
turomovement control adopted by patients with
spinal pain disorders. These appear to fall into two
primary groups which can be readily discerned
because of the typically altered standing posture
and the position of the pelvis. This is associated
with certain other typical changed responses. There
are common features across both groups (Ch.8) and
within each group (Ch. 9). Janda stressed the
importance of faulty posture and its association with
muscle imbalance and chronic pain syndromes.35

These two primary groups can be conveniently uti-
lized as the basis for a therapeutic functional classifica-
tion system based upon altered posturomovement
control. While the ‘pure’ form of each primary
6

dysfunction picture is not necessarily prevalent,
patients generally display ‘majority’ or ‘minority’
features of the primary picture. Other pictures of
dysfunction emanate from these primary groups
(Ch. 10).

The functional classification of patients helps
provide a framework for guiding assessment, formu-
lating a dysfunctional diagnosis and instituting
appropriate treatment. This is in concordance with
O’Sullivan16 who suggested ‘for a classification sys-
tem to be clinically useful it should be based upon
identifying the underlying mechanism(s) driving
the disorder, in order to guide targeted interven-
tions which in turn should predict the outcome of
the disorder’.
The biopsychosocial model

First described by Engel in the 1970s,36 one of the
strengths of this model is that it encouraged broader
thinking within medicine. It is now well accepted
that chronic musculoskeletal pain is a multifaceted
problem. The biopsychosocial model appreciates
the functional interrelationships between the psy-
che and the soma and the consequent potential
social effects that can occur in chronic pain states.
The key clinical elements of this model described
by Waddell3 are:

• Physical dysfunction which leads to pain. How
the patient reacts to the pain will affect and be
affected by the other elements

• Beliefs and coping

• Distress

• Illness behavior

• Social interactions.

This is a most welcome departure from the conven-
tional western biomedical disease model and
research is even beginning to ‘prove’ aspects such
as the deleterious effect of mental stress upon
motor performance37 and the reduction of psycho-
logical stress when pain is relieved.38 Similarly the
works of Linton,39 Vlaeyen40,41 and others have
done much to enlarge the understanding of mal-
adaptive behavioral responses to chronic pain. This
has resulted in an increasing cognitive-behavioral
approach as part of therapeutic management.
Manual therapists need to understand and manage
both the psychosocial and biomedical aspects of
their patients and conceptual models have been pro-
posed to help this integration.42
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But what about the bio?

Getting the balance right between the various com-
ponents can be a problem and the emphasis appears
to have swung too far towards the psychosocial
issues to the detriment of the physical aspects.3,43

Is this partly because physiotherapists have not been
doing their job? The research certainly points to
this.44,45 Poor research design and inappropriate
exercises appear the major culprits, lending weight
to O’Sullivan’s call16 for clinical classification sys-
tems in order to direct more effective interventions.
Receiving ‘physiotherapy’ has been associated with a
poorer prognosis and longer duration of back pain.46

‘Physiotherapy’ was defined as ‘combinations of
exercise therapy and modalities such as heat cold
and massage and advice on daily behavior’. Here lies
another problem. Something has to change! McGill
states, ‘No clinician will be effective if the cause of
the patient’s troubles is not removed’.47 O’Sullivan16

notes the increasing trend for physiotherapists to
classify most patients with CLBP as primarily psy-
chosocial driven due to lack of an alternative diagno-
sis. This is a real worry! If physical therapists do not
adequately address the ‘physical issues’ and the
patient is left with his pain yet told what is
tantamount to ‘it’s all in your mind’, it is no wonder
he becomes behaviorally changed. For anyone who
has had pain, it is depressing. Removing it is
liberating.38

It should be mentioned that the ‘somatic thera-
pies’ have always implicitly embodied an integrated
biopsychosocial approach seeing that ‘function’
involves the whole person and whose personality
is expressed in the way he moves. The work of
Feldenkrais,1,48 Hanna,49,50 Bartenieff,51 Hackney,52

Bainbridge Cohen,53 Hartley54 and others has much
to teach the ‘biomedical’ camp about movement
and the whole person.

Evidence based practice

This has become the modern mantra. All evidence is
not necessarily good evidence. Charlton and Miles55

suggest, ‘evidence based medicine is ripe for evalua-
tion’. We are told we have a responsibility to deliver
evidence-based treatment techniques yet what con-
stitutes evidence? The two cornerstones of evidence
based medicine are the randomized clinical trial
(RCT) and meta-analysis and systematic reviews.56

RCTs clearly have their strengths and weaknesses.
Berger57 points out that equally valid yet less widely
understood or used are qualitative and phenomeno-
logical methodologies that allow for detailed
description and analysis and the whole person can
be considered. Neither model is better than the
other and each has inherent problems.

In the management of LBP, Delitto58 notes the
dichotomy between clinicians and researchers with
a widening of the gap and discord in the debate,
each accusing the other of being ‘out of touch’. Cau-
tion should be exercised in the prescriptive use of
‘clinical practice guidelines’ where recommenda-
tions should be predicated upon three assumptions:
science cannot define optimal care; the process of
analysing evidence and opinion is imperfect; and
patients are not uniform. While there are mountains
of research studies, to date relatively few directly
assist clinical practice.

Experimental design is often flawed in that it
is ‘unfunctional’. Numerous back pain research
studies 59–63 have the subject seated with the pelvis
restrained as they determine the responses of the
back muscles. The pelvis is the platform and func-
tional base of support for the spine directing much
of its posturomovement control hence these out-
comes should be viewed with some scepticism.
With more interest in trunk muscle recruitment
patterns research design is beginning to allow free-
dom of the hips and pelvis.64

Does evidenced based practice benefit patients?
While there is emerging evidence that when evi-
dence based management is practiced, patients
benefit65 at present there is simply not enough
research on which to base clinical practice. As Ber-
ger57 suggests, if we wait until everything we do is
proven by research we will never practice. Rather
we should think of ‘evidence informed practice’.
Therapists have the responsibility to correlate the
established scientific evidence and provide the
queries and stimulus for further investigation. Some
of the most exciting and clinically relevant research
into the management of back pain is emanating
from Australian researchers who are also clinicians
and from centres where there is a healthy cross pol-
lination between the researchers and clinicians. The
brilliant insights of Janda resulted from clinical
practice and his related research rendering him a
key figure in the 20th century rehabilitation
movement.35

Research can be misused in what Moore and
Petty66 describe as the ‘Evidence-based practice
technique syndrome’ where every patient with
7



Back Pain: A Movement Problem
a certain diagnostic label e.g. low back pain, is
examined and regardless of what the findings
are is placed in a stabilizing muscle re-education
group or an aerobic activity group simply
because they have back pain. Improved treatment
outcomes will occur when function is assessed and
specific interventions are directed to the found
dysfunction.
8

Lastly, we should not forget that creative and
intuitive clinicians have forged new directions.
Without the intuitive insights of Bobath, Knott
Maitland and others, many patients would not have
been helped. The task for therapists becomes treat-
ing responsibly and systematically and collecting
data as best we can using many methods, while
‘Above all do no harm’.57
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Chapter Three
3

The development of posture
and movement
All movement is dependent upon related supporting
postures for its control. Posture and movement are
interdependent and develop hand in hand.

When observing the posture and movement
behavior of people with spinal pain and related disor-
ders one can usually see altered qualities and patterns
of response. To help understand and appreciate these
patterns, an examination of salient aspects of early
motor development is helpful. This is not intended
as a comprehensive treatise on the multiple aspects
of development, but rather the opportunity to partic-
ularly see how movement control of the spine devel-
ops. To analyze the important component parts and
the patterns of posture and movement as they
emerge and contribute to the repertoire of adult
movement control – in particular as they pertain to
the development of axial and proximal girdle control,
and so, effective control of the spine.
Motor development theories

The development of our movement control is a
journey with gravity. From birth, the process of
development begins to establish the basic compo-
nents and patterns of all our movements. The
evolution of effective postural control underlies the
development of a reasonably predictable sequence
of movement events and behaviors. For instance
we learn to turn over, sit, crawl, stand and
walk and so on. Theories of early motor develop-
ment encompass two principal schools of thought:1

• Reflex hierarchy has been the more traditional
approach to child motor development. This places
great importance on the reflex substrate for the
emergence of mature human patterns. The
development of postural and movement control is
dependent on the appearance of these tonic reflexes
controlled at lower levels within the central nervous
system (CNS). With neural maturation and
development of the higher levels in the CNS – the
mid brain and cortex, these reflexes are
subsequently integrated into more functional
postural and voluntary motor responses (Fig. 3.1).

• A ‘dynamic systems control’ approach considers
that postural and movement control develop from a
complex interaction of musculoskeletal and neural
systems including perceptual, cognitive and motor
processes collectively called the postural control
system. How the elements within the system are
organized depends on interactions between the
individual, the task and the environment. ‘Systems
theory does not deny the existence of the reflexes
but considers them as only one of the many
influences on the control of posture and
movement.’ Trew2 further elaborates: we are
‘observed to perform specific motor tasks in similar
ways despite the opportunity to get to the endpoint
by a variety of routes. This suggests that, for many
movement tasks, there is likely to be an optimum
way of moving that requires the least energy for that
length and weight of limb as well as the sort of
movement required’ However, there is still the
opportunity to choose differing qualities of muscle
action and performance which allow us to do that
particular movement in similar but slightly different
individual ways. The amount of skill we develop
through practice of a movement determines how
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flexibly we can accommodate to slightly different
circumstances. Motor learning is a process of
adjusting movement characteristics to a new task or
challenge. This dynamic systems approach tends to
link biomechanical and behavioral variables more
than other models. Maturation, learning, perception
practice and emotional factors all contribute to
effective biopsychosocial development.3

Salient aspects of early
sensorimotor development

According to Kolar4,5 motor development is auto-
matic and dependent upon sensory orientation,
motivation and emotional need. It is characterized
by the development of motor patterns which are
genetically predetermined, overlap and allow for:

• the control of posture or position

• achievement of the vertical position

• purposeful phasic movements of the limbs.

Movement patterns occur through the development
of muscle co-activation synergies which themselves
are dependent on the body posture as a whole, and
not that of a particular segment. Each stage of
development is characterized by the development
of specific partial motor patterns which, with the
process of motor development, represent the basic
elements of mature motor behavior.
Movement development in utero

Movement is life. It begins as that of cell division in the
embryo and as the nervous system begins to mature,
movements of the fetus begin to develop. Hartley6

and Bainbridge Cohen7 note the importance of
12
intrauterine movements in helping the nervous system
develop. The first nerves to myelinate are, according
to them, the vestibular nerves. As the fetus moves and
is moved within the mother’s body, sensory informa-
tion from the vestibular nerves begins to be processed
within its CNS. This perception of movement stimu-
lates more movement or a change in movement which
in turn elicits new sensory information – we are moved
and thenwe receive sensory feedback about themove-
ment. Sensorimotor learning thus begins in utero.
Neonatal period and change birth –
9 months

At birth, the CNS is still undeveloped. The lower
centers of the CNS are more operant which is
reflected in the infant’s motor activity being largely
influenced by neonatal reflexes, which are auto-
matic, stereotyped and predictable. The baby’s
movements are crude with no component of volun-
tary control or meaningful direction. The body
responds mechanically and automatically to a num-
ber of influences such as touch, sound, head or body
position. This results in changes in muscle tone
which then effects a posture and or movement
response in a number of consistent patterns –
termed ‘the primitive reflexes’.8

Bobath9 considers that normal motor develop-
ment can be characterized by two sets of processes
which are closely interwoven and dependent upon
one another:

• The development of the normal postural reflex
mechanism through the development of the
righting, equilibrium and other adaptive and
protective reactions. The development of these
reactions is closely associated with normal postural
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tone which allows for maintenance of positions
against gravity and the performance of normal
movements.

• The inhibition of some of the reflex responses of
the neonate such as primary standing and walking,
and the startle reaction. Inhibition also shows itself in
a change in the early total responses, such as the
flexor withdrawal response from a total response
which involves all segments of a limb to some only.
This process of ‘breaking up’ the early total
responses, makes possible a re-synthesis of parts of
the total patterns in many and varied ways. This, in
association with the development of the postural
control mechanism mentioned above allows for the
performance of selective movements and motor skill.

Primitive postural reflexes:
early movement experiences
of the neonate

In general, the neonate is flexed and symmetrical in
all positions – in supine, prone, vertical or ventral
suspension9 due to dominant physiological flexor
hypertonus. While he can turn his head he other-
wise has poor head control and the only extension
is reflex, via the Moro or startle reaction which
bilaterally extends the arms. The emerging develop-
ment of head control begins to initiate the develop-
ment of extensor tonus. The symmetrical flexor
activity starts to be broken up by the appearance
of the asymmetrical tonic neck reflex at about 1
month old as the physiological extensor tone starts
to appear. The legs are more mobile and show alter-
nate incomplete flexion and extension via the reflex
crossed extension kicking which also helps breaks
up the symmetrical flexor tonus.

These various automatic reflex postural reactions
which make up his early movement repertoire are
stimulated by touch or pressure to particular areas of
the body, passive movements of the head, torso or
limbs, changes of position, changes in relation to grav-
ity, or sudden unexpected sounds, movements, etc.
The infant responds to the stimulus bymoving toward
it or drawing away; these responses support the poten-
tial for bonding or defending.6 Importantly, these early
responses help ensure survival and provide the infant
with the experience of movement and support while
he is in the process of developing his own higher level
control. As this develops they either disappear or
become integrated into higher order patterns of
movement control. The timing of their appearance
and disappearance, symmetry and intensity helps in
the evaluation of early motor function. Their reten-
tion, under activity or over activity and asymmetry
are indicative of potential motor problems.

It is not intended to comprehensively examine all
the primitive reflexes but to look at the underlying
influence of some towards important aspects of
mature motor control.

Oral reflexes: beginning
of head control

The rooting reflex is the first postural reflex that
initiates movement of the head.6 Mouth opening is
associated with head extension while sucking or
mouth closing is related to a sagittal flexion of the
skull rocking on the first vertebra, the movement
then transferring down the spine heralding the begin-
ning of spinal movement control initiated from the
head. Hartley6 notes that if this pattern does not
become fully integrated with the closing phase of this
action not completely developed, habitual mouth
opening and related hyperextended head postures
ensue. This very common pattern underlies many
neck shoulder and back problems in adulthood.

Other reflexes such as the Babkin and Grasp
reflex provide additional stimulus to neck righting
(rotation), to neck flexion and the initiation of head
righting in supine. They also underlie the pattern for
mouth–hand coordination7 and establish midline
focus for the mouth and hands.

Anal rooting reflex initiates
movements from the tail

When the area around the anus is stimulated the
infant will move its tail towards the touch. This
reflex underlies the development of spinal move-
ments which are initiated from the tail7(Fig. 3.2).
‘Going long’ from the tailbone also helps achieve a
‘neutral spine’. These important functional actions
are invariably difficult in people with back pain.

Galant’s reaction:precursor
to lateral movements

Stroking the back on one side elicits a side bending
movement. This contributes towards initiating
13



Fig 3.2 � Leading movements from the tailbone is basic to
many daily activities.
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unilateral trunk movement; provides the initial
movement for rotation; is the precursor to the initi-
ation of amphibian movement necessary for crawl-
ing, creeping and walking; helps break up the
symmetrical patterns of flexor and extensor move-
ment and is the beginning of asymmetrical move-
ments.8 If both sides are stimulated together the
infant will extend the lumbar spine.7

Abdominal reflex underlies
trunk flexion

Stimulation on either side of the navel when supine
results in the infant ipsilaterally flexing the lumbar
spine. If both sides are simultaneously stroked, the
14
infant will flex the lumbar spine.7 This reflex bal-
ances the galant and both contribute to moving the
chest and pelvis through space.

First vertical antigravity experiences

The primary standing, primary stepping and placing
reactions of the legs contribute towards the first
sense of vertical self support. At this time the support
reaction is primitive and incomplete as extensor tone
is only present to the knees,8 but they assist the infant
to overcome the dominant flexor tonus contributing
to the development of flexor and extensor tone
balance and reciprocal leg movement for future
standing and walking.

First extensor experience

The Moro reflex or startle reaction is characterized
by reflex extension and abduction of the arms,
opening of the hands and crying. It is a response to
‘stress’. The reflex has two phases following the first
phase described above, the infant flexes his head, curls
his body, flexes and draws his arms across his body and
closes its hands as though embracing himself. The legs
may extend during both phases, unless they are
already extended, in which case they may flex.7

It allows the infant to first symmetrically widen
through his chest and upper limbs and then to recover
with an embrace. It is then a protective action. The
reflex helps develop extensor tone in the arms at a
time when physiological flexor tonus is dominant and
establishes a base for all opening and closing move-
ments of the torso. As stress is a common contempo-
rary phenomenon, it is common to observe people
adopting habitual postures which relate to the second
stage Moro (Fig. 3.3).

Early protective responses

The flexor withdrawal reflex and the extensor
thrust reflex underlie our neuromuscular patterns
of ‘protection’.

• Flexor withdrawal is a defensive (flight) reflex.
Upon stimulation of the feet or hands of the
extended limb, the infant reacts with a total flexion
pattern of withdrawal. It assists in the early
balancing of muscle tone between the flexors and
extensors.8 It underlies all flexion movements of



Fig 3.3 � Adults frequently adopt postures reflecting aspects
of the second stage Moro reflex.

Fig 3.4 � The amphibian action provides important patterns
of spinal movement.
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the leg or arm initiated from the feet or hands and
leads into the negative supporting reflex of the
lower limb, which prepares the hands and feet to
release their contact with the ground in crawling,
walking and jumping.7
• Extensor thrust reflex is elicited when the palm
or sole of a flexed limb are stimulated leading to a
total extension pattern of the limbs. This is
defensive (fight) reflex and underlies all extension
movements of the total arm or leg that are initiated
from the hand or foot such as kicking, creeping,
walking, climbing and equilibrium responses. This
reflex leads into the positive supporting reflex of
the upper and lower limbs.7

Reciprocal limb movements

Crossed extension kicking is a simple spinal reflex
where if one leg is extended the other will flex. This
is an integration of the flexor withdrawal on one side
and the extensor thrust on the other side. It helps to
develop alternating extensor tone in the lower extre-
mities; break up symmetrical flexion and extension
patterns, and is the precursor to amphibian move-
ments in preparation for later reciprocal limb move-
ments for crawling and walking patterns.

The amphibian reaction is an important appear-
ance at 6 months of age and remains throughout
life.10 When the pelvis is lifted on one side, the
arm and leg on the same side automatically flex
(Fig. 3.4) This helps further break up the total flexor
and extensor responses, produces weight shift and
the experience of rotation through the trunk initiated
from the pelvis. This is an important functional pat-
tern and with further neuromuscular maturation,
the infant develops his own selective control of this
movement pattern. It is common that people with
spinal pain have difficulty with this movement.

Positive supporting reactions
underpin antigravity control

Establishment of the positive supporting reactions is
an important aspect of developing antigravity control.
15



Fig 3.5 � Being placed in sitting too early encourages
‘propping’ and early axial imbalance.
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• Positive supporting reactions of the arms and
legs. This appears around the third month or so in
both the legs and arms. The stimulus is initially
exteroceptive from touch to the sole or palm, and
then pressure adds a proprioceptive stimulus from
stretch to the interosseous muscles. This stimulates
the extensor muscles; however, the infant learns to
co-contract the antagonist flexor muscles in a
balanced and coordinated fashion to provide for
dynamic stability of the joints8 in weight bearing.
Through this reflex, extensor tone begins to develop
in the limbs from distal to proximal. It underlies all
weight bearing on the upper and lower limbs and
the spine. Through its action, forces pass from the
support, through the limbs, proximal limb girdles
and importantly the baby’s centre – the spine.7 This
‘pushing away’ is important in firing up the infants’
antigravity responses. Bainbridge Cohen7 notes that
if this connection is not well established, the baby
will substitute with the Propping Reaction.

• Positive support from the head and tail. Apart
from Bainbridge Cohen’s work,7 these supporting
reactions do not appear to be well appreciated in
the literature. She and others11 she has influenced
who work in the area of improving movement
performance, use the concept of the head and tail
as ‘limbs’ from which to bear weight, initiate
movement, and improve and refine control.
The infants head pushes as it nuzzles. Support
through the tail occurs in sitting and can be
stimulated through play activities such as
bouncing the infant’s bottom on an adult’s knee
for ‘Ride a cock horse’ and similar play. Both these
early responses are important in establishing the
initiation of movement control from the top and
bottom of the spine as well as co-activation of
antagonist muscles for dynamic control. Support
from the tail is important in sitting. Commonly, in
those people with back pain, there is difficulty
initiating and controlling the spine from the head
and tail bone.

Compensations can begin early

Attention parents and carers! According to Bain-
bridge Cohen (and others14), the Propping
Response occurs when the infant is placed in a posi-
tion which is higher in relation to gravity than it
could attain by ‘pushing up’ itself. The baby
responds by ‘fixing’ its limb(s) in ‘total extension’
and propping its body weight without connecting
16
the lines of force from the ground through its
proximal limb girdles and through its centre – the
spine. This occurs when the baby has not sorted
out his own control and parents try to do it for
him. There is excess influence from the Tonic Lab-
yrinthine Reflex and under activity from the posi-
tive supporting reaction, which will then require
excessive tone in the back muscles (Fig. 3.5). She
maintains this is a common occurrence in adults
with back problems and it is certainly a common
finding in the clinical situation. Back pain research
has also shown excess back muscle activity with a
lack of the flexion relaxation phenomenon in peo-
ple with back pain.12,13

Tonic attitudinal postural
reflexes: produce changes in
postural tone and body posture
as a result of head position

These reflexes appear before or at birth and usually
become integrated into more complex patterns of
movement by 4–6 months of age. They are con-
trolled at the spinal level and brain stem (the low
brain). These tonic reflexes are not obligatory in
normal development. They produce reliable changes
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in body posture as a result of a change in the head
position.1 They consist of:

Tonic labyrinthine prone and
supine reflex (TLR)

This is apparent from birth to about 6 months after
which it becomes integrated and ‘disappears’.
Changes in the position of the head and body in
space affects the labyrinths which initiates the sen-
sory input for the reflex arc. Increased postural/
muscle tone develops on the underside of the body
with respect to gravity. When the infant is supine
this reflex produces an increase in extensor tone;
when prone an increase in flexor tonus. If lying on
the side, the tone in the underside body is facili-
tated. The subsequent development of more
integrated control of flexion when supine and
extension when prone modifies this reflex. This
helps develop the patterns of flexor/extensor coac-
tivation needed for spinal alignment and control.
Bainbridge Cohen sees that the TLR, in increasing
postural tone on the underside of the body, is the
basis for ‘grounding’, drawing us down to the earth7

– that from and through this, we can begin to move
towards finding grounding in our verticality.
Asymmetrical tonic neck
reflex (ATNR)

This is readily apparent at birth for two or more
months. If the head is turned to the side, the arm
and hand on the face side will extend reflexly, while
the arm and leg on the skull side will flex. Its contribu-
tion in movement development is that it begins to
break up the symmetrical flexion and extension pat-
terns of movement; helps develop an alternation of
these patterns; and enables each side of the body to
be used separately. It also prepares the way for the
integration of neck turning, visual fixation and reach-
ing. As such it is fundamental to the establishment of
visually directed reaching and eye hand coordination.8

Symmetrical tonic neck
reflex (STNR)

This appears around the 5th to 6th month and
begins to ‘disappear’ around the 9th month. Head
flexion causes flexion of the upper extremities and
extension of the lower limbs; head extension causes
extension of the arms and flexion of the legs. As the
prone TLR is being integrated and so becoming less
obvious, the STNR develops. As the neck is devel-
oping dorsiflexion, stimulated by the labyrinthine
and optical righting reflexes, the STNR facilitates
the development of extensor tone concurrently in
the upper limbs and flexor tone in the lower limbs.
This alteration in flexor and extensor tone in the
upper and lower body from changes in head flexion
and extension facilitates the development of a bal-
ance between the flexors and extensors for stable
positions against gravity. The infant gradually devel-
ops the ability to be prone on elbows and later to
push up to extended elbows, to hands and knees
and down again.
Integration and contribution
of postural reflexes in the
development of movement

In the developmental continuum, the postural
reflexes supply the basic balance of muscle tone.
This is a prerequisite to further control developing.

Bainbridge Cohen7 also considers that the primi-
tive reflexes establish the basic gross patterns of
function that utilize and underlie all movements.
She says:

They are the alphabet of movement and build and
combine together to create more varied patterns of
movement. If there is deficient development of
these earliest and simplest reflexes, the more
advanced patterns will be absent, weak or
incomplete. The reflexes depend on each other for
efficient functioning. For every reflex there is an
opposite reflex which modulates it, each acting as
a shadow to the other. In efficient movement, they
interface and counter-support one another at all
times, creating balanced postural tone and
integrated movement.

The primitive reflexes underlie the righting reac-
tions and the equilibrium responses and so, support
their development.

In early motor development, primitive reflexes
are more obligatorily but not always triggered by
specific stimuli. Bainbridge Cohen7 sees that once
that reflex has developed and then become appro-
priately integrated through higher central nervous
17



Fig 3.7 � Elements of STNR behavior is also sometimes
observed.
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control, that particular movement pattern will
become part of one’s automatic movement reper-
toire although with or without the stimulus occur-
ring, and in any plane in relation to gravity. When
looking at integrated movement in the adult we
don’t see the isolated reflexes but rather, their
underlying support and influence on the movement.7

Importantly, if the reflexes do not develop in
synchrony, they remain too static or fixated, and
postural tone will be too low, too high or fluctuating
and inconsistent. This problem is manifested in
extremes in persons having overt brain dysfunction’.
Minimal brain dysfunction is often described as
‘clumsiness’.

Part of the thesis of this book is that in general
people with spinal pain and related disorders dem-
onstrate various, consistent and often subtle fea-
tures of more primitive motor behavior. The
continuing influence of the primitive and attitudinal
reflexes can sometimes be observed in some aspects
motor behavior in otherwise ‘normal healthy
adults’. For example, when on all fours and turning
the head, the skull arm may flex indicating a linger-
ing ATNR influence (Fig. 3.6). Likewise when on all
fours the head may drop from the neutral position,
the arms may flex somewhat and the patient will
find good hip flexion difficult due to lingering
STNR influence (Fig. 3.7).
Fig 3.6 � Elements of ATNR behavior can sometimes be
observed in the adult.
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Righting reactions: help
develop more integrated
control

Collectively these are a chain of actions that
sequentially interact with each other to create a
smooth transition from one developmental stage to
the next and to maintain a proper relationship to
the environment – nose vertical and eyes and mouth
horizontal. These are more advanced patterns of
movement than the primitive and attitudinal
reflexes and are controlled by the midbrain. Some
of them begin to develop at birth, are most domi-
nant at 10–12 months of age and most of them
remain active throughout life. There are five of
these as follows:1
Three righting reactions: orient the
head in space

These begin to make their appearance from birth
onwards and bring the head into vertical orientation
in space and in relationship to gravity.

• Optical righting reaction (ORR) which
contributes to reflex orientation of the head using
visual inputs – the eyes adjusting to the horizon

• Labyrinthine righting reaction (LRR) which
orients the head to an upright vertical position in
response to vestibular signals

• Body on the head righting reaction (BOH)
which orients the head when the body is in the
lateral position as a result of asymmetrical
stimulation of proprioceptive and tactile signals as
the body makes contact with a hard surface.
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Orientation of the body with respect
to the head and the ground

These righting reactions make their appearance
around 6 months of age and persist through life.
They bring the head and torso into mutual align-
ment in relationship to each other.

• The neck on body righting reaction (NOB). This
orients the body in response to cervical afferents,
reporting changes in the position of the head and neck.
There are two forms of this reflex: the immature form,
resulting in log rolling which is present at birth and the
mature form which subsequently develops producing
segmental rotation of the body.1

• The body on body righting reaction (BOB). This
keeps the body oriented with respect to the ground or
surface regardless of the position of the head. This is
necessary for the development of the rotary
components of movement and for developing higher
skills for assuming the sitting andquadruped position.8

Landau reaction

This combines the effects of all three head righting
reactions1 and makes its appearance around 6
months of age. When the infant is supported under
the chest in ventral suspension, he will first right
his head followed by symmetrical extension which
develops cephalocaudal down the spine to the thighs
at the hips (Fig. 3.8). If the head is passively flexed
the torso and thighs will follow suit and flex also.
Fig 3.8 � The Landau reaction is important in the
development of extension
This is an important reaction as it stimulates the
development of extensor tone proximally to distally
and so contributes greatly towards the infant devel-
oping sufficient extension tone to counteract the
newborn’s total body flexion. It also counterba-
lances the physiological extension which develops
from the feet through the positive supporting reac-
tion and so prepares the infant for effective
antigravity postural and movement control and the
development of upright posture.3

Significantly, it is a common clinical observation
that many people with back pain demonstrate poor
integration of this reflex – reflected in either too lit-
tle or too much back extensor muscle activity.

Contribution of righting reactions
to motor control

The labyrinths are the important contributors to the
development of antigravity postures and balance at
this stage of life. Movement of the head in any
dimension stimulates some part of the labyrinths
and appropriate postural responses develop. The
increasing control of the head stimulates the devel-
opment of extensor tone, particularly through the
Landau reaction. The ‘righting reactions underlie
our ability to raise and maintain our heads and bod-
ies upright against gravity in all postures and transi-
tions from lying down to standing and to turning all
positions in relationship to gravity and space. They
are necessary for us to lift our heads, roll over, sit,
crawl, creep, stand and walk’.7

In the developmental process the righting reac-
tions are established before the equilibrium reac-
tions and are a necessary component in their
development.

Development overview: first
12 months

The automatic reactions for the maintenance of pos-
ture and equilibrium are developing – the postural
reflexes are becoming integrated and the head right-
ing reactions are active. The body righting reactions
begin to appear. Head control improves and in
prone initiates a process of general extension of
the trunk and limbs against gravity which proceeds
cephalocaudal to reach the hips and knees around
the 6th month. Up until about the 5th or 6th
month the baby moves with patterns of total flexion
19



Fig 3.10 � Crossed pattern support with arm reach.
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or extension against gravity.8,9 Flexor and extensor
musculature must develop until muscle tone
between the two is balanced. While other muscle
groups are developing, they are not as functional
as the flexor and extensor groups – as rotation
develops complete balance in all muscles will be
acquired.8 The total flexor and extensor patterns
are gradually broken up so that the baby can crawl,
kneel and sit with flexed hips and an extended spine
and legs.

Important patterns of spinal
stabilization: established 0–6
months

Kolar4,5 considers that the first 6 months is a crucial
stage in the development of the early patterns of
spinal stability. He describes important stages as
follows:

• At 6 weeks the infant shows coactivation
between the cervical agonists and antagonists and
active support through the arms begins. Breathing is
abdominal.

• At 3 months the development of upper proximal
girdle stability and control allows him to establish
his first real support base through his elbows and
symphysis pubis in prone. From this he is able to lift
and hold up his head from his upper thoracic spine
providing the first segmental movement (Fig. 3.9).
This encourages further development of extensor
tone and head rotation leads to side bending in his
trunk. At the same time as he is developing support
through the upper limb, he is also beginning to
reach and grasp to the side in supine, the support
base being his head, shoulder blades and buttocks.
Fig 3.9 � At 3 months old head control and extension are
beginning to develop.
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He develops balance between the upper and lower
fixators of his shoulder girdle He develops the
muscle synergies of coactivation responsible for
regulating intra abdominal pressure (IAP).

• By 4–5 months in prone he can lift the head,
shoulder and upper extremity against gravity as he is
achieving crossed pattern support. The base of
support is from the elbow and anterior superior iliac
spine on one side and the medial condyle of the
femur on the opposite side. His base of support
shifts more caudally and the support pattern for
the lower extremity is partially formed (Fig. 3.10).
In supine he can lift his pelvis supporting himself on
the thoracolumbar junction which is stabilized by
muscular coactivation.

The lower shoulder blade also becomes the sup-
port for grasp in the midline and across the midline
from 5–6months. Stabilization in the sagittal plane is
completed and this forms the basis for controlling all
‘phasic’ limb movements. He can now begin to
develop the patterns for turning over. This is initiated
in either the upper or lower limb girdle on the same
side reaching or ‘swinging’ forward via two oblique
muscle chains which appear at this time:4

• The first produces forward pelvic rotation in
the direction of the supporting upper extremity.
The contraction begins in the internal oblique of
the ‘upper’ side, passing through the transversus
abdominus to the external oblique on the opposite
supporting ‘lower’ side. The dorsal muscles take
part in the co-activation strategy including middle
and lower trapezius of the ‘lower’ supporting
shoulder girdle. The top leg comes forward
(Fig. 3.11.)



Fig 3.11 � First oblique chain leading with the pelvis.
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• The second oblique chain taking part synergistically
in rotation is formed by the abdominal muscles with
pectoralis major and minor of both sides producing
rotation of the upper part of the trunk and
straightening the shoulder. The top arm leads the
movement forward. (Fig. 3.12).

Kolar4makes an important point in noting the differ-
entiation ofmuscle functionwhich is established at this
stage. The samemuscles will have an opposite direction
Fig 3.12 � Second oblique chain leading with the
shoulder.
of pull depending upon whether the limb is supporting
or ‘swinging’. If the limb is supporting, the proximal
limb girdle (scapula or pelvis) moves around a distal
fixed humeral or femoral head. If the limb is ‘swinging’
the extremity muscles pull against a fixed or stabilized
proximal point – the scapula or pelvis. The developing
patterns of movement establish joint alignment or
‘functional centration’ for optimal load transfer.

Support or ‘swinging’ (reach) of the arm and leg
is initially ipsilateral – both take place on the same
side e.g. the arm and leg both reach forward.

• By six months stability in the sagittal plane is
completed.His proximal limb girdles have developed
increased control and stability of his thorax and
abdominal development means his breathing pattern
has moved from abdominal to lateral costal. Note in
Fig. 3.13 how easily he supports both sets of limbs
in flexion. Balance between the axial flexors and
extensors renders his torso a functional ‘cylinder’
such that his whole spine is in contact in Fig. 3.14.
Fig 3.13 � Integration of the axial flexors and extensors
allows for support of the limbs.

Fig 3.14 � Note that the whole torso is in contact with the
support.

21



Back Pain: A Movement Problem
Many adults have lost control of this action (See
Fig. 13.46). After 6months, the support and ‘swinging’
or reaching/grasping patterns take on a contralateral
pattern e.g. the ‘swinging’ or grasping arm is on
the same side as the supporting leg and vice versa.

• If sagittal plane stability is not well established
at this stage, he will substitute somewhere else
in the system and will have to continue to do so.

Further development of motor control occurs
through the emergence of the equilibrium reactions
to create stability in balance needed for independent
function no matter what position the body is in.

Equilibrium reactions: more
highly integrated control

The development of the equilibrium reactions over-
laps that of the righting reactions and is responsible
for the modification and transformation of the
righting reactions.8 They begin to emerge around 6
months of age, take years to perfect and remain
through life. These are highly integrated automatic
patterns of reaction in response to disturbances of
the centre of gravity, shifts of the centre of gravity
over the base of support or into space. Their effec-
tive action depends upon adequate and continuous
sensory information to integrate the necessary ‘feed
forward’ and ‘feedback’ adaptive postural adjust-
ments which occur in all activities. The response
can vary from a subtle tonus shift to an overt move-
ment depending on the situation.

In the child and adult equilibrium reactions will
be elicited in varying ways:

• Through internal disturbance to balance through
one’s own movements such as breathing, moving the
head and the limbs.

• Movement of the external supporting surface
which threatens the base of support such as
standing on an inclined surface; on a moving surface
such as when standing up on the train. Conversely,
slipping on a wet floor creates a similar response.

• Reacting to external forces such as lifting an
awkward or heavy object or being pushed.

• Responding to stimuli which attract our interest
in moving beyond our usual personal kinesphere
such as moves in dance or simply, wanting that big
red apple up there which is just out of reach.

In response to perturbation, Bainbridge Cohen7

maps the development of the various equilibrium
strategies as initially being through head righting,
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followed by the gravity oriented protective equilib-
rium responses of the limbs which change the base
of support. These are followed by the development
of the higher level spatial reaching responses which
serve to change the body’s centre of gravity. She
places them into five main categories and provides
a very good account of them in well integrated
mature motor behavior as follows.

Navel-yielding

Those responses which yield to gravity in which one
curls the limbs around the navel and releases the
body weight sequentially down to the ground
thereby lowering the centre of gravity of the body.
Protective equilibrium reactions

• Protective extension (parachute). When the
infant’s centre of gravity is displaced too far such
that he begins to fall, he will try to save himself by
extending and reaching out his arm(s) and/or legs
towards the ground in the direction of the fall and
so he widens or changes his base of support. They
first develop forwards, then sideways, backwards
and diagonally. The high incidence of Colles’
fractures in falls in the elderly attests to the
reliability of the response throughout life.

• Protective stepping. When the supported
standing infants’ centre of gravity is displaced, he
will step out with the leg in the direction of the fall
– forwards, sideways, backwards and diagonally, and
so extending or changing his base of support. This
equilibrium response underlies walking.

• Protective hopping. When the older child is
standing independently and one leg is lifted and gently
displaced by someone else, the response will be to hop
on the standing leg in the same direction, in order to
move its base of support underneath its displaced
centre of gravity.

As the protective equilibrium responses are
integrated, the spatial-reaching equilibrium
responses begin to emerge.
Spatial-reaching equilibrium
reactions

When the infant begins to fall, he begins to curve his
spine in the direction of the fall while reaching its



Fig 3.15 � Equilibrium reactions provide important patterns
of axial control.
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head (head righting reactions) and its upper and lower
limbs in the opposite direction of the fall. In so doing
he changes the body’s centre of gravity so that he
maintains it over his base of support. Reaching on
one side will often be coupled with spatial reaching
of the opposite arm and leg (Fig. 3.15). This is an
important movement pattern for the well being of spi-
nal health and frequently there is an observeddeficient
response in people with back pain. The loss of compe-
tent axial control strategies and related spinal stiffness
mean that when balance is threatened, he will have to
compensate with protective extension or protective
stepping to adjust his base of support. Responses such
as grabbingwith the arms are common also. Falls in the
elderly become likely.

Spatial-turning equilibrium reactions

These are ‘those responses where the head spine
and limbs shape into a rounded form around a cen-
tral body axis so that the body turns in space (in any
plane) in order to:

• reorient the body’s position in space as a last
resort to keep from falling when a spatial-reaching
response has been unsuccessful

• reorient the body’s position in space as a transition
from an unsuccessful spatial-reaching response to a
gravity-oriented response, when the body is not in a
position to reach the hands or feet to the earth.

• transfer the falling forces or momentum into
circular forces e.g. rolling’.
Outer-spatial equilibrium response

These are initiated distally from the head, tail, hands
and/or feet and are the high level equilibrium reac-
tions seen in the skilled mover whereby motivation
draws the person beyond their personal kinesphere
where the body moves far beyond the base of sup-
port and uses a combination of protective extension
and spatial reaching to control the movement.

Most research into equilibrium responses has been
conducted in the upright sitting and standing posi-
tion. This is an easy position to better control the
variables and has yielded important data. However,
Bainbridge Cohen’s description provides a better
basis for understanding and therapeutically addres-
sing alterations in functional movement control.

The next 5 years

Over the next 5 years in particular, the child ener-
getically and endlessly explores and practices sen-
sory and movement opportunities wherever
possible. He constantly stimulates the further
development of his postural equilibrium control,
his movement repertoire and skills. He cannot stay
still! The sensation of movement feeds the desire
for more. There is evidence to suggest that in terms
of motor memory, it is not the motor program that
is remembered but the kinesthetic information gen-
erated during the movement.3 The child’s move-
ments become increasingly controlled, smoother
and faster as well as easier and more automatic in
their execution. Movements also become more
complex in their combinations and sequences. It is
these combinations which provide the skills neces-
sary to carry out particular sports activities.3

Kolar4 maintains that the development of pos-
tural function is completed by age 4, when he can
attain at each joint, the opposite position to that
of the infant at birth. For example, at birth the pre-
dominant upper limb posture is one of flexion, pro-
traction, internal rotation, and adduction. Upper
limb patterns of movement are mature when he
can extend and abduct the fingers, extend and radi-
ally deviate the wrist, the elbow in supination and
extension, and the shoulder in depression, abduc-
tion and external rotation.

Motor skill development not only relies upon
increasing control of balance, strength and coordina-
tion but also upon changing patterns of control.
While he continues to develop a more consistent
23



Fig 3.16 � Being stood too early before gaining ones own
control risks missing important stages in motor development.
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and stable postural background, he also shows an
increasing ability to select and isolate the sequence
of movement most appropriate to the task without
unnecessary movements or effort being used. As
he improves his ability to refine modify or adapt
his movements to changing needs, he develops mul-
tiple options for different movement strategies. He
learns through movement and at the same time he
develops his social cognitive behavioral abilities.

The advent of schooling and increasing sedentary
leisure activities begin to limit the opportunities for
the sensations and experiences necessary for fully
realizing his sensorimotor potential. Generally, most
of us do not develop this fully compared to someone
dedicated to exploring and optimizing their move-
ment abilities such as a dancer. We ‘get by’ with
fairly modest posturomovement control as can be
observed in many people in any public domain.

General comments about
motor development

While normal motor development is generally a simi-
lar sequence of achievement in terms of the motor
milestones, the stages overlap a lot and are variable.
Each stage is supported by the previous and contri-
butes to the next. Each person’s development while
similar is individual. It is the qualitative aspects which
lead to the individual blueprint of our postural and
movement responses. The baby learns control over
the early reflexes mostly during the first 9 months,
the time of moving around on the floor hence it is
important has the opportunity to be there and work
out his own motor progressions.14 The early reflexes
become integrated as part of his motor behavior yet
their influence remains for an emergency e.g. flexor
withdrawal on touching the hot plate!

Motivation is a strong driver of development – get-
ting to what you want. However this determination
can be deleterious as the infant can become frustrated
e.g. tummy time is developmentally important yet the
infant may not persevere, the parents responding by
placing him in a sitting position (with a ‘ready made’
array of toys) or standing too early before he has
developed his own means of getting there14

(Fig. 3.16). This may well result in less ideal integra-
tion of the patterns of support and control in the pre-
ceding stages and the need for compensations which
become necessary and habitual through life. It is
important he finds his own way (Fig. 3.17). Any
missed developmental stages are evident in the
24
quality of one’s posturomovement control.15 In par-
ticular the development of the important components
of weight shift and rotation may suffer where ‘poor
posture’ and shades of ‘clumsiness’ result.

Motor learning outcomes are also influenced by the
degree of practice, repetition and persistence in
improving the motor act. Individual strategies for
completion of a task will vary between people. The
quality of the response will also be affected by vari-
ables such as opportunity; the context in which the
action occurs; emotional state; cognitive learning; and
the ability to effectively adapt to changed conditions.
Normal motor development:
significant basic components
overview

Fiorentino8 cites four basic components in the
developing patterns of movement which are neces-
sary for the acquisition of motor skills, ‘It is



Fig 3.17 � In finding his own way he learns to master each
important stage which underlie the development of further
patterns.
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necessary to have gross developmental patterns
directed toward the stable position, especially
against gravity’. These components are:

• head control

• development of extensor tone

• ability to rotate within the body axis

• development of equilibrium so that balance is
possible, allowing freedom of the arms from their
early role of support, so that they may develop as
tools for skilled manipulative abilities.

These components are dependent upon ‘normal
muscle tone’. These are explored:
Muscle tone versus postural tone

The primitive postural reflexes play an important
role in the development, regulation, degree,
strength, balance and distribution of muscle tone
through the body.8 ‘The regulation of muscle tone
throughout the body for the maintenance of posture
and movement is the function of the proprioceptive
system’.9 Postural tone is regulated by higher facili-
tatory and inhibitory influences from the brainstem,
midbrain and cerebellum frontal and parietal lobes
by a harmonious integration of exteroceptive and
proprioceptive stimuli.9

Physiological flexion and extension:
development of balanced
muscle tone

At birth the infant’s basic postural tone is predomi-
nantly flexor.8,9 When the early primitive postural
reflexes are elicited the antagonist muscle groups
are inhibited. The reflexes provide the opportunity
for experiencing both flexion and extension ‘move-
ments’ and serve to modulate and balance one
another’s activity. If the reflexes don’t develop in
synchrony, or they remain too static or fixated, the
developing postural tone will be too low, too high
or fluctuating and inconsistent.7

If the state of muscle tone is altered it will affect
the subsequent development of higher CNS con-
trolled flexion and extension and the balanced coac-
tivation between them, affecting the development
of axial alignment and control and the coordination
of posture and movement.8

Integration of early flexor
and extensor response

The early predominantly reflex driven physiological
flexion and extension responses are elicited more
from the periphery – the hands or the feet ‘up’.
Initially these are primitive ‘total patterns’ with lit-
tle differentiation between different body segments
but are later modified. The development of
integrated control of flexion and extension proceeds
‘from the head down’ to counterbalance and meet the
physiological activity initiated from the periphery.
The development of higher CNS control is character-
ized by the appearance of muscular co-activation of
antagonists. The balanced activity and simultaneous
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activation of antagonists and their mutual reciprocal
facilitation and inhibition allow the development of
(peripheral) support bases through the limb girdles as
well as the development of head control. Central devel-
opment proceeds cephalocaudal and is met by control
from the periphery which also has a cephalocaudal pat-
tern, i.e. the first support base in prone is formed by the
elbow and symphysis pubis4 and facilitates the develop-
ment of head control. In supine the infant learns to
develop control of flexion of the body and so modifies
the supine TLR and gains control against gravity. In
prone he learns to develop control of extension of the
body away from gravity and the effects of the prone
TLR. In this process of development the infant
becomes able in breaking up the earlier andmore prim-
itive total patterns of response. He re-synthesizes parts
of each in various combinations so that he can flex and
extend each body part independently e.g. flexion of
his hips with extension of his spine. Through the inte-
gration of the reflexes and the emergence of the right-
ing and equilibrium responses, physiological flexion
and extension are integrated into the background of
normal postural tone. Bainbridge Cohen7 notes the
importance of the infant having the opportunity to
experience all positions in relation to gravity so that
his postural tone will develop in a balanced and
integrated manner on all body surfaces.

Normalpostural tonedoes showvariance– it is lower
when we are calm and relaxed and higher when we are
aroused and tense. Despite normal developmental
achievements, depending upon our emotional, mental
and physical activities, we may later influence our tone
by adopting habitual patterns of response e.g. the
stressedpersonwho is always ‘edgy,’ ‘uptight’ andtense.

In clinical practice, one observes that the prob-
lem for some people with spinal pain is an alter-
ation in their basic postural tone – either lower
or higher. Associated with this is a proclivity for
either respective flexor or extensor pattern domi-
nance in posture and movement.

Importance of head control
in movement

Apart from the important contribution that the
peripheral somatosensory system provides, the head
contains our primary organs of sense and perception –
the eyes, nose, ears, labyrinths and the brain. All
sensory experience is associated with movements of
the head. The head initiates and largely influences
ourmotor development. In the neonate, itsmovement
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and position stimulate many of the early primitive
reflexes which provide us with the first patterns of
movement. Through emerging control of the head,
the process of developing well organized movement
begins to develop cephalocaudally in the extensor
and flexormuscle systems. It is important that the sta-
bilizing synergies of coactivation between the agonists
and antagonist occur both in the neck itself (between
the deep neck flexors and cervical extensors) to pro-
vide central alignment of the head on the neck as well
as more caudally in the shoulder girdle/chest to pro-
vide adequate postural support for the movement.
According to Kolar5 this begins at 6 weeks of age and
the pattern should be well established by 3 months
of age. The righting reactions in response to visual,
labyrinthine and spatial position of the head also
begin to develop lateral and rotary movements. The
equilibrium reactions are highly dependent on spinal
adjustments, many of which are initiated from the
head as well as the tail and through the spine.

In the adult, well developed and integrated con-
trol of the head on the neck allows options for pref-
erentially moving and orienting the head for
directing and focusing our sense organs and so
optimizing wellbeing and survival. In functional
terms, its position and control will affect the
postural tone throughout the rest of the body given
that some of the most essential afferent impulses
for the static and dynamic regulation of body
posture arise from the receptor systems in the
connective tissues and muscles around the upper
cervical joints.16 In mechanical terms in the erect
position, the head furnishes the cue for balance of
the whole body.17 Defective positioning and control
of the head is a common observation in people
presenting to the clinician. Frequently, the head is
carried forward and largely controlled from ‘exten-
sor holding patterns’ (Fig. 3.18) with consequent
effects on the whole body and its systems, and the
predictable emergence and presence of many
clinical ‘syndromes’ and ‘diagnoses’. Contrast this
with the alignment in Figure 3.19.
Development of extension

The development of controlled extension is funda-
mental in establishing and maintaining vertical
positions against gravity. However, it is important
that as extension control develops, so does
corresponding flexor control. The balanced coactiva-
tion of both antagonistic groups provides the



Fig 3.19 � Well aligned head control and developing spinal
extension at around 7 months.

Fig 3.18 � Poorly aligned head control in the adult.

C H A P T E R 3The development of posture and movement
appropriate patterns for axial and proximal girdle
alignment, support and control in all planes in relation
to gravity.

Initial extension as we have seen is reflex, ‘total’
and undifferentiated. The development of integrated
or controlled extension through the body and limbs
is initiated from head control, the three head righting
reactions and through the Landau and positive sup-
port reactions. The positive support and Landau
reactions also bring control into the proximal limb
girdles. Flexion development is also influenced by
head control, righting reactions and the need for
flexor contribution for coactivation in the positive
support reactions. As these develop, the infant devel-
ops the ability to selectively extend and control some
body segments while he moves others into flexion.
Both extension and flexion become differentiated,
modulated and more refined. In all movements of
extension there is support and control from the flex-
ors and vice versa. Should this not happen, there is
less strength and efficiency in the torso and to
compensate for this deficiency the person will
develop local and regional axial ‘holding patterns’
and show altered postural alignment.

Bainbridge Cohen7 notes that if there are pro-
blems in the integration of the TLR, head righting
reactions and the positive supporting reactions,
two patterns will manifest:

• An overactive TLR and underactive positive
supporting and head righting reactions will mean
being ‘drawn too much to the ground’ e.g. this is
well seen when on all fours. The person will ‘prop’
with their limbs and assume a flexed body posture
with the head in flexion. Insufficient extension is
apparent in the body and proximal limb girdles.
There is deficient postural tone and coactivation of
the spinal and proximal limb girdle muscles to
support the spine and so alignment and control of
the spine suffers. Their body postures and actions
tend to reflect flexor predominance (Fig. 3.20) (see
Ch. 9: ‘APXS’).

• An underactive TLR and overactive positive
supporting and head righting reactions create a ‘lack
of bonding to the earth’ where the person holds
himself excessively away from the ground using too
much muscle tension, e.g. when sitting with forward
arm support or on all fours, the person will tend to
overextend his neck and back (non uniform) and
27



Fig 3.20 � Tendency towards propping and flexor
dominance in all fours is seen in the adult.

Fig 3.21 � A tendency to propping and extensor dominance
in all fours can also be observed.

Fig 3.22 � Ideal alignment in all fours.
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have poor flexor contribution to balanced activity of
the torso muscles including the proximal limb
girdles. There is poor balance in the postural tone
and so poor support to provide for alignment and
control of the torso and limbs. These people
demonstrate a tendency for more extensor
dominance in posture and movement (Fig. 3.21) (see
Ch. 9: ‘PPXS’). Compare Figs 3.20 and 3.21 with
that in Fig. 3.22.
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Development of rotation

Fiorentino8 suggests that the development of rota-
tion within the body axis is one of major conse-
quence, as it underlies the development of the
rotary components of the righting reactions and
subsequent higher levels of normal sensorimotor
achievement. In other words without adequate
development of rotation, the further development
of equilibrium responses and stable control in the
axial skeleton will be compromised.

In the early stages of reflex flexor and extensor
dominance, reflexes such as the galant and ATNR
and the early righting reactions, provide the infant
with his first experiences of lateral and rotary move-
ment until he can develop his own control (Figs
3.11 & 3.12). Control of head rotation is important
in the development of body rotation.

The initiation of controlled rotation within the
body axis is dependent upon developing balance
between the flexors and extensor muscle systems
which allows for balancedmuscle tone and good align-
ment of the body segments while it is rotating.
Rotation allows the flexion and extension movements
to have amore complex repertoire. Rotation and right-
ing responses of the head and body when prone or
supine involves a degree of weight shift which then
necessitates the beginning of development of equilib-
rium responses for control. Lateral weight shift and
rotation mutually interact. Stability and mobility
elements begin to develop in each motor milestone
as the infant gets up to sit, moves to hands and
knees etc.

Poor flexor/extensor co-activation and balance
means rotation does not develop well through the
spine and proximal limb girdles. The rotation, if
and when it occurs, tends to develop ‘more in
extension’ or ‘more in flexion’ in certain regions of
the torso. Fiorentino states that if the weight does
not shift, rotation may not develop and we can infer
that predictably if rotation does not develop, weight
shift and stability will suffer.

Besides contributing largely towards stability,
rotation within the body and between it and the
proximal limb girdles also allows for the sequencing
of movement through the spine and increased
mobility and more effective use of the limbs e.g.
rotating the trunk and shoulder girdle forward when
upright allows the arm to reach further into space.
Rotation also allows for crossing the midline of the
body.
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The development of rotation allows movement
control to develop from its early principal sagittal
orientation towards movements which encompass
lateral and rotary components, and so enlargement
of the personal kinesphere. Movement control
begins to develop in three dimensions.

It is important to appreciate that all movements
contain elements of rotation, however slight. In
order to easily change positions or body levels up
and down against gravity, rotary components need
to be active. When rotary movement control is not
well developed and integrated in the torso, the per-
son will compensate with regional ‘holding patterns’
in the torso which serve to further limit his move-
ments to a more sagittal orientation.
Development of weight shift

Weight shifts are a feature of all movements of
the torso in some degree. The development of
weight shift and rotation are closely associated.
The initial weight shifts are passive in prone and
supine where head turning tends to shift the weight
to one side of the body. With the development of
head control and the righting and later equilibrium
reactions, weight shift over varying bases of support
starts to become more controlled (Fig. 3.4). These
initially occur more in the sagittal plane as the
infant is establishing its flexor and extensor control.
As it masters this and pushes up more against
gravity, it begins to involve more lateral and diagonal
shifts. Assisted by the positive supporting reactions,
this lateral control is important as it provides for
‘grounding’ of one side of the body through the
spine and proximal limb girdles and unloading of
the contralateral side, facilitating unilateral limb
mobility and control of the limbs. The increased
use of asymmetrical limb movements afforded by
effective weight shift further develops rotation and
equilibrium development. The muscular tensions
and countertensions set up in the torso form part
of the matrix of postural control patterns providing
for its mobility with stability.

The infant needs to develop control of weight
shift in supine, prone, side lying sitting all fours,
etc. In each new position he attains, the infant plays
with and learns to shift his weight around in that
position and to move in and out of it and from this
position to another. Control thus allows him to be
able to change the base of support and raise the cen-
tre of gravity. As his control develops, he is able to
decrease the size of his base, e.g. from lying, to all
fours, to sitting and standing with a wide base and
then eventually to a narrow base.

When upright, weight shifts both subtle and
overt, occur before and during all limb movements
to adjust the centre of gravity within and over the
base of support.
Further aspects of
posturomovement
development

Other important elements also contribute to our
motor development.

Inhibition and the control
of movement

Inhibition as well as excitation plays an important
role in the control and differentiation of movement.3

As noted, motor development involves inhibition
of some of the early reflex responses so that they
disappear. In other of the primitive reflexes, inhibi-
tion serves to modulate or diminish the response
such that the basic pattern of movement can be
used but control over it improved e.g. the extensor
thrust reflex is a pattern of total extension but this
then develops into the positive supporting reaction
which is a more evolved response to weight
bearing.7

Inhibitory influences from higher levels of con-
trol in the CNS are involved in regulating all our
movements. Inhibition allows us to modify and
alter the response. As each new movement and
posture is attained, the infant repetitively practices
using it, and moves in and out of it. Inhibition
helps her master and then improve the activity.
Crude movements become more refined and eco-
nomical as the unwanted and unnecessary aspects
are reduced.

Clinical observation shows that in some
respects, people with spinal pain tend to have
some difficulty with this ‘functional editing’ of
movement e.g. movements of the shoulder may
involve unnecessary tension in the neck. Trunk
flexion actions against gravity will often involve
unnecessary tension and activity in the superficial
neck and back muscles because of a corresponding
deficiency in the patterns of axial stability. The
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ability to inhibit the habitual response and
unwanted muscle activity is often much more diffi-
cult than activating certain muscle groups. As
Sherrington noted, ‘Inhibition is a motor act in
itself – to not react is an action’.18

Movement develops in stages
through three planes

Development is not a strictly linear process but
occurs in overlapping waves with each stage contain-
ing elements of all the others – the previous stages
underlie and support the successive stages. The
infant learns to move around three axes and three
planes. He first learns control of movements in the
sagittal plane which in some respects can be seen
as the primary movements. Here he develops sym-
metry around the transverse and longitudinal axes
and when he has control of this he can develop
movements around the two diagonal axes formed
between the upper limb on one side and the contra-
lateral lower limb.14 Every limb movement requires
stabilization in the sagittal plane as its first phase.4

The evolving rotary and oblique patterns under-
pin the reciprocal movement patterns between legs
and arms. As the infant masters these, he can push
up into more vertical postures and further develop
the lateral and rotary components. Mastering these
coronal and transverse plane movements allows con-
trol in three dimensions and the evolvement of
more complex movement patterns, better equilib-
rium and greater exploration of the personal
kinesphere.

Observation of the habitual postures and move-
ments in people with spinal pain and related disor-
ders reveals certain common patterns of response.
Most display some degree of incomplete stabiliza-
tion in the sagittal plane. Accordingly, their move-
ments are predominantly those in the sagittal
plane. Muscle tonus and alignment suffer. Asso-
ciated with this is an observed habitual under use
or incompetent use of movements in the coronal
and transverse planes – the lateral, diagonal and
rotary components of movement. Tri-planar static
and dynamic control of the spine and proximal
limb girdles is deficient. This renders the spine
more vulnerable to the effects of repetitive micro
trauma as well as from more overt insults. The high
incidence of back pain should not come as a
surprise.
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Posture is a reflection of the quality
of neuromuscular status

Postural and movement control develop together
and are interdependent. Normal postural control
provides the proximal stability for the achievement
of distal movement control and distal stability for
proximal control. Control of movement precedes
control of sustained postures. In this respect move-
ment may be considered more primitive than sus-
tained posture. Yet as motor behavior matures the
stability of sustained posture is necessary for pur-
poseful movement’.19

The term ‘posture’ is often used to describe
both biomechanical alignment of the body, as well
as the orientation of the body to the environment.1

We have become used to thinking of ‘posture’
more in terms of upright posture. However each
and any position adopted is ‘a posture’. The pos-
ture adopted in any position is a reflection of the
neuromuscular status of the person, and this is evi-
dent from birth through to adulthood. This is seen
as changes in basic muscle tone or the unbalanced
development of muscle response patterns which
affect alignment of the body segments in any posi-
tion. For example in side lying, the neonate’s pos-
ture is one of ‘total flexion’ due to predominant
physiological flexor tonus. The posture adopted
by some adults with back pain can resemble the
fetal position and tells a story about the quality of
his neuromuscular status (Fig. 3.23). Altered align-
ment of the body segments will be a feature in all
other positions.
Stability and mobility: constant
relationship in movement

As each movement develops it is supported by the
co-development of synergistic patterns of appropri-
ate stabilization. This takes place automatically and
unconsciously, programmed by the CNS.4 Insuffi-
cient patterns of stabilization develop if each devel-
opmental stage is not well integrated. Kolar5

stresses the importance of the patterns developed
in the first 6 months in providing central/axial
stability and control. Insufficient integration can be
seen in the adult as altered alignment of the torso
segments and poor coordination of breathing and
postural and movement control.



Fig 3.23 � Spontaneous postures adopted in lying reflect
neuromotor activity.
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In all movement, stability and mobility elements
interact – there is a continual shifting and gradation
from one through to the other. Problems arise when
there is too much or too little of either.

Developmental patterns
of movement: basic patterns
of support and control for
the spine

During the developmental process, certain primary
patterns of movement emerge which commonly
underlie all human movement. They have been
described as the basic neurological patterns20 but
are also known as developmental patterns6 and have
been further elaborated as patterns of total body
connectivity.11 Bainbridge Cohen7 describes them
as follows:
Prevertebrate patterns

• Cellular breathing underlies all other patterns
and postural tone. Breathing is internal movement
and underlies movement of the body through
external space. Movement in turn affects our
breathing.

• Navel radiation. The relating and movement of
all parts of the body via the navel. Movement
should both sequence through the ‘core’ of the body
and be controlled from the core.

• Mouthing. Movement of the body initiated by
the mouth. This underlies movement of the head
initiated from the ears and eyes.

• Pre-spinal movement. Soft sequential movements
of the spine initiated via the interface between the
spinal cord and the digestive tract.
Vertebrate patterns

Based upon four patterns of movement, these
develop in the three planes of movement in prone
supine and when upright:

• Spinal movement. Head to tail movement which
correlates to the movement of fish – spinal flexion,
extension, lateral flexion and rotation. Through this
we develop rolling, discover the vertical axis of our
bodies and establish the horizontal plane. We
differentiate the front from the backs of our bodies.
She sees that these patterns underlie the qualities of
strength or lightness in our movements and are the
ground from which we develop our inner and outer
attention.

• It is important that all reflexes which underlie
spinal movement are established in all their
respective directions so that the development of
spinal control is balanced in each direction.
Bainbridge Cohen sees that spinal movement
expresses our postural tone of attention. Movement
of the extremities – homologous, homolateral and
contralateral expresses our postural tone of
intention.

• Homologous movement. Symmetrical flexion or
extension movements of both arms or legs
simultaneously. These movements underlie the
quadruped position, movements such as push-ups
and jumping with both legs. They utilize and
establish the sagittal plane; differentiate the upper
part of our bodies from the lower; and help us gain
the ability to act (Fig. 3.24).
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Fig 3.24 � ‘Sphinx’ and ‘Allah’ are homologous movements.

Fig 3.26 � Contralateral movements provide important
diagonal cross support patterns between the proximal limb
girdles and spine.
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• Homolateral movement. Asymmetrical
movement in which the arm and leg on the same
side of the body flex or extend together which
correlates to movement seen in reptiles.
Movements such as crawling on our bellies;
hopping on one leg; we establish the vertical
plane; differentiate the right from the left side
of our bodies and gain the ability to intend.
These movements underlie mouth/eye/hand
coordination and provide the foundation for
reaching out into the world. They are involved in
rolling over (Fig. 3.25).

• Contralateral movement. These movements
emphasize the diagonal plane and are those in
which the opposite arm and leg are flexing or
extending together which correlates to movement
of mammals. Movements such as creeping on our
hands and knees, walking, running and leaping; we
establish three dimensional movement;
differentiate the diagonal quadrants of our bodies
and gain the ability to integrate our attention,
intention and action (Fig. 3.26).

The development of these patterns, according
to Bainbridge Cohen, not only establishes the basic
movement patterns but importantly the corresponding
perceptual relationships including spatial orientation,
body image and the basic elements of learning and
communication.20
Fig 3.25 � Homolateral movements provide important
components of motor patterns such as ‘lengthening the side’.
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Push patterns

These first appear in the upper body – through
the head and elbows and then hands and later in
the tail knees and feet.6 The infant pushes down
into the ground or supporting surface, stimulating
his internal receptor systems and his propriocep-
tive knowledge which help give him a sense of
gravity, his own weight and support in movement.
What is important to recognize is that he pushes
down through his base of support to ‘get up’
through the vertical plane. These patterns under-
lie the basis of effective positive supporting
responses. The push patterns occur through each
stage: spinal, homologous, homolateral contralat-
eral. Hackney11 prefers the term yield and push
patterns – the ‘yield brings an aspect of bonding
and contact with the support before separating
with the push’. The push patterns precede and
provide grounding for the reach and pull patterns
– the infant pushes down through his base of sup-
port to reach up and so both are functionally
related to the other as part of a movement phrase
(see Ch.13, ‘Grounding’).
Reach and pull patterns

Developmentally these patterns develop after the
yield and push patterns although development is
never strictly linear. Hackney11 coined this term
as a refinement of the classic ‘pull patterns’. A
reach out from the base of support and body kine-
sphere towards an object of desire precedes a
pulling towards the body, particularly when sup-
ported by a preceding yield and push. They also
allow expressive use of space (Fig. 3.27).



Fig 3.27 � Pushing up from the ground allows verticality and
expressive reach.
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Development of spinal support
and control: overview

The two primary spinal curves are ‘flexor’ – the tho-
racic and pelvic are implicit in the spine at birth
because of the design of the rib cage and pelvis
which are attached to them.17 The development of
the compensatory cervical and lumbar curves is nec-
essary in order that the spinal column can carry and
control its own and all its superimposed weights.
These secondary curves are formed as the infant
develops extensor control of the head which then
proceeds down the spine so he develops his lumbar
curve. As he becomes more active throwing his
arms and legs around and moving his head and the
resultant deeper breathing, brings about a coordi-
nated action of the whole spine. Todd17 notes that
this process is greatly aided by spells of crying
and screaming since the diaphragm and lower lum-
bar and pelvic muscles are so closely associated. In
the primary patterns of movement the breathing
and locomotor apparatus interrelate aiding one
another and so locomotion and breathing develop
together.
The spine gets its initial support from the ground
in passive form. The spinal patterns are the first to
develop. They are initiated from the head through
the oral rooting and sucking responses and the
movement wave passes down the spine. In the early
recumbent postures, the baby learns to wriggle up
and down the bed. ‘The Spinal Reach and Pull, pat-
terns give the sense of elongation of the vertical axis
and sequential movement travelling through the
spine. Led by the head the spine begins to move in
all directions creating the base for the development
of body movement in three basic planes – vertical,
sagittal and horizontal – and the diagonals which
combine all three dimensions.’6 Gracovetsky21 says
‘locomotion was first achieved by the motion of
the spine. The limbs came after as an improvement
not a substitute’.

In prone and supine the base of support with the
ground is relatively enormous. The infant begins to
shift his weight over this as he turns his head,
reaches etc. This is the beginning of weight shift
to support movement. There is a concept in physics,
‘to every action there is an equal and opposite reac-
tion’ (Newton’s 3rd law of motion).2 As his weight
shifts, the baby activates muscle pattern responses
to control it. His muscles work as both stabilizers
to support movement and to create a movement.4

These get better as he develops the righting and
equilibrium responses. He develops a dynamic
interplay of the axial muscles in response to the
ever changing conditions, depending upon his posi-
tion in relationship to gravity, the goal of the move-
ment and his stage of development.

What is particularly significant is that except for
the very early stages of development, the infant
never really moves in a pure plane movement.
Extension develops with components of side bend-
ing and rotation and so on.

The head is the storehouse of sensory reception
and perception. Increasing interest, emotional needs
and interaction with his environment motivate the
infant to orient and move his head. As control of
flexion and extension proceeds down the spine
from the head proximal to distal it is met by
corresponding control developing from distal to
proximal through the limbs and proximal limb gir-
dles. Both the feet and hands have large fields of
sensory receptors and pressure through these help
fire up the normal postural reflex mechanism.
Through the ipsilateral supporting and grasping pat-
terns he develops turning over and then oblique sit-
ting position develops. The points of support are the
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gluteus medius and the hand on the same side. When
his grasping arm can be lifted 120�, crawling on all
fours develops.4 Patterns of axial control begin to
further develop through the weight bearing push/pull
patterns of the limbs. Movement sequences from the
limbs to the spine and from the spine to the limbs. It
is important to appreciate these rich sensory parts –
the head, hands feet and tail, play a large role in
the initiation of movement from them. In this way
they promote the sequencing of movement through
and between the limbs and spine. They are also
involved in protecting equilibrium.
Spinal loading progressively occurs:
neuromusculoskeletal system in the
process of development

Gravity isn’t the only force we need counter as we
develop. ‘In the physical universe, action and reaction
are always equal and opposite’.17 In the normal devel-
opmental process the various forces and stresses acting
on the body facilitate the appropriate neuromuscular
responses. The forces occur from within the body as
a result of muscle activation as well as from the exter-
nal environment. The spine is variously subjected to a
number of loading influences:

• Lifting the weight of the head as well as positive
support through the head and tail begin to load in
compression and tension.

• The control of body weight shift as it develops in
all positions creates lateral and rotary torques and
appropriate coactivation responses of the ‘body
cylinder’ muscle synergies. These include torsion
shear and bending stresses.

• As the infant develops the push and reach
patterns through all the limbs, it begins to develop
spinal support through them and develop more
strength against gravity. The torques through the
proximal limb girdles are transferred through the
spine which must be resolved by appropriate
patterns of axial stability/mobility. Hartley6 makes
a very important observation that ‘If the support of
the limbs is lacking or incomplete, the spine will
have to support itself once it is vertical. This is done
through holding the body centrally, which creates a
pattern of tension and rigidity in the spine and the
surrounding tissues and organs’. This is explored
further in Chapters 9 and 10.

• With the homologous push pull patterns, the
child pushes itself forwards and backwards along
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the floor and in so doing improves the developing
balance between the flexors and extensors of the
axial spine and proximal limb girdles. Forward and
backwards weight shift control further develops.

• As it develops the homolateral push pull
patterns, the infant learns to move with one side of
the body stable while the other side is mobile.
When on his belly, the arm and leg on one side of
the body extend, elongating that side which also
bears the body weight. The opposite side is
unweighted and shortens, which frees the limbs to
flex and reach and so on as he pushes himself
forward and backwards. This is an important
pattern for developing patterns of lateral weight
shift with one side of the body lengthening and
supporting. It is needed to push up onto his hands
and knees, stand and walk. It is also important in
upright lateral weight shift and equilibrium
responses. Generally, it is a poorly integrated
pattern of movement in the adult with back pain.

• As the contralateral patterns become established
the diagonal and rotary torque and challenge increases
and so he develops towards multiplanar control and
equilibrium. Importantly a sequential rotation through
the spine underlies the action of these patterns.
Hartley6 notes that either push or reach patterns may
dominate the way he initiates his movements; either
tendency can be, but is not necessarily a sign of
incomplete development of the other phase. However
if this is the case it will affect the quality and variety of
the patterns axial support and control.

All these spinal patterns initially develop with the
body in a horizontal relationship to the ground. As
they become practiced, combined and further
developed they prepare and form the foundation of
control of the torso in the vertical upright postures
and related patterns. The attainment of vertical
upright control is further dependent upon the
development of strength and control of the pelvic
hip musculature as an organized base of support in
order that the pelvis can perform its threefold func-
tion of weight bearing, transmission and movement.
The axial patterns of control become further devel-
oped in the vertical postures over many years
provided the environment is conducive.

Bainbridge Cohen7maintains that ‘underneath ALL
successful,effortlessmovementare integratedreflexes,
righting reactions and equilibrium responses.’ Inade-
quate integration during any stage of development cre-
ates the need for compensatory strategies which then
become learned and a habitual part of the movement
repertoire. In time theymay become a patient.
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Chapter Four
4

The analysis of movement
Movement analysis can be as daunting as it is complex,
three-dimensional, always changing, and numerous
aspects contribute towards functional control. Some
basic underlying concepts are examined.
Basic concepts in
posturomovement analysis

Kinematics

Kinematics describes motion in the body,1 without
regard for the forces or torques that may produce
the motion.2 Kinematic patterns of movement
involve the alignment and relative contribution of
various segments of the body in an action.

Kinetics

Kinetics describes the effect of forces upon the
body.2 Movement concerns the way we organize
ourselves in relation to numerous forces, the most
dominant and consistent of which is gravity. This
deserves some consideration.

Line of gravity

The ‘line of gravity’ (LOG) refers to the vertical
downward force that gravity constantly exerts upon
the body whichever position it is in. Best visualized
like a ‘plumb line’, it is an imaginary line to aid the
conceptual understanding of ‘gravity’. The develop-
ment of posture and movement is a process of
learning to counteract this force so we can purpose-
fully and safely move around. Ideally, we achieve a
balanced response to gravity so that when vertical,
the arrangement of the body segments is balanced
around this ‘force line’ with minimum energy
expenditure and easy equilibrium in the system.
The further the body segments or body as a whole
move away from this ‘line’, the greater is the
demand for neuromuscular control.
Centre of gravity

The mass of a body in relation to gravity gives it
weight. The centre of mass can be defined as the
point about which the mass of an object is evenly
distributed. While gravity acts upon all points of
an object or segment of an object, its point of appli-
cation is given as the centre of mass or centre of
gravity (COG) of that object or segment.

The COG of the body in the anatomical upright
position is considered to be at the level of the 2(nd)
sacral vertebra, inside the pelvis.1,3,4 However, the
anatomical position does not necessarily equate to
movement function because as soon as the configu-
ration of the body segments changes so does the
COG. Each segment of the body has its own
COG. If two or more adjacent segments are going
to move together as a single solid segment they
can be represented by a single COG.1 The COG
can be raised for example when reaching up, or low-
ered if the legs or body bend, etc. Depending on the
arrangement of the body segments it can be located
at the edge of or outside the body. The LOG passes
through the COG (Fig. 4.1).



Center of gravity
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Fig 4.1 � The centre of gravity is mainly located within the body (A) but can deviate outside the body (B).
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The interaction between the LOG and the COG
is in a constantly changing relationship in movement.
In fact movement can be simply seen as shifting ones
COG around with respect to the LOG. The body is
most stable when segmental or global alignment is
closer to the LOG and the COG is low and most
vulnerable to instability when the body configuration
moves outside the LOG and/or the COG is high.
The neuromyofascial articular system anticipates
and responds to the continual gravity induced sen-
sory cues in order that we do not collapse or fall over.

Base of support

We bear our body weight through and within our
support base. This is the surface area of that part
of the body resting on the supporting surface. The
size and shape of the base of support depends upon
which posture the body has adopted e.g. lying, sit-
ting, standing. In sitting the base is the two ischia
and the feet. In standing the base is the area
between the feet, which can be enlarged by standing
with the feet apart. A larger base permits a wider
excursion of the body without the LOG falling out-
side the base of support and so the more stable is
38
the position within which to move and express the
self. The smaller the base of support, the less stable
the position, particularly if the COG is high and the
body configuration has moved outside the LOG.
Centre of pressure

This is the point of application of the ground reaction
force through the base of support. This force reflects
Newton’s third law of action/reaction in that the force
exerted by the body onto the ground is reflected back
at the centre of pressure.4 Pressure down into the
ground stimulates a neuromuscular response of ‘push
up and lift’. This force is utilized a lot as we develop
and maintain movement control against gravity.
It may be exerted through any part of the body – the
hands, feet, knees, ischia or even the head, as is the
case when standing on the head! (See Ch.13).

Planes of motion

Posture and movement are generally analyzed and
described in relation to the three cardinal planes.
These planes of reference are derived fromdimensions
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in space and are at right angles to each other. They
are depicted in the context of the person standing
in the anatomic position as illustrated and are car-
ried over into other postures as the person moves
(Fig. 4.2).

• The sagittal plane is vertical and divides the body
into right and left halves. Movements primarily in
the sagittal plane involve flexion and extension and
forward – backward movements. It represents the
‘side view’.

• The frontal or coronal plane is also vertical and
divides the front and back body. Movements
primarily in the frontal plane involve side bending,
lateral motions, and abduction/adduction and
inversion/eversion actions. It is the front/back view.

• The transverse or horizontal plane divides the
body into upper (cephalad), and lower (caudal)
Horizontal
plane

Frontal
plane

Sagittal
plane

Fig 4.2 � The three cardinal planes of motion.
sections. Movements primarily in this plane involve
rotation – within the body axis and in the limbs. It
represents the ‘bird’s eye’ view.

Posture

The term ‘posture’ is used to describe both bio-
mechanical alignment of the segments of the body,
as well as the orientation of the body to the
environment.5

Commonly posture is thought of as alignment of
the body in the upright sitting and standing posi-
tions. However, each and any position adopted is
‘a posture’. The posture adopted in any position is
a reflection of the neuromuscular status of the per-
son, and this is evident from birth through to adult-
hood (see Ch. 3).

Postures are never static – there is always a
movement, however slight, as in a subtle shift of
muscle tonus. Postures underlie and support all
movements. Posture is generated by movement
and movement generated by posture. The two are
inseparable and interdependent. However, static
analysis aids conceptual understanding.

‘Static’ posture

Gracovetsky6 describes posture as ‘an average’– the
steady erect stance is maintained by cycling through
a sequence of different but closely related postures.
This oscillation is necessary from a sensory perspec-
tive and to prevent continuous loading of the visco-
elastic tissues.

The conventional view is the vertical alignment
of the body segments with respect to the LOG.
While more ideal than real, it is useful in helping
detect deviations in the sagittal and frontal planes,
the expected altered intrinsic forces and their possi-
ble biomechanical consequences.

Sagittal view

Optimum alignment of the segments and easy equi-
librium is said to occur when the LOG passes
through:

• the mastoid process of the skull

• slightly anterior to the shoulder joint

• through the bodies of the lumbar vertebrae3

• through centre of the pelvis anterior to the
second sacral vertebra

• at or just behind the hip joint3,4

• just anterior to the knee and ankle joint (Fig. 4.3).
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Line of gravityA B C

Fig 4.3 � Conventional views of frontal (A & B) and sagittal plane (C) postural alignment in relation to the ‘line
of gravity’.
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Optimal alignment of the vertebral column is
also said to occur when the LOG passes through
the transitional or junctional regions of the spine.7

Many consider that the T12/L1 articulation is quite
central8,9 being the point of inflection between the
thoracic kyphosis and lumbar lordosis.7 Ideal align-
ment is said to produce a torque that helps maintain
the optimum shape of each spinal curve with the
maximum torque at the convexity of each curve.
When the line of gravity falls posterior there is an
increased axial extensor torque; when it falls ante-
rior there is an increased flexor torque.2

In the pelvis, ‘ideally’ the LOG passes through the
greater trochanter yet posterior to the axis of the hip
joint1 but anterior to the sacroiliac joints.9 This tends
to nutate the sacrum while also creating an extensor
moment at the hip and a tendency to passive posterior
rotation of the pelvis.

Coronal view

The LOG passes directly through the centre of the
head, trunk and pelvis and falls midway between
the two feet. This conceptually divides the body
into two symmetrical, equal halves (Fig. 4.3).
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This view is useful for discerning lateral devia-
tions and asymmetries in the body.

There is a constant though subtle postural sway
in response to breathing10 which provides continual
sensory cues which keep refuelling the alignment of
the segments and the antigravity response. Flexible
and adaptable segmental control throughout the
spine allows appropriate postural shifts and sets to
balance and support movement.

Farhi11 points to the observable close relation-
ship between how we stand and breathe. Three pat-
terns are generally apparent:

• Propping: we stand like a table on a floor ‘holding
ourselves up’. This is associated with
hyperventilation and chest breathing.

• Collapsing: we drop to the earth without the
necessary integrity through our structure to
use gravity to our advantage. This results in a
lethargic, laboured and shallow breathing pattern.

• Yielding: between the two patterns above, this
represents the ‘right’ relationship where we give the
weight of our body to the earth but at the same
time we receive the rebound of gravity up through
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our bodies – an erect lightness which provides for an
ease an effortless in breathing.

Dynamic posture

In functional terms posture is always dynamic as it is
constantly changing and adapting to support move-
ment. However, when walking, running, jumping,
throwing and lifting1 there is the increased challenge
of adapting to further changed alignment of the
segments, momentum and larger perturbations.

Quantitative and qualitative
aspects of movement

Effective clinical practice relies upon the ability of
the practitioner to analyze movement in the clinic
in a relatively easy, practically relevant, and useful
way. Trew4 states ‘it is relatively straight forward to
measure some of the physical aspects of movement
such as joint range or muscle strength in a non func-
tional context but difficulty arises when the quality
of the movement must also be considered’.

The skilled practitioner is onewho has the ability to
see the qualitative ‘soft signs’ as well as the ‘hard signs’
of objectively measurable movement. Janda consid-
ered that the quality of the motor performance was
of greater importance than testing strength.15

The qualitative aspects of
movement are observable

While the quantitative aspects of movement func-
tion are more derived from testing, the qualitative
aspects are derived more through observation of
the patterns of motor response in different situations.
We are interested in the quality of a person’s sen-
sory–motor integration. Without any interference
we note how he habitually chooses to stand, sit,
bend over and perform some of the repetitive
actions involved in daily living such as getting
undressed or standing on one leg. Feldenkrais appar-
ently coined the term ‘acture’ – posture in action, to
describe the observation of the person moving.12

This can reveal a wealth of information such as the
presence of organic or pathological movement pat-
terns, discomfort during motion, the emotion
behind the motion, the amount of sensory amnesia
present, the range of motion, the quality of the
breathing pattern and the quality of specific tasks
as in the transitions between lying, sitting standing
and walking. We may decide to ‘test’ by observing
the manner in which the patient spontaneously
chooses to perform a requested task

These aspects of quality control in movement
have probably received less attention because their
interpretation is more subjective; they are usually
the more subtle aspects of motor control and
require an in depth understanding of the subject
and considerable practical experience. The signs
are relatively ‘soft’ and more difficult to objectively
measure. These aspects are explored.

Doing it – but ‘how’ the
movement happens: aspects
of quality control in
posturomovement

The following aspects are functionally interrelated
in varying respects.

Observing the size, shape and
symmetry of the superficial muscles
tells a story

Janda13 maintained that ‘changes in muscle function
play an important role in the pathogenesis of many
painful conditions of the motor system and constitute
an integral part of postural defects in general’. The
muscles both cause and reflect altered function.14

Simply observing the appearance of the standing
person’s superficial muscles can provide insights
about the patient’s neuromuscular function.15The size
shape and symmetry of a muscle provides clues to
the level of its activity. Those muscles which are
used a lot become bulkier and more prominent
(Fig. 4.4) and those that aren’t lose their definition
or shape. The role of the deeper muscles in postural
deviations may need to be confirmed or negated in
later tests (Ch.13).

The ability to align the body
segments in different functional acts

As infants we spent a deal of time down on the
ground as we learned how to move along and get
ourselves up against the force of gravity. As adults,
we tend to spend most of our time upright in one
41



Fig 4.4 � Buttocks like these are an unusual clinical
presentation – these are the result of weight training.
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way or another and our patterns of motor use repre-
sent a fairly constrained repertoire by comparison.
Commonly, most of us use four basic spinopelvic
posturomotor patterns and derivatives of them in
the course of our daily living – standing, walking, sit-
ting and bending/lifting/squatting.

Observing the person’s habitual patterns of func-
tional control in aligning the body segments or other-
wise in these primary movement patterns is highly
informative as it is these actions and derivatives of
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them, which the patient will repeatedly enact during
the course of his day. Implicit is the way he does
ordinary movements significantly contributes to his
predicament.

The importance of this ‘functional control’ in every-
day activities has also been recognized by McGill who
has examinedmotion patterns of lifting16 andO’Sulli-
van who has examined postural patterns of sitting in
non back pain and back pain groups.17,18

The ability to generate appropriate
patterns of axial stabilisation

Any muscle action requires adequate or fixation of
one or both of its attachment points to have a firm ori-
gin from which to pull. Stability in the spine must
ensure protection for the spine itself through move-
ment as well as provide support counteracting the tor-
ques created by muscles attaching to the torso.
Balanced co-activation between the flexors and exten-
sors is basic to the complex patterns of axial stabilisa-
tion which provide three dimensional control.

All muscles contributing to the ‘central stabilisation
system’ are interdependent in function. If one muscle
is weak or overactive, this never remains isolated, but
affects the static and dynamic function of the entire
spine. Individual spinal segments will no longer be
controlled in a balanced way. In particular, the dia-
phragm needs to become integrated into the patterns
of central control.19 Observing the quality of the
breathing pattern and axial alignment at rest and dur-
ing trunk and limb movements tells us a lot about the
quality of axial control. Poor patterns of axial make
balanced alignment difficult (Fig. 4.5).
Limb load tests e.g. the active
straight leg raise test

The supine active straight leg raise test (ASLR) is a
functional test which assesses the quality of the pat-
terns of axial stabilization when the extended leg is
lifted off the surface. First described by Mens
et al.,20 the extended leg should be able to effort-
lessly lift 5 cm. When control is optimal, three
dimensional alignment of the pelvis21 should be
maintained as well as the alignment of the whole
torso while breathing patterns are maintained.22,23

The test as originally described, is positive if
accompanied by a primary sensation of profound
heaviness in the leg and /or pain23 which is relieved
by the application of bilateral compression through



Fig 4.5 � Inadequate pattern of axial stabilization.
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the ilia either just below the anterior superior iliac
spines or at the level of the symphysis pubis20 (above
or below the hip joint). This compression is considered
to enhance ‘force closure’ through the sacroiliac joint21

by simulating muscle forces which would otherwise
control themovement. The prone ASLR test similarly
tests axial patterns of control including the breathing
mechanism with hip extension in knee extension.

Because of the long lever arm of the leg, it repre-
sents a fairly high level challenge to the ability and
quality of axial stability. While a positive test result
has been shown to strongly correlate in people with
pelvic ring instability,20 a positive test does not neces-
sarily confer sacroiliac joint instability. However, a
positive test is indicative of suboptimal neuromuscu-
lar control in the torso and pelvic–hip complex.
Subjective complaints should not be the only decider
of dysfunction as probably more important is the
observed quality of the axial control patterns. Dys-
functional responses include loss of alignment, breath
holding, central ‘fixing’ strategies and a functional ‘dis-
connect’ between the upper and lower torso. There
are numerous other tests using either a short or long
limb lever which can be applied in a similar manner
in order to test and facilitate axial control strategies.
Sequence and degree of muscle
activation in a movement

Movement stems from a starting point – a ‘posture’
developed on a base of support which is actively con-
trolled before the actual movement happens. The
work ofHodges24,25 has shown that normally transver-
sus abdominis is active before arm movement begins.
Transversus is a member of the ‘central stabilization
system’ – a coordinated trunk muscle synergy creating
anticipatory postural adjustment to support limb
movement.

Janda15 maintained that examination of move-
ment patterns provides a good indication of the
quality of a person’s motor control. In the presence
of muscle imbalance or poor central nervous system
regulation some typical abnormal patterns of muscle
activation can be clinically observed. He described
six basic movement patterns15,26–28 which essen-
tially test the quality of axial patterns of control.

• Head flexion in supine.

• Shoulder abduction in sitting.

• Push up from prone. This is a high level test and
should be used with discretion.

• Hip extension prone.

• Hip abduction in side lying.

• Trunk curl in supine.

These are fully described elsewhere.28 When
changed, these usually show certain typical patterns
of response. Appreciating the common features of
dysfunction (Ch. 8) and clinical sub-classification
helps predict the response (Chs 9 & 10).

Strength versus control

Janda was not interested in muscle strength but
rather, the coordinated activity between different
muscle groups in a synergy. He says this should be
evaluated in at least three ways:29
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• The sequence of activation of muscles in the
synergy producing the movement i.e. an estimation
of timing. Which muscles activate early and
which come in later. Expecting appropriate
patterns of anticipatory axial ‘postural setting’
and control to support limb movement or
conversely the axial spine adjusting to movements
initiated from the limbs. The ‘onset’ may be
central or peripheral depending upon the
movement. The point of initiation of a movement is
important and the sequencing of the movement
from it.

• Degree of activity of the main muscles or groups –
which muscles dominate the movement and which
are underactive.

• Estimation of activity of the so called ‘parasitic
muscles’ – those which should not be activated in
that particular movement

He is concerned with the quality of the response –
how the task is performed and what, if any, substitu-
tions and compensations occur.

There are a multitude of other functional move-
ment pattern tests that can be looked at based on
these and other principles. Choice will also depend
upon which aspect of function needs examining,
the age of the patient and the state of irritability
of his tissues. The art in the practitioner is to be
able to gauge what is an appropriate test for that
person’s stage of disorder. Liebenson30 rightly says
‘choosing the correct functional tests is an art not
a science’.

It is interesting that current thinking and
research is pointing more in this direction. Van
Dieën et al31 suggest that certain aspects such as
altered timing of muscle activity and load sharing
between muscles contribute towards the observed
altered recruitment patterns seen in people with
back pain. ‘The changes involved are task depen-
dent, related to the individual problem and hence
highly variable between and probably within
individuals’.
Motor skill involves various qualities
of optimal motor control

Trew4 states ‘there is no consensus as to what consti-
tutes quality of movement’. While this may be partly
true in an academic sense, clinical practice assisted
by the insights of Bartenieff32 and others helps delin-
eate certain qualities in skilled movement:
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• Economy of effort: movement should be easy and
pleasurable and not hard work

• Lightness of movement rather than heavy or
‘bound’

• Efficiency: without superfluous movement or the
use of unnecessary muscles which may interfere
with or oppose the desired movement

• Modulation of the degree of force appropriate to
demand: at times strength and power is required

• Sustained: a posture/movement should have
endurance without hardening or ‘holding’

• Selective: the ability to control the point of
initiation of the movement, either from the centre
or the periphery; the ability to perform precise
discreet actions

• Smooth and free flow rather than jerky and
uneven

• Speed: the ability to move both slowly and fast

• Flexibility and adaptability to changed
environmental demands: the ability to suddenly and
differently respond when needed

• Variety and variability: the availability of multiple
movement strategies and the ability to select the
appropriate strategy for the task and the
environment5

• Relaxation: the ability to let go tension when the
muscle(s) are not required to work.
Further aspects of movement
function

Muscle states

Weakness vs inhibition

Specific weakness of certain muscles such as the
lumbosacral multifidus has been objectively shown
in people with back pain,33,34 probably resulting
from disturbed joint mechanics, pain and altered
afference creating inhibitory phenomena.35,36 Ken-
dall3 and Sahrmann37 note ‘over stretch weakness’
can occur when a muscle is held in a lengthened
position particularly during long periods of rest, cer-
tainly a common clinical finding in the lower scapula
stabilizers due to principal arm use in front of the
body and poor postural habits (Fig. 4.6).

However, Janda27 maintained that often muscles
that appeared weak were inhibited through changed
central nervous motor regulation and performance



Fig 4.6 � Stretch weakness/underactivity of the interscapular
and upper thoracic intrinsic muscles.

Fig 4.7 � Lack of flexion relaxation phenomenon in the
thoracolumbar extensors.
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producing a systemic response in the muscular system
with over activity in some muscles and underactivity
in others.13,15,27,29,36 Clinically the underactivity is
observed as hypotonia, weakness and especially by a
delayed sequence of activation in principal movement
patterns. This underactivity in a muscle may also be
due to direct inhibition because of hyper irritability
of its antagonist in accordance with Sherrington’s law
of reciprocal innervation,15 e.g. underactivity of the
abdominals and related hyperactivity of the erector
spinae. Janda says ‘stretch or inhibition of a tight mus-
cle can lead to spontaneous facilitation of an inhibited
muscle leading to its inclusion in the movement chain
and therefore improvement in key motor patterns’.38

Importantly, when an inhibited or weakened muscle
is resisted, its activity tends to decrease rather than
increase.15

Kolar19 notes that a muscle may appear weak
when it is not, if there is inadequate stabilization of
its attachment points, which itself is dependent upon
a chain of muscles. Disturbed function of a muscle
can therefore be caused by dysfunction of a far dis-
tant muscle. A good example is apparent weakness
of the deep neck flexors because of inadequate stabi-
lization of the thorax by the abdominals.

If back pain has been significant and longstanding
and there is relative inactivity, general body de-con-
ditioning ‘weakness’ can be expected and has been
shown.39 However, this is not the case in all
patients by any means. Smeets and Wittink40 ques-
tion the deconditioning paradigm and point out that
no convincing proof exists as studies have provided
contradictory results. Clinically, many highly active
sports people present with back pain.
Strength vs endurance

McGill41 defines strength as ‘the maximum force a
muscle can produce during a single exertion to cre-
ate joint torque; endurance is the ability to maintain
a force for a period of time’. Studies have variously
shown deficits in both in LBP subjects31 Clinically,
strength may be a problem for some; endurance
appears to be a problem for all.

Both strength and endurance are dependent upon
well coordinated control throughout the spine, and
in particular from the support of the deep system
(Ch. 5). Janda noted the tendency for dominant
activity of certain ‘postural muscles’ in typical pat-
terns.38 Overactivity makes muscles stronger tend-
ing to inhibit their antagonist creating imbalance in
patterns of movement. Clinically, muscles in some
regions of the spine are found to be consistently
overactive and ‘strong’ while others appear underac-
tive and ‘weak’. When too strong they often ‘don’t
let go’, evidenced by a commonly found lack of
the flexion–relaxation response in studies of
patients with back pain42–45 (Fig. 4.7).

Van Dieën et al31 suggest that this increased acti-
vation of the trunk muscles may be an adaptive
response to pain aimed at limiting movement and
so avoiding noxious tensile stresses on injured tis-
sues. Clinically this response appears to be both
the cause and the effect of pain. This is discussed
more fully in Ch. 8.

Endurance however, or lack of it, particularly at
low loads, is a common and significant clinical finding
in patients with LBP and has been corroborated by
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studies.31,41 Clinically, this is evident in most anti-
gravity posturomovements and particularly in those
which involve moving further away from the line of
gravity. The provision of posturomovement ‘staying
power’ appears to be one of the roles of the deep sys-
tem (Ch.5). The Biering-Sorenson test 46,47 is a rea-
sonably high level clinical test for trunk muscle
strength and endurance. Modification in the Key
Alignment and Control test (Ch.13) is a more func-
tional alternative. The quality of the response is as
informative as the measurable parameter of time.

Reduced endurance and fatigue are not necessar-
ily the same; however, each will lead to the other.
This is an interesting situation and will be dealt with
more fully in Ch.7.
Muscle imbalance

Kendall3 defined muscle imbalance as inequality in
the strength of opposing muscles acting on a joint.
Faulty alignment, inefficient movement and poor
stabilization occur.

Janda38 saw that impaired CNS motor regulation
results in defective or uneconomical movement pat-
terns. As a consequence, imbalanced activity between
certain muscle groups develops. This includes altered
timing, degree of activation and load sharing, altered
concentric and eccentric control etc. As the spine is a
system of multiple joints balanced activity between
all muscles is important in its alignment and control,
and particularly between the flexor and extensor
systems.
Various forms of muscle activation
and movement

Roles of muscles in movement

Many different muscles are involved in providing a
movement but the forces generated by each vary
considerably throughout a movement and each mus-
cle can fulfil several roles in a pattern of movement:

• An agonist or prime mover is the muscle that
plays the major role in initiating carrying out and
maintaining a movement, e.g. ideally in hip flexion,
iliopsoas is the prime mover assisted by the
secondary superficial hip flexors acting as synergists.

• An antagonist is a muscle which works in the
direction opposite to the agonist, e.g. if the agonist
is a flexor, the antagonist is an extensor. The
antagonists are often inhibited by a reflex
46
mechanism originating from the agonist known as
reciprocal inhibition.4 Otherwise, their eccentric
contraction helps modulate movement.

• Stabilizers or fixators contract to control the
position of the bone(s) to provide a stable base from
which the agonist can contract, e.g. in the example
of hip flexion, the lumbar spine and pelvic girdle
must be appropriately controlled by the trunk
muscles so that iliopsoas can act at the hip.

• A synergist is a muscle which helps or
cooperates with other muscles in particular the
prime mover, to perform a movement. It may help
to stabilize a joint while an action is occurring.
Janda48 found synergistic activity in the hip
adductors when testing hip flexion in sitting –
particularly if resistance was applied. In reality,
probably lots of synergists assist in a movement.

• A synergy is formed when a number of muscles
cooperate and combine their activity to form a
coordinated pattern of response – stability to
support movement and or a movement sequence.
Concentric, isometric and eccentric
muscle interplay

The nervous system stimulates a muscle to generate
or resist force by utilizing various forms of action.
The point of stabilization can either be proximal or
distal.

• A concentric muscle action is a shortening
muscle contraction. A simple example of concentric
activity is flexing the hip. The point of stability is
the pelvis.

• An isometric contraction occurs when there is
no visible change in the length of the muscle, yet it
maintains a constant level of tension1 e.g. sustaining
the hip in flexion.

• An eccentric muscle action is a lengthening
muscle contraction which ‘plays out’ an action
providing a braking or controlling action in a
movement e.g. lowering the flexed hip.

A general simplification is that while the agonist is
concentrically contracting the antagonists eccentri-
cally contract in the modulation of movement.
A nice example is the control of respiration and the
IAP mechanism, where both the diaphragm and
transversus abdominis are tonically coactivated – on
inspiration, the diaphragm concentrically acts while
transversus eccentrically lengthens and the converse
pattern occurs during expiration.49
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Eccentric muscle control deserves
more attention

Clinically, patients with spinal pain disorders appear
to have more difficulty with eccentric control par-
ticularly with lowering to gravity movements and
those requiring more complex control hence further
examination is warranted.

From a neurophysiological perspective, Enoka57

says that there is accumulating evidence that control
of eccentric contractions is different from that for
concentric and isometric contractions. Eccentric
contractions appear to be unique in several respects:

• Eccentric control strategies are highly reliant
upon afferent feedback to provide information on
the progress of the movement and achieve a desired
trajectory. Eccentric contractions involve more
sustained and often greater discharge by Group 1a
afferents in the muscle spindles compared to
concentric actions. Disruption to sensory feedback
has been shown to disturb eccentric control and
coordination. The predominant effect of feedback
from Group 1a afferents is excitatory on motor
neurons yet there is less EMG during an eccentric
action. This is because:

• Fewer motor units are involved in an eccentric
contraction compared with a shortening
contraction. The reduced EMG is a consequence of
the greater force that muscles can exert during these
contractions. Compared with concentric, eccentric
exercises may provide more effective stimulation
for muscle hypertrophy.57 The variability of motor
unit discharge during eccentric actions can mean
reduced steadiness in performance, particularly at
5% of MVC.57

• During eccentric contraction, the muscle stores
elastic energy and some of this can be released
during a concentric action. When an eccentric
contraction precedes a concentric one there is more
power in the concentric action.57 This is also
dependent upon the architectural properties of the
muscle and the kinematic details of performance. A
good example is the counter movement in a jump
where the lowering to gravity precedes the spring
giving it power. Another example is psoas in walking
where it eccentrically lengthens during hip
extension (increasing the stored elastic energy)
before it contracts to flex the hip.50 More subtle
though important is its shuffling concentric/
eccentric control of the column during lateral
weight shift.
From a functional perspective, the interplay
between the various modes of contraction is ever
changing according to prevailing demands of postur-
omovement control. In order that the range andquality
of movement is full there must be balanced activity
between concentric/eccentric control.51Not all eccen-
tric control is the same.52,57 It can occur in response to:

• Lowering to gravity as when lowering a raised
limb or moving down into a squat

• Controlling the momentum and lengthening of an
outward swing such as kicking a ball

• To balance the concentric activity in antagonistic
muscles as part of the coactivation patterns
controlling a joint, and in resisting imposed loads
during the give and take of posturomovement
control.

Hartley51 suggests that attempting to release
muscle by forcefully stretching and pulling does
not fundamentally change the muscle length and
requires daily practice and tearing to keep the
apparent length. Changing the ‘mind’ of the muscle
in the way that it is used changes the unconscious
neuromuscular patterns. By focusing upon the eccen-
trically lengthening muscles in a movement, and
‘actively create (ing) the sensation of extending
through the whole length of that muscle, we can
in fact increase the contractility and natural resting
length of the muscle and free it from a state of
habitual contraction or tension’.51 We have termed
this ‘active elongation’ (see Ch.13). Bainbridge
Cohen52 notes dancers are more likely to injure
themselves with ‘pulls’ and ‘tears’ during eccentric
activity and the incidence of hamstring tears in
football is legion.

The coordination and ‘phrasing’ of eccentric activ-
ity assists in balancing the forces in movement and in
the sequencing and support of movement especially
in the spine and other weight bearing structures.52

Eccentric control thus plays an important role in pos-
turomovement control. It is particularly involved
in postural adjustment, weight shift and in ‘yield
and push’ to provide ‘grounding’ through the base
of support (Ch. 13) for antigravity control.
Co-activation or co-contraction
of muscles

In practice when an agonist is called to perform a
desired motion the agonist and antagonist contract
simultaneously, and co-activation occurs.1 While the
47



StableMoving

Back Pain: A Movement Problem
agonist is concentrically contracting, the antagonist
eccentrically contracts to balance its activity and
help control the movement e.g. to bend your elbow,
the extensors need to play out and lengthen. This
co-activation provides stability for the joint; how-
ever it needs to be well modulated to allow for
flexible adjustment of the joint, particularly impor-
tant in weight bearing situations. If co-activation is
excessive the joint becomes rigid or ‘held’; if inade-
quate the joint(s) is not well controlled or ‘unstable’.
All skilled movement involves co-activation.

A certain level of muscular co-activation in the
axial skeleton is always necessary in providing suit-
able stabilizing synergies for adaptable antigravity
support and control in three dimensions. The appli-
cation of external load such as carrying a bucket of
water increases the response53 and further so when
preparing for short term unexpected and sudden
loading or heavier loads. However, while protecting
the spine, these greater responses are energetically
and mechanically costly54 if maintained beyond
the time of their short term need. Problems arise
when there is too much co-activation55,56 or too lit-
tle.53 There is evidence that isometric strength
training appears to involve a reduction in the coacti-
vation of the antagonist.57

Clinical practice reveals common consistent pat-
terns of reduced co-activation in some regions of
the spine and excessive co-activation in others.
The alignment, shape and function of the body
change.
Stable

Moving

A

B

Fig 4.8 � Proximal stability with distal movement in (A) distal
stability and proximal mobility in (B).
Open and closed kinetic
chain movements

The performance of any task is achieved by a
sequential activation of muscle synergies and move-
ment of body segments referred to as a kinetic
chain. Movement sequences from one limb girdle
to the other through the spine. Movement control
of the spine is further understood by considering
the different roles the spine plays in the control of
open and closed (kinetic) chain movements. Func-
tional movement control includes mixed elements
of both.

Open chain movements are those where the
proximal parts are stabilized and the distal parts
move, e.g. any free movement of a limb where
appropriate positioning and control of the axial spine
and proximal girdles provide the stability to support
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the limb movement. Here the femoral or humeral
head move against the ‘fixed’ joint cavities of the
proximal girdles (Fig. 4.8A). Free movements of
the head and neck can also be seen as open chain
movements; the point of stability provided by
appropriate positioning and control of the thoracic
spine and shoulder girdle etc. Open chain move-
ments can be more ballistic in which case they
may involve more activity of superficial muscles.

Closed chain movements are those where the
more distal supporting part or limb provides the
point of fixation or stability and the more proximal
parts are free to move. The proximal axiogirdle



Fig 4.9 � Acute hamstring spasm changes the line of pull of
psoas. Note the associated abdominal hyperactivity.
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muscles now pull against a fixed more distal point
and the joint cavities move around or against the
femoral and/or humeral heads19(Fig. 4.8B), e.g. sit-
ting with the feet on the ground, the legs provide
the point of stabilization allowing the pelvis to tilt
on the femur enabling the torso to freely adjust
and move (see Fig. 6.25). In all fours the limbs are
the stable point and the proximal girdles and spine
can move and adjust between them.

Studies on the pattern of quadriceps activation in
open and closed chain movements of the knee have
shown more balanced initial activation in closed
chain movements.58 The joint compression afforded
in closed chain exercise facilitates more balanced
co-contraction of the muscles around the joint ren-
dering them a more superior form of exercise in
providing optimal joint loading and stability.59 The
added proprioception afforded in closed chain
movements more optimally recruits the deep Sys-
temic Local Muscle System synergies (Ch. 5). They
are a nice way to facilitate activation of this system
in less gravitationally loaded postures so that repro-
gramming of the postural reflex responses can be
experienced and learnt.

The head also initiates closed chain movements
of the spine serving as the point of support, e.g.
doing a head stand.

Anatomical vs functional actions
of muscles

The brain knows about movement, not single mus-
cles. No muscle works in isolation but as part of a
synergy in varying manner of contraction required
in that particular movement. Anatomists tend to
describe the actions of single muscles according to
a presumed shortening contraction occurring
between the fixed proximal origin and the more dis-
tal insertion, i.e. principally in terms of open chain
actions. Practically, muscles also work with a
‘reversed origin and insertion’ – where the distal
attachment is stable and the proximal part moves
as occurs in closed chain movements. A good exam-
ple is serratus anterior providing stability for the
ribs to move when weight bearing through the
arm, and stabilizing the scapula when freely reach-
ing the arm.

Understanding this principal is important in
understanding functional movement control of the
spine. Psoas demonstrates the principle well. Usu-
ally considered a hip flexor60 yet in functional
movement control it contributes to vertical stability
and support of the spine, and controlling lateral
flexion torques;2,61 shows an oscillating concentric/
eccentric action during walking;61,62 helps control
load transfer between the legs to the body; and it
assists the functional pattern of flexing the pelvis
on the femur2 while helping to control the spine,
as in the pattern of forward bending. In certain
instances it could act as a hip extensor as Schleip63

suggests, i.e. if in crook lying and performing a ‘pel-
vic roll’, psoas could contribute to synergies produc-
ing hip extension and lumbar flexion. Clinically, this
is sometimes apparent in an acute trunk ‘list’ where
hamstrings spasm posteriorly rotates the pelvis and
psoas appears to flex the lumbar spine (Fig. 4.9).

McGill64 found that loss of the lumbar lordosis
changed the line of action of the largest extensor
muscles, compromising their role to support ante-
rior shear forces.

Mobilizing and stabilizing elements
interact (see Ch.13)

Laban apparently taught: ‘stability and mobility
alternate ceaselessly’.8,32 The role of muscles
change during movement according to whether they
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are required to provide support or movement; work
in closed or open chain movements; work eccentri-
cally, concentrically etc. In addition, factors such
as posture, the line of gravity, internal and external
forces, weight shift etc., will all affect the timing
and degree of muscle action and their shifting role
between providing stability or mobility.

The two-joint muscles

A significant number of muscles span two joints.
They are usually ‘superficial’ and generally known
as ‘global’ muscles (see Ch. 5).

Enoka describes the two joint muscles as
providing at least three advantages in control of
the musculoskeletal system.57

• They allow coupled motion at the two joints they
cross, e.g. the semimembranosus concurrently
contributes to hip extension and knee flexion. This
coupling can be achieved by a reduction in EMG in the
one joint muscle (gluteus maximus) and an increased
EMG in the two joint muscle (semimembranosus)

• The shortening velocity of a two joint muscle
(e.g. rectus femoris) is less than half of its one joint
synergist (vastus medialis oblique)and hence it is
capable of exerting a force that is a greater
proportion of the isometric maximum

• The two joint muscles can redistribute muscle
torque, joint power and mechanical energy
throughout a limb (Fig. 4.10).
1. Hip extensor

2. Hip flexor

5. Hip flexor and
knee extensor

3. Knee extensor

6. Hip extensor and
knee flexor

4. Knee flexor

Hip

Knee

Fig 4.10 � Model of the hip and knee and the one and two
joint flexor/extensor muscles.
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• Muscles 1 and 3 are one joint hip and knee
extensors

• Muscles 2 and 4 are one joint hip and knee
flexors

• Muscles 5 and 6 are two joint muscles.
Thesemuscles can be activated in various combinations
to exert extensor torques about the hip and knee joints.

The role of the two joint muscles as described by
Enoka is useful in understanding the ‘extensor mech-
anism’ and the myomechanics of the hips and knees
in positioning and controlling the pelvis during the
pattern of forward bending and lifting (see Ch. 6).

Balanced proximal girdle muscle
force couples

Both proximal limb girdles house sockets to accom-
modate the big spheroidal heads of the long bones,
allowing multiplanar movements at the shoulder
and hip all of which are actually all rotations. This
rotary action is controlled by means of coplanar mus-
cle force couples formed when two or more muscles
simultaneously produce forces in different linear
directions, although the torques act in the same
rotary direction2 as in turning a steering wheel. This
serves to either rotate the limb on the girdle or the
girdle on the limb. In order that the joint remains cen-
trated and the axis of rotation is ‘pure’ at the joint, the
muscle force couples obviously need to be balanced.
Problems arise when they are not.

Compensatory motion

Sahrmann37 notes that the stabilizing action of mus-
cles can either be excessive or insufficient. This will
tend to create regions in the spine with reduced
intersegmental movement and regions which are
relatively flexible or even show excessive move-
ment. When analyzing movement function in the
spine, due regard should be paid for the occurrence
of compensatory motion. Commonly this occurs in
the cervical and lumbar spines as a result of insuffi-
cient movement in the thoracic spine, shoulders and
hips and inadequate axiopelvic control (Fig. 4.11).

Motivation and motor performance

Parameters of functional evaluation have been
strongly correlated with cognitive state.65 Strength
tests demand motivation and cooperation from the



Fig 4.11 � Compensatory motion occurs in some regions of
the spine when the thorax and shoulders are stiff.
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patient which can confound objective assessment.
Cox et al65 suggest that complex spinal coordination
is a better indicator of spinal dysfunction. Observing
how the patient performs ordinary actions and task-
ing certain motor acts without the need for effort,
reveals a lot about that person’s ability to organize
posture and movement control. Trying less hard does
little to change the organization and so his ability to
significantly influence the outcome. In fact, trying
too hard invariably diminishes movement quality.

Continuum concept
of dysfunction

In general terms pain doesn’t ‘just occur’ but results
from what Janda66 termed a ‘functional pathology
of the motor system’. Neuromuscular dysfunction
is evident before the onset of pain. He says:
The impairment is clinically recognizable even if
symptoms are minimal. Depending upon the
primary localization of the impairment, for
example reflex changes in the corresponding
segment may be deficient, or changes in
movement patterns, early onset of fatigue and
faster switch into more primitive movement
patterns in fatigue of the motor system etc. The
functional impairment will present itself,
however by discomfort and pain if additional
provoking factors come into play.

Pain results when one has run out of compensa-
tions. It may be considered as the major and most
frequent sign of impaired function of the motor
system.

Until recently the thinking has been that the
motor control changes occur as a result of pain. In an
excellent paper, Van Dieën et al31 analyzed the liter-
ature to determine how LBP effects muscle recruit-
ment in the trunk extensors. They found equivocal
results – there is evidence for both increased and
decreasedmuscle activity if you have back pain. They
interpreted the altered activity as an adaptive func-
tional response in order to mechanically stabilize the
spine and limit noxious tensile stresses on painful tis-
sues. Importantly they allowed that while disturbed
motor control was not likely to be adaptive, the loss
of control leads to the adaptive changes differs
between patients and the developmental stage of
the disorder.

There is some evidence emerging pointing
towards pre-existing motor control changes.67–69

When it is recognized that the dysfunction is pre-
existing, and patients are sub-classified many of the
outcomes reported in the literature can be better
understood.

Janda’s momentously important contribution
towards the understanding of back pain is that
altered control precedes the development of pain.
When pain evolves, further changes in neuromuscular
function occur. Patients presenting to the clinician
display varying degrees of neuromusculoskeletal dys-
function at varying stages of disorder. Van Dieën
et al.31 importantly recognize that with respect to
research studies, ‘between-subject variation may
occur to differences between patients in the develop-
mental stage of their low back disorder’.

The clinician needs to gain some insight as to
where in the continuum of dysfunction, the pre-
senting patient lies (Fig. 4.12). An understanding of
the expected patterns of normal and dysfunctional
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Efficient movement patterns
Symptoms unusual

Declining quality Poor quality
Posturo-movement control

Multiple symptoms

Occasional short
lived symptoms,

usually spontaneously
resolved

Acute on chronic
episodes

Requires treatment
to resolve

Marked neuro-myoarticular
dysfunction

Increasing incidence/
severity of symtoms;

interlocking dysfunction
and symptom development,

chronic regional pain syndromes.
Require judicious manual and
motor retraining interventions 

Becomes 'a patient'

Abnormal/Abnormal

Ideal 'normal'

Fig 4.12 � Continuum concept of dysfunction.
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control of movement allows the practitioner to
choose to examine appropriate component parts of
movement relevant to the stage of the patient’s dis-
order and to be able to interpret the results.
52
The more common patterns of clinical presenta-
tion are presented in subsequent chapters to help
the understanding of this and provide a framework
for assisting assessment and intervention strategies.
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Chapter Five
5

Classification of muscles
General overview

Hannon1 describes muscles as having a wide variety
of functions serving as springs, engines, braces and
brakes. Attempting to understand these versatile
roles, scientists and clinicians have variously classi-
fied muscles according to certain characteristics
such as morphology, actions or functional role.
These are explored.
Individual muscle morphology

Morphology refers to the basic form or structure of
a muscle. This involves two aspects:

• The shape of themuscle partly reflects its role. The
direction of the muscle fibres are variously arranged
into differing forms to generate differing ranges of
force. In general, pennate muscles produce greater
maximal force than fusiform muscles of similar size.2

• Fibre type. All skeletal muscles are composed of
a spectrum of Type 1 and Type 11 fibres, the
relative proportions of each within a single muscle
will depend upon the principle role of that muscle
as either a constant worker or as a producer of
intermittent large range and or strong movements.
As can be seen in Table 5.1, there are differences in
histochemistry, contractile properties and
metabolism of the different fibre types.

We see that the Type 1 fibres are more resistant
to fatigue, are recruited early in low force muscle
activity due to their small axon size. The number
of muscle fibres in slow motor units is small and
so motor unit recruitment can result in fine
gradations of force. These are also known as slow
twitch fibres.

Type 11 fibres in contrast, are fast to contract and
relax. They are recruited only during high force activ-
ity and fatigue rapidly. These are also known as fast
twitch fibres. These also provide the rapid responses
to perturbations of sudden and high loading.

According to Trew and Everett,3 during low
force contractions of a muscle, only Type 1 fibres
may be recruited and so these are used mainly for
normal everyday activities which do not require
maximal or high force contractions. Their resistance
to fatigue suits them well for this role. As the force
generated by the muscle increases, the Type 11
fibres are progressively recruited and during maxi-
mal activity all motor units are involved. However
maximal force rapidly declines due to the high
fatigue rate of the force generating fibres. There is
a wide variation in the proportion of the different
fibre types between muscles and between people.
Each person has a unique proportion of Type 1 to
11 fibres and the fibre type is largely determined
genetically.3 Each motor unit within a muscle con-
tains fibres of only one type.5

Limb immobilization studies have demonstrated a
conversion of fibre types with a decrease in slow twitch
fibres and increase in the proportion of fast twitch.6

Classification of muscles according
to functional role

In attempting to simplify and aid the conceptual
understanding of the complex roles that muscles
perform, various different functional classification



Table 5.1 Characteristic differences between skeletal muscle fibre types

Property Type 1 fibre
(slow twitch)

Type 11a fibre
(fast twitch red)

Type 11b fibre
(fast twitch white)

Muscle fibre type Slow oxidative (SO) Fast oxidative glycolytic (FOG) Fast glycolytic (FG)

Fibre diameter Small Intermediate Large

Muscle colour Red Red white

Motor unit type Slow (S) Fast fatigue resistant (FR) Fast fatigable (FF)

Motor unit size Small Medium Large

Twitch tension Low Moderate High

Mechanical speed Slow Fast Fast

Rate of fatigue Slow Intermediate Fast

Capillary density High Medium Low

Myoglobin content High Medium Low

Adapted from 3,4 (Trew & Everett 2005 and Norkin & Levangie 1992)
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systems have been adopted. However, the different
nomenclature used has to some extent confused the
issue and there is a lack of general consensus on the
subject. Each aspect is examined and a more holistic
and inclusive classification system is subsequently
proffered.

Movement actions

The simplest form of classification – muscles with
equivalent or similar actions are grouped together,
e.g. those muscles which externally rotate the hip
are known as the external rotators of the hip. How-
ever, it is never so straight forward as the hip exter-
nal rotators also play an important role in stabilizing
and controlling the pelvis. In the torso we talk of
the flexor and extensor systems of muscles which
contribute to antigravity control as well as flexion
extension and so on. Similarly we may talk of the
upper limb flexors or the lower limb extensors.

Tonic and phasic muscles

Although a considerable amount of variability exists
among muscles in regard to the number, size,
arrangement and type of muscle fibres it has how-
ever, been common practice by some to classify
the muscles themselves into two main groups as
either predominantly tonic or phasic muscles.
56
Tonic muscles are those with a predominance of
Type 1 fibres. These muscles work at a low grade of
contraction in a sustained manner thus have a lot of
endurance. They are often also termed stability or
postural muscles as they help to maintain stability
of the body,4 e.g. the soleus is almost continually
active in standing and owing to the high proportion
of Type 1 fibres can make small adjustments in
muscle tension required to maintain body balance
and counteract gravity.

Phasic muscles are thosemuscles with a predom-
inance of Type 11 fibres. These play a major role in
large movements and those requiring more power
and speed. They are either called mobility or phasic
muscles. However, they fatiguemore quickly and fol-
lowing intermittent bouts of high intensity exercise
recover more slowly than the tonic muscles,4 e.g.
the gastrocnemius. Table 5.2 presents the more
commonly used distinguishing features4 of the tonic
and phasic muscles.

Besides the differences in function and structure
outlined above, Kolar7 importantly draws attention
to the differences in the neural control of the differ-
ent muscle fibres – it is the type of the motor neuron
which determines the type of muscle fibre, creating
either tonic or phasic motor units. This difference
becomes particularly striking in the light of our indi-
vidual motor and phylogenetic or evolutionary



Table 5.2 Different characteristics of tonic and phasic

muscles (after Norkin and Levangie
4
)

Tonic Phasic

Fibre type High proportion Type

1 fibres

High proportion Type

11 fibres

Fibre

arrangement

Penniform Parallel

Location Deep and cross one

joint

Superficial and

cross more than one

joint

Primary

function

Stability Mobility

Action Extension, abduction

and external rotation

Flexion adduction

and internal rotation
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development. At birth, the infant’s posture is pre-
dominantly influenced by the phylogenetically older
phasic (as described in Table 5.2) muscle system.
(Kolar calls this the tonic system!) The tonic system
(Table 5.2) is less evident, but as the central nervous
system (CNS) matures these muscles play an increas-
ingly important part in the development of upright pos-
ture and its stabilization with movement (Kolar calls
this system the phasic system). This system is phylo-
genetically younger, more vulnerable and tends to
becomeweak.Maturity of this system is not achieved
until the child is 4 years old.

It is important to point out at this point that the
nomenclature used by the Czech School of Manual
Medicine can be confusing and appear contradictory
as is evidenced by the paragraph above. This may
account for a less wide understanding and accep-
tance of their valuable work. In addition it may con-
tribute some of the current confusion on the
subject. Their use of the terms tonic and phasic is
different to that shown in Table 5.2, and further
compounded when talking of postural and phasic
muscles. This is further elaborated upon when
examining Janda’s classification, and the muscle
classification debate (see p. 60).

Kolar7 does clarify that tonic motor units have a
more postural role and phasic motor units have a
more kinetic role and that both motor units are
present in differing proportions in every muscle.
However, he also adopts the nomenclature used by
Janda making his work more difficult to interpret.

Importantly, Kolar7 questions which position is
decisive in opposing gravity and I agree. He sees
that in motor control, both types of muscles have
dual functions participating in both posture and
movement. The decisive difference between them
consists of the timing of their development. Postural
activity of the tonic system (his phasic) comes into
play as central nervous control becomes more highly
developed. The functioning between the two systems
needs to become integrated and balanced.
Muscle classification according
to Vladimir Janda

Professor Janda saw that the muscular system lies at
a functional crossroad because it is influenced by
stimuli from both the central nervous system and
musculoskeletal system.8 From the clinical point of
view, Janda’s significant contribution has been to
show that dysfunction in the muscular system is
usually a reflection of dysfunction in the peripheral
or central neural system. Impaired central motor
regulation results in defective or uneconomical
movement patterns. As a consequence, imbalanced
action between two structurally and functionally
different muscle groups occurs in a systematic,
regular and predictable manner.9 He proposed a
more general classification of muscles throughout
the body into two groups based on characteristics
of their structure and function and observed actions
in the clinical situation. They are the ‘postural mus-
cles’ which are prone to over-activity which in turn
tends to create relative underactivity in the antago-
nistic ‘phasic muscles’. These functional differences
are further elaborated:

The ‘postural muscles’ have a tendency to tight-
ness, hypertonia, over-activity and shortening. They
tend to be activated early and dominate in a given
movement and in states of pain, fatigue, injury,
stress and emotional states this tendency is increa-
sed. These muscles tend to be relatively ‘strong’.

The ‘phasic muscles’ are prone to inhibition,
hypotonia, atrophy and weakening and are less read-
ily activated in most movement patterns, particu-
larly under conditions of injury fatigue and stress.
He classified certain muscles into either functional
group as shown in Table 5.3.

You will note that he was undecided about the
role of the scalenes and the abdominals, classifying
them differently at different times.

Janda defined the muscles which tend to become
short and tight as those having an antigravity pos-
tural function, particularly those activated when
standing on one leg. Janda5 considered the postural
57



Internal
oblique
External
oblique

Rectus
abdominal
muscles

Erector spinae muscles

A

B

Fig 5.1 � The local (A) and global (B) muscles.

Table 5.3 Functional division of muscles according to

Janda
8,10

Postural: tightness
prone muscles

Phasic: weakness
prone muscles

Gastrosoleus

Tibialis posterior

Short hip adductors

Hamstrings

Rectus femoris

Iliopsoas

Tensor fascia lata

Piriformis

Erector spinae – especially

lumbar, thoracolumbar

and cervical potions

Quadratus lumborum

Pectorals

Upper Trapezius /levator

Scapulae

Scalenes10

Sternocleidomastoid

Short deep cervical extensors

Flexors of the upper limb

Peroneii10

Tibialis anterior

Vasti particularly medialis

Gluteus maximus, medius,

and minimus

Rectus abdominus10

Whole abdominal wall8

Serratus anterior

Rhomboids

Lower and middle trapezius

Short cervical flexors

Scalenes8

Extensors of the upper limb

Table 5.4 Local and global muscles of the lumbar spine

described by Bergmark
12

Local muscles Global muscles

Multifidus Thoracic erector spinae which is
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muscles were approximately one-third stronger than
those prone to inhibition. In subjects with altered
or poor movement patterns their degree of activation
increases. In addition, he notes that in certain struc-
tural lesions of the CNS, as seen in cases of cerebral
vascular accident or cerebral palsy, the muscles
which show evident spasticity are the same as those
included in the postural group.

Janda himself said there were a lot of misconcep-
tions and discrepancies about the use of the term
‘postural muscles’.11 However, examining his mus-
cle system groupings it is apparent that they more
closely resemble the phasic muscles as described
in Table 5.2.

His nomenclature is confusing for our purposes
as you will see (p. 60). However, conceptually and
functionally his approach has been very helpful.
Interspinales and

intertransversarii

Lumbar erector spinae –

medial and lateral

fibres

Medial fibres quadratus

lumborum

about 2
3= of the muscle area

Internal and external obliques

Rectus abdominus

Lateral fibres of quadratus

lumborum
Local and global muscles acting
on the lumbar spine

Bergmark12 in examining the conditions for
mechanical stability in the lumbar spine presented
a concept of functional muscle classification into
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local and global muscles as they acted to control
local stability in the lumbar spine including
transfer of load between the thorax and pelvis
(Fig. 5.1)

The local system includes ‘all those muscles
which have their origin or insertion (or both) at
the lumbar vertebrae with the exception of psoas’.
The muscles included are shown in Table 5.4. This
system is involved in the posture of the lumbar
spine and used to ‘control the (lumbar) curvature
and to give sagittal and lateral stiffness to maintain
mechanical stability of the lumbar spine’.



Table 5.5 Categorization of the lumbar and abdominal

muscles based on their role in stabilisation according to

Richardson et al.
14

Local stabilizing
system

Global stabilizing
system

Intertransversarii

Interspinales

Multifidus

Longissimus thoracis pars

lumborum

Iliocostalis lumborum pars

lumborum

Quadratus lumborum - medial

fibres

Transversus abdominus

Obliquus internus abdominus

(fibre insertion into

thoracolumbar fascia)

Longissimus thoracis pars

thoracis

Iliocostalis lumborum pars

thoracis

Quadratus lumborum lateral

fibres

Rectus abdominus

Obliquus externus

abdominus

Obliquus internus abdominis
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The global system ‘consists of the active com-
ponents i.e. the muscles and IAP which transfer
the load directly between the thoracic cage and
pelvis’. The muscles have ‘origin on the pelvis
and insertions on the thoracic cage’. These include
the global muscles shown in Table 5.4. The main
role of this system ‘appears to be to balance the
outer load so that the resulting force transferred
to the lumbar spine can be handled by the local
system. Thus large variations of the distribution
of the outer load should give rise to only small
variations of the resulting load on the lumbar
spine. The local system therefore is essentially
dependent upon the magnitude (not the distribu-
tion) of the outer load and of the posture (curva-
ture) of the lumbar spine’.

He says ‘the global system can be said to
respond to changes of the line of action of the
outer load whereas the local system responds to
changes in the posture of the lumbar spine. Both
systems respond to changes in the magnitude of
the outer load’. ‘Generally speaking, smaller forces
in the global system imply larger forces in the local
system as could be expected’. He says intra
abdominal pressure (IAP) theoretically has a local
and global mechanical role. ‘The global role is to
act directly on the thoracic cage or on the curved
global muscles. The local action consists of the trans-
verse force in the posterior direction acting direc-
tly on the lumbar spine thus inducing a flexion
moment’.

This paper has been very influential and is freq-
uently quoted in the literature. This is interesting,
as his is a study in mechanical engineering looking
at forces and load transfer in the lumbar spine
rather than functional control of movement. He
admits that how the CNS controls loads is not
sufficiently understood to allow detailed model-
ing; does not include iliopsoas in the local system
or accord it any role in lumbar control; and treats
the thoracic cage as a rigid body. While he thought
psoas should be referred to the global system he
excluded both it and latissimus dorsi from his
analysis as he felt they do not have a substantial
role in maintaining mechanical stability of the back
system.

While his muscle classification principle is very
useful, it needs to be applied to more than the lum-
bar spine and we need to appreciate that control of
the lumbar spine will be dependent upon control
through the entire axial skeleton including the
pelvis.
The influence of Bergmark:stabilizers
and mobilizers

Richardson et al14., collectively known as The
Queensland Group, have produced some fine
research and have been at the forefront of the motor
control approach to effective lumbopelvic stabiliza-
tion in the treatment of low back pain. They have
been strongly influenced by Bergmark as seen in
Table 5.5, choosing to include transversus abdomi-
nus and some of internal oblique into the local
group.14,42

In addition, Richardson13 also makes distinction
between monoarticular, bi-articular and multijoint
muscles. Their capacity to provide joint stabilization
differs in each category. The monoarticular muscles
could also be called local muscles. The multijoint
muscles are phylogenetically the oldest and can be
called the global muscles.13

Comerford and Mottram15 have interlinked the
concepts of local/global and stabilizer/mobilizer into
what they see as a more clinically useful classifica-
tion. This encompasses three different functional
muscle roles: local stability muscles; global stability
muscles; global mobility muscles. Some muscles
stabilize and some mobilize.

However, there are inherent problems for under-
standing functional control in seeing some muscles
as stabilizers and others as mobilizers. As we have
seen in Chapter 3 in the process of motor develop-
ment, movement and stability develop together and
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are always in constant interaction in mature motor
behavior. Kolar7 points out that any muscle may
be required to work in a stabilizing role one moment
and then as a movement producer the next. While
some muscles may appear to have a predominantly
stabilizing role e.g. the local muscles in the lumbar
spine as described by Bergmark, importantly, they
also sub serve a postural role and are also producers
of fine subtle movements as well as being control-
lers and discrete adjusters. Danneels et al.16 found
increased multifidus action in concentric lifting
which could indicate that it participates in torque
production. It is an oversimplification of function
and erroneous to consider that they do not produce
any appreciable movement and ‘just stabilize’.

Cholewicki and VanVliet17 refute the classifica-
tion of muscles into local and global as a means for
discriminating between muscles responsible for
intersegmental stability and spine motion. All trunk
muscles contribute to spine stability and their con-
tribution depends upon many variables including
posture and loading conditions. McGill18 and Kavcic
et al.19 express similar sentiments. The patterns of
muscle activation change as the form and magnitude
of spine loading patterns change (See ‘spinal stabi-
lity’ p. 86).

Muscle classification debate

Is muscle classification relevant and if so, which of
the above muscle classifications is most clinically
useful? As can be seen, muscle classification has
depended in part upon which aspects of function
have been appreciated.

In 2000, the Journal of Bodywork and Movement
Therapies published a paper entitled ‘The muscle
designation debate: the experts respond’.20 The
paper was a response to readers who had communi-
cated their confusion over the apparent contradic-
tions in the way that different researchers and
clinicians refer to muscle categorizations. The editor
says ‘When words postural/phasic or stabilizer/
mobilizer are applied to particular muscles practical
as well as linguistic difficulties become apparent’.20

The preceding classification summary highlights the
problem.

The principal confusion probably stems from
Janda’s use of the terms postural and phasic muscles
(see page 57). Comparing Table 5.2 – tonic and
phasic muscles with Table 5.4 – postural and phasic
muscles of Janda – we see that frequently his
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‘postural muscles’ equate more to the muscles with
a high Type 11 fibre content which are actually pha-
sic muscles as defined in Table 5.2. Janda later
tended to describe the postural muscles more in
terms of ‘tightness prone’ while still maintaining
that they were the ones predominantly activated
when standing on one leg – the primary posture,
according to him. The confusion becomes further
compounded when both he8 and Kolar7 at times
use the term ‘tonic muscle system’ referring to
those muscles as described in his ‘postural group’
when in fact they are describing phasic muscle
activity. Kolar7 however, does also allow that tonic
motor units have a postural role.

Most of the respondents in the above mentioned
paper appeared to be in agreement that phasic mus-
cles (as defined in Table 5.2) equate to global mus-
cles, mobilizer muscles, kinetic muscles, and, by
inference, Janda’s postural muscles. Muscles with a
more postural function have a greater proportion
of Type 1 fibres and tonic motor units and have
tended to be called local or stabilizer muscles. They
behave with some similarity to Janda’s phasic mus-
cles as he described them.

Most respondents agreed that the principal issue
was altered motor control rather than strength and
endurance. All incorporate various aspects of mus-
cle classification into clinical practice.

The case for a new and
inclusive muscle classification
system based upon
posturomovement control

‘Muscle impairment classifications should describe
categories and provide a basis for treatment’.21

Although any classification of muscles is likely to be
an oversimplification, appreciating the nature of pos-
turomovement function as it develops helps inform a
clinically useful muscle classification system which
encompasses the structural and functional properties
of muscles in a functional movement context.

Normal postural reflex mechanism
(NPRM)

Good movement control requires good postural
control which is dependent upon normal function-
ing of this system. As we have seen, this is not
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present at birth but with the motor development of
the infant, this will become highly complex and
varied and allow the development of motor skill in
a gravity based environment.
Functions ascribed to the postural
reflex mechanism

In the ‘ideal’ state, the functions mediated by the
normal postural reflex mechanism can be essentially
distilled as providing:

• ‘Uprightness’ against gravity with the axial
skeleton and the proximal limb girdles optimally
aligned and controlled with respect to the line of
gravity and the current requisite activity, with
minimal muscular effort. This includes axial spinal
segmental control in the normal spinal curves,
particularly the lumbar lordosis and the generation
of intra abdominal pressure (IAP) for spinal
support. The proprioceptive system probably
provides the predominant graviceptive
information.22 Feldenkrais23 considered that people
with a fine kinesthetic sense maintain tonic
muscular activity with less effort. Effort disables
the ability to detect small differences.

• Breathing in an energy efficient manner i.e.
principally via the diaphragm with related function
of the axial skeleton providing optimal alignment
and control to allow effective movement of the ribs
and adjustments within the thoracic cage to shifts in
the centre of gravity; to allow diaphragmatic
breathing to continue despite strong actions of
many of the large muscles attaching to the thoracic
cage e.g. abdominals, serratus anterior/posterior,
pectorals. Breathing is the most fundamental
motor act.

• Maintenance of equilibrium in both ‘low’ and
‘high’ load antigravity situations by the provision of:

• Anticipatory ‘feed-forward’ postural
presetting and ‘stability’ of the axial skeleton
to support limb movement. Studies
conducted by Cresswell24 and Hodges25

demonstrate the role of transversus abdominus
as part of a feed-forward postural synergy.

• Compensatory ‘feed-back’ adjustments and
postural reactions activated by sensory events
following loss of desirable alignment and
control resulting from intrinsic and extrinsic
perturbations to the body while stationary or
moving.
• Equilibrium in the low load state is accomplished
by small segmental rotary shifts and adjustments of
the axial skeleton and proximal limb girdles to
perturbations in the centre of gravity caused by, e.g.
breathing, head turning, limb use, unstable base of
support, torque produced by large superficial
muscle action etc.

• Equilibrium control in high load states is
accomplished by more forceful coactivation of the
whole muscle system to control the relationship of
individual spinal segments as well as that between
the various body parts while accommodating the
forces imposed by gravity or otherwise.

• Appropriate postural sets to support limb
movement – involve prepositioning and adaptive
movements of the axial skeleton and proximal limb
girdles in appropriate spatial relationships for
effective limb activity. This includes control of
weight shift.

The NPRM essentially controls forces – gravity and
the intrinsic/extrinsic forces related to it, to provide
a stable platform of control on which to superim-
pose movements. Without this, the person has to
‘hold himself up’ and is not free to adjust and selec-
tively move his spine and proximal limb girdles.
Many with spinal pain and related disorders can
move, but cannot adequately posture themselves
prior to and during movement. The postural system
is dependent upon gravity, suitable demand and
adequate proprioceptive and other afferent infor-
mation for its wellbeing.

Ideally, we demonstrate a ‘central intelligence’ in
the torso – balancing upright control, movement
and breathing in an energy efficient manner.

Proposed functional classification
of muscles

When the aspects of function provided by the
NPRM are appreciated in movement control, holis-
tic muscle designation becomes more apparent and
clinically useful.

The proposed model applies to the body as a
whole, particularly the torso. Its genesis results
from the integration of clinically observed changed
muscle behavior, contemporary thought and avail-
able research to date. It includes a similar polarity
of spatially defined muscle function as proposed
by Bergmark, as well as structural and functional
differences according to convention and also that
proposed by Janda.
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Back Pain: A Movement Problem
The concept of a local and global muscle system
acting on the lumbar spine has gained acceptance as
a result of Bergmark’s influence. However, clinically,
lumbar spine problems are also functionally linked to
problems elsewhere in the spine. Hence it makes
sense to try to understand spinal control in a more
universal way. Anatomical and empirical knowledge
suggests that different functions are sub served by
the deep and superficial muscles. Accordingly, the
muscular system in particular that pertaining to func-
tion of the torso, is essentially seen in terms of a sys-
temic deep system and a systemic superficial system.
In health, optimal motor control involves systemic
local function with balanced systemic global activity.
The whole dynamically functions to permit grace,
economy of effort in fruitful and refined action
appropriate to the situation or task.

This classification is functionally related and of
course conceptual, as no muscle or system works
in isolation but as part of a coordinated synergy
within and between the systems related to need.

The work of Richardson et al.14 and in particular
Hodges,14,26 has largely been about examining
aspects of deep system function. The manner of
response noted in those muscles which have been
studied in this system implicates separate CNS
control.

Moseley et al.27 also showed different activation
behaviors between muscles in the deep and superfi-
cial muscle systems of the lumbar spine and Lee
has shown that this also occurs in the thoracic
spine.28,29

Systemic local muscle system (SLMS)

It is proposed that the role of the SLMS is more
closely linked to the underlying functions provided
by the NPRM: antigravity support; the more ‘intrin-
sic’ movements – spinal segmental control, small
postural shifts and adjustments and discrete move-
ments; and the fundamental motor act – respiration.
This is in line with Richardson et al.26 who proposed
that ‘the local muscles form part of a larger antigrav-
ity muscle system which links the joints of the
entire functional kinetic chain including both the
upper and lower limbs’.

They function to provide inner support and con-
trol of the axial skeleton as a whole and particularly
around the body’s centre of gravity. They provide
the foundation for movement (Fig. 5.2).

The more general features of this system are
explored and summarized in Table 5.6.
62
• The torso muscles in this system are generally
deep, often small and may be uni- or poly
segmental. Being close to the joint they control and
many containing a large number of muscle spindles,
it is likely that they have a large role in kinesthetic
sense and postural control. The small deep
intersegmental muscles of the spine contain a very
high density of muscle spindles and more than likely
act as large proprioceptive transducers30 or
vertebral position sensors at every segmental level.31

Optimal spinal movement control depends on
adequate sensory input into and from this system.
Normal studies involving reduced mechanical
loading or microgravity and related reduced
proprioceptive input have demonstrated atrophy32

and conversion of these deep muscles from slow
tonic firing to more phasic function.33

• Their form and function produces more
continuous but varying tonic motor activity at
low levels of contraction34 which provides
endurance and staying power, particularly useful in
counteracting gravity and maintaining the breathing
cycle. Tonic low level activation of transversus in
standing has been reported.35,36 Saunders et al.37

found tonic activation of transversus during walking
which continued into running up to speeds of
3ms�1. Clinically they are best recruited during
slow, sustained and non effortful movements.

• Rather than generators of force, their principal
role is more one of antigravity postural control
including stability. This entails movement which
is subtle and finely modulated! Activity oscillates
between concentric and eccentric control as
required. The adoption of upright postures with the
spine aligned close to the normal spinal curves and
the line of gravity have been shown to readily
activate various muscles in this system.38–40 The
deep abdominal muscles have also been shown to
automatically respond to postural changes evoked
through decreasing the base of support while
sitting.41

• Their early activation prior to a movement
occurring25,27,42,43 renders the torso as an
adjustable, yet stable base of support to allow for
more effective and even forceful actions of the large
more superficial global muscles as required. Their
early action is also necessary to create appropriate
axial ‘postural sets’ for effective control of the head
and weight shift for limb movements.

• The muscles work synergistically in patterns of
co-activation as part of a coordinated system
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Fig 5.2 � Graphic depiction of the conceptual systemic local muscle system (SLMS) as a continuous innermost sleeve of
myofascial support.
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Table 5.6 Different structural and behavioral characteristics between the SLMS and the SGMS

Systemic local muscle system (SLMS)
deep system

Systemic global muscle system (SGMS)
superficial system

Architecture 1� small, deep, more pennate

Uni and polysegmental

1� large, superficial, more fusiform

Polysegmental

Fibre type/

activity

Type I fibre/tonic motor unit dominant Type II fibre/phasic motor unit dominant

Role 1� postural/stabilizing/control and small movements

and shifts at low force generation.

1� larger movements; ballistic; higher force and faster

speed

2� postural/stabilizing at higher magnitude loads

Loading Work more so and optimally in closed chain

movements

Work more so and optimally in open chain movements

particularly fast/ballistic

Timing Pre activate before SGMS in movement Activate after SLMS in movement

Action Work in synergies in patterns of coactivation Work singly or as part of a synergy; co-activate in high

load or perturbation situations

Directionality Non direction dependent Direction dependent

Activation 1� bilateral activation - may/not be symmetrical 1� unilateral activation; asymmetrical

Inherent

behavioral

tendency

Tend to: inhibition, hypotonia, atrophy weakness,

delayed activity particularly in states of pain injury

fatigue, stress emotion

Tendency to: over activity, strength tightness shortness

and to dominate in movements particularly in states of

pain injury fatigue stress and emotion or when working

out new or complex movements9

Back Pain: A Movement Problem
response. Balanced co activation or co-contraction
around a joint provides for stability of the joint26

and centered joint control and load transmission.
This is particularly important in the spine where
the control of the segments against gravity
including compressive and shear forces is
particularly important. Coordinated coactivation
not only ensures control around individual joints
but also control of the orientation and alignment of
the spine as a whole. Another example of
synergistic coactivation is the generation of the
intra abdominal pressure mechanism (IAP) which
depends upon coactivation and modulation
between the diaphragm, transversus abdominis and
pelvic floor. Studies of some of the muscles which
are active in deep system synergies have
demonstrated early coactivation e.g. of the
diaphragm with transversus abdominis;44,45 pelvic
floor muscles with abdominal muscle activity;46

transversus with deep multifidus;27 internal
oblique with multifidus.43
64
• The patterns of muscle activation may be
independent of movement direction.
Perturbation studies of the spinal reaction forces
engendered from limb movement have shown that
transversus and multifidus continue to be active
with repetitive movement of the arm in both
directions25,27 and similarly so with movements
of the leg.24,47 McCook et al.48 have shown
consistent transversus activity during both trunk
flexion and extension. However, Allison et al.49

measured transversus bilaterally and found its
activity was specific to the direction of arm
movement. Herrington50 reported symmetrical
action occurred in different positions, particularly
in standing.

• Clinically it appears that this muscle system
response is more bilateral however this may not
necessarily be symmetrical49 as it controls
reaction forces or allows for movement
adjustments during say weight shift. Danneels
et al.16 found bilateral coactivation of internal
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oblique and multifidus in asymmetric lifting tasks
with differences in the symmetry of multifidus
activity between lifting and lowering.

• The inherent behavior of the muscles in this
system is more akin to Janda’s ‘phasic muscles’. He
maintains they have a tendency to hypotonia,
atrophy weakness and inhibition and to be less
readily activated in movement patterns
particularly under conditions of pain,51 injury,
fatigue and stress and emotional states.10,52,53

Weight bearing appears to be a significant afferent
factor in generating antigravity extensor muscle
activity, particularly the one joint extensors.
Selective atrophy of multifidus muscle has been
shown to occur after 8 weeks of bed rest in otherwise
healthy individuals.32,54 Richardson55 notes the
‘weight bearingmuscles’ tend tomore readily fatigue.

However, there appear to be some important differ-
ences between Janda’s ‘phasic muscle’ group and
the SLMS:

• The SLMS appears to have a greater role in basic
postural control. Janda saw his ‘posturalmuscle’ (tonic)
group as more important in postural control.11,56

• Janda was more concerned about the effects of
the postural muscles and clearer about classifying
them. Those classified as phasic were less
numerous.10 He stated that those muscles he had
not classified ‘can be described as neutral or not yet
determined’9 or ‘doubtful’.57 We have included
more muscles in this system than Janda did in his
phasic group.

• He did not necessarily see the ‘phasic muscle’
activity as a deep or systemic response.

• Clinical evidence points to iliacus and psoas as
important inclusions in this deep system. Janda
classified them in his ‘postural muscle’ group.

Effective activity of the SLMS promotes a ‘supple
uprightness’ – ‘buoyancy’, elongation, opening, and
flexibility of the torso. When the system is working
well, the person has equipoise, grace and lightness in
movement. And he breathes well.
Systemic global muscle system (SGMS)

There appears to be much less ambiguity and confu-
sion about this system. The muscles in this system
equate to those in Janda’s Postural Muscle group; 9,10

Bergmark’s Global muscles;12 with subsequent
adoption by Richardson et al.,13,58 O’Sullivan,59,60

Comerford and Mottram.15 Many are two-joint
muscles (see Ch. 4).
These more superficial muscles are generally
polysegmental and provide for the more ‘extrinsic’
movements and are activated in situations of larger
perturbations of the torso and limb movements,
particularly if fast or large ‘actions’ using effort. They
are short acting force producers. They show a direc-
tion dependent stabilizing role.19 Smith et al.61

demonstrated selective recruitment of the phasic
ankle extensors in ballistic fast paw shake move-
ments in cats. Wohlfahrt et al.62 found that rapid
abdominal exercises appear to recruit the prime
moving (superficial) muscles with a simultaneous
decrease in static (deep) abdominal function.
Richardson63 also notes that these muscles are more
favorably activated in open chain ballistic or speed
loading situations. Conversely, the deep one joint
muscles are optimally recruited in closed chain longi-
tudinal loading which provides joint compression and
constant sensory input from the periphery guiding
motor performance. Janda64 suggested that there
may be a correlation between these muscles with a
tendency to tighten and those participating mainly
in flexor reflexes and a correlation between muscles
with a tendency to weakness and those participating
in extensor reflexes.

The muscles in this system require a stable and
adaptable base of support provided by good preced-
ing systemic local muscle activation.

They have an inherent tendency to be easily acti-
vated,65 strengthened and dominate in posture and
movement patterns in low and high load situations and
are prone to tightness26 and shortness.10 Janda main-
tained that their action is increased in states of pain,
fatigue,66 injury,67 stress and effort or when working
out new or complex movement patterns.9 Tight muscles
also act in an inhibitory way on their antagonists64 It
is important that the therapist fullyappreciates
this inherent behavior. This is certainly the case
clinically and is observed in the fitness industry
where overactivation of these muscles has largely
given rise to the ‘stretch industry’.

A generally overactive global system will manifest
in diminishing our dimensions, making our bodies
shorter, narrower flatter and effectively closing
them.68 The person moves in a loping, heavy and
somewhat grounded and awkward manner. This sys-
tem is dominant in states of action, stress, tension
and effort – the ‘flight and fight’ response with
related sympathetic dominance. The aggressive,
fighting warrior postures are SGMS dominant.

The more general features of their behavior are
summarized in Table 5.6.
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Assignation of muscle/groups into each
functional system

The assigning of muscles into either group as shown
in Table 5.7 has been much influenced by Janda and
serves as a guiding principle. It is based upon muscle
architecture, their role in more ideal postural and
movement control and their behavioral tendencies
determined through research and observed in clini-
cal practice. Obviously there is not a clear demarca-
tion between systems as they both cooperate in a
coordinated manner in posturomovement function.
These tendencies appear to be inherent in us all –
with or without back pain. The presence of back
pain tends to compound the picture.

System switching behavior

Motor behavior is complex and variable. Depending
upon the pattern of neuromuscular strategies a per-
son adopts, some muscles belonging in one func-
tional muscle system may begin to act as though in
the other. This may only involve a part of the mus-
cle. When the behavior of a muscle changes, so does
its role in posturomotor control. The most notable
clinical observations are:
Table 5.7 Suggested classification into SLMS and SGMS of those

Systemic local muscle system (SLMS)

Short intersegmental muscles of the entire axial spine: rotatores;

interspinales; intertransversarii; suboccipitals (recti & obliques)

Multifidus of entire axial spine: 1� deep

Deep neck flexor group: longus capitis & colli

Abdominal group in particular the deep muscles: transversus

abdominus, internal oblique & ‘lower abdominals’

Pelvic floor muscles

Diaphragm

Intercostals: internal and external; levators costarum

Psoas

Iliacus

Quadratus lumborum: 1� medial fibres

Glutei: minimus, medius, maximus

Lower and medial scapular stabilizers: middle and lower trapezius;

rhomboids

Serratus anterior

Intrinsic foot and hand muscles

Soleus

Deep rotators of the hip and shoulder

Jaw, masticatory and speech muscles

Vasti: 1� medialis

Extensors of the upper limb
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• Abdominal imbalance. Some of the superficial
muscles or part of a muscle exhibit SGMS behavior
creating imbalance within the group:

• Hyperactivity of the ‘upper abdominals’ and
hypoactivity of the ‘lower abdominals’. This
clinical observation is also corroborated by
Kendall 69 who saw it as the most common
altered pattern.

• O’Sullivan et al.70 found altered motor control
strategies during the active straight leg raise
test in subjects with sacroiliac joint pain. This
included underactivity of the deep transversus
and lower internal oblique with related
hyperactivity of the more superficial oblique
abdominals, in particular external oblique.

• Psoas may become overactive and tight and act as
a global muscle

• Serratus anterior acts in a global manner.

• Piriformis & the obturator group act in a global
manner

Abdominal muscle group

Functionally these are a very interesting group of
muscles. Hodges’ work25,36,42,47 has convincingly
muscles deemed significant in torso and related function

Systemic global muscle system (SGMS)

Erector spinae: 1� thoracolumbar and cervicothoracic

Quadratus lumborum: 1� lateral fibres

Sternocleidomastoid

Scalenes

Upper trapezius; levator scapula

Serratus posterior: sup & 1� inferior

Pectorals

Latissimus dorsi: 1� lateral fibres

Hamstrings

Rectus femoris

Tensor fascia lata

Short hip adductors

Gastrocnemius

Flexors of the upper limb
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confirmed transversus abdominus as an important
deep system synergist with probable separate
CNS control to some or all of the others. Internal
oblique has also been found to behave in a similar
manner.31,43 This early activity has led to its inclu-
sion in the local system by some13,16 such that in
the literature the deep abdominals consist of the
transversus and internal oblique. These can be
viewed as the major stabilizers.71 However, some
count internal and certainly external oblique as a
global muscle13 and rectus abdominus always earns
that title. Although clinically, parts of these mus-
cles may be tight or overactive, other regions are
underactive. The entire abdominal wall may be
underactive. The obliques and rectus are also
important for postural alignment and orientation
and control of the thorax on the lumbar spine as
well as the generation of IAP at higher magnitude
loads, hence their inclusion into the SLMS.

Urquhart et al.72–74 found regional variations in
the structure and recruitment of transversus abdomi-
nis and internal oblique in a healthy population.More
tonic activity was greatest in the lower and middle
regions compared to the upper region which showed
more phasic activity in line with its greater role here
with respiration. They also showed the postural
responses differed between body positions with
recruitment delayed in sitting compared to stand-
ing.74 This variation of structure and function within
a muscle lends credence to the examination of pat-
terns of movement in controlling certain actions
rather than individual muscle function. While indi-
vidual muscles have been grouped to aid conceptual
understanding, it is the degree of their synergistic
activity in a movement which is significant.

While clinically, underactivity of the deep
abdominals is usual, both over activity and under
activity in the superficial abdominals can occur. As
significant, is the different activity level between
‘upper’ and ‘lower’ sections of the group.

Changed patterns of activity within and between
the abdominal and the iliopsoas groups in concert
with altered deep system control, largely gives rise
to the two primary clinical classification systems
for back pain (see Ch. 9).

The case for the inclusion of iliacus and
psoas in the SLMS

It has been common practice to lump these two
muscles together as one, despite the fact that they
have separate nerve supplies and have been shown
to have task dependent independent activation as
well as synergistic coactivation between them.38

Janda classified the iliopsoas as a ‘postural mus-
cle’ (global system in our context). Bergmark nomi-
nated psoas as a global muscle,12 but chose to
exclude it from his model. He ignored iliacus. How-
ever, their anatomical architecture and empirical
evidence in functional control point to their inclu-
sion as important members of the deep SLMS.

Apart from the work of Andersson et al.,38 ilia-
cus’ important contribution to functional control
of the spine has been largely overlooked. Review
of the literature on psoas reveals conflicting views
as to its primary role – spinal control or hip flexion.
Functional control of movement involves both. As
Andersson et al.38 point out; activation of a muscle
is not always predictable from its anatomical
arrangement and mechanical advantage but involves
a high degree of task specificity.75 This will also
involve its action in relationship to the line of grav-
ity as well as synergistically counteracting both
internal and external forces. The contribution of
iliacus and psoas in lumbopelvic movement control
will be dealt with more fully in Chapter 6.

Importantly an antigravity postural role has been
ascribed to psoas by numerous authors. While
McGill sees quadratus lumborum as the most
important stabilizer of the lumbar spine76 he does
accord some stabilizing role to psoas in the presence
of some hip flexor torque.31 In a simulated model,
he proposed that it has the potential to posturally
stabilize the spine with compressive loading and
with bilateral activation.77 However, symmetrical
activation (the analogy of guy wires stabilizing the
mast), imposes large compressive forces to the
spine.78 EMG studies have further confirmed pos-
tural activity of psoas in standing,79 sitting38and also
in bending and lifting.80,81 An antigravity postural
stabilizing role for psoas has also been supported
by Gracovetsky,82 Gibbons,83 Penning84 and Travell
and Simons.85

Overview

The architecture and functional behavior of the
SLMS as described forms a reasonably continuous
inner neuromyofascial sleeve of support which pro-
vides a primary platform of control for body postures
and movements (Fig. 5.2). The muscular system can
be conceptually viewed as comprising an ‘inner tube’
supporting the ‘outer slings’. The deep muscles are
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the supporters; the superficial muscles are the ten-
sioners. The deep muscles provide the foundation
for control while the superficial aremore akin to scaf-
folding. There is a lively interplay between ‘inner con-
nectivity’ and ‘outer expressivity’.86,87

Drawing attention to the myofascial continuity of
the muscular system, Myers88 notes that the deep
‘locals’ determine the postural ‘set’ more than the
superficial ‘expresses’ and are ‘too often ignored
because they are out of sight out of mind’. The
SLMS has some similarities with his ‘Deep Front
Line’ and ‘Lateral Line’. The SGMS has features in
common with his ‘Superficial Front and Backlines’,
the ‘Functional Lines’ and the ‘Spiral Line’. He
notes the influence of the early German anatomist
Hoepke in him seeing the spiral and oblique muscu-
lar chains in the superficial muscle system (Fig. 5.3).
Similarly, others have described anterior and poste-
rior oblique muscle slings89 and also local longitudi-
nal and lateral slings90 in the global muscle system,
which are proposed to assist regional stabilization
of the pelvis.

Interestingly, Beach91–93 recently presented a
‘new model of human movement’ with an
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Fig 5.3 � Functional myofascial meridians according to H
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evolutionary and embryonic perspective. As the
mesoderm splits it forms a trilaminar myofascial
external body wall. The two superficial layers contain
‘fields of contractility’ which are whole organism in
scope and produce core mammalian movement pat-
terns such as flexing/extending, lateral flexing and
twisting. If carried too far these archetypal move-
ment patterns will shorten and buckle the body.
The deepest layer provides a field of contractility
whose prime function is squeezing and sucking the
body wall to thus preserve longitudinal integrity.
Included is the anterior scalenes, transversus, the dia-
phragm, the intercostals, quadratus lumborum and
levator ani.

The recognition of the concept of intrinsic and
extrinsic musculature and their differing roles has
it seems always been in some respects culturally
acknowledged. Analyzing Egyptian art, Brecklin-
ghaus94 notes that the people portrayed ‘give the
impression of having been well balanced with
respect to the integrated use of their intrinsic and
extrinsic musculature and rarely display the over
developed armored extrinsic musculature typical in
fighting and aggressive cultures’.
rratus-
mboideus-

hlinge

ctoralis-
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Chapter Six
6

Salient aspects of normal
function of the torso
The spine or ‘backbone’ is the segmented connecting
rod of the body common to all vertebrates. However,
man is unique, in being the only one to have evolved
to a consistent upright posture on two legs upon
which the spine is further required to function both
vertically and horizontally in relation to the earth’s
surface while balancing its super incumbent load.
More specialized function of the limbs has evolved
more complex function in the proximal limb girdles
and as we have seen their control is intimately
related to control of the spine. Rolf1 describes the
spine as the ‘vital core that integrates the human
with his gravity environment poorly, well or ade-
quately as the case may be’. Its function is complex
and various aspects considered important in facilitat-
ing improvement in its control are explored. This is
examined within four main functional components:

• The axial spine

• The pelvic girdle

• The upper pole of the ‘body cylinder’

• Functional interrelationship between the upper
and lower body cylinder.

Part A: The axial spine

Structural mechanical aspects

The axial spine functions as a system

No one part of the spine functions independently.
The treatment of low back pain continues to pro-
vide poor outcomes. Perhaps the focus of much of
the research and interventions has been too specific
to the lumbar spine, without understanding the func-
tional interrelationships between all four regions of
the spine. Control of the spine as a whole is also
mutually dependent upon control of the rest of the
axial skeleton – the occiput, thorax and proximal
limb girdles – all function as part of an interrelated
support and movement system.
The spine performs many roles

In the process of phylogenesis and ontogenesis the
spine’s structural architecture has evolved providing
for its many roles. The process of our motor develop-
ment ensures the necessary spectrum of patterns of
neuromuscular control needed to serve its various
functions. Much of the current spine research is
involved with trying to dissemble and better under-
stand these responses and how they are altered in
people with spinal pain.

The spine is a remarkable piece of structural bio-
engineering acting as the central support yet also
capable of assuming different shapes in multiple
planes. It has been described as an unstable struc-
ture stabilized by the nervous system.2 Its roles
can be essentially distilled as providing:

• A flexible yet stable central weight bearing
column supporting and connecting the head and
limbs and assisting load transfer between them.

• Acting as a scaffold or lattice supporting
myofascial structures, it also helps distribute
weight.1

• Movements which enlarge the scope of head and
limb movements.
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• Contribution to the support and function of the
breathing mechanism.

• Contribution to locomotion. Gracovetsky states
‘the spine does not stop at L5. It goes all the way to
the acetabulum’2 and acts as an ‘engine’ whereby
the lordotic lumbar spine converts a lateral bending
moment into an axial torque which drives pelvic
rotation in walking.3

• Its geometry and structure of alternating
viscoelastic and firm elements allow it to act as a
spring loaded shock absorber, while its elastic recoil
helps minimize the energy expenditure of
locomotion and movement.

• It houses and protects the central nervous system
and supports the autonomic nervous system. When
spinal function is healthy so is the person. When
spinal joints are ‘out of kilter’, altered afference can
influence the function of the entire nervous system.

The requirement for both effective stability and
mobility is achieved through the interdependent
function between the nervous, myofascial and osseo-
ligamentous systems as has been suggested by Janda4

and White and Panjabi.5

The spine is more centrally located within the
body than is generally appreciated. Its pyramidal
shape and frontal plane symmetry means it can sup-
port, carry and control all its superimposed
weights.6 Maintaining control of the regions where
the curves change, particularly the thoracolumbar
and lumbosacral is important in balancing the struc-
ture of the lower spine. The natural state of the
lumbar spine is arched. Gracovetsky3 and Farfan7

have long stressed the biomechanical advantage of
the lumbar lordosis and hip extension for effective
upright activity.
A neutral spine and the
‘neutral zone’

While the spine can readily change its form, it is
important that it is able to return to ‘home base’ or
its neutral alignment. Here, the curves assume their
physiologic position and act to balance one another;
the head is balanced over the pelvis such that there
is minimal displacement from the line of gravity,
and minimal muscle work is needed to maintain the
position. There is balance of all segments in all
planes. The curves are characterized by a range
defined by natural variability.8 This can also be influ-
enced by differing postural habits, body types and
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training effect and so on. Clinically, those with spinal
pain have altered perception of a neutral spine and
difficulty achieving this throughout the spine.

The term ‘neutral zone’ was conceived by White
and Panjabi5 who defined control of the neutral
zone as ‘a low load response near or beyond the neu-
tral position . . . . up to the beginning of significant
resistance . . .due to the application of a small
force’.5 Movement further into range is into the
‘elastic zone’ up to the physiological limit, after
which, ‘failure’ occurs. This is more likely with
the adoption of end range postures with or without
superimposed movements. White and Panjabi5 state
‘a significant amount of spinal motion takes place
around the neutral position (which) is not accounted
for’. In most usual everyday activities, a lot of the
required spinal movement ideally oscillates in and
around the neutral zone or ‘mid position’ of every
spinal segment in the axial column under fairly
low loads and is directionally balanced. This is
important to recognize when facilitating functional
neuromuscular control of the spine. The active
control of these small low load movements is largely
performed by the systemic local muscle system
(SLMS). Larger loads and movements into the ‘elas-
tic zone’ involve more activity from the SGMS (see
Ch. 5).

The spine comprises multiple
functional spinal units (FSU)

Otherwise known as the motion segment, the FSU
is the smallest segment of the spine that exhibits
the biomechanical characteristics similar to those
of the whole spine.5 It consists of two adjacent ver-
tebrae, the articulating surfaces between them – the
two facet joints, separated by an intervertebral disc,
and the connecting ligamentous tissues. The behav-
ior of the FSU is dependent upon the physical prop-
erties of each of these components. Generally
speaking, motion at any FSU is extremely limited
and consists of a small amount of gliding (transla-
tion) and rotation.9 This occurs from a combination
of rocking through the disc30 and sliding of the
facets which act to steer the movement. The total
behavior of the spine results from the composite
behaviors of the multiple FSUs connected in series
which constitute its structure.

Significantly, between each intervertebral level,
the spinal nerve exits through the intervertebral
foramen (Fig. 6.1). Here it has important relations.
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In the front is the intervertebral disc and adjacent
regions of the vertebral body. Behind are the facet
or zygapophysial joints.10 Like any synovial joints,
these can become inflamed and swollen when the
vertebral mechanics change. This spinal joint
inflammation not only disturbs local joint function
but can also compromise the lumen of the foramen
and directly impact upon the spinal nerve creating
local and referred pain syndromes (Ch.12). The
marked implications of facet inflammation are
understood when injecting saline into the joints of
pigs produced an immediate reduction in paraspinal
muscle activity.11 Clinically, most spinal pain and
related disorders stem from dysfunction of one (or
multiple) FSUs where, through altered loading,
both the disc and the facet are implicated. When
the disc loses height the facet mechanics change.
Effective clinical interventions generally result from
restoring the movement in the facet and through
the segment which reduces the inflammation and
so the pain.

Movements of the axial spine

The health of the spinal joints is largely dependent
upon a variety of repeated small amplitude move-
ments. Normal antigravity control is provided by a well
integrated normal postural reflex system including bal-
anced activity between the deep and superficial muscle
systems. The fine modulation of flexor/extensor co-
activity provides the appropriate sagittal alignment of
the spine so that the occiput is balanced over the
sacrum. This provides good foundations formovement.

Spinal movements result from the contribution of
small movements in some or all of the FSUs. Spinal
motion is generally described as flexion/ extension,
lateral bending and rotation occurring in the sagittal,
frontal and horizontal planes respectively. Lateral
bending produces translation and rotation of the ver-
tebrae in the frontal plane as well as axial rotation
because of the inherent properties of the FSU.5

Functional movements are actually rarely pure
plane, but variable combinations of these movements
albeit within a primary movement direction, providing
three-dimensional control. Axial movement is more
one of adjustment and sequencing through the spinal
segments. Big movements are provided by the large
multi-axial ball and socket joints. Problems ensue if
their movement is reduced so that some regions of
the spine become the axis of movement.

In crude terms, all vertebrae consist of a body
and a bony ring with processes containing the articu-
lating surfaces. In each region there are differences
in the size of the vertebral body and the orientation
of the facet joints consistent with its load bearing
role and which favors some movements over others.

Kinematic differences thus occur within each
region of the spine and in depth analyses are provided
by numerous authors.5,9,12 Figure 6.2 shows the seg-
mental and regional movement characteristics.
Briefly:

• Cervical. The most mobile region of the spine
with freedom of movement in all three planes.

• Thoracic. The facet shape affords more mobility
in rotation and lateral flexion and least mobility in
extension. Rotation freedom decreases in a cranio-
to caudal direction.12
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• Lumbar. Facet orientation favors movements in
the sagittal plane – flexion and extension, with a
cephalocaudal increase.5 A recent study13 has
shown most segmental sagittal movement at L3/4
followed by L4/5. Side bending and particularly
rotation are limited. Rotation has been shown to
increase in flexed postures leaving all segmental
structures more vulnerable.14 However reduced
rotation at the end of flexion and extension ranges
compared with that in the neutral position has
been shown.15

• Sacrococcygeal. The vertebral segments within
the sacrum and coccyx are fused, but there is a
fibrocartilaginous joint between them10 which
allows flexion and extension deemed by some to be
largely passive16 while others see it as the most
mobile part of the pelvis17 Lee18 reported a MRI
study which showed flexion of the coccyx with
pelvic floor muscle contraction and extension during
a Valsalva maneuver or straining. The saccrum is
stabilized in the pelvic ring which limits its mobility
and provides stability. Movements of the saccrum/
coccyx principally involve those in the sagittal
plane – nutation and counternutation with some
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torsion and side bending. Ipso facto, these
movements involve corresponding movements in
both the spine and the pelvis.

A decrease in the range of all spinal movements
with increasing age is apparent.19

Pelvic (sacral) spatial position
affects spinal alignment

The sacrum/coccyx forms the base of the spine.
The pelvis is partly formed by and in turn also sup-
ports them and so control of its spatial position will
affect the alignment and control of the whole spine,
the lumbar spine in particular. This is the case for
all static and dynamic postures and movements in
all planes both in relationship to the body and grav-
ity. This is important to appreciate. While the static
picture does not necessarily equate to functional
reality, the principles provide for conceptual ease
and can be extrapolated to all spinal movements.

In the frontal plane when the pelvis is in the neu-
tral balanced position the spine is vertical, symmetrical
and balanced. If the pelvis is oblique or laterally tilted,
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the pelvis will shift to the high side, the lumbar spine
will side bend to that side. This in turnwill then create
compensatory adjustments throughout the spine – a
pronounced case of which is seen in scoliosis.23

In the sagittal plane the lumbar spinal curvature is
clearly dependent upon pelvic tilt.23 A neutral lordo-
sis is achieved with a corresponding neutral tilt of the
pelvis. A neutral pelvis has been variously defined:

• When either the anterior iliac spines lie on a
horizontal with the posterior iliac spines or the
anterior superior iliac spine lies on a vertical with
the symphysis pubis.9

• Rolf defines pelvic balance as a horizontal line
between the coccyx and pubes and a vertical between
the pubes and anterior iliac spine1 (Fig. 6.3).
Gravity plane - horizontal

Right half

Left half

A A

60º

90º

B

B

C

C - inclination of pelvis

Fig 6.3 � Abalanced ‘neutral’ pelvis – reproduced from ‘Rolfing’
with permission Harper and Rowe New York 1977.
• However, Rock20 suggests that in optimal
functional alignment, the anterior superior iliac
spines move slightly in front of the symphysis which
facilitates dynamic activity in the postural reflex
mechanism. Here the shear forces imposed upon
the sacro-iliac joint (SIJ) are offset as the sacrum is
suspended between the two innominates in slight
nutation.18

• When the pelvis tilts anteriorly the lordosis
increases.21

• When the pelvis tilts posteriorly the lordosis
reduces and the lumbar spine flexes.
Mutual behavior between the curves

A change in one curve will generally be reflected in
the others. Try lying down on the floor with your
knees bent. If you flatten your low back to the floor,
invariably your chin will poke forward and your
neck hyper extend. If you increase the lumbar lor-
dosis the neck will lengthen and the chin retract.
This has implications for clinical practice. Black
et al.22 showed this opposite relationship between
lumbar and cervical posture in sitting – as the lum-
bar spine moved toward extension, the cervical
spine flexed and vice versa. Marked stiffness in
the thoracic spine will modify this response.
The junctional regions

According to Lewit,23 not all vertebral segments
have the same importance for the functioning of
the spine. There are ‘key segments or regions’,
mostly the transition areas where the anatomy
and the function in the column changes between
very mobile and relatively immobile regions. These
‘junctional regions’ marry the transitions between the
three principal units of body weight – the head
thorax and pelvis. They accommodate forces while
transmitting movement through the spine. They
occur at the top and bottom of the segmented
spine and the top and bottom of the thorax.
Ideally, the line of gravity passes through
them.24,25 Lewit maintains it is in these regions
that the spinal column suffers first jeopardizing
function of the spine as a whole, and causing sec-
ondary lesions.23 They all share a common ten-
dency to hypomobility or stiffness creating
compensatory relative increased mobility in seg-
ments adjacent and/or far removed.
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• The craniocervical junction (C0/1/2). These
are the most anatomically and kinematically
complex joints in the axial skeleton.5 They allow
triplanar mobility, rotation at C1/2 and sagittal
nodding of the occiput on the condyles being most
significant. In physiological terms the receptive field
for the tonic neck reflexes which influence muscle
tone throughout the postural trunk musculature lie
mostly within the C0/1 and C1/2 joints.26

Importantly, if function here is disturbed, there is
frequently hypertonus of the ‘postural muscles’,
disturbances of equilibrium and locomotor/
movement deficit23 which has to be compensated
for elsewhere in the cervical spine.

• The cervicothoracic junction (C7/T1/2) where
the most mobile region of the spine, the neck,
joins the relatively immobile thoracic spine and
where the powerful muscles of the upper limb and
shoulder attach to the torso. Dysfunction over this
junction contributes towards compensatory
movements in the neck and is implicated in
shoulder pain syndromes.

• The thoracolumbar junction (T10/11/12/L1)
where the less mobile thorax joins the more mobile
lumbar spine. Nature has attempted to soften the
transition with the 11th and 12th ribs floating and
bearing similarity to transverse processes. The
upper facet joints of T12 retain the thoracic
pattern while the lower joints have the lumbar
pattern. According to White and Panjabi5 and
Bergmark,27 the highest torsional stiffness is
typically exhibited at this junction and the T12/L1
FSU is a site of high stress concentration.
Clinically, it is a region which suffers badly from
both postural collapse and regional muscular
holding patterns. Disturbed function here causes
intense spasm not only of the back muscles but also
the psoas23 in particular, as well as compromised
diaphragm function. This is common and clinically
important.

• The lumbosacral junction (L5/sacrum) where
the relatively rigid sacrum joins the more mobile
segmented lumbar spine. Disturbance of the hip–
pelvis complex affects saccral kinematics which in
turn affects the kinematics of L5/S1 segment as
well as the alignment of the rest of the spine.

The head–tail bone relationship

The head and tail bone or coccyx represent
the top and bottom of the spine and in a well
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balanced upright spine they are aligned. The head
is balanced on the occipital condyles and the coc-
cyx through the pelvis is balanced on the femoral
condyles. Ideally this relationship is also main-
tained in numerous other postures whatever the
base of support.

The head and the tail bone can be viewed as
functional ‘limbs’. Thus there are six ‘limbs’ from
which spinal movement may be initiated. Addition-
ally the spine transmits sequences and adjusts
movements between the upper and lower body
and between the various ‘limbs’. Hackney28 notes
that in all movements both simple and complex,
where the spine is a dynamic link between the
limbs and the upper and lower body, the ‘head
and tail are in a constant and always changing inter-
active relationship’.

Unhealthy spinal control is characterized by a
poor head/tail relationship, difficulty initiating
movement from the six ‘limbs’ as well as controlling
the ‘centre’.
Spinal loading and the control
of forces in movement

White and Panjabi5 define load as ‘a general term
describing the application of a force and/or
moment (torque) to a structure’. All structures
including the body are subject to forces and in
the physical universe action and reaction are
always equal and opposite. Movement is loading.
It can occur in response forces acting on the body
which in turn creates other forces which further
need to be controlled. While ‘forces’ and ‘loads’
may imply the idea of ‘maximal’, in the spine they
can be minimal occasioning merely a tonus shift to
counter them.

Interested in structural balance and the mechan-
ical forces which affected this, Todd6 says ‘the
direction in which any force acts upon an object in
relation to its internal axis determines the nature
of the stress endured by the object’. She lists ‘axial
and other stresses’.

• Compression and tensile stresses are called
axial as both operate along the axis without
changing it. In the skeleton the compression
members are the uprights, the bones, and the
direction of the forces is downward with gravity.
‘The tensile members are the suspensory parts
which direct weight to points on the upright
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Fig 6.4 � Vertebral column as a spring. Balance of tensile and
compression forces in the axial spine. Reproduced from “The
Thinking Body” Mabel E Todd 1937 with permission from
Princeton book company.
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which may be received and transferred to
the ground through the bones’. The direction
of tensile forces is opposed to gravity (Fig. 6.4).

If these two forces are combined or directed in
such a way as to interfere with the axis, three other
stresses may occur as follows:

• Torsion where the tension or compression is so
exerted as to cause the structure to twist about its
axis which weakens the structure for support in the
area affected

• Shearing occurs when the force is directed at an
angle to its axis causing one part to slide over the
other disrupting its axis

• Bending is a combination of tension and
compression applied in such a way that the axis is
curved so that the structure is weakened for support.
It may be caused by an unevenly distributed load or a
too top heavy load. It is the most serious of the
stresses and the hardest to counter.

The effect that loading has on the spine will also
depend on the duration and the magnitude of the
force. These can be divided into two main categories:5

• Short duration–high amplitude as in a jerk lift

• Long duration–low magnitude as in postural
collapse.

Loading can be static or dynamic. Dynamic loading
with a repetitive pattern is called cyclic loading.
The role of the ‘passive tissues’

These provide structural support and help counter
the applied forces to the spine. Importantly, most
exhibit viscoelastic behavior, in particular the
disc. This means that when a constant load is
applied to the tissues, over time they will deform
or ‘creep’. The tissues are variably sensitive to the
rate that the load is applied. The load can be
tensile or compressive. When the load is removed
the tissue may not recover and return to its origin
dimensions, known as ‘hysteresis’. Both creep and
hysteresis have been shown to increase with age.29

These phenomena play a significant role in spinal
pain syndromes. The adoption of habitual altered
posturomovement strategies creates chronic aber-
rant loading of the tissues.
The vertebrae

The architecture of vertebrae makes them well
designed to bear compressive loads, most of which
is taken through the vertebral body although some
occurs through the facet joints.5,30 The vertebral
bodies become progressively larger at the bottom of
the spine and studies have shown these to be stronger
in compressive loading as may be expected. Bone
mineral content has been shown to increase in
response to mechanical demand.31 In general though,
vertebral strength decreases with age.5

The facet joints or posterior intervertebral
joints30 contribute to load sharing. The amount of
compressive load borne will depend upon the spinal
posture and has been shown to vary between nil
(becomes tension loading in marked flexion) and
nearly half the load in extension.5 Their geometry
affords them a significant role in checking the ten-
sile, torsional, shear and bending stresses that the
spine is subject to.
The intervertebral disc

Its design provides for the combined roles of weight
bearing and load transference while allowing
multidirectional rocking movements between the
vertebrae. Besides compression, the dense annular
fibres act like strong ligaments and help resist ten-
sile, torsional, bending and shear stresses. However,
combined loads make it more vulnerable. Flexion
bending and torsional loads are probably more
harmful than compression,5 although both cyclic
and high compressive forces in hyperextension
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have demonstrated disc damage.32 The disc also
has the capacity to absorb and store energy, has
elastic recoil and provides shock absorption30 and
damping through the spine. In its healthy state,
acting as a tense pillow between the vertebrae, it
assists the correct apposition of the facet joints
and so helps ensure their function and stability.
Intradiscal pressure within normal physiological
ranges appears to provide an essential mechanical
stimulus for maintenance of the proteoglycan
matrix and the consequent load bearing capacity
of the disc.33 As we age, the disc degenerates. This
can be apparent from the age of 20 and by the age
of 50, 97% of all lumbar discs have been shown to
be degenerated, in particular the lowest three
levels.5 When the disc degenerates, the facet joints
tend to stiffen or can override, become sloppy and
‘unstable’. Segmental dysfunction involves the
whole FSU – problems with the disc involve the
facets and vice versa. It is quite extraordinary
how this one structure has been assumed to be
the mainstay of most low back pain. Treatment
directed at the movement impairment of the
whole segment invariably ameliorates the pain
while the radiological changes remain the same,
being usual and age related.
Ligaments

Binding the vertebrae together, ligaments readily
resist tensile forces in the direction in which the
fibres run. As such they are also good at resisting
torsion, shear and bending. With the muscles,
they share the role of providing stability to the
spine within its physiologic curves and ranges
of motion including maintaining the relation-
ship between each vertebra, protecting the spinal
cord and nerve roots. They demonstrate adaptive
changes in response to increasing demand or
immobilization.34 They are considered sensory
organs and have significant input to sensation
and reflexive/synergistic activation of muscles.35

Solomonow et al.36 demonstrated that mechanical
overload of spinal ligaments recruits local muscles
in a protective response which increases with the
ligament stress. ‘The functional complexity of
ligaments is amplified when considering their
inherent viscoelastic properties such as creep,
tension–relaxation, hysteresis and time or fre-
quency-dependent length-tension behavior’.35

Dysfunctional ligaments thus result in various
sensorimotor disorders.
80
The dynamic role of the
neuromyofascial system

Fascial system

The thoracolumbar fascia has been ascribed a bio-
mechanical role in the stability of the lumbar spine.
In fact, Gracovetsky37 considers it the most impor-
tant structure insuring the integrity of the spinal
machinery. Traditionally though, fascia has not been
considered as a system and accorded little impor-
tance in musculoskeletal mechanics. However,
there is growing interest in the potential major role
that fascia may play in providing structural support,
stability and contributing to movement coordina-
tion. It has been described as:

The soft tissue component of the connective tissue
system that permeates the human body forms a
whole body, continuous three-dimensional
matrix of structural support. It interpenetrates
and surrounds all organs, muscles, bones and
nerve fibres, creating a unique environment for
body systems functioning. It includes all fibrous
connective tissues, including aponeuroses,
ligaments, tendons, retinacula, joint capsules,
organ and vessel tunics, the epineurium, the
meninges, the periostia and all the endomysial
and intermuscular fibres of the myofascia.38

According to Rolf,1 there are different kinds of
fascial sheaths. The superficial is a fibroareolar tis-
sue that houses much of the body fats, can stretch
in any direction and adjust quickly to strains of all
kinds. The deep fascia is a denser layer, provides
good resistance to tensile strain and its smooth coat-
ing permits neighbouring structures to slide over
one another. She was particularly interested in the
fascial envelope surrounding muscle. Rolf1 and her
disciples and those interested in biotensegrity39

view the fascia as the prime organ of support and
the bones, rather than providing support in the
Newtonian sense, act as spacers serving to position
and relate different areas of connective tissue. This
may help explain how the ‘human spine can accept
loads from any direction with arms and legs canti-
levered out in any direction’.39 Muscles provide
the source and direction of movement and as they
are encased within it and attach to it, they can act
as tensioners to the system. Variously described as
the ‘internet’,40 ‘the endless web’,41 ‘a spider’s
web reaching out to every nook and cranny’,42 being
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a continuous system – a force applied to one part or
a local restriction – can have quite far reaching as
well as local effects. The anatomical continuity of
the myofascial and viscerofascial systems as well as
the neuroanatomical relationship of somatic and vis-
ceral structures mean that recruitment patterns of
spinal muscles may change due to dysfunction of
structures outside the musculoskeletal system.42

Artificially increasing the tension in the lumbar
fascia has been shown to alter lumbar segmental
translation and rotation.43 Fascia is also capable of
remodeling in response to changing mechanical
loads and muscle activity.44 Recent research has
demonstrated the presence of smooth muscle like
contractile cells in fascia with higher densities found
in the lumbar fascia indicating its ability to influence
musculoskeletal mechanics.45 Smith46 provides a
seductive view of its role: ‘fascia is now seen as an
antagonist to muscular action, and movement is
seen less as the coordinated action of antagonistic
muscles and more in terms of the elastic and oscilla-
tory properties of the myofascial network as a
whole’. As well as its static attributes, fascia ‘has
the potential for certain rhythmic or oscillatory
movement patterns that arise from its elastic,
hydraulic and tensegrity properties’. ‘These inher-
ent rhythmic movement patterns are independent
of muscle activity. However, they may be either
reinforced or inhibited by muscle action’. ‘Muscular
action works primarily to maintain the oscillatory
patterns with an occasional and timely input of
energy each movement cycle’. The whole body
response seen in Craniosacral Therapy47 is based
upon the concept of a fascial continuity throughout
the body. Gracovetsky48 remarks ‘it is the viscoelas-
tic behavior of collagen that drives the stability of
the spine. . . the integrity of the collagen structure
is as important as that of the muscles’. The fascial
system appears to serve as the structural and func-
tional link between the frank passive and active
tissues in movement.
Neuromuscular system

This interdependent system converts a structural
body into a functional body.

In our relationship with gravity, the body is con-
stantly adjusting to changing circumstances. We do
this through information coming from our senses,
from within (proprioception) and without (extero-
ception). Proprioception essentially provides posi-
tion and movement sense. It allows us to sense the
position and movement of joints; to sense the force
effort and heaviness associated with muscle contrac-
tions; and the ability to perceive the timing of mus-
cle actions.49 Exteroception comes through the
senses with which we orient ourselves to the envi-
ronment and the sense of space around us – vision
labyrinths and touch.

Effective motor control is dependent upon ade-
quate peripheral afference from receptors in the
joints, ligaments, fascia muscles tendons etc so that
the magnitude and timing of the muscle response is
appropriate to the loading conditions. The various
kinesthetic receptors are in tissues which are visco-
elastic and the adoption of slouched postures has
been shown to subsequently affect subjects’ abil-
ity to reposition their spines.50 Normally we can
accurately spatially position our spine and this is
independent of the magnitude of the range of
movement.51 Brumagne52 has shown that precise
muscle spindle input from multifidus is essential
for accurate positioning of the pelvis and lumbosa-
cral spine in sitting.

The neuromuscular system essentially deals with
balancing the intrinsic and extrinsic forces imposed
upon the body as a result of gravity, movement
and loads. This system is fragile and its dysfunction,
according to Janda,53 is one of the first signs to be
clinically recognizable and is responsible for the gen-
esis of many spinal pain disorders. There are certain
normal neuromuscular responses relating to spinal
control which merit looking at.
Aspects of normal
neuromuscular behavior
around the spine

Muscle coactivation or
cocontraction (see Ch. 4)

This is a normal muscle response from the trunk
muscles in order that the spine may be controlled
in a stable neutral posture54 and ready to respond
to the complex and unexpected loading patterns
during our everyday activities. The column is sup-
ported and controlled from all sides. Activity at low
load states is primarily in the deep SLMS and as
the load increases so does the magnitude of the co-
activation, as the superficial muscles become more
involved. Antagonistic trunk muscle coactivation
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occurs during sudden loading of the torso, accelera-
tions of the torso as in slipping, isometric trunk
moments, axial torques and heavy exertions in order
to provide the necessary stability.54 Co-contraction
is a normal response to fatigue as the spine attempts
to protect itself.55 However, Radebold et al.56

showed that sudden perturbations to the trunk in
normal people produced more flexible muscle
recruitment responses in the superficial muscles
and did not necessarily involve co-contraction. Their
study did not access the deeper muscles.

At high loads, trunk muscle coactivation resem-
bles muscle guarding or splinting and spinal motion
is limited. Quint et al.57 showed this can be reduced
by as much as 20%. High levels of co-contraction
have been shown to degrade postural control.58

While stabilizing the spine to manage heavy loads,
it imparts a high compressive loading on the spine.
In the normal state this is not a problem, as they
are generally short lived to say lift a box, or prevent
a fall.
Flexion relaxation phenomenon

Studies have shown that when standing still and
bending forward, the low back extensors eccentri-
cally contract and then fall electrically silent, the
load then being borne by the passive tissues – liga-
ments, disc, gut and some elastic recoil in the mus-
cles,59 and the fascial system.60 The point in the
flexion range where this occurs is variably reported
as between two-thirds of maximum trunk flexion
(and corresponding half-range hip flexion),61 to near
the end of trunk flexion.59 The relaxation effect has
also been reported to include the hamstrings and
much of the thoracic erector spinae.60 However,
relaxation of the lumbar extensors associated with
reciprocal thoracic erector spinae activation has also
been found.62 Bogduk et al.63 estimate that the tho-
racic erector spinae contribute to 50% of the total
extensor moment exerted on L4/5. Andersson
et al.64 found that quadratus lumborum did not
relax with the lumbar extensors suggesting a pos-
tural stabilizing role for this muscle.59

Limiting the posterior shift of the pelvis and hip
flexion has been shown to produce the response ear-
lier in range.65 While a lack of this response is a
common finding in subjects with LBP suggesting
an increased ‘protective’ role from the superficial
extensors, it is not universal. The question needs
to be asked as to the desirability of depending on
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the passive tissues. In functional movement, is the
flexion relaxation response different? Is it partly a
consequence of decreased SLMS coactivation syner-
gies affording poor adaptable support and control
where limiting pelvic shift and locking the legs
allows one to utilize the passive system more than
is healthy?

O’Sullivan et al66 have examined the response
when moving from sitting upright to slumped sit-
ting. They found that superficial multifidus and
internal oblique – both important in segmental con-
trol, exhibited a consistent and significant decrease
in activity at mid range spinal flexion. The thoracic
erector spinae response was highly variable with
several different patterns of activity demonstrating
the variable and complex nature of motor control.
They found that adopting a neutral lordosis in sit-
ting, best facilitated activity in the deep system
muscles.

The reflex muscular responses
to arousal/stress

Arousal, a state of internal alertness, is a component
of several emotional responses including fear and
anxiety and is mediated by the neuroendocrine sys-
tem and includes the limbic system.67 The level of
arousal can vary from deep sleep to the fight-or-
flight response. The body and mind are inextricably
linked, our emotions being reflected in our neuro-
muscular being. Stress is a natural phenomenon
and necessary for our survival. There is a normal
cyclic variation between periods of stress when we
are aroused and periods of relaxation where
depleted energy is restored. In times of stress or
hyper arousal, the sympathetic system is activated
initiating a ‘fight or flight response’. This occasions
an increase in the cardiac and respiratory rate and
other bodily changes to get ready for action. Hyper-
ventilation is part of this normal reaction to sudden
danger or excitement. There is over activity of the
general body musculature, particularly of the facial
and jaw muscles, neck and shoulders. Activity in
the SGMS predominates. The upper limbs are held
in flexion, the trunk is generally held stiff and because
of tension in the abdominal musculature, diaphrag-
matic breathing can be inhibited and replaced by
upper chest breathing.68 Classically adduction and
flexion patterns are symptomatic of stress.68,74 The
higher levels of muscle activation found in states
of increased arousal have been shown to decrease
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performance in highly anxious subjects yet improve it
in those less anxious.67

Repeated exposure to stress creates a risk that
stress changes from a natural transient reaction to
a chronic pathological state. The person finds it dif-
ficult to relax. Symptoms such as hyperventilation
syndrome become common and will have effects
on the whole body including the neuromuscular sys-
tem.69,70,71 The line between normal and abnormal
behavior becomes blurred.
The protective and defensive
reactions

It is a basic instinct of all animals and humans to
protect or defend themselves when threatened.

Hanna72 was influenced by Selye’s statement
that stress is a response to good things as well as
bad. He describes stress as being both positive and
negative and creating a specific reflex response of
the neuromuscular system in two basic ways:

• Positive or ‘eustress’ is the action and perhaps
effort response which primarily activates the
extensor muscle system. It is assertive behavior and
Hanna termed it the Green Light Reflex. Its
specific effect is the habitual contraction of the
back muscles – the extensor system. It contributes
to a ‘posture of defense’.

• Negative or ‘distress’ creates a basic
neuromuscular withdrawal response which
primarily occurs on the front of the body. It is a
primitive reflex of survival – a ‘rapid motor act’ that
helps our survival by withdrawing from danger.
Hanna termed it the Red Light Reflex – a protective
response to negative events which threaten us such
as fear and anxiety. It is associated with a reflex
contraction of the abdominal muscles which pulls
the trunk into more flexion, depresses the chest,
inhibits activity of the diaphragm and so causes
shallow breathing. It contributes to a ‘posture of
protection’. Trauma will invoke a protective
response guarding against pain, e.g. trunk list. These
are unconscious, involuntary rapid reflex motor acts
which primarily affect the muscles around the body’s
centre of gravity.

Bond40 suggests that the horizontal, crosswise
muscles (the vocal, thoracic and pelvic diaphragms)
are the sites of our most internal motions of protec-
tion as they constrict whenever we hunker down
under pressure. Acting like valves through the
vertical axis of the body, their closure blocks the
adaptive responses to gravity through the body. Again,
these reactions are characterized by associated over
activity in the superficial systemic global muscle
system (SGMS). When repeatedly triggered, which
is indeed common in today’s stress inducing society,
these basic responses easily become habitual behavior.
As Hanna says:

Habituation is the simplest form of learning. It
occurs through the constant repetition of a
response. When the same bodily response occurs
over and over again, its pattern is gradually
‘learned’ at an unconscious level. Habituation is
a slow relentless adaptive act which ingrains
itself into the functional patterns of the central
nervous system.72

And this occurs in ‘normal’ ‘healthy’ as yet ‘pain
free’ people!

In states of acute pain, we are all familiar with
the need to protect, guard, splint and ‘hold
against’, particularly if we sense the pain ‘is causing
damage’. This is generally associated with reflex
breath holding. If pain persists the risk is that the
splinting and holding persist. These responses are
important when working with patients both with
manual treatment and therapeutic directed exer-
cise. Accessing painful joints and stiff regions can
provoke discomfort. The art of the therapist is to
gauge the right degree of intervention so that these
responses are not triggered. The patient’s belief
systems regarding pain being ‘good’ or ‘bad’ can
further sensitize the response or otherwise. It is
also common to see these reactions being triggered
during many fitness endeavors such as gyms and
some yoga studios where being pushed beyond
one’s capability engenders features of unconscious
‘defending’ and ‘holding against’ in themotor response
patterns.
Effort response

Movement should on the whole be easy and effort-
less, achieved from well integrated activity between
the SLMS and the SGMS. When performing a task
that requires a high level of effort, there is a spread
of activation to other muscles besides those princi-
pally responsible for the task. This enhances pos-
tural stability and enables the transfer of power
across joints by the two-joint muscles.67
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Laban73 was interested in the economy of effort
afforded by the use of appropriate motor skills. Effi-
ciency is gauging the right proportionality of weight,
space, timing and control of the flow of movement.
The inherent rhythm in movement is important and
is disturbed by the use of excess and unnecessary
effort. ‘Any inappropriate use of movement is just
a waste of effort.’73 The harder we work the more
the SGMS is called into action, a feature of their
innate behavior (see Ch.5). In times of higher load-
ing they serve to provide the added stiffness the
spine needs. However, the amount of effort
expended needs to match the demand of the situa-
tion. People with a poorly integrated systemic local
muscle system rely more on their SGMS and so
tend to use more effort than necessary in low load
activities and with unhealthy kinematic patterns.
Importantly, those actions requiring increased
effort, should involve the adoption of biomechani-
cally sound movement patterns.

Often, when a person ‘tries to please’ and ‘tries
too hard’ he invariably activates a neuromuscular
response which is more effortful and SGMS domi-
nant than is required by the situation. Excess effort
in movement leads to grosser movement. This is a
common response in people being directed in exer-
cise, whether it is therapeutic or recreational.
Postural equilibrium

Feldenkrais noted: ‘human upright posture is a
dynamic equilibrium . . .our nervous system as well
as our body works to restore equilibrium rather than
to keep it.’74 How we physically organize ourselves
in relation to gravity is reflected in both our posture
and our breathing. The primary breathing muscles
are also postural muscles. The body constantly
adjusts to the disturbance created by breathing and
so even in the ‘static’ state there is always a degree
of movement in the form of small oscillations of pos-
tural sway. In adulthood, formost functional tasks we
maintain a vertical orientation of the body. In the pro-
cess of establishing and maintaining this verticality
we use multiple sensory references including gravity
(the vestibular system), the support surface (the
somatosensory system) and the relationship of our
body to objects in the environment (visual system).75

Postural stability or balance is the ability to main-
tain the body in equilibrium in both ‘static’ and
dynamic states and this will change as the body
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configuration changes. The smaller and the more
unstable the base of support (see Ch.4) the greater
is the demand from the control system. The central
nervous system (CNS) automatically attempts to
control the orientation of the head and trunk with
respect to the gravity axis. The magnitude of the
perturbation both intrinsic and extrinsic and its
duration will determine the relative contribution
from the deep and superficial systems. If SLMS
activity is reduced, it is common to observe central
‘holding patterns’ in the torso which will com-
promise the equilibrium responses in the torso.
Too much trunk muscle coactivation degrades
postural control.58 Habitual postures influence how
muscles are recruited and coordinated for recovery
of stability.

Todd6 notes that upright equilibrium occurs
when the pelvis can act as a mechanical de-coupler
and freely swing between the spinal axis and the
leg axis which are not in continuous but parallel
planes. These axes result from the effects of gravity,
bones muscles, ligaments and fascia. All are involved
in maintaining a balance between the compression
forces coming down through the spine at the back
and the tensile forces being transmitted up the
front. The two planes should be parallel to the line
of gravity which bisects the body vertically through
the three main centres of weight. Keeping them
parallel and close together will bring all joints of
the connecting parts into the best mechanical rela-
tionship and equilibrium (Fig. 6.5).

Ideal alignment of the body segments minimizes
the effect of gravitational forces and reduces the
amount of muscle activity needed to remain upright
and for equilibrium.

Most of the postural stability control research has
been conducted in standing. Functional equilibrium
is necessary in all manner of ‘postures’. Vertical
equilibrium has been examined in the following
ways:

• Changes in the amplitude of postural sway
during quiet stance. Traditionally, small amplitude
movements of the body reflected as the centre of
pressure over the base of support (BOS) have been
seen to reflect ‘good’ control of balance and larger
amplitude movements to reflect ‘poor’ control.75

When sensory inputs are decreased the centre of
pressure motion tends to increase.

• Motor strategies as a response to perturbed
stance. Characteristic patterns of synergistic muscle
activity occur in response to perturbation.
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Anteroposterior stability

The common patterns of response are:

• The ankle strategy. Here anteroposterior
stability is regained by a sequential firing of the
gastrosoleus, hamstrings, and finally the
paraspinal muscles to return the body mass
over the BOS. It is apparently most commonly
used when perturbations to equilibrium are
small and the support surface is firm.75 Adequate
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ankle mobility and strength is required for
effective control.

• The hip strategy. This strategy controls motion of
the centre of mass of the body by producing large and
rapid motion at the hip joints with anti phase
rotations at the ankles.75 The hip strategy is used in
response to larger faster perturbations, or when the
support surface is compliant or smaller than the feet
as when standing on a beam. Artificially increasing
hip and trunk stiffness has shown reduced balance
control and increased arm movements to regain
stability.76 Poorly integrated lumbopelvic–hip
control including hip stiffness as well as
hyperstability of the trunk through muscular
‘holding’ patterns will obviously jeopardize balance.77

• The stepping strategy. When the closed chain
strategies are insufficient a step or a hop are used to
return the BOS back under the centre of mass of
the body. This may be a more common response in
people with back pain – changing the BOS seems
easier than resolving the perturbation through the
body? (See Ch. 3.)

Researchers believe that in normal people, combina-
tions of all three strategies are used in controlling
sagittal displacements.75 These anteroposterior
responses are organized in a distal to proximal
manner.

Mediolateral stability

Here control occurs primarily through the hip, pel-
vis and trunk as there is little mediolateral move-
ment in the knee and ankle. Apparently these
show a descending response organization, with head
movements occurring first, followed by those in the
hip and the ankle. Head movements occur in the
opposite direction to those at the hip and ankle.75

Of significance is the clinical observation that many
with back pain have altered head control and ability
to control lateral weight shift. Stability is therefore
likely to be predictably compromised.

Spinal stability: examining
proposed mechanisms which
contribute control

It has been said that structures build their needs.
However, the human spine is often seen to be a
complex mechanical structure which is inherently
unstable. This notion probably stems in part from
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early in vitro studies which found buckling occurred
at fairly low forces. Related studies and Panjabi’s
influence,78,79 has lead to the current concept of
‘instability’ and that the spine is ‘not stiff enough’.
In fact clinical practice and some of the recent
research shows that parts of it at least, are ‘too stiff’.

Gracovetsky2 points out that ‘it is not clear to what
extent the hypotheses underlying these engineering
‘stability’ theories are appropriate for viscoelastic
structures. Current concepts of musculoskeletal sta-
bility are developed without considering the advan-
tages of being an unstable structure stabilized by
a complex control system’. The process of our motor
development ensures the necessary spectrum of pat-
terns of neuromuscular control needed to serve its
function.

Similarly, Todd6 suggests that the living being
maintains its stability because it is excitable and
capable of modifying itself according to external sti-
muli and adjusting the response to the stimulation.
Slight instability is the necessary condition for the
true stability of the organism. Bond40 suggests that
if our perceptual orientation to our surroundings is
insufficient, we compensate by stabilizing too much,
the muscle contractions serving to diminish our
dimensions making our bodies shorter, narrower
flatter and effectively closing them. Movement has
limited expression.

Various dynamic mechanisms are proposed to
contribute to the spine’s stability and function and
are explored.

The intra-abdominal pressure
mechanism (IAP)

This was first proposed by Bartelink80 as a mecha-
nism to protect the spine when lifting heavy loads.
It is a ‘high load’ strategy. Utilizing a natural reflex
response the Valsalva maneuver, intra-abdominal
pressure can be voluntarily increased by vigorous
contraction of the abdominal muscles against a
closed glottis, creating a rigid vertical column of
high pressure within the abdomen that pushes up
against the diaphragm and down against the pelvic
floor.12 Acting as an inflated ‘intra-abdominal bal-
loon’ this mechanism was proposed to support the
spine from the front and partially reduce the
demands on the lumbar extensor muscles and so
lower the compression forces on the lumbar spine.
However because strong abdominal activity creates
a flexion torque on the spine, increased co-activity
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in the extensors is also necessary to counter this,
creating overall increased myogenic compression
and direct splinting on the lumbar spine. While a
useful short term strategy to achieve postural stabil-
ity and protect the spine against high loads, the vital
function of respiration is sacrificed to it,23 hence it
becomes a problem if used long-term. Thompson81

noted that global abdominal bracing may overcome
pelvic floor activity causing the floor to descend.
The realization that the generation of this mechanism
as originally described, depended upon a strong/vig-
orous abdominal activation probably spawned some
of the confused beliefs about the ‘necessity for strong
abdominals if you have back pain’.

A study by Marras and Mirka82 found that IAP
levels only significantly increased in response to sig-
nificant trunk asymmetry, torque and velocity. The
idea that stiffness equates to stability was further
explored by Cholewicki et al.83 who reported lum-
bar stability under sudden loading is augmented by
voluntary increase in IAP plus increased coactiva-
tion of muscles belonging primarily to the more
superficial system (SGMS). The pressure increase
can only be optimal if there is sufficient coactivation
of the diaphragm and pelvic floor. It is an example
of a strong postural splinting role for the diaphragm
and the pelvic floor. During the Valsalva, the glottis
may be closed with the diaphragm in either the
inspiratory (descended) position or expiratory (ele-
vated). Hagins et al.84 reported that during lifting,
higher levels of IAP were reached by inhalation
and holding the breath over natural breathing or
holding in expiration.

It is important to recognize that in creating a
‘rigid muscular cylinder’, the spine is indeed ‘stable’
but the body constricted, compromising the free
descent of the diaphragm and the important func-
tions of breathing, continence and equilibrium.
The low load postural response
model of IAP: a function of the
SLMS

IAP is also elevated during many fairly ordinary
everyday activities. Cresswell et al85 found that in
response to sudden unexpected and expected ven-
tral and dorsal trunk perturbations, there was an
automatic increase in IAP well in advance of the
anticipated extensor torque production. Transversus
abdominus was always the first muscle to be active
in both expected and unexpected loading. They
concluded that the increased IAP was part of a
feed-forward postural response designed to improve
trunk stability. The further work of Richardson
Hodges et al86,87 has helped provide increasing evi-
dence about activity of certain muscles in the deep
system (SLMS) and our understanding of possible
mechanisms of spinal support and control in so
called ‘low load’ states. Hodges has examined the
postural support role of the diaphragm88–91 and
transversus abdominus in generating IAP.92 Allison
et al.93 also found postural activity in the dia-
phragm. Similarly postural responses have been
observed in the pelvic floor muscles.94 In response
to axial perturbation, co-activation between the dia-
phragm, transversus abdominus and the pelvic floor
occur and raise IAP in the low load state as part
of a feed-forward anticipatory postural control
response.92,95,96 Notably, these responses occurred
both in inspiration and expiration. Hodges et al.90

also artificially increased IAP by electrical stimula-
tion of the diaphragm, without concurrent activity
of the abdominal and back muscles, and demon-
strated a trunk extensor moment the size of which
was proportional to the increase in IAP, confirming
the diaphragm’s contribution to IAP and spinal sta-
bility. Hodges has been particularly interested in
the role of transversus abdominus.92 He describes
its activity as ‘reducing the circumference of the
abdominal wall; flattening the abdominal wall in
the lower region to increase IAP and tensioning
the thoraco lumbar fascia; control of the abdominal
contents and respiration’.97 Its influence on segmen-
tal stability can only be in a general, non direction
specific manner.92 Rather than a torque producer,
transversus ‘is considered to have its major effects
on lumbopelvic stability via increases in IAP and fas-
cial tension and via compression of the sacroiliac
joints and potentially the symphysis pubis’.87 This
author considers its role in pelvic control very signif-
icant. Hodges draws attention to the importance of
coactivation of the diaphragm and pelvic floor
accompanying transversus activation; otherwise
there will be minimal effect upon the creation of
IAP and fascial tension. This, he graphically repre-
sented by the ‘abdominal canister’ in Figure 6.6.

Also important is that the postural activity of
transversus, diaphragm and pelvic floor muscles is
also coordinated with their role in respiration.
During quiet inspiration, the diaphragm and PFM
concentrically contract in order to maintain the
integrity of the continence mechanism against the
87



Fig 6.6 � The abdominal canister: The diaphragm, transversus
abdominus muscle and pelvic floor muscles.
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rise in IAP.98 However, the inspiratory PFM activity
may not be identified in all individuals, the tonic
activity and passive tension in the floor being
sufficient to meet the demands of IAP.98 This
PFM activity creates a slight sacro-coccygeal counter-
nutation partly explaining the respiratory wave
(p. 92, 108). While expiration is generally passive
recoil during quiet breathing, the transversus is the
firstmuscle recruited when expiratory flow or volume
is increased.99 When respiration is increased, IAP
increases biphasically – on inspiration (as described
above) and also on expiration associated with the con-
traction of the abdominal muscles, particularly trans-
versus with coactivation again from the PFM to help
increase IAP and elevate and lengthen the dia-
phragm.98 Hence complex patterns of coordination
between the diaphragm, PFM and transversus cre-
ates a modulated, oscillating concentric/eccentric
interplay between them and varies according to
demand. If one part of the synergy is inappropriately
overactive or underactive, stability, respiration and
continence will be compromised.

Hodges work demonstrates that rather than the
magnitude of the response being important, it is this
balanced co-activation and the early timing of IAP
that is an important component in feed forward or
88
anticipatory postural control of the spine. IAP, local
muscle activity and fascial tension control vertebral
movement without restricting overall movement.98

Rather than maximal stability, dynamic control
provides more optimal stability.

The breathing mechanism: the
central role of the diaphragm in
breathing and related postural
support

Stability and control of the torso are inextricably linked
with vertical posture and breathing.1,6, 23,46,74 Breath is
the most basic movement of life. Gravity is the most
basic force.100 Breath and posture influence one
another. Both should be natural and effortless. This
depends upon freedom and coordination of the mus-
cles involved and no unnecessary antagonist activity.
The breathingmechanism is highly sensitive to changes
in the other body systems, readily reflecting the status
of the psyche and the soma which includes the muscu-
loskeletal and the internal organ/endocrine systems.

Breathing underlies the expression of us – it is
the link between motion and emotion.101 ‘Breath-
ing’ is in general, poorly understood.

Normal quiet breathing at rest principally involves
inspiratory activity of the diaphragm.10 Expiration is
considered to occur from the passive elastic recoil
of the lungs and chest wall97 the effects of gravity16

and eccentric activity of the inspiratory mus-
cles.10,102 When the respiratory demand increases,
so does the rate and depth of inspiration and expira-
tion becomes an increasingly active component.
When not exerted, the average normal breathing rate
is between 10 and 14 breaths a minute.110 Breathing
rate and volume fluctuate in response to physical or
emotional demands but normally return to relaxed
patterns when the stimuli cease.70 Breathing should
occur through the nose which also has a facilitatory
effect on the diaphragm.102,110,111 The overall body
posture and flexibility of the thoracic cage greatly affect
the quality of breathing. According to Cumpelik,103

establishing postural function is a prerequisite to
addressing breathing function. If the posture is ‘right’
the breathing will follow.

The inspiratory muscles

The principal muscle is the diaphragm10 aided by
the external intercostals16 and the parasternal inter-
costals.104 Classified within the systemic local
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muscle system (SLMS) they are active at all intensi-
ties of breathing. As respiratory demand increases
the upper secondary accessory muscles of inspiration
become sequentially active – the scalenes; sternomas-
toid; upper trapezius, pectoralis major and minor;
serratus posterior superior; superior fibres of iliocos-
talis; and if the upper limb is fixed or elevated, sub-
clavius and omohyoid, the inferior fibres of serratus
anterior; and the latissimus dorsi.10,16,70 Additionally
the longissimus and iliocostalis may work in synergy
to extend the thoracic spine and facilitate a greater
range of rib motion.10 Note that practically all these
muscles belong to the SGMS (see Ch.5). Architectur-
ally, they are ‘above’ the diaphragm and assist in lifting
the ribs.

The diaphragm needs stable points of attachment
from which to work, and this is provided by the
transversus, psoas and quadratus lumborum (as it
anchors the 12th rib) and the levator ani and the coc-
cygeus and the deep segmental extensors. It is sug-
gested that collectively, these should be termed the
‘lower primary accessory muscles of inspiration’6 as
they form important stabilizing synergies of inferior
support around the thoraco lumbar junction and
lumbar spine and all share fascial connections or
interdigitating fibres. Importantly they all belong to
the SLMS and have an equally important postural role
in supporting and adjusting the torso in response to
the subtle oscillatory disturbances resulting from
the breath through to the more overt dynamic adjust-
ments. Allowing these oscillations to be reflected
in the body promotes postural buoyancy and ease in
movement. As these oscillations involve subtle
weight shifts, the receptors in the soles of the feet
are cyclically stimulated; refuelling the antigravity
response which includes activation of the dia-
phragm103 and so dynamic breathing and posture
rhythms are set up.
The expiratory muscles

The primary muscles of active expiration are the
internal intercostal muscles16,104 and transversus
thoracis.12 As demand increases so does activity in
the lower secondary or accessory muscles of expira-
tion; the abdominals (transversus10 internal and
external obliques, rectus abdominis16); and muscles
over the thoracolumbar region – the lower fibres of
iliocostalis and longissimus; serratus posterior infe-
rior and quadratus lumborum.1 One can infer that it
is the ‘upper abdominals’ rather than the ‘lower
abdominals’ which are most dominantly active. The
combined muscle action around the inferior thoracic
outlet strongly depresses the thoracic floor, deflates
the rib cage, and narrows the diameter of the thoracic
outlet. The same is involved in all expulsive acts
(vomiting, coughing, sneezing etc.) as well as the
Valsalva manoeuvre.10 The central torso becomes
cyclically constricted and hyperstabilized. Note that
most belong to the SGMS. Spatially, they are all
‘below’ or lower than the diaphragm.

In summary, quiet breathing occurs because of
contraction and relaxation of the diaphragm in
the centre of the torso supported by appropriate
SLMS activity. Of the abdominal muscles, trans-
versus has the lowest threshold for respiratory
activity.98,99 As the respiratory demand increases
so does the superficial SGMS activity above and
below the diaphragm around the superior and
inferior thoracic outlets in order to increase both
inspiration and expiration and pump more air in
and out (Fig. 6.7).

There are three primary breathing patterns102

• Abdominal – known also as diaphragmatic
breathing. It represents the first stage of the
diaphragm’s activity (see p. 92). This is the most
energy efficient taking up less than 5% of the body’s
energy to breathe. There is little or no movement of
the chest at rest.

• Lateral costal breathing comes into play with
increased air flow when singing or exercising etc.
This represents the second stage of the diaphragm’s
activity. There is noticeable lateral expansion of the
lower thorax through the ‘bucket handle’ action of
the lower ribs.

• Apical or upper chest breathing – can take up to
30% of the body’s energy as it involves a lot of
secondary accessory muscle use. Here the chest
expansion is more in an anteropostero direction due
to the ‘pump handle’ action in the upper ribs.

These normal physiological responses are mixed
and matched in all sorts of combinations with move-
ment patterns appropriate to the functional task. All
muscles of the body can assist in breathing when the
need is great, but in the primary patterns of move-
ment, the upper accessory muscles are the last to
be called upon.

Diaphragm

The diaphragm is universally acknowledged as the
prime muscle of inspiration, is responsible for about
70–80% of the work of inspiration.12 It also pro-
vides support in postural control89,105 (Fig. 6.8).
89
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Its anatomy and hence function are often difficult
to grasp as it a three-dimensional musculofibrous
sheet forming an irregular dome which separates
the internal body space into two cavities. Its struc-
ture has been likened to a lopsided mushroom with
its stem nearer to the back margin than the front6;
the back of the irregular dome being more developed
90
than the front.106 The muscular fibres are on the
periphery and arise from the circumference of the
inferior thoracic outlet, the lumbar spine and related
fascia and all converge to insert into a central sheet
like tendon. The diaphragm’s muscular fibres can
be grouped into three parts based on their bony
attachments:10,12 sternal; costal and lumbar and have
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different lengths and directions and so the effects of
their contractions differ.

Extending as high as the 7th rib and as low as L3,
the diaphragm provides a lot of internal myofascial
‘shoring up’ over the thoracolumbar junction to help
spread the load of the ‘thoracic barrel’ meeting the
‘lumbar stem’. It significantly influences both static
and dynamic function of the torso.

Its sole motor nerve supply is the phrenic nerve
(C345), with sensory fibres coming from the lower
six or seven intercostal nerves.10 Any mechanical
interference involving the nerve or its immediate
relations throughout its course can influence the
behavior of the diaphragm. Similarly, any acutely
irritable joints between T7 and L3 can also signifi-
cantly affect its function.

The intimate relationship and fascial continuity
that the diaphragm enjoys with the transversus
abdominus, psoas and quadratus lumborum impli-
cate a close functional relationship between all of
them in the mechanics of breathing as well as
postural control. Continuous fascial connections
have also been described extending from the pelvic
floor, up through the diaphragm, mediastinum up
to the occiput.70,100

Its actions bear closer analysis. When the dia-
phragm contracts, it can move the tendinous central
dome, the base of the rib cage, the lumbar spine or a
combination of all three.102 The costal fibres appear
to play the prime role in expanding the rib cage108

while the crural region probably provides more
direct postural support through its attachment to
the lumbar spine.109 Clinically its overall action
appears to lengthen the spine and ‘open the centre’
providing important internal postural counter sup-
port for the muscles of the torso. Essentially, con-
traction of the muscle fibres of the ‘stem’ and the
‘rim’, creates a piston like action where the muscu-
lotendinous sheet descends in the body cavity
rather like the plunger in a coffee pot increasing
the vertical, anteroposterior and particularly trans-
verse diameter of the central body16 while drawing
91
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air into the thoracic cavity. For clarity its action will
be described as appearing to occur in two sequential
stages. What is important to recognize is that the
points of stability from which the various fibres
can act change through the movement.100

• First stage. Provided that the spine and lower
ribs are adequately stabilized, the crural, costal and
sternal fibres contract and pull the dome towards
the pelvis. This descent becomes checked by an
increase in the IAP, the abdominal contents and
abdominal muscle tone. This is often termed
abdominal breathing and in recumbent postures
when antigravity postural tone is less active, the
abdomen more visibly distends. Excess or deficient
abdominal activity compromises this action. When
upright and moderately active the abdominals are
constantly active in either concentric or eccentric
mode. Thus, in stage one, the ribs and spine are
stable and the abdomen moves as the diaphragm
descends (Fig. 6.9).

• Second stage. The central tendon now rests on
the abdominal contents ‘held’ there by continued
activity in the crural fibres and counter pressure
from the abdominal muscles.23 Now it and the
lumbar spine (stabilized by the lower lumbopelvic
unit (LPU, see p. 110) both become the point of
stable support. The ribs relinquish their support
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Fig 6.9 � Conceptual drawing of the apparent two stages
of the diaphragm’s action (CT: central tendon; C: crus;
R: rib; V: vertebrae; S: sacrum).
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role and instead are lifted and widened by the
continuing contraction of the costal and sternal
fibres. The inferior thorax widens in the horizontal
plane. Importantly this normally includes posterior
basal expansion and not just expansion forwards
into the abdomen. Thus in second stage the ribs
move, stabilized by the abdominal wall and a stable
axial spine (Fig. 6.9). Clinically it is this second
stage that patients find so difficult.

While the downward thrust of the diaphragm pro-
vides a beneficial pumping action to those organs
within the peritoneum, those within the pelvic
basin warrant protection. Newton100 suggests this
is achieved by biomechanics; the sum force of the
diaphragm contraction pushes forward and down
just below the navel, an area reinforced by the trans-
versus abdominus. Provided that balanced neuro-
muscular control regulates the lumbopelvis around
the ‘neutral’ position the pressure does not go
directly into the pelvis but is shunted forward from
the shape of the iliac bones. The pelvic floor mus-
cles and obturator membrane help regulate pressure
in the pelvic basin. If the lordosis is lost or the pelvis
held too far back or forward, protection of the
pelvic organs will be compromised.

The respiratory wave

In relaxed states, breathing ideally produces segmental
movement throughout the axial spine including the
pelvis. This movement can be seen when observing
the prone subject. On inspiration movement com-
mences at the sacrum, sequences through each seg-
ment and finishes at the base of the neck. However,
Chaitow70 remarks thatmore often than not, restricted
spinal segments ‘rise’ simultaneously as a block, and
movement of the spine occurs in two directions, cau-
dally and cephalad from the blocked segments and
often very little movement occurs above the T7/8 area.

Breathing is also reflected in movements of the
pelvis (see respiratory mechanics of the pelvis).
Breathing techniques can be utilized in treatment
to assist in the release and reduction of activity
levels of hyperactive muscles around the lower pole
of the thorax and pelvic floor.

The importance of expiration is frequently
overlooked

Normally, expiration is ‘passive’, longer than inspira-
tion, followed by a pause and is associated with para-
sympathetic activity and relaxation’110,111 Most of us
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shorten this phase. At the end of expiration the dia-
phragm is elongated and the abdominals are in a
reciprocally more shortened position. When respira-
tory demand increases, active expiration through
abdominal activity becomes more predominant. In
states of active expiration, we find the renewal of
vigorous and deep inhalation. The abdominals
eccentrically lengthen and the diaphragm descends.
Todd 6 draws attention to the action and emergency
state – jumping, fighting and so on. Here the lower
primary and accessory inspiratory mechanism is also
a substantial part of the power apparatus used for
crouching and springing. This is reinforced by the
muscles of the secondary expiratory mechanisms
which increase their aid to the diaphragm and is
exemplified in the judo shout, etc.

Breath holding and paradoxical breathing

When startled, frightened, or in response to ‘shocks’
and emotional upsets we reflexley hold our breath.
We gasp, pull in the abdomen and breathe into the
upper chest. There is a constriction around the
centre body, the diaphragm cannot descend and
the pelvic and vocal diaphragms also tighten.112 This
‘holding’ can easily become a habit. Instead of the
abdomen expanding with inspiration it retracts and is
known as paradoxical breathing. The person becomes
an upper chest breather. This is apparent when
‘central cinch’ behavior is operant (Ch.10).
Respiratory synkinesis

Described by Lewit,23 respiratory synkinesis is the
close association between respiration and the motor
system in that certain movements are linked with
inspiration or expiration. Locomotion and breathing
develop together – inspiration is facilitatory, exhala-
tion has an inhibitory effect on muscles. Breathing is
automatically involved in embellishing movements
of the torso. Looking up, reaching up, and trunk
extension movements are associated with inspira-
tion. Lengthening of the spine occurs in inspiration.1

Looking down; trunk flexion movements and stoop-
ing are associated with expiration.

Lewit23 also noted Skladal’s observation that the
diaphragm contracts when we stand on our toes,
which led him to describe the ‘diaphragm is a respi-
ratory muscle with a postural function and the
abdominal muscles are postural muscles with a respi-
ratory function’. Janda knew of the strong functional
relationship between the diaphragm and the
gastrosoleus.113 In a MRI study, Cumpelik103 has
shown that the diaphragm reacts to changes in the
posture of the head hands and feet. Activity of the
diaphragm can be facilitated by activating reflex pos-
tural chain responses initiated from the hands and
feet which also support and elongate the spine.

The most important thing to appreciate about
the diaphragm is that it acts as a dynamic internal
strut as it expands, widens and opens out the centre
body from inside.
The construct of the ‘body cylinder’

Todd6 draws our attention to the principal units of
body weight being the head, thorax and pelvis. She
says:

The head is seen to be a trifle over a third
of the breadth of the shoulders. The pelvis is
approximately the width of the shoulders
excluding the arms, and is as wide as the widest
part of the rib cage. The three main spinal loads,
heads chest and pelvis are of nearly the same
diameter at their deepest points from front to
back. This fact makes possible a flatter body
wall both front to back than is usually imagined.
If flat boards were placed at front and back so as
to touch the head, chest and pelvis they could be
kept approximately vertical and parallel.

At the base of each mass is a diaphragm, the
vocal, abdominal and pelvic. If the ‘blocks are
stacked’ such that the centre of mass of each unit
is balanced in relation to the axis of gravity, there
is minimal stress in the system. The diaphragms
are in balanced relationship to one another like a
series of stacked rings.

Conceptually, the torso excluding the head can
be seen as a slightly irregular ‘body cylinder’; the
walls of which are flexible, maintained by a combi-
nation of spatially flexible bones, fascial sheets and
balanced muscle activity. This principally occurs
from the structural and functional integrity of the
deep myofascial system (SLMS) and from the
superficial SGMS as appropriate to maintaining its
integral form in three dimensions183 while at the
same time allowing adaptable shaping in movement
(Fig. 6.10). As it shifts, twists and distorts it
remains ‘open’ in the centre. This requires balanced
activity between the flexor and extensor muscle
systems and the diaphragm. Proportional activity
93
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and correct timing of all muscles is important. The
cylinder formed, has an internal cavity which houses
the organ systems. These contain a lot of fluids and
air. The diaphragm divides the cavity into caudal
and cephalad chambers and regulates the pressures
in both. These internal pressures (intra-abdominal
and intra-thoracic) are important in helping create
functional strength in the cylinder in much the same
way that the carbonated gases inside a CokeW can
stop it being crushed.114 The maintenance of ‘the
line’ and integrity of the body cylinder is important
for correct functioning of the diaphragm in its cru-
cial role in breathing and spinal support and control.
Conversely, the diaphragm helps maintain the ‘line’
of the outer structure from its internal support. The
body cylinder, with its base as the pelvis, the central
support from the spine, cross bracing provided by
the ribs; and its deep system myofascial geometry,
begins to show some resemblance to a tensegrity
structure. By nature, these are strong and light
yet very flexible. They ‘transmit loads through ten-
sion and compression only . . .there are no bending
94
moments or shear’.39 The breath acts as the internal
antagonist, resisting the squeeze/collapse effect
from activity of the ‘outer musculature’. The head
is an axial load centrally balanced and can be easily
borne by an erect, curved and moving column’6 . . .
which contributes to the form of the ‘body cylin-
der’. Control of the two proximal limb girdles con-
tribute to the stability of the ‘cylinder’ centre. An
important aspect is mutual function between the
spinal flexors and extensors; between the abdom-
inals and diaphragm to provide for their mutual sta-
bility; their combined activity in providing stability
for psoas function;115 and similarly balance between
psoas and abdominals to provide stability for dia-
phragm function. When this occurs, the thoracolum-
bar junction including the crural arch is stabilized
from deep SLMS control instead of by superficial
holding patterns. This is dealt with more fully in
Chapters 9 and 10.

The pelvis is the tilting platform which orients
the body cylinder. Its optimal spatial arrangement
facilitates the alignment of the body cylinder and
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optimal breathing. Effective lumbopelvic control
afforded by SLMS activity in the lower pelvic unit
ensures that the pelvis, the base of the cylinder can
be controlled on the femoral heads and loads can
be transferred through the pelvis from the legs to
the trunk and vice versa. Antigravity support for
the axial column comes from inside and below
and not from tensioning the outer muscles, partic-
ularly those around the central torso and the upper
body.

Integrated function in the SLMS helps support
the diaphragm and resolve the problem of competi-
tion between its dual roles in respiration and pos-
tural control. The body wall is free to breathe in
posture and movement. It is interesting to summa-
rize the postural role of the diaphragm:

• Anterior support and stability of the lumbar
spine

• Helping control the thorax on the lumbar spine

• Stabilizing the inferior thorax and the
thoracolumbar junction so that the spine and ribs
above are free to move

• Widening and holding open the inferior thorax –
the diaphragm and abdominals provide mutual
stability for each other

• Providing stability for the abdominals and psoas
to act

• Contribution to the Valsalva and dealing with
short term high loading.

If any of the ‘blocks’ are not centrally supported, an
‘eccentric loading’ situation is created in the spinal
column, a problem dreaded by engineers for the
imposed stresses this creates. Owing to the super-
incumbent mass of the thorax this is probable at
the thoracolumbar junction and then the pelvis
and thorax don’t work in synchrony together. To
counteract this, a combination of regional collapse
and muscular holding patterns ensue with predict-
able consequences on postural and movement con-
trol breathing and balance (Fig. 6.11).

The three most basic functional patterns involve
the pelvis orienting the body cylinder upright in
hip extension; at right angles in hip flexion when sit-
ting or in variable positions during forward bending.
Standing and walking are predominantly hip exten-
sion patterns while sitting and bending/squat are
predominantly hip flexion patterns (Fig. 6.12).

While all the structures contributing to the func-
tion of the body cylinder operate interdependently,
the cylinder can be further conceptually viewed as
consisting of upper and lower poles. The diaphragm,
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and its related function around the ‘solar plexus’,
serves as a ‘universal connecting principle’ uniting
upper and lower in integrated functional movement
control of the whole body. Firstly the lower pole is
explored.
Part B: The pelvic girdle

General features

The pelvis has the job of both balancing forces and
providing movement. It is the power house of body
movement, which derives from both the small
movements within it and the movements of it as a
whole, all of which play a decisive role for control
of the legs and the spine. Continuing with the con-
ceptual ‘body cylinder’, the pelvis is the base of
the cylinder, a platform which orients the torso in
its two principal functional alignments to gravity –
vertical and through to horizontal when forward
bending. It acts like a gimbal to balance the torso
on the femoral heads when upright and swings and
swivels on the femoral heads to initiate movements
of the body cylinder into many permutations of for-
ward, backwards and lateral bending. There is a
close interrelationship between pelvic tilt, the
degree of lumbar lordosis and hip position.132

Movements of the pelvis are always closed chain,
and simultaneously create corresponding forces
and movements in the hips and lumbar spine which
need to be managed. The architecture of the joints
dictates that most movement should occur in the
hip joint while the sacroiliac and lumbar spine
movements are only small but need to be ade-
quately controlled. Segmental responses can vary
from minimal postural adjustments through to end
range movements depending upon the particular
action. The centre of gravity of the body lies within
the pelvis9,12,129 thus small alterations in its balance
can have large ramifications throughout the body.
Being able to control and move the pelvis around
becomes a critical component of movement control
of the axial spine and torso in general. Panjabi and
White116 have likened the forward bending spine
to a cantilever bending load. To keep the stresses
the same throughout the beam, the cross section
of the beam must increase as the bending moment
increases. This occurs through the lumbosacral
spine. The maximum force requirement is at the
fixed end of the cantilever. This can be equated to
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the base of the body cylinder – the pelvis and its
control both spatially and on the femoral heads
become really important.

Biomechanical function

Consideration of the pelvis needs to include the
hips as they are both biomechanically and function-
ally interlinked. The pelvis is like a rocking bridge.
It marries a threefold function of bearing and trans-
ferring the weight of the upper body, moving and
orienting the body on the legs and moving the legs
on the body. Todd6 suggests this is achieved through
its arched structures. The pelvic bowl consisting of
the sacrum and two innominates forms an arch
which acts to distribute the body load. However
functionally, this is in fact a double arch which
behaves differently in super incumbent load transfer
through the sacroiliac joints depending uponwhether
the person is sitting or standing.

• In standing: the forces are passed through the
heavy lower parts of the ilia to the acetabulae where
the head of the femur receives them and transmits
them down the leg.

• In sitting: the weight, after passing into the ilia,
travels through their heavy portions in line with the
acetabulae, to the lowest point of the ischia, the
tuberosities. Here the whole weight of the trunk is
balanced.

• Considered from the ground up, the standing
arch is the femoro-iliosacral; the sitting is the ischio-
iliosacral.

• These two arches are the essential weight bearing
portions of the pelvis and the sacrum is the
keystone for both (Fig. 6.13).

Bracing the pelvic arches:
re-examining the paradigm
of sacroiliac stability

According to Todd,6 for the pelvis to be balanced,
the forces acting through the arches should relate in
the same manner to the sacral keystone whether sit-
ting or standing. The points of weight bearing, the
ischia and acetabulae are vertically aligned. The
superimposed weight of the trunk passes from the
sacrum to the hip joint and tends to spread the arch.
This ‘is countered by the beam-action of the pubic
structures upon the flaring sides of the ilia, and is
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Fig 6.13 � The two pelvic arches are the essential weight bearing portions of the pelvis with the sacrum the keystone
for both. Cross section through the pelvis hip in the frontal plane (A). Schematic view showing lines of force (B). Adapted
from Sobotta117, Kapandji16 and Todd.6
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reinforced by the tie muscles and ligaments inside
the arch’.6 Additionally, the femora act as buttresses
to the ilia, which in turn buttress the key stone of the
arch. The obliquity of the acetabular plane looks
down, out and forward hence the thrust of the fem-
oral head is backward in and upward.132 The oblique
lines of upward force directed up through the sacro-
iliac joint are tensile forces derived from the ligamen-
tous myofascial system and meet and balance the
downward compression force or weight coming
through the joints of the spine and pelvis. Balanced
neuromyofascial mechanisms orchestrated by appro-
priate activity and timing from groups of muscles
and muscle systems become critically important in
controlling the forces. Importantly, the bracing
power of the femoral shafts is lost if the thrusts of
the heads are too far forward as occurs when the hips
are externally rotated. Here, the counter thrust to
the body weight is no longer directed back towards
the centre of the arch at the sacroiliac joint but for-
ward and medially towards the pubic rami, increasing
the tendency for the pelvic ring to spread at the
sacroiliac joints6 with associated compensatory
movement at L5, generally into flexion. Todd says
‘by use of tie muscles within (my italics) the pelvic
arch, connecting lumbar vertebrae, sacrum, ilia and
femora, we bind this arch together and only a slight
effort is demanded to maintain the balance.6
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Movements of the pelvis:
important initiators of spinal
alignment and movements

There is a void in kinematics and analytical data
regarding pelvic postures and movements.119 How-
ever, the pelvis is the base of support for the spine
and so control of it is fundamental to all control of
the lumbar spine and in many respects the spine as
a whole.

Pelvic control can be distilled into:

• Intrapelvic movements occurring between the
innominates and sacrum and

• Spatial movements of the pelvis as a whole.

The following impressions largely emanate from clin-
ical practice with reference to available literature.
Intrapelvic movements

The joints within the pelvis are the sacroiliac,
sacrococcygeal and the symphysis pubis. Frank
movement at each joint is small. The sacroiliac
joint is capable of 1–4� of angular movement and
1–3 mm of translation.18,120 The sacroiliac junction
contains the kidney shaped articulation of the joint
proper, while caudally it continues as a syndesmo-
sis121,132 Steindler132 describes the innominates
and sacrum as fitting into the pelvic ring under
considerable elastic resistance, resulting in a great
amount of stored up latent energy. An intrinsic
equilibrium exists between the tendency for elastic
expansion of the bones which is checked by
the opposing resistance of the articulation and of
the syndesmosis of the ring. If this intrinsic equi-
librium is destroyed by severing the pelvic ring at
any point, e.g. by episiotomy or instability of the
symphysis joint, its integral stability is lost. The
warped surfaces of the sacroiliac joint allow the
joint to exhibit a complex rotational movement
not unlike the lumbar facet joints, the coupled
motion of smaller magnitude, but greater force.2

Functionally, Grieve121 sees that the sacroiliac
joint is incorporated into movement of the spine
as a whole and shares in the maintenance of free
motion from the occiput to the coccyx. Similarly,
Gracovetsky considers we should see the spine as
extending from the atlas to the acetabulum.2

Restated, the sacrum/coccyx are important ele-
ments of the axial spine. The pelvic joints form
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part of a closed system; movement at one joint
affects the others and their combined movements
afford strength yet pliability to the pelvis.
Grieve121 quotes a normal study on 144 male uni-
versity students from 1936 which asserted that:

• In standing, with the exception of flexion and
extension, all trunk motions are associated with
unpaired, antagonistic movements of the
innominates

• Rotation and lateral bending of the sacrum
normally do not occur alone but as correlated
motions that are coincidental to antagonistic
movements of the innominates

• Positions of the innominates in normal standing
as well as their relative mobility are affected by the
dominant eye and hand.

The closed chain intrapelvic movements are funda-
mental to spatial control of the pelvis as a whole.
They show distinct coupling patterns. To under-
stand these, it is firstly useful to look at features
of the two major composite bones involved:
The sacrum

Wedged between the two innominate bones, its
principle movement is sagittal rocking as follows:

• Nutation. Where the coccyx at its tip moves
back and up and the top of the sacrum known as
the base moves forward and down. Importantly,
this is associated with an increase in the lumbar
lordosis and the close packed most stable position of
the sacroiliac joint. Nutation, which tightens up
most of the sacroiliac ligaments, occurs as a
preparatory movement to prepare the pelvis for
increased loading in weight bearing.122 Lumbar
multifidus and probably iliopsoas123 directly
influence this action with support from the lower
pelvic unit (p. 110).

• Counternutation. The reverse movement where
the tail bone or coccyx tucks under and the lumbar
lordosis reduces. The sacroiliac joint is relatively
‘gapped’ and less stable. The pelvic floor muscles
(PFM) and piriformis directly influence this action
with synergistic activity from the hip external
rotators – the obturator group and gluteus maximus.
When lying supine the sacrum is passively
counternutated.18 On the pelvic aspect of the
sacrospinous ligament10 lies the coccygeus which is
part of the PFM synergy which actively pulls the
coccyx and sacral apex anteriorly into
counternutation,10,47
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• Sacral torsion. The sacrum can also rotate about
an oblique or diagonal axis within the constraints
of the facets of the sacroiliac joint. According to
Gracovetsky,2 these axes pass diagonally through S1
and S3 and the determination of which is in contact
depends upon the lordosis. Sagittal rotation of one
innominate will pull the sacrum into torsion,
particularly if rotation of the other innominate is in
the opposite direction. Sacral torsion is part of
‘distorsion’ in the pelvic ring (see p. 103). While not
large movements, nutation and torsion of the
sacrum are functionally important and necessary for
the effective triplanar swivel action of L5/S1, (the
level of the greatest rotation in the lumbar spine5)
and further reflected in the kinematics through the
rest of the lumbar spine.120

Innominate

The innominate consists of three fused sections, the
ileum, ischium and pubis. It is irregularly shaped,
constricted in the middle and expanded above and
below. The acetabular cavity on the lateral surface
is approximately inferior to midway between the
upper and lower sections. From and through this,
the pelvis swivels in multiple planes on the femoral
heads (Fig. 6.14).
Anterior su
iliac spi

Ilium

Sacrum

Pubis

Pubic ramus

Sacral promonto

Symphyseal surf

Rib 11

Coccyx

Medial view

Ischial spine

Ischium Femur

1st Lumbar
spinous process

5th Lumbar
vertebral body

Fig 6.14 � Medial and lateral view of the innominate and i
Several important features about the innominates
are worth considering:

• The warped shape of the innominates means that
rotation in one plane imparts conjunct rotations in
the other planes. Conceptually the innominates
have been likened to twisted discs,17 a useful
analogy in appreciating their movement capabilities
(Fig. 6.15.a)

• In the sagittal plane their anterior rotation about
the femoral head brings the ischium back and the
front of the iliac crest forward producing anterior
pelvic rotation. The reverse occurs in posterior
rotation (Fig. 6.15.b).

• In the frontal plane, their contribution to forming
the pelvic ring limits their range of rotation
compared with sagittal plane movement however
importantly the superior (ilia) and inferior (ischia)
poles slightly flare in and out. Slight ischial outflare
is associated with anterior sagittal rotation or tilt and
ischial inflare with posterior rotation or tilt (Fig.
6.15.c).

• The inner surfaces of the innominates contribute
largely to the two pelvic ‘bowls’ – the ‘superior
pelvic bowl’ formed by the two iliac fossae and
sacral base, and the deeper ‘inferior pelvic bowl’
formed by the lower part of the sacrum, coccyx
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Fig 6.15 � Innominates as twisted discs (adapted from
Franklin17) in neutral (A) and showing sagittal (B) and frontal plane
movements (C).
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Fig 6.16 � Inferior & Superior pelvic ‘Bowls’.
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pubic rami, obturator foramina, ischia and pelvic
floor. Narrowing of one ‘bowl’ serves to widen the
other and vice versa. The joints of the upper bowl
are the SIJ ‘proper’ and symphysis pubis; the ‘joint’
of the lower bowl is the syndesmosis formed by the
pelvic floor and the strong sacrospinous and
sacrotuberous ligaments which counter excess
nutation of the sacrum. The shape, length tension
relationships and integrity of this syndesmosis is
also affected by hip myomechanics. If the inferior
syndesmosis is tight it will hold the sacrum
counternutated and directly affect the stability and
function in the SIJ (Fig. 6.16).

• The pubic symphysis, pubic and ischial rami and
ischial tuberosities of the innominates and the
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coccyx form the bony boundaries of the roughly
diamond shaped inferior pelvic opening (Fig. 6.17).

• Movements of the innominates occur during both
closed chain and open chain movements of the hip.
Both are functionally very important yet generally
poorly controlled, in particular anterior rotation in
the sagittal plane.

Movements of the innominate in closed
chain movements of the hip

These can be felt if you lie down on the ground on your
back with knees bent and feet on the floor. Place your
finger tips on the anterior iliac crests. Locate the sit
bones and ‘think’ themovements from here. Imagining
the innominates like wheels is helpful:17

• Sagittal rotation of the pelvis in supine:

• Anterior pelvic rotation. When the sit bones
drop back down towards the floor, the
anterior iliac spines correspondingly move
forward. This is anterior pelvic tilt or closed
chain hip flexion.

• Posterior pelvic rotation. When the sit bones
lift, the anterior iliac spines correspondingly
move back. This is posterior pelvic tilt or
closed chain hip extension.

• Frontal plane rotation – Inflare/outflare of the
innominates. Through rotation of the acetabulum
around the femoral head in the frontal plane, the
ischia can move closer together ¼ ‘inflare’; or further
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apart ¼ ‘outflare’. When the ischia move ‘in’ the ilia
correspondingly move ‘out’ as is shown in Fig. 6.15
and vice versa. Movement of the ischia will be used
as the reference point. The innominate movements
carry the sacrum with them in various ways.

The fundamental pelvic patterns

There are palpable and observable distinct patterns
of kinematic coupling during sagittal closed chain
pelvis on femur movements. The fundamental pelvic
patterns are physiological movements which are basic
to achieving modulated posturomovement control
of the pelvis in space and on the legs and control
of the lumbar lordosis.

First fundamental pelvic pattern (FPP1)

This involves anterior pelvic tilt and ischial outflare.
When the ischia widen or move apart associated
actions also occur:

• The ilia draw together in the front and anteriorly
rotate in the sagittal plane. The superior pelvic bowl
narrows.

• The sacrum nutates and the coccyx moves
away from the symphysis pubis as it ‘comes out
for air’.

• The dimensions of the inferior pelvic bowl and
the pelvic floor enlarge as it ‘opens’ (Fig. 6.20.b).
• The lumbar lordosis increases as the spine moves
into extension.

• The hips move into relative flexion.

• This pattern is fundamental to any movement
which requires flexing or bending at the hips e.g.
sitting or bending forward in standing.

• This pattern is principally achieved from synergistic
concentric activity of the ‘lower’ transversus
abdominis, iliacus, and multifidus with eccentric
control from the pelvic floor muscles and the
obturator group. Activating the ‘superior/upper pelvic
bowl’ serves to narrow this and open the inferior pelvic
bowl’. Studies have shown that transversus activity is
greater when the pelvis is neutral or in anterior pelvic
tilt.87,98 This ‘squeeze’ action of transversus with
iliacus is important in providing pelvic stability during
closed chain hip flexion loading patterns (Fig. 6.18).

• This pattern underlies control of all hip flexion
movements such as sitting, sitting to stand and
return, forward bending and squatting.

• Clinically, it is almost a universal finding that
most people have little idea or ability to perform
this action which is so fundamental to myo articular
function of the lumbopelvic region. Instead they
attempt the movement as Bartenieff noted ‘three
storeys too high’28 from inappropriate SGMS
activity around the thoracolumbar region.
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Fig 6.18 � Ischial outflare: note the ‘drawing in’ of the
superior bowl. Fig 6.19 � The ischial inflare: note the flaring of the superior

bowl.
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Second fundamental pelvic pattern (FPP2)

FPP2 involves posterior pelvic tilt with ischial
inflare. When the ischia move towards one another
the following also occurs:

• The ilia not only spread apart but they also
posteriorly rotate. The superior pelvic bowl ‘opens’
more.

• The sacrum counternutates and the coccyx
moves closer to the symphysis pubis. The tail bone
is ‘tucked under’.

• The dimensions of the inferior bowl and pelvic
floor or pelvic diaphragm become smaller – the
lower pelvic bowl ‘closes’ (Fig. 6.20c).

• The lumbar spine moves into relative flexion.

• The hips move into relative extension.

• This pattern is fundamental to any movement
requiring opening and extending at the hips e.g.
sitting to stand; backward bending in standing.

• Ischial inflare is principally achieved from
concentric action of the pelvic floor muscles,
the obturator group with piriformis and even
gluteus maximus with eccentric control from
iliacus and transversus. Activating the lower
pelvic bowl opens the upper bowl (Fig. 6.19).
Bendová et al.124 electrically stimulated the right
sided pelvic floor muscles and demonstrated
medial tilting (ischial inflare) and posterior rotation
of the right innominate (and posterior rotation also
of the left innominate). The coccyx moved
ventrocaudally.
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• Clinically, this pattern can usually be more easily
performed by most people, as they habitually
collapse in sitting and then carry the pattern
forward when standing. Here they shift their pelvis
forward using the hamstrings, passively ‘hang’ on
their iliofemoral ligaments and ‘hold’ with the
obturator group while the rest of the SLMS is
relatively inactive. It is also seen in those who are
‘butt grippers’.18 Intrinsic activity is usually
reduced.

• Control of this pattern underlies control of
closed chain hip extension allowing us to move
through postural transitions and be upright

FPP1 and FPP2 underlie all sagittal flexion and
extension movements of the torso over the legs.

Third fundamental pelvic pattern (FPP3)

FPP3 involves combined elements of FPP1 and FPP2,
hence is reliant upon adequate control of these. The
sagittal rotation of the innominates in opposite
directions carries the sacrum into torsion. The pel-
vic ring or whole pelvis is in ‘distorsion’.

To clarify this, sagittal rotation of one innominate
creates a twist or torsion at the sacroiliac joint and
the whole pelvic ring, which is greater if the other
innominate is rotating in the opposite direction,
e.g. if the right ileum is anteriorly rotating the top
of the sacrum is carried forward with it into nuta-
tion and also twists about an oblique axis. The joints
of the right lumbosacral junction move into a ‘closing’



Right - Innominate in
anterior rotation

Left - Innominate in
posterior rotation

Sacrum is carried
into rotation on
an oblique axis

Coccyx moves
to the left

Fig 6.21 � Schematic interpretation of ‘distorsion’ in the
pelvic ring.

Coccyx

Ischial tuberosities Ischial tuberosities

IT

PS

PS

C

C

ITIT

IT

Sacrum

IliumAno-rectal
triangle

Uro-genital triangle Pubic symphysis

Neutral

Ischial outflare ‘opens’ the floor

Ischial inflare ‘closes’ the floor

A

B

C

Fig 6.20 � Schematic diagram of the inferior pelvic opening
in the neutral (A), open (B) and closed positions (C).

C H A P T E R 6Salient aspects of normal function of the torso
pattern – extension/side bending/rotation, while
those on the left are relatively ‘open – flexed, side
bent and rotated in the opposite direction – particu-
larly if the left innominate is posteriorly rotating.
This includes the right ischium abducting (outflare)
and the left adducting (inflare) in the example above.
The whole pelvic ring while stable, is distorted which
we have termed ‘distorsion’ (Fig. 6.21).
FPP3 essentially underlies all weight shift and rota-
tion through the pelvis hence it is an important compo-
nent in unilateral weight bearing, walking and balance.

‘Distorsion’ The ability of the pelvic ring to sinu-
ously distort in three planes/dimensions while main-
taining its stable integrity yet facilitating hip and
spinal movements is important in allowing the flexi-
ble and adaptable transmission of the movement
wave and loading to proceed through the pelvis –
both from the upper to lower body and vice versa.
Contrarotation of the innominate bones carries the
sacrum into torsion and occurs in most activities
except pure spinal flexion and extension.120 A force
dependent oblique axis of sacral rotation is formed
by the complex rotational movement between the
facets of S1 and the contralateral S3.2,147 The inno-
minates and sacrum must be free enough to oscillate
back and forth in this twisting movement so that the
rotary movement wave can be transferred and
dissipated through the pelvis from and to the hips.
If not, the low/mid lumbar spine levels are forced
to compensate.

Gracovetsky3 has drawn attention to the impor-
tance of the lumbar lordosis (and by association,
sacral nutation) in effecting axial torque through
the spine in walking. Intrapelvic torsion or ‘distor-
sion’ and rotation of the whole pelvis in the trans-
verse plane is a significant driver of axial rotation
about a longitudinal axis, both important in walking,
for example, and those more strenuous rotational
activities such as tennis or golf. Distorsion allows
103



Fig 6.22 � Poor control of open chain hip flexionwith posterior
rotation of the whole pelvis and reduced frontal plane control.
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the sacrum to ‘rock n roll’ and twist initiating axial
rotation from the base. Problems arise when distor-
sion is reduced or becomes fixed in one direction.
Contraction of one piriformis will bring the sacrum
into torsion134 and counternutation. Unilateral elec-
trostimulation of the pelvic floor muscles simulating
unequal activity and tension between sides has
demonstrated distorsion in the pelvic ring.124

‘Distorsion’ is also involved in many lower limb
movements and related change of postures, e.g. side
sitting and moving to all fours and to standing. Dis-
torsion is also required in large full range open chain
movements of the hips – for example, anterior rota-
tion of the innominate is coupled with hip extension
and if the opposite is flexed, that innominate
moves into posterior rotation. Inadequate control
of ‘distorsion’ through the pelvis instead ends up
shunting the movement into the lumbar spine and
is a cause of much low back pain and self inflicted
back problems through poor stretching and exer-
cise programs.

Movements of the innominate in open
chain movements of the hip

The rotation of the innominate in open chain hip
movement is in the opposite direction to that in
closed chain movements of the hip. These innominate
movements serve to augment and increase the avail-
able range of the hip during ‘free’ hip movement.
They come into play later in the range of hip move-
ment when capsular and related hip structures
become taught. Hence ‘open’ hip flexion is associated
with posterior rotation of the innominate (while in
‘closed chain hip flexion the innominate anteriorly
rotates). Standing hip flexion towards 90� involves a
posterior rotation of the innominate relative to the
sacrum. Hungerford and Gilleard,125,126 found that
in control subjects this occurred on average around
73� of hip flexion. This is also known as the standing
stork or Gillet test.18,128

Increasing the pelvic motion on the standing leg
can be employed to functionally increase hip range
of movement in the moving leg. For example, experi-
enced dancers tend to use more anterior and posterior
pelvic tilt, rather than hip flexion and extension, in
order to increase the gesture leg height.127

However those who have posterior hip stiffness
and/or habitually poor and compromised pelvic
motor control will expectedly posteriorly rotate
the innominate earlier in range during ‘open’ hip
flexion. Habitual weight bearing in posterior pelvic
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rotation and reduced intrapelvic motion means that
this posterior rotation occurs in the whole pelvis as
it moves ‘en bloc’ (Fig. 6.22). This is common and
pulls the lumbar spine into early and excess flexion
and rotation to compensate with predictable effects
on the tissues over time. Poorly designed exercise pro-
tocols which advocate ‘knee to chest’ without regard
to the hip pelvis dynamic, compound the problem.

Lee18 proposes that ‘in health’ open chain or free hip
extension is associated by the innominate anteriorly
rotating, a pattern that this author agrees with as it is
readily confirmed clinically (Fig. 6.23). Again this is
the reverse pattern of innominate rotation to that seen
in the closed chain scenario. The presence of associated
frontal plane innominatemovements in open chain hip
movements is unclear both clinically and in studies.18

Generally most people, ‘patients’ or otherwise, display
faulty open chain hip flexion and extension.



Fig 6.23 � Open chain hip extension with ipsilateral anterior
pelvic rotation.
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Spatial pelvic movements

These constitute movements of the pelvis as a
whole while also controlling intrapelvic forces and
movements, particularly during weight shift. They
differ according to whether the weight bearing
occurs through the femoral heads as in standing or
kneeling; or through the ischia as in sitting.
Standing spatial control

Standing spatial control of the pelvis is achieved by
spatial shifts and related rotations at the hip joint
which serve to balance and tilt it on the femoral
heads. Movements vary from slight postural adjust-
ments in order to achieve a dynamic upright equilib-
rium through to large movements of the body. Due
to the spherical ball and socket of the hip, three-
dimensional, multiplanar movements are available;
however, they will be considered within the three
principal conceptual movement planes despite the
fact that functional movement is rarely ‘pure plane’.
The magnitude of movements is far greater in the sag-
ittal plane than in the other two planes. Their signifi-
cance and the need for greater control are apparent
when standing on, or mostly on one leg.

• Sagittal plane. The pelvis can shift forwards and
backwards in space. This is coupled with a
corresponding rotation on the femoral heads and
consequent change in the alignment of the lumbar
curve and sagittal hip position as follows:

• Anterior shift is coupled with posterior
rotation of the pelvis on the femoral heads and
creates associated hip extension and relative
lumbar flexion. It is dependent upon FPP2.
This anterior shift pattern of movement is also
used to initiate hip extension and trunk
extension from forward bending18,128 and
other movements related to this pattern.
• Posterior shift is coupled with anterior
rotation of the pelvis on the femoral heads,
and creates associated hip flexion and lumbar
extension. It is dependent upon FPP1. In
movement this posterior shift pattern is used
to initiate hip flexion/trunk forward
bending18,128 and other movements related to
this pattern (Fig. 6.24a).18,128

• Frontal plane. The pelvis can shift to either side
and is again coupled with rotation on the femoral
heads and associated changes in the alignment of the
hip and lumbar spine. If standing on two legs, and the
pelvis shifts to the right, the pelvis assumes an
oblique position, in this case higher on the right.23,129

There is relative adduction of the right hip, abduction
of the left and the lumbar spine assumes a relative
right side bending alignment129 and compensatory
adaptations will occur through the spine. It is a
common habit for people to shift their pelvis laterally
and take the weight more on one leg and ‘hang’ with
the weight-bearing hip in passive adduction – the
SLMS is switched off! (Figs. 6.24b; 8.5.)

• Standing on one leg is a revealing test. This is
also known as the Gillet, stork or kinetic test.18

If there is adequate control the ‘neutral’ pelvic
position is maintained in the frontal and other
two planes. In fact, there is a slight lift of the
pelvis on the non weight bearing side and
adjustment through the spine in the frontal
plane (Fig. 6.24b). If control is inadequate, the
pelvis either drops on the non-weight bearing
side or the person leans the trunk over the
standing leg, known as the Trendelenberg
sign.12 Both compensations create ipsilateral
side flexion in the lumbar spine with potential
consequences. The ability to spatially shift and
control the pelvis medially under the trunk is a
fundamentally important action in being able
to control the lumbar spine in a reasonably
neutral position during lateral weight transfer
of the body over the standing leg. By our
observations, this aligning of the axial spine
over the weight bearing limb with a stable
pelvis is principally achieved through inner
support from the lower pelvic unit synergy
(p. 110) providing stability for activity in the
large SGMS pelvifemoral muscles – the
adductors, hamstrings and glutei (see p. 119).

• Horizontal plane. Gracovetsky3 draws attention
to the importance of pelvic rotation in the
horizontal plane in human gait. Rather than the legs
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Anterior shift with
posterior rotation
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Fig 6.24 � Triplanar spatial pelvic shifts and related rotations
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rotating the pelvis and carrying the ‘passenger trunk’
he considers that it is the spine that drives the
pelvis to rotate. This author proposes that the pelvis
itself is able to initiate horizontal plane rotation

in the sagittal (A), frontal (B) and horizontal planes (C).
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which is part of ‘distorsion’ and closed chain hip
rotation and also drives the spinal rotation. This
was in fact shown by Gracovetsky: it is possible to
‘walk’ without legs by the ischia alternately
advancing.3 This is achieved through active
control of ‘distorsion’ the pelvis can rotate in the
transverse plane on the hips and the sacral torsion
drives the spinal rotation. This movement can also
be seen in sitting – weight bearing through one
ischium, the other can be advanced back and
forward to produce backward and forward pelvic
rotation respectively. A ‘stable’ spine and leg
allows the lower pelvic unit and abdominal and
extensor system muscle synergies to create this
rotation. Backward and forward pelvic rotation in
the horizontal plane is the postural precursor to
axial rotation needed in the body. This is an
important movement as rotation in the lumbar
spine itself is limited. This axial pelvic rotation is
associated with movements in the hips but to a
lesser degree in the lumbar spine. A reduced
lordosis makes transverse plane pelvic rotation
more difficult.130 According to Gracovetsky,
those muscles which operate more or less in the
transverse plane – the obturator group including
pyriformis and the lower fibres of gluteus
maximus could conceivably axially rotate the
pelvis.131

• Forward pelvic rotation creates ipsilateral
external hip rotation relative extension and
abduction and contralateral hip internal
rotation.132

• Backward pelvic rotation creates ipsilateral
internal hip rotation relative flexion and
adduction and contralateral external hip
rotation132 (Fig. 6.24c).

Walking is a combination of controlling subtle mul-
tiplanar combinations of pelvic tilting and shifting.
A reduction in the rotary range and control of the
hips will reduce the transverse plane pelvic rota-
tion with predictable effects through the kinetic
system.

Sitting spatial control

The weight is taken through the ischia and thighs.
Here the principal movement is tilting with shift-
ing less prevalent. Sagittal tilting of the pelvis is
the most dominant movement with lateral tilting
and axial rotation less so though still important.
Freedom to move around on the ‘sit bones’ is criti-
cal for spinal health. These tilts and to a lesser
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extent shifts, are all very important in initiating
weight shift in sitting and moving from sitting to
stand and are instigated through the lower pelvic
unit synergy.

Sagittal planeweight shift occurs through rocking
forward and back on the ischia as the acetabulae rotate
on the stationary femoral heads. This creates a contra-
directional lumbar rhythm12 which is not obligatory.

• Anterior pelvic tilt creates hip flexion with related
lumbar extension however flexion is also possible as
seen at the end of range when bending forward in
sitting. Transversus abdominus and the pelvic floor
muscles are more active when the spine is
extended.141 Multifidus is most active when the low
lumbar lordosis posture is adopted133 (Fig. 6.25).
Fig 6.25 � Anterior pelvic tilt on a fixed femur allows forward
weight shift of the body.
• Posterior pelvic tilt creates relative hip
extension, lumbar flexion. In combination with
shifting their pelvis forward in the seat, it is
almost universally common habit for people to
passively adopt this pattern when sitting with
unfortunate long term sequelae on their tissues – a
potent propagating factor in the genesis of low
back pain.

• Frontal plane or lateral tilting of the pelvis
occurs when weight is shifted laterally over one
ischium, the acetabulum rolling up and over the
femoral head. The base of support for the torso is
one ischium and if the movement continues further
as in reaching to the side, may result in the femur
becoming the base of support (Fig. 6.26). Note the
oblique slope of the pelvis (pants line) and that the
axial spine adjusts by laterally elongating.

• Horizontal plane movement involves
unweighting one ischium as above and moving
it either forward or back in sagittal rotation
creating ‘distorsion’ and initiating trunk
rotation to orient the spine head or upper limbs
(Fig. 6.27).
Fig 6.26 � Lateral weight shift initiated from the ischia. Note
the elongation of the trunk on the weight bearing side.
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Fig 6.27 � ‘Distorsion’ in sitting. Note the position of the
femur and the trunk rotation.

Back Pain: A Movement Problem
Respiratory mechanics in the
pelvis

The breath creates a movement wave in the spine
with a consequent oscillation of the pelvis on the
femoral heads which varies according to the pos-
ture. Clinically during deep inhalation in the prone
or side lying position, the sacrum and ilia posteriorly
rotate134 – the sacrum counternutates. The sacral
excursion is deemed to be about 3 mm more than
that of the ilia.134 This is no doubt due to the
demonstrated coactivation between the diaphragm
and the PFM.92,95 Rock maintains that during inspi-
ration the PFM activity is an eccentric contrac-
tion.20 In the supine ‘crook’ position, the sacrum is
already counternutated18 and the pelvis can be felt
108
or observed to anteriorly rotate on inspiration.112

Muscular holding patterns in the pelvic floor or but-
tocks will damp the response. Functional movement
control of the pelvis requires adaptable control
independent of the breathing cycle. The respiratory
mechanics of the pelvis can be utilized in manual
treatment of the pelvis.
The pelvic floor or diaphragm

The boundaries of the diamond or somewhat trape-
zoidal shaped inferior pelvic outlet are formed by
the symphysis pubis in front, the coccyx behind,
on each side the inferior pubic ramus and the ramus
of the ischium, the ischial tuberosity and the sacro-
tuberous ligament.10 An imaginary line drawn trans-
versely in front of the ischial tuberosities divides the
region into two triangular parts. The posterior part
contains the anus and is known as ‘the anal triangle’,
while the anterior part is the ‘urogenital triangle’
containing the external urogenital organs (Fig. 6.20).

The pelvic diaphragm or floor is a myofascial
hammock which spans the inferior opening (Fig.
6.28). It is composed of the composite levator ani
and the coccygeus,10,135 collectively known as the
pelvic floor muscles (PFM).

• The levator ani forms the greater part of the floor
and morphologically can be divided into:

• Pubococcygeus (from the pubis and anterior
obturator fascia to the coccyx)

• Iliococcygeus (from the ischial spine to the
coccyx).

• The coccygeus is posterosuperior to but in the
same tissue plane as levator ani. It is a triangular
sheet of muscle arising by its apex from the pelvic
surface of the ischial spine and sacrospinous
ligament and attached at its base to the margin of
the coccyx and the 5th sacral segment.10

The coccygeus, levators ani and piriformes act in
synergy to close the posterior triangle of the pelvic
outlet10 (Fig. 6.20).

The functions of the pelvic floor have been
described as supportive counteracting the effects
of gravity and intra-abdominal pressure; sphincteric,
aiding closure of the anus vagina and urethra; and
dilative during birth.136

The synergistic role the PFM share with the dia-
phragm and transversus is an important one for both
the generation of IAP and also in respiration, partic-
ularly in cases of respiratory challenge.98
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Fig 6.28 � The muscles composing the pelvic floor viewed from above.
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Importantly, the PFM also perform an important
dynamic role in helping modulate intrapelvic kine-
matics124,137, to support posturomovement control
of the spine and hips. They exert a powerful influ-
ence upon sacro-coccygeal mobility as well as longi-
tudinal fascial and craniosacral mobility.47 A
predominance of type 1 fibres is indicative of their
functional role in postural support. Perturbation
studies of the spine show that the pelvic floor is
pre-activated as part of a postural control synergy
prior to upper limb movement.94 Elevation of the
pelvic floor is easier in standing than lying.138 The
spatial position and tilt of the pelvis will affect the
forces imposed upon the floor and the degree of
its postural reflex activity.

In continent individuals, physiological (reactive)
pelvic floor activation is automatic resulting in a
mid position of the floor, while voluntary activation
results in elevation of the bladder neck.20 B�́139

points out that voluntary activation is undertaken
to reach the automatic response level. She describes
‘a correct pelvic floor muscle contraction’ as:

• A mass contraction of the three layer muscles
producing an inward movement and squeezing
around the pelvic openings
• Does not involve any visible movement of the
pelvis or outer body

• Can be felt by vaginal palpation and observed as
movement of the perineum in a cranial direction

• Submaximal contractions can be felt in isolation.

While isolated voluntary concentric activation initi-
ally provides the ‘feel’ and is targeted to sphincteric
closure, posturomovement activity of the floor
should involve some intrapelvic movement as its con-
traction counternutates the sacrum98,124,137 and
closes the lower pelvic opening while opening the
upper (Fig. 6.20). Importantly, the PFM must also
be able to eccentrically ‘let go’ (see below).

Synergistic activation relationships have been
shown between the PFM and the deep abdom-
inals;140,141 PFM and the transverse fibres of inter-
nal oblique81; PFM and the diaphragm.92

Voluntary activation of the abdominal muscles
activates the PFM prior to the abdominal action,
indicating a pre-programmed response.140 Clinical
practice suggests lower abdominal activity may be
more linked to greater activation in the anterior tri-
angle of the floor.

Clinical practice also suggests that muscles syner-
gistic with PFM activity – in particular the posterior
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Table 6.1 The principal muscles of the lower pelvic unit

synergy

Transversus abdominus

Internal oblique �1�

lower fibres

Diaphragm

Pelvic diaphragm:

levator ani. coccygeus

Multifidus �1� deep

fibres

Quadratus lumborum

�1� medial fibres

Deep intersegmental muscles:

multifidus, interspinales

intertransversarii, rotatores

External oblique �1� lower fibres

Iliacus

Psoas major and minor

Pectineus

Deep hip rotators;

*obturators, piriformis

Back Pain: A Movement Problem
floor, are the obturator group including piriformis,
gluteus maximus and hamstrings. Obtaining eccen-
tric lengthening in the posterior floor40 and these
muscles can be difficult and contributory towards
pain in many. They literally have a ‘tight arse’.
Hartley142 suggests balancing eccentric and concen-
tric contractions of the PFM helps tone and
strengthen its supportive function. Competent pos-
turomovement control of the pelvis thus involves
the PFM working concentrically and eccentrically
in cooperative synergies with those muscles that
control closing of the superior pelvic bowl – the
transversus, internal oblique, multifidus, and iliacus.
Rock20 suggests that the important eccentric control
of the PFM can be activated through breathing –
‘physiological inspiration combined with reactive
eccentric contraction of the pelvic floor muscles is
only possible when concentric action of all parts of
the thoracic diaphragm coincides with eccentric
contraction of the abdominals’.

Imbalanced activity in the intrinsic PFM or
extrinsic muscles acting upon the pelvis will affect
the pelvic floor myomechanics. Spitznagle136 sug-
gests that the performance of the PFM is directly
related to the obturator internus as the origin of
pubococcygeus is from its enveloping fascia.136 If
the fascia is taught so is the pelvic floor musculature
and if slack the muscles are likewise so. Accordingly
changes in the position of the femur will affect the
pelvic floor.124 The typical posture of children
urgently needing to urinate and attempting to
inhibit this, involves a postural change that com-
bines hip adduction and flexion. This action pas-
sively pretensions the pelvic floor by elongating the
obturator internus and facilitates pelvic floor muscle
activity, and when practiced has been shown to
reduce cough induced incontinence by 95%.143 If
the obturators are chronically shortened as is com-
mon in back pain, pelvic floor muscle function will
be compromised.

The fundamental patterns of intrapelvic con-
trol ask for eccentric/concentric/ activity of the
PFM to open and close the pelvic diaphragm.
They provide a functionally sound method for
integrating pelvic floor muscle activity into the
posturomovement patterns of the pelvis. Function-
ally meaningful movement control always involves
coordinated activity of all muscles in the synergy
to produce an appropriate pattern of response
during automatic actions such as coughing or dur-
ing intentional activities such as running or
jumping.144,145
110
‘Fundamental pelvic patterns of
movement’: controlled by
synergies involving the ‘lower
pelvic unit’ (LPU)

The three fundamental pelvic patterns of movement
provide three-dimensional modulation of the pelvic
ring which we have termed ‘distorsion’. Essentially
they provide for lumbopelvic control and support
closed chain and open chain movements of the hip
(see above). These patterns underlie all movements
that the pelvis performs as it initiates and supports
movement in the spine and hips while at the same
time marrying control between them. They underlie
all weight bearing and weight shift through the pelvis
on the femur and help to control the neutral lumbar
curve. So what muscles contribute to the synergies
that perform those movements?
‘Lower pelvic unit’: support comes
from within and below

These muscles all belong to the SLMS providing anti-
gravity support and control (see Ch.5). Their coordi-
nated synergistic activity provides a continuous
myofascial sleeve of deep inner support and control
from the femur through to the upper body. The mus-
cles belonging to the LPU are shown in Table 6.1.

There is now good scientific evidence and accep-
tance for inclusion of all the muscles in the left hand
column. Some research implicates inclusion of those
in the right hand column. Clinical practice dictates that
all thosemuscles shownmerit inclusion. They all play a



Diaphragm

Quadratus lumborum muscle

Transverse and lower oblique muscle

Iliacus muscle

Pelvic floor muscles, obturators and piriformis

Deep hip rotators

Multifidus and other deep intersegmental
intrinsic muscles

Psoas muscle

Obturator internus muscle

Pectineus muscle

Fig 6.29 � Schematic drawing of the muscles contributing to the LPU which provides both an inner framework of
deep anterior support to the column and ‘hoop support’ to the column and pelvis, functionally connecting the
thorax, pelvis and hips.
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role in lumbopelvic control. Referring again to the body
cylinder construct, it can be seen that LPU provides
both a framework of deep anterior support of ‘the col-
umn’ as well as providing an ‘inner hoop support’
which connects and integrates function between the
thorax, lumbar spine, pelvis and hips. Importantly this
integrated support comes from within and below
(Fig. 6.29 also Fig. 6.34). What is quite extraordinary
is that to date, two of the most important muscles in
the synergy responsible for effective load transfer
through the pelvis, the psoas and particularly iliacus,
have been largely unrecognized and ignored by the con-
temporary scientific community. Poor old iliacus! It
has been quietly getting on and doing such a good job
– or otherwise. Maybe it’s a case of out of sight out
of mind. Its role deserves more attention. Likewise
the obturator group serve an important function.

Activation of the lower pelvic unit involves focus-
ing movement from the sit bones and tail bone –
initiation from ‘down in the basement of control’.
Drawing the sit bones apart equates with drawing
the anterior iliac spines closer together in the frontal
plane. This can be felt to beautifully activate the
lower transversus, internal oblique and iliacus in
concert with the others in the synergy. Breathing
is facilitated.

Richardson et al86,87 advocate maintaining a neu-
tral spine and ‘drawing in the lower abdomen’ or
abdominal hollowing to activate the deep musculo-
fascial corset. The problem is that in the clinical
setting, despite careful prompts and supervision, for
many this predictably tends to activate the upper
abdominals, create a flexion moment of the lumbar
spine, posterior pelvic tilt and breath holding as it is
an ‘action that doesn’t go anywhere’ (Fig. 6.30).
Patients generally cannot create a ‘neutral spine’
and ‘holding patterns’ are already a problem for the
patient. Rather, activation of the LPU and the rein-
troduction of important components of useful func-
tional patterns of movement help appropriate control
of lumbopelvic alignment and ‘stability’. At the same
time activity in the diaphragm is facilitated as well as
helping to achieve the ‘hip hinge’ control advocated
by McGill8 when forward bending.

The functional role of the LPU synergy can be
summarized as contributing to:
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Fig 6.30 � The patient thought she was activating
transversus; however, note the tendency to axial ‘total flexion
pattern’ behavior including posterior pelvic tilt.
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• Providing basic antigravity support of the
segments including equilibrium

• Adaptive postural presetting of the pelvis to
support trunk movements

• The respiratory and postural role of the breathing
mechanisms

• The generation of IAP for spinal support

• Provision of the basic movement patterns of the
pelvis hip and lumbar spine

• Control of forces from legs to pelvis and torso to
pelvis and load transfer through the pelvis

• Initiating movement from the pelvis on the femur

• Connecting function between the upper and lower
body.

While providing fundamental support, LPU activity
will obviously also involve other muscles depending
upon postural, kinematic and force requirements.
GRF

N

Sacrotuberous
ligament

W  Weight of the trunk
G  Ground reaction force
N  Sacrum nutates
P  Innominate posteriorly
    rotates on the femoral heads

Sacrospinous
ligament

Fig 6.31 � Intrinsic ‘self locking’ and stability of the
sacroiliac joint is influenced by gravitational lines of force.
Pelvic tilt – balancing the pelvis
on the legs

Sacroiliac joint ‘self-locking’ when
upright

When standing, in the ‘ideal normal alignment’, the
weight of the trunk acts as a compression force trans-
mitted down through the vertebral bodies. This acts
upon the superior surface of the sacrum and tends
to rotate it forward into nutation. At the same time
the ground reaction force transmitted up through
the femora to the hip joints which are more anterior,
forms with the body weight, a rotary force couple
112
which acting at the sacrum, causes the innominate
to posteriorly rotate through the acetabular axis. This
backward tilt of the pelvis accentuates the sacral
nutation. These forces are resisted by a counterbalan-
cing tensile stress in the anterior sacroiliac, and
especially the sacrospinous and sacrotuberous liga-
ments.16,146 According to DonTigny,147 a force
dependent transverse axis is established through the
sacrum but not necessarily through the sacroiliac
joints. This axis of rotation is approximately through
the S3. In fact however, this analysis relates more to
the forces involved as there is little movement, any
tendency being resisted by the powerful ligaments.
The sacroiliac joint is ‘wound up’ through this self
locking and so is stabilized within the pelvic rim
(Fig. 6.31). If the pelvis posturally shifts forward,
this mechanism is compromised.
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Dynamic control of Sagittal pelvic tilt:
the important primary role of the deep
intrinsic force couple – iliopsoas and
obturator group (with the hamstrings)

In the sagittal plane pelvic equilibrium is labile.132

Gravity practically always produces moments of
rotation which have to be neutralized by neuromus-
cular control of these forces. Nine deep muscles
provide sophisticated diagonal pulls and essentially
balance and adjust the pelvis with the spine on the
hips and maintain hip range of motion – psoas, ilia-
cus, and pectineus in the front, with the piriformis,
obturators internus and externus, the superior and
inferior gamelli and quadratus femoris forming the
posterior part of the force couple.1,6,28,148 Collec-
tively, the posterior group are commonly termed
‘the external rotators of the hip’16 or ‘the deep
six’ which understates their important action on
the pelvis when the femur is ‘fixed’ (Fig. 6.32). As
they are spatially positioned under the axis of the
hip joint they have an important role in ‘swinging’
Obturator internus

Sacrotuberous ligament

Sacrospinous ligament

Ischial

Sacrum

Lesser sciatic foramen

Fig 6.32 � The ‘obturator group’ of muscles.
the inferior pelvis forward at the ischia. They ‘are
possibly more important as postural muscles than as
prime movers. . . acting as adjustable ligaments of the
joint in all positions.’10 For ease they will be collec-
tively termed the obturator group. They all attach
to the greater trochanter. Piriformis arises from
the saccrum and is the most superiorly placed.
The rest arise from the ischium and the mem-
brane and rim of the obturator foramen. These
six primary outward rotators form a functional
muscle ‘fan’, each pulling at a slightly different
angle to rotate the femur28 and importantly, con-
trol the pelvis on the ‘stable’ femur.

Returning to the static standing construct; ideally,
the line of gravity passes anterior to the sacroiliac joints
but posterior to the axis of the hip joints, tending
to create an extension moment at the hip, as the
pelvis posteriorly tilts on the femoral heads.9 The
three strong ligaments at the front of the hip joint
resist this force – passive reliance on them is a common
postural habit. Dynamic control, that is, of anterior
pelvic tilt at the hip is achieved by co-active control
from iliacus and psoas. This has been demonstrated
Piriformis 

Pelvic bone

Quadratus femoris

Obturator externus

Inferior gemellus

Superior gemellus

 tuberosity

Greater sciatic foramen
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Rectus femoris
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anterior superior to hip
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posterio inferior to hip

Centre of gravity

SLMS muscles
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Axial flexor & extensor systems

Hamstrings

Line of gravityA B

Fig 6.33 � The pelvic ‘gimbals’ is dynamically balanced between iliacus/psoas and obturator/hamstring groups
activity (A). Schematic view (B).
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by EMG in standing,149,150 standing on one leg, and in
sitting.151 With pectineus, Todd6 likens their activity
to anterior tension members countering the posterior
compression forces at the back. Their activity also
thrusts the pelvis back in space.

In a dynamically balanced pelvis, activity
between the obturator group and iliopsoas forms
two diagonal planes of force through the pelvis
which should be equal and opposite. The iliopsoas
is supero-anterior, tipping the superior pelvic
bowl forward. The obturators and piriformis with
the hamstrings are inferoposterior tipping the
inferior pelvic bowl forward. If they are overac-
tive, the pelvis is held in posterior tilt and the lat-
eral bracing action of the hips affording stability
to the SIJ is reduced (see Aspects of normal neu-
romuscular behavior around the spine, above).
When both groups are in a balanced relationship,
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their point of intersection would fall at the gravity
line i.e. midway between the axis of the spine and
the legs (Fig. 6.33). Bartenieff148 considers that
when hamstrings action is not appropriately
incorporated into pelvic-femoral rhythm by the
synergistic activity of the deep external rotators
the hamstrings they simply act as extensors of
the knee. Some see that all the deep external
rotators contribute to posterior tilt,1,6 while
others see that ‘some’ accompany forward tilt
initiated by iliopsoas103,148 (assumedly obturator
externus). When iliopsoas is not used appropri-
ately the rectus femoris and rectus abdominus
are overused.148

Rolf1 notes that psoas, iliacus, obturator internus
and piriformis form a continuous steadying prever-
tebral web which connects the base of the thorax,
lumbar spine, sacrum and pelvis to the legs. The
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piriformis inserting onto the greater trochanter
from behind, establishes the anterioposterior posi-
tion of the sacrum and so balance between sacrum
and ileum and sacrum and lumbar spine and thus
forms the foundation for iliacus-psoas; the iliacus-
psoas attaching to the lesser trochanter in front
Iliacus

Psoas major

Psoas minor

Caval opening

Diaphragm

Right crus of diaphragm

Aortic opening

Levator ani

Quadratus lumborum

Transversus abdominis

Piriformis

Coccygeus

Pubic symp

Pubic tubercle

Fig 6.34 � Much of the LPU involves a prevertebral and intra
determines balance between the hip, pelvis and
lumbar spine. This prevertebral support network
prevents undue anterior displacement of the spine
and relieves the burden of the post vertebral exten-
sors and helps support the thoracic structure of the
body1 (Fig. 6.34).
Anterior superior iliac spine

Central tendon of diaphragm

Left crus of diaphragm

Median arcuate ligament

Esophageal opening

Medial arcuate ligament

Lateral arcuate ligament

Inguinal ligament

Transversus abdominis

Internal oblique

External oblique

Ischial spine

Sacrum

hysis

pelvic web of support.
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Essentially, dynamic pelvic control involves the
various LPU elements (obturator and iliopsoas
groups and the PFM) working in harmony with the
large SGMS – hamstrings, gluteus maximus and
adductors to provide the lowest component of both
mobility and balanced ‘grounding’ for the lower
body.28
Control of pelvic tilt is achieved from
cooperative interplay between
SLMS and SGMS

While convention acknowledges that pelvic rota-
tion known as tilt affects lumbar posture, it is gen-
erally hard to find descriptions in the literature of
the principal muscle force couples which are
deemed responsible for controlling it. Clearly con-
trol of pelvic tilt involves complicated synergies
involving both the deep and superficial systems.
While certain movement educators have been
aware of the important contribution of the deep
intrinsic force couples in controlling sagittal pelvic
tilt in both posture and movement1,6,28,148 (see
above), the medical model appears to only primar-
ily consider the static force couples created by the
large superficial muscles in the SGMS e.g. the
Kendall’s129 description:

• Posterior tilt is achieved from the downward
pull of gluteus maximus and hamstrings and the
upward pull of the anterior abdominals – rectus and
external oblique.

• Anterior tilt occurs through upward pull of the
spinal extensors and the downward pull of the hip
flexors – rectus femoris, tensor fascia lata, sartorius
and the iliopsoas.

Often only the superior effectors are mentioned
such as the abdominals create posterior tilt.152

A dynamic well balanced pelvis requires bal-
anced length/tension relationships between all
muscles attaching to it both inferiorly and superi-
orly from both the deep and superficial systems.
Imbalance between the axial flexors and extensors
has a significant influence on pelvic tilt control.
The large common tendon of the erector spinae
attaches to the sacrum and pelvis, hence their
overactivity, unmatched by the abdominals can
anteriorly rotate the pelvis.12 In addition, congru-
ent activity between iliacus/psoas and the abdom-
inals is particularly important in providing
anterior tensile support.
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The deep intrinsic pelvic force couple is also very
important in controlling sagittal movements further
away from the gravity line in sitting and standing.
DonTigny notes when bending forward the line of
gravity moves forward of the acetabular axis and
the sacroiliac joints are more vulnerable.147 He
recommends a strong abdominal contraction pro-
vides a self bracing of the joints affording protection
during this maneuver. However, clinically activating
abdominals ‘alone’ is more likely to create a flexion
moment and ‘cause a pathological release of the self
bracing position’.147 Rather, if the pelvis spatially
shifts posteriorly while anteriorly rotating, abdomi-
nal activity in coactivation with the extensors, con-
trols the ‘body cylinder’ which is carried forward
in a more kinematically sound way. Inner support
from the LPU allows force couple synergies to cre-
ate anterior rotation of the pelvis with principal
contribution from concentric activity of the iliacus
and psoas149,150 as well as lower transversus, inter-
nal oblique and multifidus, and corresponding
eccentric play out from the PFM, obturator group
aided and abetted by the hamstrings and gluteus
maximus. The return occurs via posterior rotation
of the pelvis from principal concentric gluteus max-
imus, hamstrings, PFM and obturator group activity
and eccentric abdominal, iliacus and psoas activity.
Prominent buttocks are one of the most characteris-
tic features of the muscular system in man asso-
ciated with the frequent need to bring the trunk
upright.10

Balanced control of both the obturator and iliop-
soas groups gives a free swinging pelvic base for
quick postural adjustments and the ability to readily
squat and return. The control of sagittal tilt is also
involved in forward weight shift in sitting, moving
from sitting to stand and lowering to sit and many
other actions. However, clinical practice frequently
reveals imbalanced and defective use and control
of this force couple with altered length tension rela-
tionships in the muscles.

Influence of the thorax on sagittal
pelvic tilt

Harrison et al.153 showed that when ‘normal’ sub-
jects stood with an unrestrained pelvis and per-
formed a primary forward and backward
translation of the thoracic cage, large changes in
the sagittal lumbar posture and pelvic tilt were pro-
duced as well as changes in the thoracic kyphosis.
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Anterior thoracic translation caused the pelvis to
anteriorly tilt by 15�, while posterior translation
tilted the pelvis posteriorly by nearly 16�.

Frontal plane pelvic tilt: the
important contribution of obturator-
iliacus concentric/eccentric activity

Iliacus lines the superior pelvic bowl while obtura-
tor internus piriformis and the PFM line the inferior
pelvic bowl. The control if ischial inflare/outflare
occurs from coactivity in the LPU with balanced
activity between iliacus/transversus superiorly and
the obturators/PFM inferiorly. This internal control
from LPU synergies provides intrapelvic stability
and a firm base of support for the pulls of the larger
muscles balancing the pelvis as a whole over the
standing leg (Fig. 6.35). The adductors appear syn-
ergistic with transversus and iliacus in creating
ischial outflare, while the abductors are synergistic
with inflare. (See further functional roles of iliacus,
psoas adductors below)
Iliacus

Iliac crest

Superior anterior iliac spine

Obturator internus

Psoas major

Psoas minor

Pecten of pubis

Pubic symphysis

Tendinous arch

Fig 6.35 � Schematic inner view of the superior and
The ‘ischial swing’

Well developed spatial control of the pelvis as a
whole is characterized by the ischia being able to
freely swing in the sagittal and frontal planes. Control
of this is critical to effective sagittal weight shift and
frontal plane weight transfer onto one leg where the
ipsilateral ischium swings medially as the leg comes
under the pelvis or the pelvis moves over the leg.

The further functional roles
of iliacus and psoas

The iliopsoas muscles have been long considered by
certain practitioners as perhaps the most important
muscles in determining upright posture.1,6 Rolf1

considers psoas’ function is unique in unifying the
torso and thigh and no other myofascial element
can substitute satisfactorily.

Their actions are usually described together and
conventionally as: hip flexion, bending the trunk
and pelvis forward as in rising from lying to sitting;
Sacroiliac joint

5th lumbar vertebra

Piriformis 

Sacrotuberous ligament

Coccygeus

Ischial tuberosity

Sacrum

inferior innominate bowls.
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Head of 
femur

Fig 6.36 � Conceptual view of frontal plane pelvic rotation
in lateral weight transfer and proposed line of pull of psoas and
iliacus.
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and possible ‘important activities’ in balancing the
trunk in sitting.10 Bogduk et al.154 proposed that
the upper fascicles of psoas tend to extend the
upper lumbar spine and the lower fascicles tend to
flex the lower lumbar spine; otherwise it is a hip
flexor. A postural stabilizing role for psoas is gaining
support.130,155,156,157 McGill describes psoas’ spinal
stabilizing role as resisting the forces or torques cre-
ated on the spine as a result of limb movement, in
particular hip flexion.8 As far as the sacroiliac joint
is concerned, Steindler132 has been the only source
found in the literature to consider that the ‘mighty
mass (of the sacrospinalis as well as) the iliopsoas
protects the joint before it really comes to ligamen-
tous strain’. This is particularly so with the back in
motion where the iliacus and psoas help control
the momentum of the back and forward pelvic
swing incidental to locomotion.

Clinical practice supports agreement with all of
these roles and suggests more. Iliacus’ architecture
allows the top of the pelvis to be pulled forward47

hence it plays a substantial role in initiating anterior
pelvic rotation during actions such as forward
bending in standing. At the same time psoas is syn-
ergistically acting to control spinal intersegmental
alignment – the pelvis flexes on the hip while the
low back is controlled in variable extension. If the
hip does not act as the fulcrum of the movement,
the back is used instead with predictable conse-
quences over time. If there is under use of iliopsoas
in the flexion and support phase when walking, the
obturators and piriformis compensate, become
overactive, increasing hip external rotation and the
stress through L4/5.28

Frontal plane control

In concert with psoas, iliacus conceivably also plays
a crucial role in lateral weight shift and load trans-
ference through the pelvis when upright (see ‘Fron-
tal plane pelvic tilt. . .’ above). The leg can be
brought under the body or the body over the leg.
It has been proposed that the SIJ is vulnerable to
shear loading stress.158 However, as has been
pointed out by Gracovetsky,2 the joint surfaces are
warped and highly organized toward their functional
role. He points out that the inferior part of the SIJ
on the ileum is in fact a warped ledge which is part
of an arch and is well suited to weight bearing. Con-
ceivably, when the pelvis rotates in the frontal plane
over the femoral head, as seen in Figure 6.36, the
active line of pull of the fibres of psoas and iliacus
are almost vertical between their top and bottom
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attachments and serve to provide an internal tensile
support over the anterior SIJ, actively binding the
joint surfaces together. At the same time the lum-
bar segments are adaptively aligned and stabilized
over the weight bearing leg. Clinically it appears
that the ipsilateral psoas is eccentrically active to
‘lengthen the side’ ipsilaterally while the contralat-
eral psoas is concentrically active to help control
adaptive change in the spine. In similar vein,
Sims159 cites a proposal by Bombelli that in single
leg stance iliacus and the abductors balance the pel-
vis whilst psoas and the contralateral quadratus
lumborum position the centre of gravity over the
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centre of rotation of the femoral head. Psoas is thus
an important medial stabilizer of the hip157 and con-
tributing to the force couple synergy are the hip
abductors helping to hold the ileum ‘over’ the leg
while the adductors also provide important eccen-
tric control and stability of the pelvis on the leg.

In walking, iliacus and psoas provide a complex
oscillating role between stability and mobility one
limb supporting, the other swinging while at the
same time controlling the alignment and balance of
the pelvis with the spine on the legs. An eccentric
contraction occurring before a concentric contrac-
tion enables the muscle to perform more positive
work with increased power.67 This enhanced per-
formance is attributed to the ability of the muscle
to store energy during the stretch (eccentric con-
traction) and subsequently use some of this energy
during the concentric contraction. Todd6 suggests
that because iliacus and psoas are contracting before
they receive the load in either stance or swing
phase, they not only assist as shock absorbers but
rebounders providing an energy efficient spring in
the step.
What is the role of the
adductors in pelvic
myomechanics?

The functional role of the adductors has in general
received relatively scant attention. Kendall et al.129

describe their actions as adduction of the hip joint;
and together with pectineus, the longus and brevis
flex the hip joint. The anterior fibres of the massive
adductor magnus may assist in hip flexion while the
posterior fibres may assist in hip extension.10,129

They have also been assigned an essential synergistic
role in the complex patterns of gait and controllers
of posture.10,160 Janda160 showed they were active
during flexion and extension of the hip and knee
tested in prone, supine and sitting and particularly
against resistance, demonstrating their proximal
postural stabilizing role. He points out that their
excitation level is relatively low; they also have with
one of the shortest chronaxies of the lower limb
muscles; and in cerebral palsy adductor hyper spas-
ticity develops mainly after verticalization of the
child. The magnus and longus are probably medial
rotators of the thigh.10

Given their combined proximal attachment cov-
ers the entire lateral surface of the inferior pubic
ramus from the symphysis in front to the lateral
inferior ischial tuberosity below the hamstrings
insertion posteriorly, they must surely play a large
role in balancing the pelvis on the femur and helping
stabilize the inferior bowl. Their muscle mass is
enormous yet ‘extensive or forcible action of the
femur is not a common action’.10 While in symmet-
rical easy standing their activity is minimal or
absent10 it is reasoned they come into their own
when weight bearing on one leg. Hungerford
et al.161 describe their early EMG onset when
standing on one leg. On a stable femur their closed
chain function probably involves helping to balance
the ‘ischial swing’ in both the sagittal and frontal
planes. Also, actions where the pelvis opens away
from the stable leg involve reversed origin and
insertion eccentric control from the adductors
and internal hip rotators.

Kendall129 draws attention to their internal
rotary action because they insert onto the femur
anterior to the mechanical axis. Those which insert
posterior to the mechanical axis will act as lateral
rotators (Fig. 6.37).

In the frontal plane they balance activity in the
glutei and tensor fascia lata and provide invaluable
eccentric control as the pelvis rotates over the fem-
oral head during lateral weight shift (see ‘Further
functional roles of iliacus and psoas’ above). On a
fixed femur in synergy with iliacus and transversus
their action abducts the ischium and inferior pubic
ramus which is counterbalanced by PFM and obtu-
rator group activity to provide stability of the infe-
rior pelvic syndesmosis and stability of the pelvic
ring.

Lee18 notes their role in regional stabilization of
the pelvis between the thorax and legs as part of
the ‘anterior oblique sling’ of the global system.
Hip rotator balance: important
for both hip and pelvic
myomechanics

The deep rotators form a fan around the innominate
as they encase the femoral head and variously insert
onto the femur each pulling at a slightly different
angle. The ‘deep’ internal rotators are the iliopsoas1,
gluteus medius and minimus which are anterior and
superior to the hip joint – the only exception being
the adductors. The deep external rotators – the
obturators, the gamelli, piriformis and quadratus
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Fig 6.38 � The lateral view of the pelvis showing the ‘deep
rotator fan’ of the hip.
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Fig 6.37 � Rotary action of the adductors acting around the
mechanical axis.
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femoris are posterior and lie level with or below the
hip joint. As their fibres are roughly horizontal they
can directly modify the plane of movement of the
pelvic basin and transmit tension to the pelvic
bones1. The internal rotators are the ‘upper storey’
while the external rotators are the ‘lower storey’28

(Fig. 6.38). Hip external rotation is associated with
elements of posterior pelvic tilt/hip extension,
abduction and closing the pelvic floor while internal
rotation is synergistic with hip adduction, flexion/
anterior pelvic tilt and opening of the pelvic floor.
These are certainly not obligatory responses. Full
use of the deep hip rotators particularly the external
rotators allows better range and freedom of open
120
chain hip movements.28,148 More commonly the
superficial gluteus maximus is used for external rota-
tion of the leg rather than the deep rotators.28,145

Most people don’t appreciate the fact that the gluteals
are rotators and are often tight.

Rolf1 considered iliopsoas the prime internal
rotator which counters principal external rotation
from piriformis, and balance between them with
obturator internus is important in providing the pre-
vertebral support for the spine which then relieves
the load on the spinal extensors.

Superficially, balance in the fascia lata is achieved
from balanced activity between the anteriorly
placed tensor fascia lata which is also an internal
rotator and the posterior gluteus maximus which is
also a lateral rotator (Fig. 6.54).

Hip rotator imbalance alters the freedom of
the innominate to rotate in the sagittal and frontal
planes and so disturbs pelvic myomechanics.
When the internal rotators are tighter, innominate
movement into posterior rotation and ischial
inflare is reduced. When the external rotators
are tighter, innominate movement into anterior
rotation and ischial outflare is reduced. Clinically,
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it is more common for people with back pain to
have more difficulty with various combinations
of closed chain hip flexion, internal rotation and
adduction and so related opening of the inferior
pelvic bowl becomes restricted. This limits clos-
ing of the superior bowl and control of the lumbar
lordosis.

Role of superficial muscle
slings

Various synergistic muscle slings in the SGMS act-
ing through fascial sheets have been proposed to
provide regional stabilization of the pelvis between
the thorax and legs.18,152,162,163,164

The posterior longitudinal sling connects the per-
oneii, biceps femoris, sacrotuberous ligament, the
deep lamina of the thoracodorsal fascia and the
erector spinae.18

The anterior oblique sling connects the external
oblique, through the anterior abdominal fascia, to
the opposite internal oblique, the transversus abdo-
minus and the adductors.

The posterior oblique sling connects the latissi-
mus dorsi, through the thoracolumbar fascia to the
contralateral gluteus maximus. Bogduk165 however,
considers the contribution of latissimus dorsi to
sacroiliac stability to be ‘trivial’.

The lateral sling contains the tensor fascia lata,
gluteus medius and minimus and the lateral stabili-
zers of the thoracopelvic region.18

In similar vein, Myers166 describes functional
myofascial synergies in terms of superficial front
and back lines, spiral lines, lateral lines and func-
tional lines. All of these superficial system synergies
undoubtedly play a role in the panorama of move-
ment control. However, it is suggested that without
adequate preceding and more integrated tonic activ-
ity in the SLMS, their ability to provide effective
control will be suboptimal.

What is core control?

No one concept has been somisunderstood, confused
and abused and as that of ‘core control’. The term has
unfortunately become synonymous with the abdomi-
nal muscles – the need for ‘strong abs’ and ‘holding in’
and ‘pulling in your stomach’. Further, the idea of
‘core strengthening’ has evolved which overempha-
sizes development of the superficial abdominals and
has become a major trend in rehabilitation despite
meager research.167

Current models about back pain have proposed
‘instability’ of the spine as a cause. This led to think-
ing that in order to make the spine more stable, the
abdominals needed to be strong so as to ‘not let the
spine move’. It appears there has been misinterpre-
tation of some of the research. The Queensland
group of Hodges and co workers have done nice
research showing that in one of the abdominal mus-
cles – transversus, activity is reduced and delayed in
people with back pain.86,87 In the normal state its
activity is automatic and occurs in conjunction with
other muscles such as the pelvic floor, diaphragm
and multifidus as part of a postural reflex synergy
prior to an actual movement occurring. While voli-
tional activation of a single muscle may initially
‘help get the feel’ of the desired action, its syner-
gistic activity in functionally relevant postur-
omovement patterns needs to be learnt.
Hodges168 makes it clear that control of the spine
should be dynamic – that stability is controlled
mobility. However, some of the confusion may
also have arisen from the researcher’s protocols
which recommended the ‘abdominal hollowing
exercise’ (AHE)86,87,169 as a means of initially
gaining simultaneous contraction of the deep mus-
cle synergy. While a specific and controllable
maneuver, it is not a particularly functional move-
ment and certain subgroups of patients (see Ch. 9)
will have great difficulty achieving the correct action.
Asking for an action such as ‘narrowing the waist and
inwardly drawing in the abdomen’,170 tends to limit
diaphragm activity, increases the tendency for central
‘holding patterns’ and encouragesmore of a ‘functional
disconnect’ around the central torso; often doing little
that it sets out to achieve. Beith171 found that in
a group of physiotherapy students, only 20% could
consistently isolate the deep abdominals (IO) from
external oblique in 4-point kneeling and prone raising
the question as to whether elimination of EO activity
during the AHE is always possible, desirable or neces-
sary. However, interventions by ‘significantly experi-
enced’ therapists who have adopted this protocol
with other associated re-educative exercise172 have
shown positive outcomes.

McGilll8,59 repudiates the adoption of what he
calls ‘single muscle strategies’ and doesn’t believe
that AHE ensures stability. In order that the spine
can withstand steady state loading as well as sud-
den unexpected complex loads, McGill173 advo-
cates abdominal bracing involving activation of
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the whole lateral abdominal wall and training
‘patterns of stabilization’8 as the most effective
means of achieving core control. He advises that
high levels of co-contraction are not required –
5% during normal ADL and up to 10% during
rigorous activity.

Abdominal bracing does provide an immediate
stiffening of greater magnitude than hollowing.174

However, creating too much stiffness is as much
of a problem as too little stiffness. There is often
too much bracing from hyperactivity of the
abdominal or mistaken ‘core’ muscles185 in cer-
tain groups of people with back pain. Clinical
experience suggests that for many, both AHE
and abdominal bracing represent patterns of
activity that are just too close to their habitual
‘central cinch’ or holding patterns (see Ch.9),
the action occurring ‘too high’ and so compromis-
ing the breathing pattern. The first sign of defec-
tive core control is defective breathing.103 Core
control is control of the LPU at the core of the
body’s centre of weight. It involves the coordi-
nated activity of whole synergies of muscles in
the control of the pelvis which is and supports
the core and breathing. Feldenkrais175 comments
‘the dependence of proper breathing on the cor-
rect holding of the pelvis was also recognized
by the Yogi long ago’. The ‘core’ is also the centre
of weight shift. The LPU synergy, particularly
iliacus and transversus stabilizes the pelvis so it
can rotate on the femoral heads through all
degrees of freedom in all parts of available range.
Bartenieff,148 a physiotherapist and dance move-
ment educator talked of the importance of gaining
function in this region which she termed ‘the dead
seven inches’ so prevalent in most American’s bod-
ies.28 Control from the internal core helps minimize
overdependence on the external muscles. Movement
at the core is basic to expressive and dynamic move-
ment and can be seen in terms of opening and clos-
ing; expanding and condensing; concaving and
convexing.28,176 Movement at the core also begins
with the breath.

When working for ‘core control’, which move-
ment patterns and synergies are chosen becomes
the art of the prescribing practitioner. Understand-
ing ‘what’s wrong’ informs the choice. Most impor-
tantly, the person needs to establish and maintain
proper diaphragmatic breathing through the move-
ment. Movements which focus on the correct acti-
vation of the LPU will generally achieve these
features.
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Functional role of the
abdominal group of muscles

A big ‘tummy’ is common these days and prompts
the belief that doing abdominal exercises will fix
it. However, this is usually more the result of pos-
tural collapse, ‘middle aged spread’ and obesity.
‘Curls’ and ‘crunches’ will often aggravate rather
than help the problem. The role of the abdominals
is complex.

‘The abdominals’ consist of four muscles – the
rectus abdominus suspended within the fascial
sheet of the anterior abdominal wall, and the three
anterolateral muscles arranged in three layers, each
layer having a different fibres direction, creating a
pattern of cross bracing as they form the anterolat-
eral wall of the body, connecting the thorax to the
pelvis. They are not just flexors which curl the
trunk forward; they have differing yet synergistic
roles. As a group they support the abdominal
viscera, flex side bend and rotate the trunk, and
contribute to the breathing mechanism and the sta-
bility of the spine through the generation of IAP.
Importantly, they have a postural role and control
the relationship between the thorax and pelvis and
the alignment of the axial spine. They help to con-
trol forces acting upon both the spine and the pel-
vis. Beith and Harrison177 report finding reflex
facilitation in all four oblique muscles in response
to stretch in one suggesting close synergies between
the obliques in providing stability to the vertebral
column. What is often not appreciated is that the
architecture of the obliques and transversus is such
that different regions of the one muscle show dif-
ferent morphology and perform different functions
which become important to understand when con-
sidering axial alignment and control.

The deepest layer, the transversus abdominis
(Tr A), interdigitates with the diaphragm thus its
function is closely intertwined with the breathing
mechanism and the generation of IAP.92 Its
attachments to the lower six ribs and the pelvic
rim, and fibrous attachments to large aponeurotic
and fascial sheaths front and back, respectively,
mean that it acts like an inner sleeve of support
helping control the thorax over the pelvis. It ten-
sions the front and back ‘fascial plates,’ providing
postural support and stability to both the lumbar
spine and ribs so the diaphragm can effectively
contract. Studies have confirmed its postural role
and implicate separate CNS regulation to that of
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the rest of the group.96,178 Urquhart179 described
three different regions (Fig. 6.39):

• The upper anterior fibres showed the least tonic
activity

• The middle region was most associated with
respiratory activity

• The inferior region showed more tonic postural
activity. Clinically, this region plays a very important
role in the synergies responsible for the control of
pelvic ring myomechanics and its control on the femur.

Activation of the lower and middle regions was
independent of the upper region.180 The postural
responses also varied according to body position
with recruitment delayed in sitting compared to
standing.181

The internal oblique (IO) constitutes the middle
layer. Its fibre arrangement also delineates three dif-
fering regions129 and functional roles (Fig. 6.40):

• The lower anterior fibres in conjunction with
transversus support the abdominal viscera and have an
important role in approximating the anterior ilia182

• The upper anterior fibres assist in breathing,
depress the thorax, and approximate the pelvis and
thorax, flexing the spine129
• The lateral fibres can depress and approximate
the thorax and pelvis anteriorly and laterally.
Clinically, these fibres are frequently tight.

The external oblique (EO) forms the superficial
layer. Its fibre arrangement essentially comprises two
sets of ‘functional slings’ with potentially different pos-
turomovement behavioral characteristics (Fig. 6.41).

• The upper anterior fibres from ribs 5–8 pass
forward and inferiorly to attach to the anterior
aponeuroses and can depress the thorax and flex the
thoracolumbar spine.

• The lower lateral fibres fromribs9–12passdownand
forward.Those fromthe9th rib go to thepubis and send
fascial expansions towards the adductor origins; those
from the 10th rib to the inguinal ligament16 and anterior
half of the ileum as do the rest of the fibres.10 This sling
can16 flex the spine with more influence on the lumbar
spine and posterior pelvic tilt.129 If the pelvis is held
stable these fibres ‘help to draw the posterior rib cage
towards the anterior iliac crest and in so doing tend to
extend not flex the thoracic spine’.129 These fibres thus
help to maintain a good alignment of the thorax in
relation to the pelvis as they counter the flexion
moment of the upper anterior fibres.
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Rectus abdominis activity is more straightforward
in approximating the pelvis and thorax and flexing
the spine. Examining abdominal wall activity during
‘belly dancing’, Moreside et al.183 recently demon-
strated significantly different activation levels
between upper and lower rectus and that the obli-
ques tend to work in synergy with the lower rectus
more than the upper during various pelvis move-
ments with minimal thorax motion.

Kendall129 notes that during the trunk curl sit up,
the lower lateral fibres of external oblique are elon-
gated. Doing a lot of these, results in ‘stretch weak-
ness’ of this sling and hypertrophy of the anterior
sling as well as the internal oblique and rectus. This
results in altered alignment in standing; either the
pelvis tips anteriorly as in a kyphosis lordosis pos-
ture or anteriorly shifts with posterior deviation of
the thorax in the ‘sway back’ posture. When the
pelvis hangs or is shunted forward there is little
demand for postural activity in the anterior abdom-
inal wall. This is also related to corresponding short-
ness of the lateral IO in both situations.129

Importantly if the posterolateral sling of EO isweak,
with associated deficient activity from the LPU syn-
ergy, marked difficulty in supine leg loading tests will
be apparent. It is suggested that it is this mechanism
which is operant during a positive active straight leg
raise test (ASLR) described byMens184 and is not nec-
essarily reflective of specific SIJ dysfunction. This also
explains the increased SGMS fixing around the lower
thorax and decreased diaphragmatic descent described
by O’Sullivan et al.185 during this test.

When both obliques are acting together in syn-
ergy, besides flexing, side bending and rotating the
thorax and pelvis on one another, they help control
sagittal plane alignment, bringing the thorax back
when the pelvic position is controlled or ‘fixed’ or
the pelvis forward and up when the thorax is stable.
Important to control of sagittal alignment is control
of lateral movements. Gracovetsky131 considers the
lateral bending motion of the torso is an archetypal
and important movement pattern principally con-
trolled by the obliques and iliocostalis. Rather than
specific muscles, it has been suggested that myofas-
cial aggregations form specific meridians166 which
create functional ‘contractile fields’186 to produce
movement. Beach186 further suggests that head, neck
and torso side bending is achieved through a ‘lateral
contractile field’ linked to sense organs in the head.
Consisting of non-anatomically defined lateral tissues
(including hundreds of muscles), the field extends
from the eyes and ears to the pelvic floor to insert
on the sides of the coccyx. This author considers
that control of this lateral movement is important
in ‘lengthening the sides’, a significant factor in
controlling lateral weight shift onto one leg.

In concert with transversus and rectus, the com-
bined upper portions of the obliques often termed
‘the upper abdominals’ contribute more to breathing
and controlling the alignment of the thorax on the
lumbar spine. Their combined lower portions – the
‘lower abdominals’ are more responsible for the con-
trol of intrapelvic and spatial movements of the
pelvis including tilting and the alignment of the pelvis
and lumbar spine.

Norris187 draws attention to the antagonistic activ-
ity of the abdominal group where during maximal
trunk extension abdominal activity can vary between
32% and 68% of the activity in longissimus.188

Problems for the spine ensue when abdominal
activity is increased, decreased or imbalanced. Some
muscles or parts become overactive and short while
others become underactive and ‘weak’. This affects
their ability to control the relationship between pelvis
and thorax amongst other things. The work of Hodges
et al.189 has shown that transversus activity is com-
monly decreased and delayed in people with back
pain. Activity in the other threemay also be decreased
so that thewhole abdominalwall is lax.Clinically how-
ever, while transversus is generally underactive, there
may be increased activity in all or some of the others
in the group – mostly the obliques.53 Hence we have
the situation of not only imbalance between the deep
and superficial layers, but potentially between the
obliques themselves, and/or between rectus and the
obliques, reflecting changes in function.

In addition, it is common to find differences in
the activity levels between the ‘upper abdominals’
and the ‘lower abdominals’. Kendall129 noted
uppers ‘strong’ and lowers ‘weak’ was the most
prevalent finding, followed by uppers and lowers
both weak and this certainly accords with clinical
practice findings. McGill describes the obliques as
having regional neuromuscular compartments and
functional separation between the upper and lower
regions8 and has recently shown the same in rec-
tus.183 As mentioned previously, when supine, if
the uppers are stronger the person can curl the
trunk but will have difficulty controlling the pelvis
in leg loading actions.

Controlling the pelvis is an important compo-
nent when working for abdominal control and gen-
erally poorly understood. ‘Posterior pelvic tilting’ is
an exercise frequently practiced with little
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understanding of ‘function’ or regard to its appropri-
ate use. It is a good example of an exercise passed
on by tradition with little scientific evidence to
support its effectiveness.190 It is usually easy for
most people including those with weak abdominals
or a weak lateral EO to do this action! The neutral
lordosis is lost in posterior tilt and the facet joints
are in end range flexion. This habitual pattern gen-
erally does not need reinforcing. It is possible to
posteriorly tilt the pelvis through its inferior pole
at the hip via the obturators, piriformis and ham-
strings without much EO activity at all. It is impor-
tant that when working to improve EO activity
that the pelvis is stabilized in neutral with the help
of the LPU, so that the action of EO on the thorax
can be appropriately worked for. Importantly,
intrapelvic and spatial control of the pelvis is
heavily reliant upon the ‘lower abdominals’ syner-
gistically coactivating with various pelvi-femoral
muscles to provide appropriate control of pelvic
force couples. The control of anterior pelvic rota-
tion is particularly important and universally defi-
cient which explains the ubiquitous ‘tummy’ over
the lower abdomen.

The prescription of therapeutic exercises which
appropriately redress the underlying muscle imbal-
ances in the abdominal wall is an art. Different peo-
ple need different solutions. A gung ho, recipe
based approach does little except to compound
much prevailing dysfunction.
The bending and lifting
debate – stoop or squat or
something else?

The recognition that many work-related back pain
incidents result from bending and lifting has engen-
dered much research and debate on the mechanism
of injury and the ‘best lifting style’– stoop or squat.
Stoop has been defined as ‘knees straight, back
bent; and squat as ‘knees bent back straight’.191

What is interesting is that neither definition men-
tions the hip dynamics yet McClure et al.192

showed that normally return from forward bending
initially occurs in the hip. McGill8,59 notes, it is
the kinematic motion patterns together with the
muscle activation patterns that heavily influence
the loads the spine bears. Poor patterns of move-
ment and motor control errors can induce injury
when bending to pick up a pencil.8
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Simple mechanics informs that in ‘stoop lifting’
with no dynamic leg action and the spine in flexion,
increased load is taken on the passive structures and
if repeated enough, cumulative damage is likely.

Consequently, ‘squat lifting’ has generally been
seen as ‘the correct method’ and advocated in
industry training despite it being a somewhat
unphysiological action. Because the emphasis has
been on knee flexion rather than the hip, being less
stable and more awkward for most, it has a high
energetic cost, and is biomechanically hard on the
knees and thus understandably compliance levels
are generally low. Studies in repetitive lifting
revealed subjects who began in squat reverted to
stoop as they became fatigued.193,194 Most people,
including manual workers, habitually adopt stoop
despite instruction to the contrary.191 It is sug-
gested that this is probably because it is a ‘pattern
of movement that they know’, related in part to
habitual standing and sitting postures where com-
monly, posterior rotation of the pelvis is consis-
tently adopted. In 1999, Van Dieën et al.195

extensively reviewed the biomechanical evidence
and concluded that there was no justification for
advocating squat technique.

Studies on self selected or freestyle lifting techni-
ques have revealed the postures typically adopted are
intermediate between stoop and squat, hence semi-
squat techniques are receivingmore interest.Described
as ‘moderate range of flexion at both knees and trunk, it
allows a pattern of inter-joint coordination which
appears to be functional in reducingmuscular effort’.196

Review of the literature is fascinating in that for
an action that requires initiation and control from
the pelvis, this is rarely mentioned or factored into
the research design, instead the focus largely being
on the effect different knee positions have on the
back. A recent study disallowed subjects any forward
trunk inclination when squatting! Hardly a functional
pattern and not surprisingly, the knee was working
overtime.197 Locking the knees in stoop limits pelvic
rotation. The degree of knee flexion in squat is
unphysiological as it places such high loads on them.
No wonder ‘the evidence’ is equivocal.

Pattern of forward bending –
lumbopelvic rhythm or pelvi-femoral
rhythm?

While the interest has been in lifting, the pattern of
forward bending not only underlies lifting but also
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Fig 6.42 � An effective ‘body cylinder’ provides both internal
and three dimensional support to the spine in forward
bending rendering the torso an adaptable cantilever. The
centre of mass is supported over the base.
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many repetitive low load ADL activities such as
emptying the dishwasher and gardening. Some of
the confusion and clinical myths about forward
bending patterns probably stems from some text
book descriptions of lumbopelvic rhythm. These
describe the first 60� or so of trunk flexion occur-
ring in the lumbar spine and any further flexion
occurs in the hip.5 McGill8 rightly refutes this as
‘fiction’ and instead proposes the ‘hip hinge’ in for-
ward bending, citing Olympic weightlifters lock the
lumbar spine close to neutral and rotate almost
entirely around the hips. Hence it makes sense to
adopt the term ‘pelvi-femoral rhythm’.148

Spine in forward bending pattern
resembles a cantilever

Panjabi and White198 describe the spine in forward
bending as behaving like a cantilever – where one
end of a long structure is fixed and its other free
end is ‘loaded’. The ‘fixed’ end is obviously the
stronger, heavier and centrally placed base of the
spine within the pelvis which itself has been
described as a cantilever.6

A simple cantilever, as Norris187 points out, is
externally supported and subject to bending load.
If the spine is construed as an arch it becomes more
intrinsically stable. This stability is reliant upon the
musculature to modulate the lordosis and provide
IAP and so keep the thrust line within the arch.
When the thrust line moves outside the arch it
becomes unstable. Coactivation and balanced activ-
ity between the flexors and extensors and the LPU
optimizes both IAP and alignment of the ‘body cyl-
inder’ functionally rendering it an effective cantile-
ver’ during forward bending (Fig. 6.42).

Maneuvering the base of the cantilever is the
task and this is the job of the pelvis. It should be
able to swing freely between the leg axis and the
spinal axis and as it does so, it carries the ‘body cyl-
inder’ forward into bending and return/lifting.
Effective pelvic actions allow the body cylinder to
flexibly maintain its integral shape including the
lumbar lordosis. The bulk of the movement occurs
at the large ball and socket hip joints. Gracovetsky
et al.199 suggest that for every angle of forward
flexion there is a unique degree of lordosis that will
minimize and equalize the compressive stresses
within the spine and at the same time will be asso-
ciated with minimum muscle activity. Isometric
trunk extension–flexion testing has been shown to
be stronger when the fulcrum for forward bending
was at the hips.200 However, achieving this pelvic
control is elusive for most as it isn’t an action they
habitually use. It cannot happen if the knees are
extended. However, flexing the knees does not nec-
essarily solve the problem either, as a common strat-
egy is to attempt the ‘squat’ with knee flexion and
posterior pelvic rotation thus pulling the lumbar
spine into more flexion! Habitual postural and move-
ment patterns result in many subjects being disin-
clined to load the lower limb in flexion: the pelvis
in hip flexion/ anterior pelvic rotation with knee
flexion and dorsiflexion.

Functional forward bend pattern:
semi-squat involving ‘pelvic swing
and shift patterns’

It is proposed that obtaining effective pelvic action in
semi squat is dependent upon the initiation and sup-
port of the LPU synergy through the movement
(see Dynamic control of sagittal ‘Pelvic tilt’ above).
Reliant on active ‘grounding’ through the feet, the
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kinematics in biomechanically sound forward bending
and lifting patterns involve three distinct phrases in
the movement which are led by the ischia.
Forward bend

Forward bend is accomplished by the ischia assum-
ing the following pattern:

• Shifting posteriorly in space and reaching
backwards

• Lifting so the pelvis anteriorly rotates

• Widening into ischial outflare.

This is an extension of FPP1 and the pattern of
movement involves posterior shift with anterior pel-
vic rotation, hip flexion and lumbosacral extension.
The hip flexion provides the majority of the move-
ment while the spine elongates through the move-
ment and is free to perform the fine tuning and
small adjustments needed for the arms to engage
and carry the load (Fig. 6.43). This involves the
LPU in dynamic synergism with the body cylinder
which in this action also resembles a 1st class lever.
The fulcrum of the movement is the hip as the ace-
tabulum rotates around the femoral head. The spine
and hips work together and Gracovetsky considers
that both the erector spinae and psoas are important
in control of the lordosis.131 Incidentally, this pat-
tern of movement is also involved in forward weight
shift in sitting, moving from sitting to stand and
lowering to sit and squatting as well as in many
other actions.

Raising the effort arm – the ischia – is achieved
from dynamic synergism between the LPU and
more superficial muscles. In particular iliacus
Fig 6.43 � ‘Drilling’ the ‘pelvic swing and shift patterns’ for
control of the forward bend pattern; the hands help focus
leading from the ischia. Note the grounding of the feet helps
drive the ischia back and up where the tailbone can
lengthen and the torso is well aligned.
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and psoas, transversus and multifidus work con-
centrically and eccentric control comes from the
obturator group, PFM, gluteus maximus and ham-
strings acting to ‘brake’ the movement as the
upper body is lowered. It is important to appreci-
ate that control of this force couple is only achieved
when there is coactivation between the anterior hip
and trunk flexors and the posterior hip and trunk
extensors where the pelvis can be ‘driven back’
from the feet and spatially controlled in order to
take advantage of the extensor mechanism in the
lower limb (See Ch. 4 & Fig. 6.54) Thinking about
‘pushing the ischia back’ in order to ‘come forward’
is useful in overcoming the habit of simply hanging
forward (Fig. 6.44).
Lifting

The return movement continues to involve the fun-
damental control from the LPU, which now brings
the ischia into the following pattern:

• Shifting forward in space

• Dropping down so that the pelvis posteriorly rotates

• Narrowing into ischial inflare.

This occurs in synergism with strong concentric
activity of the hip/pelvic extensors201 to ‘drop’ the
effort arm, extend the hip and raise the body cylin-
der. Co-activation from the anterior hip flexors is
still important as they eccentrically work and pro-
vide stability and control of the pelvis while the
extensors ‘lift’ it. The magnitude of the load dic-
tates the level of activity of the muscles in the walls
of the body cylinder including the generation of
appropriate levels of IAP.

The inferior pelvis is the generator and leads
the movement via swings and shifts. It can only
do this if the ankles and knees are simultaneously
involved in the pattern. According to Pope, Bor-
elli, the father of biomechanics understood that
the levers of the musculoskeletal system magnify
motion rather than force.202 The movement role
of the short stocky lever, the ischia while seem-
ingly not large has an enormous effect on pelvic
myomechanics when upright and through move-
ment (Fig. 6.44). The hamstrings play an impor-
tant role in bending and lifting, dynamically
eccentrically/concentrically adjusting all through
the movement to drive the ischia back/up and
down/forward.

Defective control of eccentric lengthening of the
obturator group and the hamstrings is the progenitor



Sacrum
Extensor system

Flexor system

Femur

Hip joint

Abdominal cavity

Eccentric hamstring activity helps lift the ischia
in forward bending; concentric hamstring
lowers the ischium in the lifting/return phase
Note: Coactivation of the hamstrings with the
quadriceps also helps control extension of
the knee

Hamstrings and obturator group need to
eccentrically lengthen to allow ischial lift
and ‘brake’ the forward bending of the body

Coccyx

Ischial tuberosity

Piriformis

Obturator group

Fig 6.44 � Control of the ‘ischial swing’ is fundamental to raising and lowering the ‘effort arm’ in manoeuvring
the ‘body cylinder’ in forward bending/lifting.
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of many lumbopelvic pain symptoms and directly
related to hamstrings ‘tears’. Some studies have
demonstrated flexion–relaxation in the hamstrings
at the end of forward bending.203 McGorry found
that it varied204 between individuals and in restrained
or free standing postures. In the extension/lifting
phase, hamstrings were recruited first indicating that
pelvic motion leads the movement of trunk exten-
sion. If the legs operate as dynamic supports to assist
lowering and raising the sit-bones the hamstrings
should be either eccentrically or concentrically con-
tracting throughout the movement. When the pelvis
is allowed to shift backwards this facilitates this
action. It can only do this if there is co-activation
from the LPU especially the lower abdominals and
iliopsoas. Comparing trunk extension strength in
kneeling and standing, Gallagher205 found a reduc-
tion in kneeling which he attributed to a reduced
capability to rotate the pelvis due to a disruption of
the biomechanical linkage of the leg structures.
While this is no doubt true, the kinematic pattern
also involves a conjunct posterior spatial shift, and
his testing device prevented this. Bringing the pelvis
back keeps the centre of mass more within the base
of support (see Ch.4, ‘Basic concepts in postur-
omovement analysis’).
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Locking the knees locks
the pelvis

The base of support – the feet with the ankles and
knees – form an important part of the kinetic move-
ment chain helping the pelvis to appropriately shift in
space in order to present the torso to the task at hand.
They must be free to dynamically adjust. Locking the
knees significantly limits the important contribution
of the pelvis and robs the large joints of a job they are
well suited to do. One of the few lifting studies to fac-
tor the effect of pelvic tilt on lumbar posture during
lifting191 reported some increase in anterior shear
and compression in lordosis and maximum segmental
flexion moment in kyphosis. This led them to recom-
mend the ‘freestyle’ posture – that of moderate flex-
ion, as the safe lifting posture of choice. However,
subjects were asked to keep their knees straight,
significantly limiting the adaptive capability of the
pelvis and the distribution of load sharing through
the lower limb and increasing the load on the lumbar
spine. The two joint muscles acting over the hip and
knee provide effective load sharing (see Ch. 4
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‘Anatomical vs functional actions of muscles’). Had
they allowed the dynamic action described above, it
is suggested the outcome would have been more
favorable (see ‘The extensor mechanism’ p. 142).

The importance of the feet

Being ‘on your legs’ and the important contribution of
the feet in providing a flexible and dynamic base of sup-
port for posturomovement function is generally over-
looked. Importantly, receptors in the feet are
responsible for activation of significant reflex responses
underlying postural stabilization and breathing.103

Functionally, their motion and muscular control
relates to three events: shock absorption, weight
bearing stability and propulsion.206 The three foot
articulations which have a major functional signifi-
cance in walking are the subtalar, midtarsal and
metatarsalphalangeal joints.206 The 26 bones vari-
ously contribute to the three arches of the foot:
the inner and outer longitudinal and transverse
arches. These transmit weight as well as distribute
it (Fig. 6.45). The medial ‘unit’ accepts the weight
IIIIII
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of the leg while lateral portion function is probably
more in lifting and balancing.1 A strong myofascial
matrix of tough connective tissue, tendons and
small intrinsic foot muscles arranged in four layers
supports the arches and gives spring and resiliency
to the foot for support. In concert with the action
of the calf muscles they also bring the joints of the
feet into their close packed positions so that the
foot is converted to a semi rigid lever for effective
push off.10 The foot oscillates between yielding to
the ground and pushing away from it.

The feet are richly supplied with somatosensory
inputs – proprioceptive, cutaneous and joint recep-
tors, all contributing important information towards
postural control of the body in general.103 In neutral
standing the line of gravity falls anterior to the ankle
joint, hence the soleus exhibits continuous postural
activity.10 Balance requires the ability to transfer
weight through the feet articulations forwards and
backwards and mediolaterally hence full mobility in
the hips and knees and ankles is also necessary to
allow this. The arrangement of the intrinsic muscles
resembles that in the hand hence the foot is capable
of conforming to all manner of surfaces. Clinically,
actively ‘fanning the toes’ and/or ‘grasping’ with the
feet (and/or hands) directly facilitates a reflex reaction
in the postural mechanism including better activation
of the LPU and the diaphragm103 (see Fig. 13.105).

However, many are functionally ‘dead on their
legs’. Described as ‘sensory deprivation chambers’207

the shoes we wear not only deprive us of the rich
sensory bombardment that feeds and nourishes the
CNS but also multiple unexpected surface changes
and movements which help maintain the pliability
and dexterousness of the feet. When the feet are
active and well ‘grounded’ the SLMS is better acti-
vated and the kinetic movement chain up the legs
and through the pelvis can be more effective. In this
way the feet utilize the ground reaction force and assist
the ‘push up’ against gravity. The feet affect how the
pelvis can spatially shift208 and functionally there is a
strong link between heel pressure and the movement
control of the ischial tuberosities and the eccentric
and concentric control of the hamstrings as the pelvis
is moved over the leg. Pressure through the ball of the
foot also has kinetic links to activation of ilio-psoas.28

The control of the pelvis is also reflected in the
feet such that Rolf termed them ‘tattletales’. In par-
ticular, imbalance in the deep intrinsic inferior pel-
vic force couple with obturator group dominance
creates external rotation at the hips, pronated feet,
collapse of the medial longitudinal arch and possibly
hallux valgus. Many of those waddling around with
foot orthotics would be better served in bare feet
and addressing the disturbances obviously present
in the pelvi-femoral myomechanics.
Part C: Upper pole of the
body cylinder – the thorax,
shoulder girdle, head and
neck

The thorax provides the base of support for the
head and neck and the shoulder girdle. They all
operate as an interdependent system, each element
reciprocally influencing all the other elements. Rolf1

maintained that the ‘pattern of the upper pole’ is
determined by three factors:

• The position of the thoracic spine with respect to
the line of gravity

• The balance of the shoulder girdle as it distributes
the physical work of the body. This girdle is more
vulnerable to deformation than the pelvic girdle.

• The alignment of the cervical spine with respect
to the gravity line is particularly important as
it balances the head containing the prime sensing
organs.

The shoulder girdle determines the position and com-
petence of the thoracic and cervical spines and the
head. The alignment of the spine dictates the place-
ment of the girdle. Each component is explored.
Thorax

The rib cage is part of the spine’s structure; a
roughly ovoid shaped cage formed by the manu-
brium/sternum in front, 12 pairs of ribs and their
adjacent vertebra. The vertebrae provide the point
of stability for rib movements while at the same
time embellishing rib movement – movement of
one involves the other.

The thorax is capable of expansion in all dimen-
sions, in particular the bottom half which is more flex-
ible than the top. The upper opening or outlet is less
than half the width of the capacious inferior outlet.
Its structure is resilient enough to provide protection
for the vital organs yet flexible enough to contribute
towards movement control of the whole body. It also
has the potential to be deformable.
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Biomechanics

The thoracic spine is mechanically stiffer and
less mobile than the other regions.5 In general,
structural and kinematic data about the thorax
are limited.,209,210 Coupling patterns between
rotation and lateral bending has caused the most
interest.5 In the upper part they are strongly cou-
pled though not as much as in the cervical spine5

and less distinct in the middle and lower regions,
although variability, and predominantly ipsilateral
coupling in the middle and lower regions has been
found.211 Arm elevation produces distinct ipsilat-
eral coupling and associated extension in the upper
thoracic spine.212

The variability is no doubt due to the influence
of different myofascial-rib states; vertebral move-
ment is affected by the freedom or otherwise in
the ribs.
Regions

Different morphological characteristics of the ver-
tebrae and ribs have led to different regions being
described in the literature. While there is no clear
distinction, undoubtedly differing biomechanics
serve different functions.

• Three vertebral regions have been described: T1–4;
T4–8; T8–12.5,211

• Stokes218 also notes three vertebral regions
though different: the transitional cervicothoracic
and thoracolumbar regions and an intermediate
zone – T3.

• Lee209 delineates four regions which in functional
terms make sense to consider, below.
1.
 Vertebromanubrial region: consists of T1
&2; 1st and 2nd ribs and the manubrium into
which they insert. The first and second ribs don’t
have a lot of movement and represent a firm collar
or ring forming the upper thoracic outlet – ‘the
upper ring’. This provides a stable point of
attachment for the scalenii and
sternocleidomastoid to help in balancing the head
and neck; a point for lifting and opening the
manubrium sternum, as well as assisting in lifting
the top of thorax in high demand breathing. The
clavicle also attaches to the manubrium and
represents the only joint directly connecting the
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upper limb girdle to the body. With C7 this also
forms the cervicothoracic transitional zone.
2.
 Vertebrosternal region: includes T3–7; ribs
3–7 and the sternum into which they insert. The
axis of the costovertebral and costotransverse in
general lies closer to the frontal plane hence when
the rib rotates and elevates in a ‘pump handle’
action, the anteroposterior dimension of the thorax
is increased. This part of the cage is more flexible
than that above though less than that below. With
the arm by the side, the glenohumeral joint is lies
approximately adjacent to the lateral 3rd 4th and 5th

ribs.
3.
 Vertebrochondral region: T8–10; ribs 8–10
which share a common cartilaginous insertion
which blends with that of the 7th costal cartilage.
The axis of the posterior costovertebral and
transverse joint largely lies more in the sagittal
plane hence elevation of the rib creates a ‘bucket
handle’ action which increases the transverse
diameter of the thorax. This represents the most
deformable part of the cage. Harrison et al.153

showed that translating the thorax anteriorly/
posteriorly changed the kyphosis and 60% of the
movement occurred in this region.

Kapandji16 notes that in the midzone of the
thorax, the costovertebral joints lie between
the sagittal and frontal planes hence elevation
of the ribs increases both the anteroposterior
and transverse diameters of the thorax here
(Fig. 6.46)
4.
 Thoracolumbar junction: T10/11/12/L1/2;
ribs 11 & 12 which are ‘floating’, acting like
large transverse processes, they help ‘feather’
the transition between the thorax and the
relatively mobile lumbar spine. They also provide
important attachment points for numerous
muscles – the diaphragm, transversus, quadratus
lumborum to name a few. This region is the
point of inflection between the thoracic
kyphosis and the lumbar lordosis.24 The vertebrae
provide an important transition between the
primary movement of rotation in the thorax and
flexion/extension in the lumbar spine. The
orientation of the vertebral facets through this
region gradually changes from nearly coronal in
the thoracic spine nearly sagittal in the lumbar
spine. The first sites of ossification in the
spine consistently occur in the bodies of
these levels.24 This and their resistance to
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Fig 6.46 � Movements of the ribs during inspiration vary in different regions. Adapted from Kapandji16
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rotation/torsional stresses and extension afforded
by the facets24 indicate its significance as a stable
load bearing region. When laterally translating
the thorax relative to a fixed pelvis, Harrison
et al.215 found lateral flexion was the largest at
L1 and decreased from L1 to L5, but the
segmental rotation angles for lateral flexion
were largest at L3/4 (6.2�), then L4/5 (5.7�)
and L2/3 (3.9�)
Scaffolding of the upper pole of
the body cylinder supported by
the SLMS

Acting like struts, each rib or ‘hoop’ is connected by
the intercostals arranged in two layers, their fibres
running in diagonally opposite directions. Through
fascial connections they become contiguous with
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transversus, the diaphragm, and psoas through to
the pelvis and so on, providing a continuous deep
sleeve of neuromyofascial support. The line of their
fibres is also continued through the obliques and
further with the interdigitations of serratus and
rhomboids and so on. Posteriorly the deep para-
spinal intrinsic muscles control segmental move-
ment. This myofascial cross bracing supports the
structure in such a way that it can be likened to a
tensegrity structure – malleable, light yet strong
and dissipating forces through tension and compres-
sion.39,213 Forces are transferred globally across the
entire structure. In addition, ‘a tensegrity mast like
the spine, functions whether vertically or horizontal
and can accept loads in any position’.213 Studies on
deep muscle control of the thoracic spine are few.
Lee et al.214 found differential activity between
the deep and superficial paraspinal muscles during
trunk rotation in sitting. Multifidus activity while
variable, was not necessarily direction dependent,
and varied in different regions of the spine probably
reflecting regional biomechanical differences.

The ribs and their related fascia also provide
attachment points for many of the large muscles
attaching the shoulder girdle to the thorax and also
the pelvic girdle to the thorax. The fibre direction
in many of these is also diagonal and serves to extend
and reinforce the dynamic bracing afford by the
deep system muscles in a continuous myofascial
‘wrapping’. The cage itself needs to be both mobile
and stable as a whole as well as within it, in order that
it can provide an effective and adaptable stable base
of support from which these limb girdle muscles
can act. Unequal length tension relationships in any
one of these can ‘cause distortions to occur through-
out the structure in all three axes’.213 This jeopar-
dizes not only the alignment of the axial spine but
also the intrinsic shape of the cage and its spatial
relationship to the head and the pelvis.

An examination of significant aspects of the myo-
fascial architecture of the thorax helps understand its
alignment and control as part of the body cylinder.

Alignment and control of the thorax
over the pelvis

Frontal plane

An importantmovement of the thorax is lateral trans-
lation necessary for effective weight shift and pos-
tural adjustment through the torso. Harrison
et al.215 have shown that this can be significant,
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between 35 and 70 mm. This involves lengthening
one side and shortening the other. ‘Lengthening
the sides’ is an important component function in
the body cylinder including weight shift, breathing
and reaching.

Achieving a balanced neutral is also important
where symmetry is fundamental. When disturbed,
the thorax is shifted laterally and a scoliosis ensues.
This may be structural – complex bio and myome-
chanically and more so if a double rather than a sin-
gle curve. More clinically common, is the functional
scoliosis or lateral list of the thorax on the pelvis.
The literature is replete with motherhood state-
ments about this condition yet nowhere could this
author find a myofascial descriptor as to its genesis.
Greive216 suggests that iliopsoas may be implicated
in pelvic torsion and this generally accompanies an
acute list. Kendall129 suggests ‘lateral trunk muscles’
are involved. Clinical practice delineates ilio-psoas,
quadratus lumborum, serratus posterior inferior,
the lateral abdominals and lateral latissimus dorsi
can all be implicated in this changed alignment
(Fig. 6.47).

Myofascial geometry helps ‘shore
up’ the thoracolumbar junction at
a potential cost

While significant control between the thorax and pel-
vis is afforded by the large thoracopelvic muscles –
the erector spinae, anterolateral abdominals, psoas
quadratus lumborum and latissimus dorsi, clinically
it becomes apparent that the junction is further
reinforced by a fan shaped myofascial arrangement
over the junction which terminates around L2–3
(Fig. 6.48).

Anteriorly, the diaphragm attaches between T12
and L3 (on the right and L2 on the left) and extends
laterally and anterosuperiorly to encircle the base of
the inferior thoracic opening. It can be considered
analogous to a basketball hoop on a pole. While psoas
attaches to all lumbar levels and T12, Bogduk et al.154

proposed that its lower fascicles tend to flex the lower
lumbar levels and the upper fascicles extend the
upper segments. Penning156 argues that this differen-
tial action between fascicles serves to stabilize the
spine. If spinal alignment is altered, their angle of pull
will change and their action may become provocative.

Posteriorly, the lowest point of origin of spinalis
is L3.16 Serratus posterior inferior attaches from
T11 to L2 or L310 and passes up to the lower four
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ribs which also receive attachments from the lateral
abdominals and latissimus, which itself is attached
to L3. In relative terms, segments T12–L3 enjoy
more myofascial stability and the lumbar segments
below are potentially vulnerable in altered postur-
omovement control.
Sagittal alignment of the thorax

The line of gravity passes through the upper and
lower thoracic junctions and anterior to the apex
of the kyphosis.24 The attendant axial load tends
to increase the thoracic curve210 – and will certainly
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do so in the case of poor postural and movement
control in the thorax. The thoracic curve varies in
its magnitude217 and is deemed to increase with
age.209,210

The sagittal alignment of the thorax over the pel-
vis is dependent upon the alignment and movement
capability within it which deserves attention.

Upper and lower poles of the thorax

The T6/7/8 region is interesting. The midpoint of
the thoracic spine is T6/7 which is roughly the
apex of the thoracic curve. Anteriorly rib 6 has a
direct connection to the sternum. Rib 7 shares its
insertion with ribs 8–10. The sternum or breast
plate acts as an anterior strut providing more sta-
bility to the upper pole of the thorax. This creates
the possibility for a functional ‘hinge’ between the
more mobile lower pole and the more structurally
reinforced upper pole of the thorax – the ‘dorsal
hinge’.41 This is particularly likely to occur into
flexion. The predominant pump handle A/P rib
action in the upper pole and predominant bucket
handle lateral rib excursion probably further rein-
forces this.

The more stable upper pole is more directly
related to head neck and shoulder function and it
is here that the major part of the axioscapulohum-
eral muscles attach. The lower pole being more
mobile is more involved with primary breathing,
controlling the alignment of the body wall,
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integrating upper and lower limb function, and
contributing to lower limb girdle control.

Importantly, in normal studies, rotation was
found to be greatest in the mid-thoracic region
around T6–7.16,210,218 Anterior and posterior disc
postural loads have been shown to be balanced at
T8/9.217

The lower section, being relatively more mobile,
is more vulnerable to potential deformation from
myofascial imbalance. This will affect the myome-
chanics of the whole thorax and the body cylinder
as a whole. Harrison et al.153 showed that during
A/P sagittal translation of the thoracic cage, 60%
of this occurred between T8–12.

Myofascial control of sagittal thorax
alignment

This basically depends upon balance between the
flexor and extensor systems. This comprises balance
of the thorax as a whole over the pelvis and between
its upper and lower poles. Imbalance in the upper
pole will be reflected in the lower pole and vice versa

• Balance in the upper pole is essentially
represented by:

• balance between the cervicothoracic flexors
and extensors and

• balance between the shoulder girdle flexors/
protractors anteriorly, and synergistic activity
between the shoulder girdle retractors and
depressors posteriorly – middle and lower



C H A P T E R 6Salient aspects of normal function of the torso
trapezius and rhomboids. Janda53 referred to
these collectively as the ‘lower scapular
stabilizers’.

• Balance of the lower pole is between the
abdominals anterolaterally and the spinal
extensors, serratus posterior inferior and
latissimus dorsi posterolaterally (Fig. 6.47).
Importantly, the ability to spatially move the
thorax forward and back with respect to the pelvis
requires adequate spatial pelvic control in order
that it can provide a stable base of support for the
action.

Note that while there is the tendency for a structural
and functional ‘hinge’ in the mid thorax, nature has
cleverly transitioned the attachment of the anterior
shoulder muscles. The pectorals extend from the
second rib to the cartilage of the 6th or 7th rib10 and
serratus anterior is generally considered to extend
to rib 9,129,219 though can be between the 8th and the
10th rib.10 The upper attachments of the abdominals
extend as high as the5th rib.There is a direct fascial link
between the sternocleidomastoid, pectoralis major and
the rectus sheath of the abdominals.10

Posteriorly, trapezius extends from the occiput to
T12 but may not extend below T8.10 The rhomboids
together attach to the spinous processes of C7 to
down to T5.10 Rolf1 considered rhomboids central to
activity of the shoulder girdle.
Changes in the shape of the thorax
during inspiration

Sagittal plane

Many conventional texts such as Kapandji16

describe the pattern of inspiration as one of rais-
ing the cage both superiorly and inferiorly and
increasing the anteroposterior diameter of the
upper thorax. However, well informed clinical
practice220 dictates that this pattern equates to
high load auxiliary breathing using the accessory
breathing muscles to lift the thorax – not a desir-
able state of affairs in the usual low load state.
Instead, the primary action should be one of a
lateral expansion of the lower ribcage with an
anterior expansion of the anterior thorax and
upper abdomen balancing posterolateral expan-
sion. Importantly, all breathing aficionados70,110

recommend no lifting of the cage as a whole – a
pattern associated with stress, tension and hyper-
ventilation syndrome.
Frontal plane

Normal quiet inspiration involves a lateral expansion
of the lower pole of the thorax and a widening of
the waist.
Shoulder girdle

The function of the shoulder girdle will in large
part determine the competency and kind control
in the upper thorax and its effect upon the rest
of the spine. In fact, people with spinal pain
always show defective control of their major ball
and socket joints – the hip and the shoulder.
Rather than a comprehensive treatise on the
shoulder, examination of the function of the
shoulder girdle as it relates to torso control will
be considered.

The shoulder girdle consisting of the clavicle,
scapula and head of the humerus rotating in the
spherical glenoid, allows large multiplanar freedoms
of movement as well as the provision for weight
bearing. The girdle is suspended on top of the tho-
rax rather like an oxen yolk, its only bony attach-
ment via the connection of the clavicle with the
sternum (Fig. 6.49). The clavicle acts like a strut
or ‘yard arm,’ holding the girdle away from the ribs
so that the arm hangs free of the body.6 The scapu-
lae slide and rotate on the chest wall pivoting
around the lateral end of the clavicle in order to ori-
ent the arm. Movement of one is always reflected in
the other.

Effective control of the claviscapular unit pro-
vides a spatially appropriate and stable platform of
control to support function of the arm and hand.
Like the axial column, arm use occurs as either open
or closed kinetic chain movements and always
involves muscle activation patterns throughout the
torso as well as a degree of weight shift both within
the thorax and over the base of support. Arm move-
ments into elevation irrespective of the plane of
motion produce small but arguably important seg-
mental thoracic spinal motion.221 This is signifi-
cantly greater into side flexion and rotation with
unilateral movements, whereas bilateral arm use
produces a small extension displacement in the
upper thoracic spine and more significant extension
in the lower thoracic spine.221 Axial muscles attach-
ing to the scapular and humerus span every verte-
bral level from the occiput to the sacrum and
surround the chest wall as they unite the girdle to
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Fig 6.49 � Viewed from above, the shoulder girdle resembles a ‘yoke’ suspended over the thorax.
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the spine and torso. Hence movement of the arms
has a significant effect upon the alignment and con-
trol of the axial spine as a whole.

The position of the sternum and the rest of the
thorax with respect to the line of gravity directly
influence the position of the girdle. When
dropped and recessed, the clavicles downwardly
rotate carrying the scapula-arm so that the girdle
hangs forward, down and narrows, occasioning
increased holding from the suspensory muscles
above. When lifted and open, the clavicles poste-
riorly rotate, the scapula drops back and the
shoulders widen.

Similar to the pelvis, appropriate spatial position-
ing of the clavi-scapular position facilitates gleno-
humeral movements and balanced rotator cuff
action in centering the humeral head during move-
ment. Ingenious scapular positioning can also func-
tionally increase gleno-humeral advantage and ‘reach’.

Movements of the girdle

Essentially movements of the clavi-scapular unit
produce simultaneous movements in the sternocla-
vicular, acromioclavicular and scapulothoracic ‘joint’
with conjunct rotations occurring in the glenohum-
eral joint. All glenohumeral movements consist of
rotations in the various planes which are associated
with spin slide and roll in the joint. Claviscapu-
lothoracic movements constitute movements of
the whole girdle and principally consist of:
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• Elevation and depression

• Retraction or adduction and protraction or
abduction

• Downward or upward rotation.

Functional movement control comprises varying
combinations of these movements. Like the pelvis,
the scapula is the bridge marrying movement
between the limb and the torso. If the arm is fixed
or stable, the scapula rotates around the head of the
humerus. If the scapula is fixed, the humeral head
rotates in the glenoid.

However, it is critically important that the
thorax and the shoulder girdle are able to move
independently of one another – the ribs moving
under the shoulder girdle or the girdle moving
over and around the thoracic cage. The scapula
can be required to perform a concurrent dual
role of controlling both stability and mobility in
movement. Weight shift when on all fours is an
example.

Myofascial balance in the shoulder
girdle ensures optimal shoulder
and thorax function

Its tenuous bony attachment to the skeleton and
relatively shallow glenoid fossa means that function-
ally, the shoulder girdle is a compromise between
mobility and stability. Accordingly, it is highly
dependent upon dynamic stability provided by
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balanced myofascial control. Balance needs to occur
in all three planes of movement. For example, a
winged scapula occurs with serratus anterior weak-
ness; however, more often than not, this is indica-
tive of disorganized spatial control of the whole
girdle, part of which is due to serratus not eccentri-
cally lengthening.

It is useful to view the girdle in the different
planes in order to fully appreciate its potential
dysfunction:
Sagittal plane view

The scope of upper limb activities varies from
strong lifting, throwing carrying, pulling and pushing
to fine movements of the hands. The manner in
which the axioscapulohumeral muscles are arranged
around the body wall allows lines of pull in all
planes and forces can be transmitted throughout
the body. Their form resembles the spokes of a
wheel, which functionally converge at the shoulder,
the conceptual ‘hub’6 (Fig. 6.50). Rather than pure
plane movements, adjacent muscles in the ‘wheel’
Depr
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Depression - extension
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Extension

Latissimus do

Lower
trapezius

T12

T7

Middle
trapezius

Levator scapulae
Upper trapezius

Teres
Infraspinatus

Rhomboids

Fig 6.50 � Schematic lateral view of the thorax a
axioscapulohumeral muscles acting upon the glen
are able to contribute to various combinations and
modulation of movement direction. If the action
of any of the spokes is impaired by unequal pulls,
the whole mechanism suffers. Depending upon the
‘fixed point’– either the thorax/scapula or the
humerus, the muscles contribute to both open and
closed kinetic chain movement control similar to
that seen in the pelvis. ‘Open chain’ movements
are those where the arm moves around the stable
thorax/scapula; in ‘closed chain’ movements, the
thorax/scapula moves around the stable limb. Note
movement occurs variably between the humerus,
scapula and chest wall.

Balance in the muscle activation patterns and
length tension relationships between antagonistic
groups need to be considered as follows:

• Protraction / retraction of the girdle

• Anterior group – collectively, the upper
anterior chest muscles – serratus anterior and
the pectorals flex and protract the girdle on
the thorax. With the girdle fixed or stabilized
they depress the sternum and flex the thorax.
Anterior girdle fixing can also be used as a
ession
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rsi

Serratus anterior

Pectoralis
major and
minor

Sternum
acts as
a strut

Clavicle

Spine of scapular

nd the myofascial ‘wheel’ of the
ohumeral ‘hub’ after Todd.6
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strategy to assist in labored breathing whereby
serratus and pectorals act to lift the ribs.

• Posterior group – rhomboids, middle and
lower trapezius retract and anchor the girdle
to the dorsal spine. With the girdle fixed or
stabilized they assist in opening and lifting
the sternum forward and extending the
thoracic spine.

If the anterior group is more dominant, the girdle is
forward and the upper pole of the thorax is more
flexed.

• Elevation / depression of the girdle

• Superior group – the upper trapezius and
levator scapulae with some contribution from
rhomboids12 lift the girdle. If the girdle is
fixed or stabilized they are synergistic in
dropping the trunk between the girdles as in
lowering oneself from sitting to the floor
through the arms.

• Inferior group – the serratus, pectorals,
latissimus dorsi and lower trapezius depress
the girdle. Subclavius also contributes. When
the girdle is fixed as in weightbearing through
the arms the body can be lifted through the
girdles as in lifting your bottom off the seat.

• Activity of the anterior depressors – the
serratus, pectorals and subclavius needs to be
matched by activity in the posterior depressors,
the lower trapezius and latissimus, otherwise the
girdle is protracted and depressed and the thorax
is flexed.
Coronal plane

Given that the majority of modern man’s arm use is
forward, the medial scapula stabilizers – the rhom-
boids and middle and lower trapezius with synergistic
activity in the adjacent paraspinalmuscles need to pro-
vide effective eccentric and concentric control in order
to balance the anterior load on the girdle (Fig. 6.51).

Balance needs to occur in the three prime move-
ment directions:

• Superior/inferior. Upper trapezius, levator
scapulae rhomboids activity balanced with middle
and lower trapezius and latissimus.

• Medio/lateral. Rhomboids major and minor
need to be balanced with serratus anterior and
pectoralis minor and also pectoralis major acting
through the humerus. Rolf1 also draws attention to
balance between rhomboids and teres. If teres is
dominant scapula retraction is attempted by teres.
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Similarly, adduction of the arm causes abduction of
the scapula. Also, during glenohumeral abduction, if
teres doesn’t adequately lengthen and medial
stabilization is inadequate the scapula is again pulled
into abduction.

• Upward and downward scapula rotation.
Upward rotation of the scapula provides the
essential platform for arm elevation. It is achieved
by a force couple between all three parts of
trapezius and the lower fibres of serratus acting to
pull the inferior angle laterally while tipping the
superior angle medially and hence the glenoid up.
Downward rotation is achieved through eccentric
lengthening of the same synergy plus rhomboids and
latissimus activity. The upper/lower and medio/
lateral contributions to the force couple need to be
balanced. If the upper anterior unit is dominant, the
girdle becomes hitched and protracted.

Transverse plane

Forward and backward movements of one clavis-
capular unit produce a rotary torque in the trans-
verse plane on the ‘upper ring’ – called forward and
backward shoulder rotation. Essentially protraction
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and retraction, the upper ribs and vertebrae vari-
ably move either with221 or independent of the
girdle. When accepted by the brain, the head
turns ipsilaterally, the girdle movement thus initi-
ating and embellishing cervical movement ease
and range. When resisted, for example when
looking at a good sort as you reach behind, the
head remains in neutral rotation. This is an
important postural setting action supporting head
rotation and arm actions. During walking, the
transverse plane girdle rotation initiates the pen-
dular arm swing which reduces the energy cost
in walking.

• Backward shoulder rotation (BSR). It is
important that this is primarily initiated from the
medial and lower scapular stabilizers and not teres
and infraspinatus. Serratus eccentrically
lengthens.

• Forward shoulder rotation (FSR). This is
primarily initiated from serratus rather than from
pectorals, while rhomboids and middle and lower
traps lengthen. Cervicothoracic junction and
shoulder function are intimately related.

Cervical spine and head

When the axial skeleton is balanced the head is bal-
anced and vice versa. The pelvis at the base is the
key which determines the support and control of
the rest of the axial spine and thorax. With well bal-
anced support from below, the head and neck are
balanced over the thorax and are free to easily lift,
rotate and oscillate to orient the prime sense organs
which drive motor function. The head apparently
weighs some 3–4 kilos. If poorly balanced, chronic
muscle activity and tension patterns are needed to
‘hold’ the head up. Mobility in the upper thoracic
motion segments is important in facilitating move-
ments of the cervical spine.210

The cervicothoracic junction represents a criti-
cal crossroads of functional cooperation between
the thorax, cervical spine and shoulder. The
postural fate of the neck is dependent upon the
organization of the shoulder girdle1 and in partic-
ular the related position of the ‘top two rings’
of the thorax; the 1st and 2nd ribs with their
vertebra behind and manubrium–sternum ante-
riorly. Lift of the anterior strut enables a neutral
cervical spine largely maintained by principal
activity from the SLMS. Superficial system
support is provided by the sternocleidomastoid
splenius, levator scapulae, trapezius and scalenes
variously attaching to the manubrium clavicle,
scapula or vertebrae. They act like guy ropes
and their balance is critical. However, with poor
deep system control and the collapse down and
forward of the thorax and shoulder girdle,
they tend to become over active, hold the head
forward, and shorten and extend the neck and
head.

Competent inferior axial support includes com-
petent diaphragmatic control otherwise the acces-
sory breathing muscles are called into chronic
over activity with predictable consequences on
the neck.

The cervicocranial junction – the first two ver-
tebrae are connected to each other and the skull
by a complex chain of joints with three axes and
three degrees of freedom.16 The region allows
the greatest triplanar mobility of any part of the
spine.12 Optimal alignment and control of the
rest of the axial column allows their important
contribution to nodding and rotating the head.
Movements of the eyes are closely linked with
facilitating head movements, generally in the
same direction, though this is not obligatory and
contradirectional head and eye movements are
also possible. Steindler132 draws attention to the
increased functional range of rotation afforded
by the eyes being able to rotate 45� on each side.
When the head is carried forward, movement of
the upper movement unit is hindered, and will
need to occur elsewhere. The mid cervical levels
risk becoming sites of relative flexibility when
movement does not occur as it should in the
upper and lower cervical junctions.
Part D: Functional
interrelationship between
the upper and lower body
cylinder

It is considered that the function of the two limb
girdles determines the motor competency of the
whole body.1 Inadequate proximal girdle function
creates problems for the spine.148 ‘In the primary
patterns of movement the thorax and pelvis work
together and the breathing rhythms adjust to the
coordinated whole, the shoulders and the arms fol-
low the dictates of the head’.6
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Rolf1 considered that psoas provides a unique link
between the legs and the upper torso. Psoas prever-
tebrally and rhomboids postvertebrally connect the
two girdles to the spine. Functionally, however,
lower trapezius is also important in the functional
synergy with rhomboids and should be included par-
ticularly as both it and psoas attach to T12 (Fig.
6.52). Balance between them all ensures stability
though flexibility of the girdles without disturbing
the axial vertical. It also ensures correct function of
the diaphragm which is fundamental to the ‘open’
Occipital bone

Rhomboids

Pelvis

Rectus
abdominis
and other

abdominals

Diaphragm

Psoas

Extensor
system

Intrinisic
extensor system

Trapezius:
upper middle
and lowerT12

Fig 6.52 � Schematic concept of sagittal alignment.
Balanced activity between the lower scapula stabilizers, the
extensors and psoas with the diaphragm and abdominals
provides support and marries function between the upper
and lower body.
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body cylinder. Rather than the erector spinae being
the prime antagonist to the rectus abdominus, psoas
and rectus abdominus need to be balanced as do
psoas and rhomboids/lower trapezius. Rolf says:
‘the focus of rhomboid–psoas balance is at the lum-
bodorsal junction which is what gives this area its
unique importance in body mechanics’.1

The extensor mechanism
of the body

Superficial to the erector spinae is an auxiliary
extensor system which has interesting myofascial
geometry for distributing the load between the
upper and lower movement systems (Fig. 6.53).

• The three sections of the trapezius extend from
the occiput to T12.

• Latissimus dorsi arises from the spines of T7–12,
the spines of all the saccral and all lumbar vertebrae
via the thoracolumbar fascia; as well as the posterior
iliac crest; the lateral aspect of ribs 9–12; the
inferior angle of the scapula. All the fibres converge
into a narrow tendon to attach superiorly on the
humerus. Note the trapezius and latissimus overlap
between T7–12 to reinforce the mid back. Through
it, the arms and the low back are functionally
connected. No wonder Janda222 considered it one of
the most significant muscles in the body!

• Gracovetsky37 considers the thoracolumbar
fascia is the most important structure insuring the
integrity of the spinal machinery as the viscoelastic
properties of its collagen directly impacts upon the
way the muscles are used and forces are channeled
from the ground to the upper extremities. Its direct
attachment to the spinous processes allows the
powerful action of the hip extensors to be directly
transmitted to the spine.131 The ability to
dynamically alter the lumbar lordosis is important in
force transfer.

• Gluteus maximus extends from the iliotibial
tract of the fascia lata and the femur and attaches
superiorly to the iliac crest, thoracolumbar fascia,
sacrum and coccyx. Its ability to bring the trunk
upright has been described as the defining attribute
of man.10 Coupled motion between it and the
contralateral latissimus has been shown.223

• Raising the body. With gluteus maximus acting
over the hip, hamstrings action raises and lowers the
base of the body cylinder from the ischia as though
the pelvis were a draw bridge.
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• The lower limb extensor mechanism. From the
ground reaction force through the feet, antigravity
‘lift’ is further achieved from coordinated interplay
between the one and two joint leg muscles (see
Ch. 4). The quadriceps mechanism and tensor
fascia lata tense the fascial envelope around the
thigh and help promote optimal function in the hip
joint224 including stability for gluteus maximus7 and
hamstring activity in raising and lowering the ‘pelvic
swing’ (Fig. 6.54). Farfan7 notes that by increasing
external rotation at the hip, the hip extensors gain
mechanical advantage. The extensive fascia lata with
the reinforced iliotibial tract is distally attached to
the lateral tibial condyle, fibula head and femoral
condyles and extends proximally to attach to the
back of the sacrum and coccyx, iliac crest, inguinal
ligament and superior and inferior pubic rami,
ischial tuberosity and the lower border of the
sacrotuberous ligament.10
The main functional roles of the
upper and lower body

Helped by Bartenieff’s observations148 one can
delineate the essentially different roles between
the upper and lower units of the body.

• The lower unit as the controller of the centre of
weight essentially ‘grounds’ the ‘base of support’ for
143



Back Pain: A Movement Problem
antigravity control and postural changes for
locomotor activity.

• ‘The upper unit essentially serves exploring,
manipulating gesturing activities. It initiates and
extends reach space, communicates through spatial
gesture, body touch grasp, enveloping dispersing and
intertwining’.

It is common to see a certain ‘role reversal’ in many
of our patients which is associated with a ‘central
disconnect’ between the upper and lower poles of
the body cylinder.

Walking

Locomotion is basic to survival. A fundamental
physiological movement, walking involves integra-
ted function of the legs, both proximal limb girdles
and the axial spine while allowing independent
motion of the head in order to focus the senses.
Many in the world still walk many miles a day to
gather food and work. ‘Exercise’ is a matter of
course.

The greatest amount of motion occurs at the
pelvis.225 Pelvic motion is initiated by the base of
the trunk mass (sacroiliac joint) being eccentric
to the centre of the supporting hip joints. Pelvic
movement is restrained by the hip muscles while
the axial muscles control trunk alignment over
the pelvis.225 During each stride, the pelvis rotates
asynchronously in three directions: sagittal 4�, cor-
onal 7� and in the transverse plane 10�.225 This
involves ‘distorsion’. With increasing stride, ‘the
horizontal components become greatly increased.
The backward leg develops a forward, and the for-
ward leg a backward, rotating thrust creating a
force couple which rotates the pelvis in the trans-
verse plane. These forces are essential to producing
the propulsion and restraint of human gait’.132

Transverse plane rotation thus occurs at the hip
joint, sacroiliac joint and the lumbosacral joint.
Lumbar motion occurs in all segments, is triaxial
and although small, the complex multiplanar
motion allows the lower extremities to remain in
a largely planar pattern.13

Gracovetsky130 has proposed the spine as an
engine which drives the primary movement of the
pelvis.131 Walking is possible without legs – the
legs only amplify movements of the pelvis. How-
ever, in energy efficient walking the extensor
power from the legs is transmitted by the hip
extensors through the pelvis to the spine taking
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advantage of a lordotic spine that compresses and
twists driving rotation of the pelvis and counter
rotation in the shoulder. This counter rotation
between the limb girdles enables the connecting
link – the spine and its viscoelastic tissues, to store
and release kinetic energy – the body becoming an
oscillator resonating in the gravitational field. The
viscoelasticity of the spinal tissues and the inertia
of the limbs are important features of the system.
In his model, psoas is the controller of the spine
enhanced by the combined action of the erectors,
latissimus and trapezius.130 ‘In this model, the
arms and legs need to be evenly developed,
smoothly interrelated’.226 Overdevelopment and
imbalance of superficial SGMS muscles in the
proximal girdles and body wall including the
abdominals, will limit freedom of movement in
axial rotation in the limb girdles and the spine
reducing the rhythmical movement and energy
transfer. As Newton suggests, the result will be
‘visible homologous (sagittal) or homolateral (lat-
eral flexion) patterns of spinal motion226 during
walking’.

Studies on walking have confirmed that the pel-
vic and shoulder girdles rotate in the transverse
plane. This is initially synchronous in the same
direction and evolves toward counterrotation with
increasing walking velocity.227 Bruijn et al.228 found
this is due to the pelvis beginning to move in-phase
with the femur while the thorax continued to
counter rotate with respect to the femur. Moreover,
pelvic and thoracic contributions to total body angu-
lar momentum were low, the contributions of the
legs and arms being much larger. Crosbie et al.229

found small but definite segmental axial rotation
and lateral flexion movements occur through the
lower thorax during walking. Lumbopelvic move-
ments were greatest in the sagittal and frontal
planes which led them to suggest that spinal seg-
ments move more in response to the lower limbs,
due in large part to iliopsoas activity. They also
showed that the amplitude of spinal motion
increased with increased walking speed particularly
in the sagittal plane. Significant reduction in spinal
range of motion occurred with advancing age.230

However, they did find that thoracic spine axial
rotation was less in males. Walking on an incline
exerts major influences on the thoracic spine by
increasing the amplitudes of the axial rotations.231

Ideally walking is effortless and flowing because of
a coordinated sequence of interconnected functions
between the proximal limb girdles and spine.
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Chapter Seven
7

Changed control of posture
and movement: the
dysfunctional state
Cholewicki and van Dieën1 comment that while
there is an emerging consensus in the literature that
muscle activation patterns are different in people
with back pain, the interpretations of these findings
are divergent. By and large the scientific community
has little considered whether altered motor control
might be significant in causing back pain.

Some 30 years ago Janda,2,3 Lewit4 and others in
the Prague school of manual medicine introduced
the concept of ‘functional pathology of the motor
system’ to explain the development and perpetua-
tion of pain in the musculoskeletal system. Some
more recent studies have implicated pre existing
functional changes in the development of later
pain5–8 or in the recurrence of low back pain.9
Functional pathology of the
motor system2

Excluding insidious pathology, Janda2 considered
that most musculoskeletal pain syndromes are the
result of impaired motor system function. This func-
tional pathology of the motor system and its interac-
tions with the whole organism, mainly of a reflex
nature,3 is regularly involved in many organic diseases
and underpins most spinal pain and related disorders.

In essence, the motor system comprises three
functionally interdependent systems. Dysfunction
in any one system will influence function in the
other systems, perpetuating further impairment.
A pattern generating mechanism can be set in train.
The systems are:

• The corticosubcortical motor regulatory
centers of the CNS. Phylogenetically the youngest
and most fragile part of the motor system. Impaired
function at this level results in defective and
uneconomical movement patterns,10 poor
adjustment of fine movements, and the progressive
switch from complicated movement patterns to the
more primitive ones regulated at the subcortical
level.2

• The muscle system. This represents perhaps the
most exposed part of the motor system, having to
‘extensively respond to changes due to civilization
or more exactly to the technicalization of our living
conditions’.11 As the main movement effectors,
they must respond quickly to all stimuli coming
from the neural system, reacting to changes in the
periphery especially from the articular system.2

Clinically, evident changes in the muscle system are
generally apparent for some time before the onset
of pain. The presence of pain further compounds
the muscle dysfunction creating further change
throughout the whole motor system.

• The articular system. The welfare of the joints
is dependent upon balanced neuromuscular control.
‘Joint dysfunctions are only one expression of
impairment of motor system as a whole i.e. of both
neuromuscular and osteoarticular systems’.3

Further, any changes in the joints will be reflected
in changes in both the neural and muscle systems.
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Motor control impairments precede
the onset of pain

The quality of muscle function depends directly on
the central nervous system activity.12 While func-
tional impairment of the motor system is the most
frequent cause of pain in the motor system it is
not identical with pain and may remain clinically
silent. Depending upon the primary locus, the
impairment is generally clinically discernable either
in palpable changes at the spinal joint and observ-
able changes in movement patterns, the early onset
of fatigue and faster switch into more primitive
movement patterns in fatigue of the motor system.2

Gregory et al.7 demonstrated altered motor control
characteristics that can distinguish the likelihood of
an individual developing back during common tasks
such as standing.

Significantly, Janda says, ‘the high incidence of
functional impairment makes it extremely difficult
to estimate the borders between the norm and evi-
dent pathology’.2

According to Janda,2 the development of impair-
ment follows two basic rules as follows:
1.
 The rule of vertical generalization. A local
impairment, for instance in a joint, provokes
reaction and adaptation processes in all other
parts of the motor system i.e. in the muscular or
neural system. Similarly, any alteration in motor
regulation as in stress, depression and neurotic
reactions involves simultaneously and preferably the
muscles and then the joints. In this respect, the
limbic system has particular relevance in motor
control.
2.
 The rule of horizontal generalization.
Impaired function in one joint or muscle provokes a
reaction and adaptation in related other joints or
muscles and spreads so that finally the whole
system, articular or muscular will be involved.
This is particularly evident in the axial spine and
proximal limb girdles. Restriction of a spinal
segment or a number creates relative flexibility at
adjacent segments. A stiff hip joint creates a
compensatory relative flexibility13 in the low back.
Clinically it is common to see the coexistence of
back pain with a plethora of other overt or covert
symptoms such shoulder and neck symptoms, hip
and knee pain etc.

A local pain symptom is generally the expression of
a regional and general neuromyoarticular problem.
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Importantly, recognizing the significance of these
‘rules’ allows the clinician to predict the develop-
ment of functional impairments and introduce pro-
phylactic and rational therapeutic interventions.

The muscle system mirrors
the state of sensory motor
integration

Movement patterns are one of the basic elements of
movement. The patterning process is the most
important way that movement develops. According
to Janda,14 these involve a chain of conditioned
and unconditioned reflexes which are constant over
a short period of time but change, sometimes con-
siderably, over life. Changes occur in response to
changing conditions of the ‘inner milieu’ as well as
the outer environment. ‘The degree of activity and
time synchronization of various muscle groups
within the movement are thus characteristic of such
patterns’.14

Hodges15 remarks that with regard to lumbopel-
vic pain, ‘two relatively consistent research findings
have been observed: increased activity in the super-
ficial muscles and decreased activity of the abdomi-
nal canister’.

Clinical observation of patients with spinal pain
syndromes, supported in part by frank and extrapo-
lative research findings, demonstrates changes in
the typical activation patterns and altered functional
roles of muscles in each of the two proposed princi-
pal muscle systems. This results in imbalanced activ-
ity between the two systems which is reflected in
altered motor control responses to perturbation
and for organizing body alignment, postural control
and movement.

In time this leads to structural changes and
changes in other co-dependent systems.
Altered qualities of function
in each muscle system

Conceptually and generally speaking, we tend to see
a change in the timing and level of activity – too lit-
tle activity and more phasic activity in the deep sys-
tem and too much, more tonic activity of certain
muscles in the superficial system. However, mus-
cles in the deep system can be overactive and those
in the superficial system underactive.
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Systemic local muscle system (SLMS;
see Ch.5)

Altered responses which variably occur in muscles
classified within this system as muscles of the
SLMS demonstrate:

• Delayed feedforward postural responses have
been demonstrated in transversus abdominus,16,17

internal oblique and transversus,18 internal oblique,
multifidus and gluteus maximus.19 Transversus
activity changes from direction independent to
direction specific activity in the control of reactive
forces of the trunk.16 Mok et al.20 found decreased
preparatory movement of the lumbopelvis and
increased corrective movements in response to
perturbation from rapid arm movement.

• Inadequate. Relative underactivity, inhibition,
weakness has been shown in the abdominals;18

transversus abdominus;21 multifidus;22,23 the
diaphragm.24 Functionally they act like ‘shy
muscles’. Also, arthrogenic inhibition, e.g. of
multifidus due to pain or directly impaired
proprioception of an injured joint is clinically
common. Isolated segmental wasting of multifidus
ipsilateral to symptoms has been shown.25

Simulated microgravity/spinal un-loading/bed rest
studies have also shown selective atrophy of
multifidus.26

• Diminished patterns of coactivation in the
SLMS affect spinal support and control mechanisms.
O’Sullivan et al.24 found poor coactivation of the
diaphragm and pelvic floor in subjects with sacroiliac
pain. During the active straight leg raise test
diaphragm splinting, respiratory disruption and
pelvic floor descent occurred.

• Muscle system activity is poorly sustained.
Low load sustained postures become difficult as the
more usual SLMS tonic yet variable activity
becomes more phasic. Subjects with back pain have
also demonstrated more phasic activity in
transversus while walking27 and a shift from
locomotor to primarily respiratory activity.28

Systemic global muscle system (SGMS)

In conjunction with the changed activity in the
SLMS, altered timing and degree of activation
occurs inversely in muscles within this system as
follows:

• Early onset of activity precedes SLMS
muscles.19 This means that these muscles are
activated from a non stable, poorly controlled
foundation tending to create yanking stresses within
the axial skeleton.

• Muscles within this system become variably
overactive and dominant in movement
patterns7,29 irrespective of pain.30 In the presence
of underlying irritable segmental joint restrictions
and/or frank pain they are predictably overactive.
Normal studies have indicated that these muscles
become more active in situations involving reduced
gravitational loading and related decreased sensory
input.31,32

• These muscles are easily strengthened,
hypertrophy and become tight and short33 –
the functional ‘bullies’, they are generally over
active and those that everyone is obsessively
stretching!

• SGMS muscles become more tonically active
rather than phasic, a changed role from phasic
activity to more tonic activity as the system
becomes co-opted into a more postural role.34

When abnormally activated for antigravity control35,
the patient ‘holds himself up’ against gravity rather
like scaffolding holding up a building. He then often
can’t voluntarily let them go, particularly around the
body’s centre of gravity, and evidenced in a lack of
the flexion–relaxation response seen in many people
with back pain.36,37 Muscles such as external
oblique and thoracic erector spinae form part of this
system.38

In general terms, Janda39 considered that at least
five types of increased muscle tone can result from
either:

• Dysfunction of the limbic system

• Impaired function at the segmental
(interneuronal) level

• Impaired coordination of muscle contraction
(trigger points)

• As a response to pain irritation

• Overuse of the muscles – this is as a rule
combined with changed elasticity of the muscle and
usually described as muscle tightness.

Muscle imbalance

Janda proposed that clinically developed imbalance
between different muscle groups was probably the
result of both reflex and mechanical mechanisms.3

He was initially more interested in the effect of the
tight overactive muscles (SGMS) and their inhibi-
tory action upon their antagonists e.g. overactive
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erector spinae may inhibit abdominal activity.3

Stretching and other inhibitory techniques applied
to the tight muscles often spontaneously improved
the weakened antagonist. With respect to the imbal-
anced muscle system response, he questioned
whether there was any difference of innervation
between the two systems and noted that the tight
muscles were often those involved in flexor reflexes
and those with a tendency to be underactive or
weaken were those mainly participating in extensor
reflexes.3 Importantly, pain, injury, fatigue or
stress and the working out of new movement pat-
terns tends to reduce activity in the SLMS and
increase activity in the SGMS.

Clinically, in the dysfunctional state, a reciprocal
relationship evolves whereby reduced deep system
activity necessitates the adoption of more superficial
system strategies, which in turn inhibits or disallows
effective deep system activation. The dysfunction
becomes reinforced, perpetuated and entrenched.

The poorly coordinated activity between the two
muscle systems creates muscle imbalance through-
out the body. This can occur in a number of ways:

• Between the two systems which begin to work
counter to one another instead of in a mutually
supportive relationship

• Within each system, particularly the SGMS e.g.
between the rectus femoris and hamstrings

• Between the axial flexor and extensor systems.

When overactive, the global muscles of the trunk
can act to shorten, compress and constrict parts of
the torso acting rather like very tight outer clothing,
while the behavior of the SLMS resembles loose old
underwear!

Imbalanced activity between
the two muscle systems: direct
ramifications for underlying
control of NPRM

Research interest is increasingly concerned with the
quality of postural and movement control in the
presence of back pain. However, to date, Dankaerts
et al.40 are one of the few who have suggested that
inherent postural control faults may predispose
one to the development of pain syndromes.40

The main features of dysfunction in the postural
reflex mechanism can be summarized as:
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• Reduced endurance in antigravity posture and
movement because of poorly organized and
sustained synergies of low grade tonic activity from
muscles within the SLMS. While some studies have
shown that people with chronic back pain develop a
higher ratio of fast to slow twitch fibres and
extensor muscle activity becomes more phasic,41 it
is suggested that clinically this inability to organize
appropriate patterns of underlying response also
contributes to reduced staying power in movement.

• Reduced, imbalanced and delayed patterns of
SLMS coactivation affects joint protection and
control of spinal support mechanisms such as low
load IAP; jeopardizes effective weight shift and
appropriate adaptive postural presetting of the limb
girdles necessary to facilitate the ensuing pattern of
movement. Ineffective deep system coactivation
diminishes effective SGMS activity.

• Effective postural control and precisely
coordinated and discrete movements are highly
dependent upon adequate proprioception.
Diminished proprioception in subjects with back
pain has been reported.42,43 Taimela et al.44 found
reduced ability to sense rotational position change in
the lumbar spine when sitting, particularly when
fatigued. O’Sullivan et al.45 found significant
deficits when patients attempted to reposition the
lumbar spine into a neutral lordosis when sitting.
Postural and gait stability is reduced in astronauts
following in-flight adaptation of CNS processing of
altered sensory inputs from the vestibular,
proprioceptive and visual systems.46 Bed rest
studies involving reduced antigravity sensory
input demonstrate reduced activity in certain
SLMS muscles particularly the one joint
extensors26,47 and increased activity in certain
SGMS muscles.31,32

• Poorer balance has been found with greater
postural sway,48 the predominant use of the hip
strategy over the ankle strategy.49 Mok et al.50

found inability to initiate and reduced control of the
hip strategy for balance. Conversely, increased
trunk muscle stiffening has been shown to degrade
postural control51 as it limits adaptive segmental
adjustments. This has been shown in sitting52 and
particularly so in the sagittal plane.72

• Disturbed motion patterns become more
stereotyped and show predictable change in
kinematics e.g. back pain subjects used increased
lumbar flexion when forward bending.9,53,54,67
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• Variably increased patterns of SGMS co-
contraction act to splint some regions of the
spine. Reduced postural support from the deep
system and increased SGMS activity leads to the
adoption of coarse central holding or ‘cinch’
patterns in posture and movement. These have also
been described by O’Sullivan as fixing and splinting
strategies.24,29 Radebold et al.55 found increased
co-contraction of the superficial trunk muscles in
response to multidirectional sudden load release
while subjects were generating isometric forces of
20%–30% maximal exertions. SGMS activity
typically increases with load, exertion and speed.
Incidentally subjects were semi seated and the
pelvis was restrained allowing no postural
adjustment of the pelvis in controlling the
perturbation to the torso – hardly a functional
pattern and co-contraction can be expected.
Gregory7 found greater responses of the superficial
trunk extensors and flexors in response to
unexpected perturbations in subjects who
developed back discomfort when standing for
2 hours. After 8 weeks of bed rest simulating a
microgravity environment, Belavey et al.32 found
increased activity but decreased co-activation of the
superficial lumbopelvic muscles in stabilizing the
pelvis during a repetitive leg movement. Clinically,
patterns of both increased and decreased SGMS co-
activation are found and better understood when
patients are sub grouped into the two principal
clinical pictures. This helps explain the variance in
the various research studies (see Ch. 9).

• Altered performance of other functionally
related systems such as continence, breathing and
cardiovascular deconditioning. Studies by Smith56

have shown that people with respiratory disease and
incontinence have increased activity of the
superficial trunk muscles, restricted rib expansion
and diaphragm descent.
Further findings in back pain
research influencing motor
control

Muscle fatigue

The subject of fatigue has attracted a lot of research
interest. Enoka57 describes fatigue as ‘the activity
related impairment of physiological processes that
reduce muscle force . . . after the onset of sustained
physical activity’. Fatigue involves a variety of ele-
ments throughout the motor system and Neu-
mann58 suggests it is useful to consider fatigue as
primarily occurring centrally or peripherally. Cen-
tral fatigue can involve the limbic system, activation
of the primary motor cortex, or descending CNS
control over neurons and motoneurons in the spinal
cord. Peripheral fatigue relates to neurophysiologic
factors related to action potential propagation in
motor nerves and transmission of activation to mus-
cle fibres.58 Normally the nervous system compen-
sates for muscle fatigue by either increasing the
rate of activation or recruiting assistive motor units
thereby maintaining a stable force level.58 Slow
twitch motor units can sustain an isometric force
longer than fast twitch. Slow twitch muscle can sus-
tain a greater force during isovelocity shortening
contractions, while fast twitch muscle is able to sus-
tain greater power production.

Janda59 maintained 40 years ago that fatigue
increased the differential timing and activity level
in the two muscle systems adversely affecting
coordination and the quality of the motor patterns
(see Ch.5).

More recent research on fatigue has shown vari-
ous effects on neuromuscular performance; in brief:
altered latency of the stretch reflex;60 the loss of
force generation of the back muscles61,62 and the
subsequent effect on the bending moments acting
on the lumbar spine.63 Fatigue occasions a preferen-
tial loss of fast twitch fibres in the shift to lower fre-
quencies and so increases the muscle reaction time
and reduces the magnitude of the EMG, potentially
affecting the response to sudden loads.64 Other
studies have looked at the effects of isodynamic
fatiguing on movement patterns and trunk motor
output but restrained the subjects into equipment
such as triaxial dynamometers.65 Research design
such as this does not allow for the natural kinematic
patterns which should accompany trunk forward
bending. Van Dieën et al.66 and Sparto et al.67

examined the kinematic patterns of motion during
repetitive lifting, importantly allowing free body
movement which equate more to activities of daily
living. Both groups found that with increasing
fatigue, hip and knee motion decreased, the legs
becoming more extended while the lumbar spine
became increasingly flexed. Postural stability is also
reduced under fatigue conditions68 particularly
when more proximal muscles are fatigued.69,70

Lumbar fatigue impairs lumbar spatial position
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sense and so the ability to anticipate and respond to
altered postural events.44 Some studies have indi-
cated that fatigue experienced with eccentric mus-
cle contractions is less than during concentric
contractions particularly if performed slowly.57 This
is interesting as clinical impressions seem to indicate
a disinclination for people with spinal pain and
related disorders to perform slow eccentric move-
ments when weight bearing through the limbs,
while fast concentric actions appear much easier.
Delayed reaction times

Hodges16–18 found direction independent delayed
responses in deep system muscles, and direction spe-
cific delay in superficial trunk muscles.17 Most other
studies have only examined responses in the superfi-
cial trunkmuscles. Radebold55 showed longer reaction
times in response to sudden load release both in
switching muscles on and off. Descarreaux et al.71

found low back pain subjects could generate flexion
and extension forces equal to controls however some
of their sample took longer time to reach peak
force. Longer latencies were also correlated with
reduced balance.72 In a prospective study, Cholewicki
et al.5 found delayed muscle reflex responses appear
to be a pre-existing risk factor that significantly
increases the risk of sustaining a low back injury.

Luoto et al.73,74 found deficits in information
processing and delayed psychomotor speed in
chronic low back pain patients and among women.
This was also related to impaired postural control.
Effect of pain on altered
motor control

Altered motor control leads to spinal joints and
related soft tissues including the nerves to become
pain producing over time. Once pain is present –
whatever the source, further changes in motor con-
trol can be expected. Janda75 maintained that ‘trunk
muscle activity can be inhibited to prevent motion
into a painful posture or direction and to avoid
stresses on motion segment pathology. Conversely,
the trunk muscles may go into spasm to fulfil a
similar protective role’. Pain has been shown to
increase the amplitude of the stretch reflex76 and
muscle activity77 which in turn will increase pain
and has led to the ‘pain-spasm-pain model78 pro-
posed for perpetuating spinal disorders. However,
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experimental pain has also been shown to delay pos-
tural adjustments with decreased activation of deep
system muscles such as transversus abdominus.79,80

Lund et al.81 proposed a ‘pain adaptation’ model
which proposed that pain reduces the activation of
muscles when active as agonists and increases their
activation when antagonistically active. Van Dieën
et al.82 point out that the theory is somewhat aspe-
cific and interpret antagonists as those eccentrically
lengthening muscles and agonists as those that are
shortening. This serves to reduce the velocity and
range of motion and prevent mechanical provoca-
tion of sensitive tissues. In a review of the literature
on the effect of pain on the activation of the lumbar
extensor muscles, van Dieën et al.82 conclude that
neither model is unequivocally supported by the lit-
erature. High pain-related fear of movement has
been shown to alter movement strategies in limiting
lumbar motion while reaching.83 Hodges et al.79

showed that experimental pain delayed feedforward
postural responses and that these changes persist
after the resolution of the pain leading them to con-
clude that the changes in motor control were more
complex than simple inhibition and include changes
in motor planning. Leinonen et al.84 also demon-
strated impaired anticipatory feedforward control
in subjects with sciatica. Significant in this study
was the fact that the impairment was only apparent
when subjects stood unsupported as against sup-
ported standing.

It is proposed that in general terms pain will tend
to inhibit SLMS function and increase SGMS func-
tion. Hodges and Moseley85 report consistent dif-
ferential effects of pain on the deep and superficial
lumbopelvic muscles. Mosely et al.86 showed that
the anticipation of experimental back pain delayed
activity in the deep trunk muscles and augmented
at least one of the superficial muscles.

Clinically an acute, irritable and ‘hot’ spinal joint
will certainly fire up the local intersegmental as well
as the long multisegmental muscles. This is what
often makes effective assessment and treatment of
spinal joints especially difficult as the joint becomes
hard to access, particularly in some regions. In more
subacute or chronic states, pain may be more
related to chronic neural irritation from either a
blocked or relatively over mobile joint and local
and long muscle spasm may not be so apparent. In
all stages, marked local reactive changes are appar-
ent in the surrounding soft tissues and over the joint
itself. The irritability, complexity and stage of disor-
der thus affect the responses found.
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Back pain patients appear
to demonstrate features of less
well integrated sensorimotor
and perceptuomotor behavior

The quality of mature motor behavior is variable. In
some, full integration and transformation of the
primitive reflexes and early responses fails to occur,
despite normal development in other areas, result-
ing in less effective proprioceptive and motor
integration.

Janda3 performed a detailed analysis of 100
patients who were ‘therapeutic failures’ and found
subtle sensorimotor dysfunction attributable to
‘minimal brain dysfunction’. Three striking findings
emerged:
1.
 In the neurological examination, subtle ‘soft’
neurological symptoms were evident which while
often combined, could be divided into three groups:

• Microspasticity: with increased muscle tonus,
tendon reflexes, a decreased threshold for
provoking spastic phenomena and slight
developmental asymmetries such as slight
hemipareisis

• Hypotonia: usually asymmetrical with
irregular tendon reflexes mostly decreased,
evident instability in static functions, lack of
coordination and evidence of involuntary
movements similar to that in slight
choreoathetoid syndrome

• Proprioceptive deficits: with failure in tests
requiring greater demand upon afferent
pathways such as standing on one leg,
especially if the eyes were closed; and
alterations in discriminative sensitivity
2.
 Evaluation of the ability to work out new
movement patterns.14 Clinically, assisted by
multichannel EMG, he found they had difficulty
with:

• Alterations in the ability to work out finely
adjusted coordination so that they activated
more muscles than expected

• Inability to activate one side of the body only
with a tendency to mirror movements
3.
 Psychological evaluation. Besides examining
the usual personality characteristics he evaluated
perceptuomotor coordination, visual and space
orientation and motor memory and learning.
He found:
• Poor fine motor coordination with frequent
tremor, uncertain timing, and overshooting
with reduced visual-perception ability

• While no intellectual deficits were found,
subjects displayed poor sustained attention
and concentration and had difficulty changing
from one working method to another and
abstracting from simple sensory ideas.

In addition to the motor and perceptuomotor dys-
functions, two other characteristics stood out:

• Wide variations in the general activation level. A
higher activation level with medium or poor control
was evident in some e.g. superfluous movements.
Another group was evidently slower with delayed
reactions, long reaction times and slow in pace and
language.

• Low tolerance to stress was a striking finding in
more than half the subjects, living in high tension,
worrying over trifles and coping with daily problems
with undue strain. “Some might be said to even
produce these stresses by their own ‘over-
reactivity’, ‘over-excitability’”.3

Janda summarized these patients as ‘unable to
adjust or adapt themselves adequately to altered
physiological conditions’.3

Altered muscle tonus and
flexor/extensor proclivity

In local terms, Janda11 maintained that one of the
factors influencing the irritability of muscles in the
vicinity of a joint is change in the intraarticular pres-
sures. Traction or separation facilitates the flexor
muscle groups whereas compression in the longitu-
dinal axis of the joint facilitates the extensors.

In more global terms, we have noticed in our spi-
nal pain population, a tendency for two main forms
of basic muscle tonus – those who have ‘lower tone’
and are ‘looser’ who tend more to antigravity col-
lapse, and those whose tone is more hyperactive
with general tightness, tension and stiffness. Those
with low tone were often ‘hyper mobile’ as children.
These differences in tone could be an expression
of subtle primary CNS dysfunction alluded to
above3,33 – the clumsy kid. Janda has also drawn
attention to the similar patterns of excess ‘postural
muscle’ (SGMS) activity seen in postural problems
and those with spastic syndromes.14,33,87 Further, in
agreement with Janda33,59 secondary, subtle CNS
dysfunction appears to also result from altered
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demand and inadequate sensory input and proprio-
ceptive control related to modern living, resulting
in imbalanced action between the SLMS and the
SGMS.

Whatever the cause, adequate muscle coactiva-
tion is more difficult in those with a tendency to
low tone, while inhibition of overactive muscles is
more difficult in the higher tone group. All will have
difficulty with activation of the deep system and
inhibition of the superficial system albeit to varying
degrees.

Clinically it is also apparent that some show a
tendency for flexor muscle system dominance while
others are more robust in their extensor systems
impeding balanced co-activation.

Schleip88 ruminated upon the evolution of an
individual’s structure or posturomovement patterns
from a neurobiological perspective and noted two
primary reaction patterns involving two opposing
sets of muscles – the genetic flexors and the genetic
extensors. These differ neurologically, functionally
and morphologically and are innervated from sepa-
rate areas of the spinal cord, as seen in Table 7.1.

In the process of development, balance between
the flexors and extensors needs to be achieved for
optimal posturomovement control (see Ch. 3). If
this does not occur, one of the genetic extensor/
flexor patterns will tend to dominate and can act
as a basis for chronic muscle shortening and so influ-
ence adult human structure. The integrity of the
body cylinder is altered (see Ch. 6).
Table 7.1 Classification of genetic extensors and flexors

according to Schleip88

Genetic extensor
muscles

Genetic flexor muscles

• Mainly tonic muscles with

a lot of slow twitch Type 1

fibres. Red meat color

• Innervated from the

ventral part of the anterior

horn of the spinal cord –

either the dorsal primary

ramus or by a dorsal

ramus of the plexi

• Located on the dorsal

trunk and arms and on the

ventral leg and plantar

side of the foot

• Mainly phasic with a lot of

fast twitch type 11 fibres.

White meat color

• Innervated from the dorsal

part of the anterior horn of

spinal cord

• Located on the ventral side

of the trunk and arms, on

the dorsal leg and dorsal

side of the foot
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Clinically, flexor dominance appears more appar-
ent in those with low tone while extensor domi-
nance is associated more with higher tone. This
helps explain the increased extensor EMG findings
in some and not all low back pain patients.36,37

Hanna89 felt that a person’s structure was influ-
enced by neuromuscular adaptations in response to
chronic stress which resulted in primary flexor or
extensor activity (see Ch. 6). Sustained negative
stress (distress) provoked a flexor withdrawal
response which activated muscles on the front of
the body. Sustained positive stress (eustress) acti-
vates the extensors for ‘get up and go’ and is related
to assertion. Both responses are basic adaptive
reflexes necessary to survival. They involve the entire
body musculature and the whole nervous system in a
specific orientation of either negative withdrawal or
positive action and mobility.

The presence of the two primary flexor and
extensor patterns are not exclusive of one another
and can overlap in the one individual. This is a com-
mon finding in people with back pain (see Ch. 9).
Is altered motor behavior
observed in people with back
pain functional or dysfunctional –
adaptive or maladaptive?

In a very comprehensive presentation, Van Dieën90

argues a theory of ‘contingent adaptations’ to help
explain the changed motor behavior seen in patients
with back pain. Many aspects of his theory are com-
pelling and concur with clinical experience of people
with back pain. In particular this author agrees with
his contention that patients adhere to preferred
motor strategies, are less responsive to changing task
constraints and that these altered strategies involve
costs relative to other constraints that negatively
affect outcome (Fig. 7.1). Also the relationship
between the disorder and adaptive motor behavior
is non deterministic. However, he also states:
1.
 ‘A (pain) disorder triggers adapted motor
strategies that help cope with the new situation (my
italics)’.90
2.
 ‘The adaptive changes in motor behavior are gen-
erally aimed at increasing ‘more robust (i.e. resistant to
internal and external perturbation) control overmotion
of afflicted joints or body parts is a common goal of
adaptive strategies in musculoskeletal disorders’.90
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Fig 7.1 � Van Dieën’s depiction90 of the potential role of
motor behavior adaptations in outcome of musculoskeletal
disorders.
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In other words in response to pain, he says: ‘the
alterations in trunk muscle recruitment in patients
are functional as they reduce the probability of
noxious tissue stresses by limiting range of motion
and stabilizing the spine’.82

However, this author would like to enter the debate
and build upon van Dieën’s model in suggesting that
the altered motor behavior seen in people with back
pain is principallydysfunctional (albeitwith functional
aspects) as it both causes and serves to further perpetuate
the patient’s problem. To expound this further in
response to points 1 and 2 above:
1.
 Low back pain is in general, a developmental
disorder. The pain is not necessarily ‘new’ but
develops over time as a result of habitual altered
postural control and more primitive and
stereotyped movement patterns which jeopardize
spinal support and control mechanisms and alter the
spinal joint kinematics over time. This represents a
dysfunctional maladaptive response to the patient’s
internal and external environment over time.
Clinically there are always the early warning signs
which herald developing pain. These are usually
unaccounted for and their significance ignored until
finally ‘the straw that breaks the camels/patient’s
back’ comes into play (Fig. 7.2).
2.
 The patient now has ‘acute’ or ‘sub-acute’ back
pain which in van Dieën’s terms requires a further
re-weighting of constraints. Depending upon the
stage of disorder, learning effect, and the
neuromyoarticular status of the person, responses
accounted for in the ‘pain-spasm-pain’ and ‘pain
adaptation’82 models variably become apparent. The
patient brings into play the best ‘functional adaptive
changes’ in motor behavior that he can muster,
many of which are in fact provocative. The problem
is that he is trying to ‘functionally adapt’ on a
platform of already substandard quality motor
control and he has limited choices based on the
experience of prior motor learning history. He still
needs to get up against gravity and move as best he
can as he shops, walks and dresses etc. He will
habitually do so in the ‘way that he knows’ and is
familiar with – even though it may be detrimental
to his musculoskeletal well being. He now
demonstrates a combination of ‘functional adaptive’
and ‘dysfunctional maladaptive’ motor behavior.
The sensorimotor dysfunction becomes
perpetuated. Van Dieën’s model appears to assume
that prior to the onset of pain, motor control
was’normal’. While the motor system is highly
redundant, it would appear that many who develop
back pain utilize fewer motor pattern options. Their
motor behavior is more ‘primitive’. The ‘more
robust strategies’ have usually been already been
brought in to play before pain is apparent, serve to
‘bring it to the surface’, and then perpetuate it.
Clinically one finds different responses in different
regions of the spine – some are hyperstabilized
while others are hypostabilized. What seems to be
generally unaccounted for is the influence of the
‘facilitated segment’ as described by Korr91 in
facilitating (or inhibiting) local and regional muscle
responses further affecting motor control. Altered
afference to the CNS even further changes motor
behavior. The neuromyoarticular dysfunction
becomes compounded and the patient now wears
the label of ‘chronic non specific back pain’.
Movement behavior quality:
characteristic of more primitive
and coarse motor control

The quality of movement patterns is dependent
upon the cerebral cortex. Fine motor coordination is
needed to prevent damage of a joint and especially
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A.'More primitive' M/B
• Less ideal motor
 development
• Minimal brain
 dysfunction
• Clumsy
• 'Motor moron'

Most likely to develop
musculoskeletal (M/S)
pain syndromes
• Present early and
• Symptoms are variably
  ongoing

B. 'Ordinary' M/B
• Normal development
• Subsequent altered
 demand:
 - Sensory input
 - Altered M/B responses
  become habitual

C. 'Good' M/B
• Well developed
 sensori-motor skills
• Imbalanced
 neuromuscular activity
 develops from:
 - Training effect
 - Sports specific
 - Occupational eg.shearer

D. Advanced M/B
• Dedicated pursuit and
 practice improves
 abilities beyond usual
 e.g. committed yogi

Many possibly develop
M/S problems, may/not

be ongoing

A few develop M/S
Problems resolve

more quickly

Rarely present to clinician
generally overt traumatic

incident

The quality of mature motor behaviour (M/B) is variable and influences
the development and perpetuation of back pain and therapeutic outcomes

Group A & B
Require more intense and individualised therapy

programmes - entrenched habitual maladaptve patterns - 
require considerable application to make change

Group C&D
Quickly assimilate

therapeutic exercise directives
and need little supervision

Back pain and related syndromes
Further changes in M/B

Spectrum of outcomes from
poor to reasonably good

Resolution usual

Fig 7.2 � Building upon van Dieën’s model90: suggested prior influences on the development and subsequent
perpetuation of back pain syndromes.
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so during a fast movement.3 At the end of a fast
movement, the active inhibition of the antagonist
switches into rapid facilitation and contraction in
order to slow down the movement and prevent
injury. If this reciprocal interplay is altered, the joint
is endangered. This reciprocal reflex mechanism
occurs at the spinal segmental level.3

Clinical observation of how people with spinal
pain syndromes move can reveal certain quite subtle
yet typically common altered qualities in the organi-
zation of their movement behavior. In some
respects their responses resemble those attributable
to a more primitive state of development or less
well integrated development. This is not to say that
162
they did not develop normally, but for some reason
or other their current motor behavior shows the
hallmarks of less well integrated control.

These features have mostly emanated from clini-
cal observation; however researchers such as van
Dieën90 are recognizing the importance of quality
of response in motor control.

Altered features of movement

The motor system is deemed to be highly redundant
in that there are an infinite number of different
muscle activity patterns that can be drawn upon to
satisfy mechanical requirements.90,92 However, the
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movements ofmanywith back pain can display variable
subtle combinations of the following less ideal qualities:

• Certain responses are stereotypical and more
obligatory e.g. central cinch patterns.

• Less flexibility and adaptability in responses to
internal and external perturbation. Responses fall
into more predictable patterns.

• Reduction in movement pattern abilities. A more
limited movement repertoire93 with less variety in
those used. Responses are less differentiated.

• Adherence to the motor strategies they know90

which may in fact be provocative

• In limiting the repertoire of movement options,
they further reduce sensorimotor learning
experience and stimulation.

Altered qualities of movement

Examining movement quality more closely reveals
an array of possible strategies:

• Adopt a more fixed and less flexible use of the
vertical

• Altered alignment of head and pelvis as they
balance on the occipital and femoral condyles alters
alignment of whole spine in relation to the vertical

• Poor integration of flexor/extensor balance with a
tendency of one to dominate over the other

• Tendency to more mass movements in ‘more
total flexor/extensor pattern response’

• Movements tend to be more jerky, are grosser,
coarser and clumsier; less differentiated, less refined

• Use of unnecessary movements and effort – being
upright and moving is often hard work

• Importantly, see reduced use of lateral and rotary
movements which affects weight shift and balance

• The increased use of central fixing, holding or
cinch strategies with a functional ‘disconnect’
between the upper and lower body and poor
sequencing of movements from the limbs to torso
and torso to limbs94

• Tendency to ‘propping’ when weight bearing
through limbs
• More symmetrical limb use and tendency to
remain within the body’s centre of mass; reciprocal
limb movements are often not automatically well
organized

• Reduced distal initiation – head, tail bone, hands
and feet

• Limited use of reaching actions away from the
body and exploration of movements into the
surrounding space

• Predominance of upper body over lower body
muscle activity

• Movements are heavy, laboured ‘bound’ rather
than light, easy and free flowing

• Reduced stability/mobility element interaction
means weight shift suffers in all positions

• Reduced internal body awareness and ability to
discretely modulate movement

• Increased use of protective and defensive
responses either learned through habit, pain95 or
emotionally driven

• Some difficulty with actions requiring
antigravity eccentric muscle control in the trunk
and limbs.
Altered patterns of motor
control become habitual
and learned

As posture and movement control is largely an auto-
matic function, the repeated adoption of the abnor-
mal strategies means they become habitual,
learned and begin to feel normal. ‘Habituation is
the simplest form of learning – a slow, relentless
adaptive act, which ingrains itself into the functional
patterns of the central nervous system’.89 Their
repeated use means that over time, subjects simply
forget to draw upon and maintain the array of other
available motor pattern options. Many of these
become relegated to the functional archive depart-
ment and rust away from disuse while they continue
to use those few they ‘know’.
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Chapter Eight
8

Common features
of posturomovement
dysfunction
The imbalanced activity between the deep and super-
ficial muscle systems and between the flexor and
extensor systems is expressed in a number of clinically
observable altered features of postural and movement
control, which appear to be more or less common in
those with spinal pain and related disorders.

It is important to appreciate that these features
are interrelated and variable in their presence,
effect and mutual reinforcement of one another.
Defective antigravity support
and control

A general or regional lack of axial
extension control

The manner in which the spine is postured when
upright highly influences patterns of trunk muscle
activity.1 Conversely, patterns of muscle activity
determine how the spine is postured. By and large
people with spinal pain syndromes can move but
they can’t ‘posture’ very well: if they manage to
align the spine in neutral they have difficulty main-
taining it in movement.

Poor control of a ‘dynamic antigravity neutral’
means the patient finds sitting or standing difficult
to do in an easy non effortful way. He will tend to
adopt either of two extremes – passive collapse or
overactive ‘holding’. Both affect function around
the body’s centre:

• Passive strategy: he hangs/sags/collapses relying
more upon passive ligamentous support and where
possible seeks external support such as leaning
against the kitchen bench when standing, or the
back of the seat when sitting. Relaxing becomes
more a state of collapsing. The spine tends towards
a functional ‘buckling’ or ‘folding’. ‘Hanging the
head’ is common.

• Overactive strategy: he ‘holds himself up’
principally utilizing superficial SGMS muscles
particularly those around the body’s centre, such as
the thoracolumbar erector spinae. Usually this
quickly becomes tiring and so he collapses again.
However, some have developed such entrenched
‘holding’ or ‘fixing’ strategies that they then ‘cannot
let go’. ‘Holding strategies’ create constant regional
muscle tension in the torso and hyperstabilization of
the underlying joints.
Poor pelvic base of support

The requirement for any column ‘to be up’ is an
appropriate and well grounded foundation and the
spinal column is no exception. Effective support
comes from below and yet most have a ‘dead tail-
bone’ and poor control of the base of the spine.
As the sacrum is part of the pelvis it is this that
provides the important active base of support for
the entire axial spinal column. Inadequate deep
system activity, particularly of the Lower Pelvic
Unit, reduces the ability of the pelvis to spatially
adapt and provide an appropriate and effective base
of support to initiate, lift and direct control of the
spine from its base – the sacrum and coccyx.

The alignment and control of the spine in sitting,
standing and bending forward is compromised, jeopar-
dizing its safety. See defective pelvic control (p.170)



Fig 8.1 � Passive collapse in sitting creates eccentric loading
in the spine of a 15 year old (also in Fig 8.10).

Back Pain: A Movement Problem
Common altered strategies
for sitting and standing

The habitual adoption of poor sitting positions is
probably the single most significant instigator and
perpetuator of the postural and related movement
dysfunction associatedwith the development of spinal
pain and related disorders. In a modern industrial
society long periods of sitting and relatively reduced
general activity levels beginwith schooling.The advent
of computers and increasing sedentary work and
leisure practices mean we do even more of it. The-
central nervous system (CNS) is relatively starved of
decent proprioceptive inputs and automatic respon-
sesbegin to suffer (see Ch.11). Altered alignment
changes the motor memory, affects muscle activation
demand, the line of pull of muscles, creates the need
for ‘holding patterns’ and leads to changes in the myo-
fascial matrix.

Passive strategy

Sitting. The common strategy involves rolling back
onto the posterior ischia and staying there.
Repeated enough, the person begins to lose options
for varied position change in sitting. Poor initiation
and control of the base of support through the
ischial tuberosities compromises the ability of the
axial spine to adjust and move. This is particularly
so when the commonly habitual strategy of crossing
the legs is adopted. Even worse is ‘putting the feet
up’ on stools or similar, often advised when the ‘cir-
culation is bad’ which only serves to worsen it! The
alignment and control of the whole spinal column is
affected (Fig. 8.1).

Collapsed sitting switches off demand in the sys-
temic local muscle system (SLMS), rendering the
joints and soft tissues vulnerable. In ‘normal’ pain free
subjects, slump sitting has been shown to decrease
activity in the internal oblique andmultifidus1–3 trans-
versus and internal oblique,4 particularly if the legs are
crossed5 or higher than the pelvis. Some normative
studies have reported increased lumbar extensor mus-
cle activity6,7 in slump sitting, yet the subjects shown
in the study by Callaghan and Dunk7 are not in the
position thatmost potentially or actually symptomatic
subjects commonly adopt.

The posterior pelvic tilt creates hyper flexion of
the spine8 – particularly over the lower levels, includ-
ing the lumbosacral junction with well documented
detrimental consequences. Cadaveric studies of lum-
bosacral motion segments have demonstrated the
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dramatic impact of increased segmental flexion on
fatigue failure.9 Solomonow et al.10 showed induced
flexion creep in feline viscoelastic tissues desensi-
tized the mechanoreceptors and dramatically dimi-
nished muscular activity in multifidus. Later studies11

showed prolonged flexion results in tension-relaxation
and laxity of viscoelastic structures, loss of reflexive
muscular activity within 3 minutes and EMG spasms
in multifidus and other posterior muscles. The spasms
and muscular hyperexcitability in response to 20 min-
utes static loading even when very light loads were
applied were still evident after 7 hours of rest12 and
lasted for more than 24 hours.13 In addition, the
micro-damage from sustained loading of the viscoelas-
tic tissues results in time dependent development of
inflammation14 setting the stage for chronic neural irri-
tation and a plethora of referred symptoms of which
pain is just one.

Usually, any attempts to ‘sit up straight’ are not
initiated from the pelvic base of support but by



Fig 8.2 � An ineffectual pelvic base of support requires
‘holding oneself up’. Note the poor lateral abdominal tone.
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intermittent systemic global muscle system
(SGMS) activity of the muscle groups over the
thoracolumbar junction.15 O’Sullivan2 draws atten-
tion to the critical role of pelvic position in deter-
mining spinal muscle activation patterns. ‘Holding
oneself up’ is tiring and poorly sustained and so
shortly the patient collapses again. In ‘normal’ sub-
jects, significantly less superficial lumbar multifidus
and internal oblique activity has been demonstrated
in this postural strategy.16

The work of Solomonow and colleagues clearly
demonstrates that a cumulative neuromuscular
disorder develops because of repetition of static
lumbar flexion, the severity of which is magnified
by the number of repetitions. Full recovery of creep
may not occur.17 O’Sullivan et al.18 showed a rela-
tionship between flexed sitting postures, reduced
back muscle endurance, physical inactivity and
flexion provoked low back pain. In sitting, twisting
mobility significantly increases when the spine is
flexed further increasing vulnerability of the poster-
ior annulus to injury.19

Importantly, collapse of the lumbopelvic spine
will affect the alignment of the rest of the
spine including the head and neck, a fact which is
often overlooked in some studies on cervicothoracic
posture.20 It also contributes to the development of
the shoulder crossed syndrome21 (see Ch.10).

In standing, the same postural pattern of poster-
ior pelvic rotation is invariably carried through from
sitting – the tendency being, to shift the pelvis for-
ward with posterior rotation, hang off the iliofemoral
ligaments in hip external rotation, with hyperex-
tended knees and a collapsed spine. The sacrum
is counternutated and L5 in relative flexion – an
unfavorable loading state of the lumbosacral and SIJ
region. This ‘locking’ of the lower limb kinetic chain
limits the pelvis’ ability to be an adaptable and appro-
priate base of support for movement control of the
spine. Further, when the pelvis is shunted forward,
there is reduced lumbopelvic SLMS demand.
Snijders et al.22 showed posterior pelvic rotation
decreased activity in internal oblique. There is little
buoyancy or ‘lift’ in the axial column or through
the pelvis-leg base of support– the whole SLMS is
relatively ‘switched off.
Overactive strategy

Sitting. The person ‘holds himself up’ (Fig. 8.2) –
from extensor system dominance and often also as
a result of a mistaken belief that it is ‘good posture’
to do so. This is generally achieved by more consis-
tent over activity of SGMS muscles – particularly
the extensor groups over the thoracolumbar
junction.3,15 However, control of the pelvis as an
effective and adaptable base of support for the axial
skeleton is still deficient. Dankaerts et al,23 using
an electromagnetic measuring device, examined sit-
ting postures in those low back pain subjects who
actively extend in sitting and reported an increased
lumbar lordosis. While the low lordosis was
reported as greater than the controls, it is
suggested that clinically, even this group usually
demonstrate reduced intersegmental joint play into
extension over the lower levels when assessed by
skilled palpation. Appearances can be deceptive. In
a radiographic study, Roussouly et al.24 showed that
while lordosis was increased, segmental extension
between L5 and S1 was reduced. In the main,
reduced extension over the lower levels (relative
to the upper levels) and associated deficient inter-
segmental neuromuscular control is clinically
apparent.
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The superficial muscle overactivity reduces the
ability to posturally adjust and shift weight over the
support base. Intentionally stiffening the trunk by
co-activating the superficial muscles has been shown
to degrade postural control in unstable sitting.25

Standing. The standing overactive patterns are
again a reflection of the sitting posture patterns –
primarily relying upon dominant activity of thoraco-
lumbar extensor groups and related considerable
underactivity of the anterior abdominal wall. The
thorax is shunted forward in relation to the pelvis.
In an important and really nice ‘normal’ study,
Harrison et al.26 demonstrated that anterior transla-
tion of the thorax resulted in posterior displace-
ment and anterior tilt of the pelvis with extension
of the upper lumbars and flexion of the lower lum-
bars. Reduced SLMS activity in the lower pelvic
unit means that the dynamic base of support through
the pelvis-leg kinetic chain is still inadequate.

The superficial muscle hyperactivity splints the
spine and further disallows it to adequately prepare
for, dissipate and dampen the forces created by head
movement breathing and particularly in response to
limb movements. Reduced segmental adjustments
mean balance suffers. Mok et al.27 showed decreased
preparatory and resultant increased correctional
lumbopelvic movements in response to rapid arm
movements. Smith et al.28 experimentally induced
low back pain and found reduced motion of the
trunk associated with breathing.

Thus in upright activities, some regions of the
spine are subjected to collapse, compression and a
functional ‘buckling’– they become relatively uncon-
trolled or ‘unstable’ while other regions become
stiff or ‘over stable’ and fixed. This interrupts or
damps the transference of the movement wave up
through the spine.

The tendency to uneven patterns of control is also
apparent in the asymptomatic population as Gregory
and Callaghan29 found when ‘university population’
subjects stood for 2 hours as they performed four
light manual tasks. 13 of the 16 subjects developed
some level of low back pain during that time. One
of only three variables to significantly change was an
increase in lumbar spine flexion. When central sup-
port is reduced because of inadequate deep local
muscle system activity, the person is forced to rely
more on abnormal SGMS activity in low load activi-
ties. Gregory et al.30 had a group of college students
stand for 2 hours and found that those who devel-
oped substantial back discomfort showed greater
superficial extensor trunk muscle activity at the
170
beginning and end of the standing period with fur-
ther increased responses to sudden trunk perturba-
tions. After discomfort developed, the superficial
abdominal activity also increased.

Defective pelvic control

In the clinical setting, it is an almost universal
finding that those people with spinal pain and
related disorders demonstrate to a greater or lesser
extent, inadequate neuromotor control of the pelvis
in many, if not all, of the different aspects of its
functional movement repertoire. This affects pelvic
joint kinematics and transmission of forces and
loads through the pelvis. Joint findings generally
reflect the movement difficulties. Mechanical
dysfunction of the pelvic joints is generally in the
form of a ‘functional biomechanical block’ where
‘distorsion’ is reduced or fixed. This may not neces-
sarily be directly pain producing but is accompanied
by associated signs when palpating the ligaments
and myofascia and for joint ‘play’. This ‘functional
block’ may be symmetrical or asymmetrical and
affects segments higher up and down the kinetic
chain. Pelvic asymmetry has been shown to create
functional kinematic compensations not only in the
lumbar spine but also in the thoracic region.31 Pelvic
dysfunction acts as a potent and important contrib-
utor to the development and perpetuation of many
lumbopelvic and related pain disorders including
hip and knee pain as well as underpinning a lot of
mid and upper torso dysfunction syndromes.

Pelvic control is core control. It is the lack of this
core control which needs to be better appreciated
and more appropriately addressed in many treat-
ment interventions.

Understanding the various aspects of altered pel-
vic control which will be present in varying degrees
is assisted by examining each separately. They are as
follows:
Defective intrapelvic control
(refer to Ch. 6 Part B)

Inadequate control of Lower Pelvic Unit (LPU) mus-
cle synergies result in difficulty performing the Fun-
damental Patterns of Pelvic Control. Attempts to do
so invariably utilize strategies involving a lot of
SGMS activity – either from large pelvi-femoral
muscles and/or those higher up the torso normally
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responsible for controlling the relationship between
the thorax and pelvis. Manual movement testing pre-
dictably reveals patterns of joint hypomobility which
are also reflective of the motor control difficulties.

Fundamental Pelvic Pattern 1 (FPP1)

FPP1 is consistently the pattern that most if not all
have little idea of the action and the most difficulty
performing. Low lumbar segmental movement into
extension is generally reduced with underactivity
in multifidus, lower transversus, internal oblique,
iliacus and probably psoas. The prime movers
responsible for FPP2 are generally hyperactive and
do not adequately eccentrically lengthen further
hindering the proper performance of this pattern.
Instead the action is more likely attempted by acti-
vating the thoracolumbar erector spinae, serratus
posterior inferior higher up around the mid torso –
a bilateral ‘posterior cinch’ which serves to ‘fix’
the thoracolumbar segments, thrust the lower ante-
rior pole of the thorax forward and limit diaphragm
activity and basal chest expansion. This may be
overt or subtle yet readily discernable by palpation
(Fig. 8.3). Because of difficulty with or habitual
non use of this pattern, the pelvis is generally more
posteriorly rotated, the sacrum counter-nutated and
posterior hip opening is reduced as is low lumbar
extension and control.

Fundamental Pelvic Pattern 2 (FPP2)

Generally this movement seems easier though
appearances can be deceptive. Commonly, poor
eccentric co-activation from those muscle groups
with a prime role in FPP1 means there is imbalance
Fig 8.3 � Rather than initiate the FPP1 movement with a
subtle anterior pelvic rotation, there is just discernable central
posterior cinch pattern activity.
in the force couple producing the movement. Prin-
cipal activity involving the pelvic floor and obturator
group including piriformis, is augmented by the ten-
dency to create the habitual ‘dysfunctional posterior
pelvic tilt’ by pushing through the feet, clenching
the buttocks or ‘butt gripping’32 with associated
overactivity from hamstrings. The underactivity of
the lower abdominals is associated with over activity
of the upper abdominals in some subgroups
(Fig. 6.30).

Difficulty performing these two fundamental
patterns means that spatial modulation of the two
pelvic bowls is deficient. This affects the myome-
chanics of the pelvic floor and the ability of the
pelvic ring to adapt its internal shape as well as the
whole unit in space in order to provide a stable base
of support for torso and lower limb movements.
Fundamental Pelvic Pattern 3 (FPP3)

Deficient control of FPP1 and FPP2 accordingly
affects the ability to perform FPP3 and achieve and
modulate pelvic ring ‘distorsion’ necessary for contra-
lateral innominate rotation in the sagittal plane and
pelvic rotation in the transverse plane, both involved
in walking and most movements. This further affects
the ability to control movements of the pelvis such
that it is a spatially adaptable yet stable platform to
support movements in the hips and torso.

Defective spatial control
of the pelvis

Normally, the lumbopelvic stabilizing muscles
including the pelvic floor are active when maintain-
ing optimally aligned erect postures.1,3,33 Hodges34

states ‘there is considerable debate as to whether
pelvic and lumbar positions are different in low back
and pelvic pain although changes have been identi-
fied in specific subgroups’. Clinical observation
reveals definite patterns of altered spatial position
and control and this is described.

Reduced intrapelvic control compromises the
ability to spatially align and adjust the pelvis when
weight bearing. Rather than control the pelvis
around a ‘dynamic neutral’, the tendency is to
assume postures in more passive, end range posi-
tions. The motor control difficulties are apparent
in all three planes of spatial pelvic control, but are
particularly obvious in the sagittal plane.
171



Back Pain: A Movement Problem
Sagittal plane

Here the observed preference is to posture and initi-
ate subsequent movement from either an anteriorly
or posteriorly shifted spatial relationship to the verti-
cal neutral. The habitual preference for either forms
the basis for a clinical classification system based on
altered function (see Ch. 9). While whole synergies
of muscles control the spatial position of the pelvis,
psoas appears to play a large role. When underactive
the pelvis shifts forward and when overactive it shifts
back. The postural shift is always accompanied by a
coexistent sagittal rotation as shown in Figure 8.4:

• Anterior shift and related posterior pelvic
rotation with a corresponding diminished ability to
posteriorly shift and counter rotate the pelvis into
anterior pelvic rotation

• Posterior shift and related anterior pelvic
rotation – with corresponding difficulty in
anteriorly shifting and counter rotating the pelvis
into posterior sagittal rotation.

While the anterior and posterior pelvic shifts and
associated sagittal rotations are clinically apparent,
there is little acknowledgement found in the
Logf Logf Logf

‘Neutral’Posterior shift
with anterior rotation

Lumbar spine:
relatively extended

Hips: relatively flexed

Lumbar spine:
relatively flexed
Hips: relatively

extended

Anterior shift
with posterior rotation

Balance around
the line of

gravitational force

Fig 8.4 � Conceptual schematic sagittal view showing pelvic
shifts and associated rotations (exaggerated for clarity).
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literature except in a personal article by Schleip on
the structural typology of Hans Flury.35 In a very
recent paper, Brumagne et al.36 discuss the inconsis-
tent results in the small amount of studies which
report altered body inclination in relation to postural
control. Two studies found a more anterior centre of
mass36,37 with related increased back muscle activ-
ation, while two others reported a more posteriorly
located centre of mass.38,39 Clinical classification into
the two primary pictures of dysfunction may help
explain these diverse findings (Ch. 9).

Coronal plane

The postural habit of passively ‘hanging’ the body
predominantly on one leg is common and partly
contributes towards the high incidence of hip ‘bursi-
tis’ (Fig. 8.5). Reduced LPU activity subsequently
Fig 8.5 � Passive lateral ‘hang’ in standing – the deep
system is ‘off’.
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affects the ability to laterally shift weight through
the hip joints; either the pelvis over the weight bear-
ing leg, or the leg medially under the pelvis. Instead
control is attempted higher up via a bilateral ‘cinch’
which then affects the spines ability to posturally
adapt in the coronal plane and maintain three
dimensional control of its alignment.

Horizontal plane

Diminished control of backward and forward pelvic
rotation affects adaptive postural pre- positioning of
the pelvis to support lower limb movements as well
as rotation in the horizontal plane and related spinal
rotation. Gracovetsky draws attention to the impor-
tance of pelvic rotation in walking.40 Tightness and/
or imbalance in the hip rotators, particularly tighter
external rotators, limit transverse plane pelvic rota-
tion. A combination of reduced intrapelvic rotation
or ‘distorsion’ and reduced rotation of the pelvis as
a whole on the hips means that the mid lumbar
spine becomes the site of relative rotary flexibility.
Because of the poor spatial control, the pelvis is eas-
ily shunted around and movements of the hips
invariably end up being movements of the low back.

Poor pelvic control affects the ability
of the sacrum to direct alignment
and control of the rest of the spine

Regional or general reduction of the lumbar lordosis
is universally common clinically,41 and as noted by
Adams et al.42 particularly in the lower lumbar
spine. Poor control of anterior pelvic rotation and
the habitual adoption of posterior pelvic rotation
or tilt means the sacrum is carried into flexion and
the lumbosacral region moves more into relative
flexion in posture and movement. Generally, closed
chain hip flexion and open chain hip extension are
more difficult. Both rely on control of sagittal anter-
ior pelvic rotation which is coupled with lordosis in
the lumbar spine. The importance of being able to
control posture and movement around the neutral
lordosis for a healthily functioning spine is acknow-
ledged by clinicians and has been stressed by noted
researchers such as McGill43 and Adams.42 Loss of
control of the neutral lumbosacral position jeopar-
dizes local segmental control,44 and also transmis-
sion of the movement wave and control up and
down the whole axial spine, including coupled rota-
tion and side bending amongst other things.
Altered control of sagittal pelvic tilt
generally reflects imbalanced
activity between the iliopsoas and
obturator/hamstrings groups

Sagittal tilting movements of the pelvis on the femur
are the largest and most employed in functional
movement. It is necessary that each muscle in the
LPU synergy works enough but not too much so each
can effectively contribute to the synergy and co coor-
dinated movement patterns ensue (see Ch. 6).

The ability to readily tilt or swing the pelvis
forward and back on the femoral heads is influenced
by the habitual posturomovement patterns used
which in turn affects balance in the length/tension
relationships between the obturator/hamstrings
and iliopsoas groups. Unfortunately imbalance in
the ‘ischial swing’ is clinically common. The obtura-
tor/hamstrings group is generally tight and the iliop-
soas group can show underactivity, overactivity or
imbalance between iliacus and psoas activity.

The imbalance is reflected in the pattern of the
standing posture and contributes to clinical func-
tional classification which is covered in the next
chapter.

The relationship between back pain syndromes
and hypo or hyper tonus of iliacus and psoas is
understood by clinicians yet there is a dearth in
the literature. Mostly considered as open chain hip
flexors,45 a postural stabilizing role is increasingly
accorded to psoas46–49 particularly if hip flexion
is part of the movement.50 Except for inclusion
with psoas as the ‘iliopsoas’, iliacus barely rates a
mention. However the two muscles differ anatomi-
cally, neurally and functionally.50 Andersson et al.47

demonstrated individual and task specific activation
patterns between iliacus and psoas which varied
according to the particular demands for stability
and movement at the lumbar spine, pelvis and hip.
The scant attention paid to iliacus in the literature
is indicative of paucity in the understanding of func-
tional movement control around the lumbopelvic
region. Both these muscles provide important inter-
nal bracing of forces and movements within the pel-
vis51 including stability of the sacroiliac joint as well
as controlling the pelvis on the femur and the align-
ment and stability of the spine over the legs. Unilat-
eral spasm of iliacus and psoas can contribute to a
fixed intrapelvic ‘distorsion’.52,53

The influence of the deep external hip rotators
on modulating pelvic tilt control is practically
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nowhere to be found in the literature. Their influ-
ence is also important in transverse plane rotation
of the pelvis on the fixed femur.

The myomechanics of the pelvic floor muscles
(PFM) are dependent upon the reciprocal relation-
ship between the ilio/psoas and the obturator
groups as they balance and modulate the dimensions
of the superior and inferior pelvic bowls. Because of
the close functional synergism between the PFM
and the obturator group, dominance of the latter
renders the PFM likely to overactivity and shortness
also. When the more superiorly spatially placed ilia-
cus/transversus synergy is sufficiently active to bal-
ance the obturator group, the PFM are functionally
required and better able to both concentrically and
eccentrically contract and lengthen.

Imbalance in the ‘swing’ is also reflected in the
position of the hips. When the obturator group
dominates, the hips are more externally rotated
and internal rotation is reduced. When the iliacus/
psoas are tighter (less common), the hips move
more freely into internal rotation and less into
external rotation. Both groups can be tight where
the neutral rotation position is more balanced but
range into rotation, flexion and extension is more
limited (see Ch.10 ‘Mixed syndrome’).

When adaptive pelvic tilt support for functi-
onal spinal movement is insufficient, compensatory
regional hyperactivity around the centre of the body
is seen, serving to further limit spinal control me-
chanisms as the region becomes hyperstabilized.
Increased activity in the superficial abdominals is
increasingly reported30,54–57 aswell as extensor hyper-
activity30,58,59 (see Ch. 10, ‘Central cinch patterns’).
Fig 8.6 � Habitual poor forward bend pattern – note the use
of the arms.
Difficulty controlling closed chain
movements of the hip joint and
subsequent effect on lumbar spine
(see Ch. 6, Part B)

It is interesting to ponder the manner in which we
personally and conceptually view dysfunction. The
noted researcher McGill states ‘I am continually
surprised at the number of people with back trou-
bles who also have hip troubles’.50 They are always
interrelated; and emanate from defective pelvic
control. The huge numbers of people with back pain
and those increasingly undergoing hip replacement
surgery attest to the extent of the communal
dysfunction.
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Sagittal plane

Related to control of sagittal pelvic tilt movements,
patients generally demonstrate poor alignment and
control of the segments when executing the two
most functionally significant patterns used in
performing usual everyday activities:

Forward bend pattern

Ideally this is achieved from a ‘pelvic swing and shift
pattern’ based upon FPP1 (see p.127). However,
habitual buttock clenching and not ‘letting go’ of
the posterior pelvic floor60 and pelvi-femoral mus-
cles contribute to difficulty initiating and controlling
this action from the pelvis. Instead the pelvis
commonly rolls into posterior rotation where the
sacroiliac joint and the mid/low lumbar spine levels
are the victim as they are pulled into hyper flexion
to compensate (Fig. 8.6). This is common and has
also been described as a ‘click-clack’ movement.5,61
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The sacroiliac joint is especially prone to shear
forces if loaded in the counter-nutated position.71

Roussel et al.62 described a study which found
that reduced control of this pattern in dancers as a
basis for performing open and closed chain hip flex-
ion was predictive of risk for developing future
musculoskeletal injuries. A large epidemiology study
by Vingård et al.63 found the strongest risk factor
for LBP of biomechanical origin in men was working
in a forward bent position. It makes no sense to
attempt to ‘stabilize’ the lumbar spine – or the
sacroiliac joint for that matter, if they are being con-
stantly forced to abnormally compensate for move-
ments which should be initiated from the pelvis
during our many and varied activities of daily living.
The disinclination to shift the pelvis posteriorly and
weight bear through a flexed hip is also apparent in
kneeling, all fours and variations of these positions.
In fact loading weight through a flexed hip in any
position such as supine is usually challenging e.g.
‘bridging’ is generally only achieved by posterior pel-
vic rotation. Achieving functional lengthening in the
hamstrings and obturator group can only occur
when the pelvis can be controlled in anterior
rotation.64

Lifting or return from forward bend pattern

Ideally this is based upon control of FPP2 which
brings the pelvis forward and extends the hips while
balanced activity of the flexors and extensors con-
trols the ‘body cylinder’ alignment. When control
is defective, the patient tends to principally rely
upon the hamstrings and passive tension in the
posterior myofascial structures with the spine in
flexion and posterior pelvic rotation or conversely,
he excessively relies upon the back extensors
(see Ch.9).
Fig 8.7 � Defective control of lateral weight transfer in
standing becomes ‘hanging’ and ‘holding’.
Transverse plane

In the transverse plane it is common to see:
Decreased ipsilateral backward pelvic rotation, hip
internal rotation and lumbosacral ‘closing’. This is
usually more compromised than:

• Decreased ipsilateral forward pelvic rotation and
associated hip external rotation and lumbosacral
‘opening’.

Cibulka et al.65 found subjects with sacroiliac joint
pain has significantly more hip external rotation
with a limitation of internal rotation on the side of
the posterior innominate.
Coronal plane

In the coronal plane, reduced control of the LPU
and lateral and medial weight shift at the hip
engenders the need for holding patterns higher
up in the torso or for excess activity in the large
pelvi-femoral muscles. Underactivity in iliacus-
psoas reduces control of lateral weight shift while
overactivity disrupts the neutral pelvic position
and feeds into central ‘cinch posterior cinch’
behavior (Ch.10; Fig. 8.7). Reduced intrapelvic
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Fig 8.8 � This common stretch perpetuates her problem.
Note the axis of movement in the stretch is the lumbo pelvic
junction rather than the hip. See Fig 8.26 and text.
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control provides a less stable base to support
well controlled activity of the large SGMS pelvife-
moral muscles – in particular the adductors and
hamstrings both of which are notorious for
‘sprains’. Mens66,67 draws attention to the fact
that ‘adduction-related groin pain’ in the athlete
may not be caused by adductor tendonitis but by
instability of the pelvic ring. In a study of 44 ath-
letes with groin pain clinically elicited by resisting
the adductors in crook lying, he then applied a
pelvic belt placed inferior to the iliac spines and
just above the greater trochanter. Subsequent
retesting generally but variably improved adductor
force and lessened pain during the maneuver. It is
suggested that the pelvic belt is performing the
action that would otherwise be provided by the
synergy of the LPU in performing the first funda-
mental pelvic pattern. In particular the lower
abdominals and iliacus provide intrinsic medial
stability of the upper pelvic bowl and ipso facto
mediolateral stability of the inferior bowl to sup-
port actions of the large pelvifemoral muscles.
He notes the strong association between groin pain
and abdominal wall weakness. He also describes67

two other studies where cases of osteitis pubis,
instability of the symphysis and adduction related
groin pain were treated either by surgical fusion of
the symphysis or intraarticular injections into the
symphysis with improvement in the adductor
related groin pain. Increased adductor tension/
activity possibly not only causes tendonitis but
overstress of the ligaments of the joints of the
pelvic ring.

Three-dimensional control of closed chain move-
ments of the hip is not only critical in being able to
functionally move at the hips but is also particularly
important when ‘stretching the hips’. The ‘catch 22’
is that the hips are tight because of poor control of
the fundamental patterns, yet often, subsequent
hip stretching is performed as ‘stupid stretches’
(Fig. 8.8) with no attention paid to initiation and
control from the pelvis. The lumbar spine is gener-
ally pulled into end range flexion or extension and
rotation and becomes the site of relative flexibility68

and even more vulnerable, setting up a vicious cycle
where the dysfunction is perpetuated. This is
particularly so in the case of tightness of the ham-
strings and piriformis (see the ‘hamstrings/hip
conundrum’ (Ch.12).

Reduced pelvic control at the hip particularly
during dynamic single leg exertions has also been
associated with patellofemoral pain syndromes.69
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Impaired movements of the femur
on a stable pelvis

Movements at the hip are generally better under-
stood and considered in terms of ‘open chain’ move-
ments – the pelvis providing a stable platform for
the moving femur. This is also an important compo-
nent of pelvic function and most contemporary
rehabilitation strategies do focus on this aspect.
However attention to the ability to control sagittal
pelvic rotation and the neutral lumbar lordosis, as
well as isolating the movement to the hip is
frequently overlooked in practice. Reduced lumbo-
pelvic or intra/extra pelvic control means that the
pelvis is an ineffectual platform to support open
chain hip movements. This is particularly important
with large long lever actions of the leg such as the
ASLR test and particularly so if they are ballistic
as in kicking a football. The lumbar spine again
becomes overstressed setting up a vicious cycle
where the dysfunction is perpetuated. Tightness of
the pelvifemoral muscles further compounds the
problem. This helps explain the prevalence of vari-
ous ‘diagnoses’ of hamstring problems in the sport-
ing arena – pulls, tightness, tears, tendinopathies
etc. is (see ‘The hamstrings conundrum’ Ch.12).

The close functional relationship
between hip–pelvis myomechanics

The more common patterns of habitual posturo-
movement tend to underutilize available hip range
of movement and control and certain patterns of



Fig 8.9 � Neuromyofascial restriction in the external hip
rotators and hamstrings act to inferiorly ‘tether’ the pelvis
during forward bending. The axis of movement becomes the
low lumbar spine.
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movement becomemore prevalent. Reduced activity
and imbalance within the LPU and an over reliance
on the outer SGMS muscles affects intrapelvic sta-
bility and control e.g. dominance of rectus femoris
over psoas for hip flexion; of TFL over gluteals for
abduction. The tendency is to ‘hang’ relying on the
‘outer’ muscles rather than find ‘inner’ support.
The neuromuscular predominance of closed chain
hip extension, abduction external rotation patterns
with reduced antagonist activity, causes the inferior
pelvic bowl to become hyperstabilized and more
‘closed’ and the sacrum counternutated. Altered
loading stresses and reduced ‘distorsion’ in the pelvic
ring ensue. Articular and neuromuscular freedom of
patterns of hip movement into various combinations
of flexion, internal rotation and adduction and
related opening of the inferior bowl begin to show
restriction. This limits closing of the superior bowl
and control of the lumbar lordosis. Clinically, this is
more common (Fig. 8.9).

If there is then a requirement for sudden or
explosive muscular activity involving patterns of
hip flexion, internal rotation and particularly adduc-
tion such as in kicking, the decreased eccentric
lengthening in the extensor/external rotators/
abductors can potentially lead to ‘tears’ as they are
forced to lengthen. On the other hand, any of the
flexor/internal rotator/adductors may also poten-
tially ‘tear’ as they are forced to contract against
antagonists which do not ‘let go’. Particularly in
the sportsman, actions that suddenly require large
opening hip/leg movements or those requiring a
sudden change of direction on a fixed leg, risk yank-
ing the proximal muscle attachments and the pelvic
bones themselves at the inferior pubic ramus and
ischial tuberosities. This jeopardizes the stability of
the pelvic floor and the syndesmosis of the SIJ.
Clinically, the association between adductor hyper-
activity ‘osteitis pubis’ and other related ‘unstable’
conditions of the symphysis become probable. In
likewise manner the incidence of ‘groin pain’ syn-
dromes can be partially explained. The influence
of altered segmental function and related ‘facilita-
tion’ in these muscles should also not be
overlooked.
Sacroiliac Instability?

Vleeming et al.70,71 considered that the articular
surfaces of the sacroiliac joint (SIJ) were relatively
flat and as large forces needed to be transferred
across the joints, they were potentially unstable.
They introduced the notion of a self locking or self
bracing mechanism which acted to stabilize the
joint. This model comprised a combination of ‘form
closure’– the specific anatomic features of the joint,
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and ‘force closure’ – compression generated by lat-
eral muscle forces and ligaments with friction, in
order to withstand potential shear at the joint from
gravitational forces and during load transfer. Nuta-
tion of the saccrum is crucial in this self locking
mechanism and tensions most SIJ ligaments.70 The
four muscles they listed as specifically important
in providing joint compression were erector spinae,
gluteus maximus, latissimus dorsi and biceps
femoris. Through their attachments including those
to the thoracolumbar fascia, they were considered
to form part of three muscle slings: the longitudinal,
posterior oblique and anterior oblique slings
(see p.121) which acted to compress the joint70and
provide support. Van Wingerden et al.72 managed to
show that sacroiliac joint stiffness did increase when
individual muscles were activated, especially the
erector spinae. Failure in the system is said to occur
when erector spinae and gluteus maximus become
weak with an increase in hamstrings tension which
serves to hold the sacroiliac joint in counternuta-
tion, and so more vulnerable to shear forces in load-
ing.70 Note that practically all these muscles belong
within the SGMS and are not intimately related to
pelvic ring myomechanics, hence are unlikely to
provide a truly effective postural pre-
stabilizing role to support integrated load transfer
through the pelvis. As those authors suggest, the
superficial slings will play an important role in gross
motor activities such as walking and running, but it
is suggested only if they are able to act on a stable
base of support provided by deep system preactiva-
tion. With the benefit of more recent evidence by
Australian researchers73–77 into function of various
muscles within the deep system, the authors later
suggested including the contribution of ‘core mus-
cles’ to the self bracing mechanism.71

The instability model was further developed
when in 1999 Mens et al.78 published a paper which
showed that impairment of the active straight leg
raise test (ASLR) correlated strongly with instabi-
lity of the pelvic ring in patients with peripartum
pelvic girdle pain (PPPGP). The increased mobility
was demonstrated on X-ray and occurred at the
symphysis pubis and was most evident when pas-
sively hanging the symptomatic leg while standing
on a raised box. The ASLRwas improved by the appli-
cation of a pelvic belt either just below the anterior
superior iliac spines or at the level of the symphysis
pubis. This external compression provides pelvic ring
stability either above or below the hip joint. The
researchers surmised that the caudal shift of the pubic
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bone seen on X-ray was possibly caused by an anterior
rotation of the innominate about a horizontal axis near
the sacroiliac joint.However, normally, weight bearing
is considered to produce a posterior rotation of the
weight-bearing innominate while the superincumbent
bodyweight causes the sacrum to nutate.79,80 It can be
reasoned that hanging the contralateral leg will pro-
duce further physiological ‘distorsion’ in the pelvic
ring. If the pelvic ring is unstable at the symphysis, this
will ‘appear to be’ excessive anterior rotation of the
free innominate. While this study does show instabil-
ity at the symphysis it does not necessarily show it at
the SIJ. However, largely through it, a positive ASLR
has somehow become construed as indicative of ‘SIJ
instability’.

Furthermore, clinically there is also a danger
that pelvic girdle pain and the associated finding
of a positive ASLR test have become readily inter-
preted as confirming ‘sacroiliac instability’. This
author agrees with O’Sullivan56 who suggests many
clinicians hold confused beliefs that the pelvis is
unstable or displaced, which are then transferred
to their patients with unfortunate consequences.
While Mens et al.78 found a strong correlation
between positive ASLR and actual demonstrated
pubic joint laxity in PPPGP, the test can also be
positive in cases of pelvic joint stiffness. Clinically
in a general population, the joint is more often
symptomatic because of stiffness which may or
not be directly pain producing. Pain provocation
tests are not necessarily clinically reliable and it is
generally necessary to apply composite tests to
arrive at a diagnosis.81 Examining the quality
and ‘feel’ of the tissues and specific movement
testing of the spinal, hip and pelvic joints including
control of key functional movement patterns
without necessarily reproducing ‘the pain,’ gener-
ally delineates the source and reasons for the pain
and informs appropriate treatment direction.
O’Sullivan et al.77 identified altered motor control
in subjects who had pain over the sacroiliac joint,
positive pain provocation tests and a positive
ASLR. During the active ASLR test, not only did
the pelvic floor descend but this was associa-
ted with bracing and decreased descent of the
diaphragm and alterations in respiration which
improved with external pressure over the ilia.
Rather than necessarily indicating ‘sacroiliac insta-
bility’, this study nicely showed that it is the oper-
ant suboptimal motor control strategies of the
whole torso that are ‘unstable’ in many with pelvic
girdle pain syndromes.
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The Netherlands model of ‘sacroiliac instability’
has been popular and adopted by clinicians 32,82,83

and researchers.84–86 An improved understanding
of function in the deep system has led to the inclu-
sion of those muscles responsible for generating
IAP, also considered to have a role in maintaining
pelvic stability and respiration (transversus, internal
oblique diaphragm and pelvic floor).77 However,
highly significant is that apart from the pelvic floor
and piriformis muscles, the influence of the very
functionally important ‘other internal pelvic mus-
cles’ – the iliacus and obturator group have to date
not yet been well considered. Andersson et al.47

showed that during ASLR, moderate to high activity
was present for both psoas and iliacus. Clearly they
contribute to providing internal support for load
transfer through the pelvis. Eminent clinicians87,88

describe spasm of iliacus as a potent factor in main-
taining sacroiliac dysfunction. In the Mens study the
raised leg was ‘relaxed in lateral rotation’.78 Clini-
cally, preactivation of the FPP1 with the hip in neu-
tral rotation can impressively change the ASLR test
result. Interestingly, in an earlier paper document-
ing the results of a survey of 518 women with
PPPGP, Mens et al.89 noted the high frequency of
delivery positions with a bent spine. They con-
cluded a flexed position during delivery may
enhance the risk for PPPGP. Post partum tasks
involve constant flexion patterns, undoubtedly fur-
ther feeding the dysfunction.

Gracovetsky90 refutes the Netherlands ‘instabil-
ity model’ suggesting that there is an evolutionary
advantage to instability – function drives the anat-
omy and not the other way around; ‘the viscoelas-
tic nature of biomechanical material precludes
straightforward application of these engineering
concepts’. Even a steady erect stance is maintained
by cycling through a sequence of different but
closely related postures so that no one structure
is continuously loaded. He proposes a ‘SG ridge’
on the sacrum locks into a corresponding shape in
the innominates allowing coupled motion similar
to that seen in the lumbar facets, but of smaller
magnitude though greater force. The SG ridge acts
as a fulcrum transferring the vertical loads, leaving
the SIJ relatively free to rotate around the hinge in
two planes, thus allowing axial rotation of the pel-
vis and nutation. The joint surfaces are warped
and so do not slip past each other; the ligaments
are strong and the geometry of the joint is such
that there is no need for additional force closure
to keep it together. The spine needs to be impulse
loaded40 with oscillating load sharing roles between
the passive and active tissues.

This proposed model is appealing both clinically
and in terms of function allowing the pelvic ring to
slightly twist or distort (‘distorsion’) in the basic func-
tional movement – walking, as well as numerous other
activities involving the lower limbs. Dysfunctional
spatial and particularly intrapelvic control as described
will disrupt the kinematic chain controlling and trans-
ferring forces and movements between the hips and
spine through the pelvis.
Neuromyo-articular dysfunction of
the spinopelvic–hip complex
underlies most pelvic girdle pain
and related disorders

Pain in the pelvic girdle can either arise from the
local joints or myofascia including the hip, or be
referred from the spine or manifest from a combin-
ation of the above. Groin pain in the sporting popu-
lation can be associated with pathology in the hip,
pubic symphysis91 and associated dysfunction in
the lumbar spine and SIJ. While traumatic injuries
including childbirth can precipitate the develop-
ment of symptoms, more often than not their onset
is insidious, seemingly occurring for no apparent
reason. The pelvic organs receive sympathetic sup-
ply from the thoracolumbar outflow while the para-
sympathetic is via the sacral outflow. It should also
be borne in mind that psoas is innervated by
L12394 and iliacus by L2394, and the adductors by
L234.94 Spasm in iliacus can result from L23 and/
or SIJ dysfunction. Palpation of joints over the thora-
columbar spine can reproduce scrotal, haunch, hip
and pelvic pain. The functional relationship between
the thoracic and pelvic diaphragms means that clini-
cally, thoracolumbar dysfunction is usually part of
the dysfunction picture in many pelvic girdle pain
disorders. Clinical assessment readily delineates
underlying patterns of neuromyo-articular dysfunc-
tion precipitating and perpetuating symptoms. In an
excellent review synthesizing current evidence with
clinical observation, O’Sullivan and Beales56,92 make
the case for clinically classifying and diagnosing pelvic
girdle pain disorders based upon the dysfunctional
mechanisms underlying the disorder. Currently,
theories about the sacroiliac joint are popular yet
confused and poorly validated, and these authors
attempt to clarify the known facts. Importantly they
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suggest that ‘directional strain’ may be more signifi-
cant than positional changes. In agreement with
these authors, clinical findings generally delineate
patterns of both neuromuscular hyperactivity and
hypoactivity with a tendency for two main clinical
subgroups. Those they classify as having ‘reduced
force closure’ fairly much equates to the anterior
pelvic crossed syndrome group (APXS; see Ch. 9)
while those with ‘excessive force closure’ bear
similarity to the mixed syndrome (MS; see Ch.10).
Assessing and redressing joint function and activa-
tion and control of the fundamental pelvic move-
ments and functional patterns generally ensures
symptom amelioration.

Postural asymmetry of the pelvis

Clinically this is quite common87,88 even in chil-
dren, where Lewit found approximately 40% preva-
lence in children from nursery school age onwards.
The asymmetry may be directly or indirectly respon-
sible for the patient’s symptoms. Lewit87 considers
that pelvic distortion is always secondary to some
other lesion which must be found and treated,
atlanto-occipital joint dysfunction being common,
particularly in children. As Lewit87 describes it:
viewed from behind, the pelvis deviates slightly to
one side (usually the right) and is slightly rotated
(usually to the left). There is a fixed ‘distorsion’
where one innominate is anteriorly rotated against
the other (usually the right) where the PSIS is higher
and the ipsilateral ASIS is lower. Related to this is the
‘overtake’ phenomenon where in forward bending in
sitting or standing, the lower PSIS (usually the left)
overtakes the other becoming more cranial for about
20s after which the two spines return to a symmetri-
cal position. There is usually muscle imbalance in the
pelvic region and spasm of iliacus is frequent on the
side of the lower PSIS, gluteal muscle bulk and activ-
ity is usually asymmetrical as is PFM activity. Clini-
cally, the side of the lower PSIS is usually the
painful side.88When torsion is present the leg lengths
appear unequal.88

Pelvic floor dysfunction

Effective function of the pelvic myofascial floor
requires the ability to coordinate the static, ‘open-
ing’ and ‘closing’ actions appropriate to the com-
bined situational demands of breathing, continence
and posturomovement control. Much of the interest
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generated in pelvic floor function stems from the
problem of stress urinary incontinence (SUI).
A recent longitudinal study by Smith et al.93 prov-
ides evidence of a relationship between back pain,
incontinence and respiratory problems, suggesting
a common underlying mechanism.

Pelvic floor and continence

Good coordination is required between the pelvic
diaphragm (levator ani and coccygeus94) and the
urogenital diaphragm as the floor may need to open
spatially in movement such as the dancer’s high kick,
while the sphincters remain closed. Pelvic posturomo-
tor control dysfunction is likely to have consequences
for the continence mechanism.34 When the pelvic
floor muscles (PFM) lose their automatic coordinated
function, it is the timing ofmuscle recruitment, aswell
as the endurance and strength which is deficient95 and
activation may be asymmetrical.99

The incidence of stress incontinence is, or appar-
ently was, low in Chinese women and cadaver studies
have shown better developed levator ani muscle mass
when compared to occidentals. This was attributed
to hard work, minimal obesity and squatting.95

Altered spatial control of the pelvis and its inclination
affect the gravitational forces acting on the floor33,96

and the line of pull of the muscles. When habitually
forward and posteriorly tilted, postural demand is
reduced. Increased sustained vertical loading on the
PFM and increase stretch weakness is likely.97

A close functional interrelationship exists between
the PFM and the abdominals and co-activation has
been shown.98 Given the underactivity of the entire
abdominal wall in some groups reasoning suggests
probable associated underactivity of the PFM.

An association between uterovaginal collapse and
decreased lumbar lordosis has been described.99

Similarly, postural collapse has been shown to relate
to decreased PFM activity.100 Lordosis facilitates
activation.57,95,100 Incompetent PFM response to
sudden increases in IAP have been observed to be
greater in spinal flexion in both sitting and stand-
ing.95 Poor tonic PFM activity is likely if tonic hold-
ing ability in transversus is reduced.33 Carrière101

notes weakness of the PFM can occur from damage
to the pudendal nerve from heavy falls onto the bot-
tom, and if the parasympathetic nerves are also
injured, various pain syndromes can also occur. SUI
has a general connotation of a ‘weak pelvic floor’
and the need to strengthen it. While low muscle
tone, reduced or delayed activity may relate to pro-
lapse102 and defective sphincter control,32 subjects
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with SUI can also have EMG-demonstrated
increased activity of all the PFM.57,95 This is related
to problems in the coordination and timing of activity
between the abdominals and PFM57,103 The abdomi-
nal activity can be either decreased or increased.
When decreased, the increased PFM activity is prob-
ably more likely in those who attempt to control the
pelvis by the posterior inferior pelvic force couple
(see Altered control of sagittal pelvic tilt p.173) with
or without buttock clenching and related underactiv-
ity of the lower or entire abdominal wall. The obtura-
tor group is hyperactive and shortened and the pelvic
diaphragm is in the ‘closed’, shortened position and
hyperactivity more likely. The coccyx becomes
hyperstabilized creating an inferior ‘tether’ of the syn-
desmosis part of the SIJ which restricts nutation of
the sacrum and the lumbar spine moving into lordosis.
When abdominal activity is increased, particularly the
external oblique,95,103,104 the associated PFM hyper-
activity may be in response to the increased intra-
abdominal pressure so created. Retraining diaphrag-
matic breathing is indicated as a first step.33 The cur-
rent fad of inappropriate overtraining the abdominals
as ‘core muscles’ is compounding a lot of spinopelvic
girdle dysfunction syndromes and probably contribut-
ing to SUI incidence. Furthermore, there is a sub-
group of patients with SUI who have diligently
performed ‘PFM exercises’ only to experience increas-
ing leakage. Freeing the sacrum-coccyx and mastering
the 1st fundamental pelvic pattern which opens the
floor, coupled with complementary postural advice
can lead to dramatic improvement in one treatment.

Importantly, Rock105 draws attention to ‘reflex
incontinence’ whereby changes in PFM tone occur
from reflex changes which occur in response to dis-
orders of neuromyo-articular function elsewhere in
the body e.g. functional disorders of the diaphragm
can result in a reduction in both the elasticity and
strength of the PFM due to diminished eccentric
and concentric contractility respectively.

Pelvic floor and breathing

The close functional synergy between the diaphragm
and PFM is disturbed when diaphragmatic breathing
is compromised and can be further reflected in
altered tone in the pelvic floor.105,106 Chaitow102

draws attention to the effects of PFM trigger points
which in the main serve to increase PFM tone.
Rock105 describes a study where external palpation
of the PFM in continent male and female phy-
siotherapists found all cases were hypertonic with
painful trigger points and clear cut differences in
tone between the two sides. Local PFM pain from
trigger points cleared after 2–5 inspirations which
focused upon ‘pushing the palpating finger away’.
Improving diaphragm activity can thus change the
tonus of the PFM. Clinical correlations between pel-
vic myo-articular dysfunction, PFM dysfunction and
thoracolumbar dysfunction are common and treating
either can affect the other.106 The complex innerva-
tion to the pelvic organs and pelvic floor includes
somatic nerve fibres from S234, sympathetic nerves
which originate T10 – L2, and parasympathetic sup-
ply originating in spinal segments S2-S4.107 Trigger
points, altered muscle tone, SUI and various pain
syndromes are often associated with disturbed
related spinal segmental function and associated
irritation of the spinal nerve roots supplying that par-
ticular pelvic muscle or tissue. The clinical findings
of symptomatic segmental dysfunction can extend
higher than the thoracolumbar junction and certainly
appears to implicate autonomic contributions to
PFM dysfunction and symptoms.

Pelvic floor and posturomotor control

Because the PFM forms part of the ligamentous/
myofascial syndesmosis119 contributing to the
mechanics of the sacroiliac joint, their altered length/
tension relationships and coordinationwill affect intra-
pelvic alignment and control and moderation of the
dimensions the inferior pelvic bowl. Electrical stimula-
tion of one side of the PFM demonstrated altered
pelvic alignment with significant displacement of
the coccyx, femur and innominate on the stimulated
side.108 During the ASLR test, PFM hypoactivity has
been demonstrated77 while others have reported
increased activity.103 Unfortunately many sufferers
have been taught to activate the PFM by ‘pull up and
in’ in isolation without incorporation into appropriate
synergistic and functional patterns of posturomove-
ment control. This risks further imprinting the
tendency for axial ‘holding patterns’, further disturb-
ing motor control in the torso.

Movement control becomes
coarser resembling more
primitive and total flexion/
extension movement patterns

In Chapter 7 we noted features of more primitive
movement behavior, which can be variably apparent
in subjects with spinal pain disorders and this is
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further explored. Instead of an infinite variety of
adaptable postural sets, and movements, the patient
often demonstrates a reduced repertoire, tending to
adopt more primitive and stereotyped postur-
omovement strategies reminiscent of aspects of ear-
lier developmental stages and possibly reflecting less
than ideal integration; the early postural reflexes.
The person tends to posture and move from say a
pattern of more dominant flexion and will have
some difficulty achieving pattern break up into
combinations of flexion and extension such as hip
flexion with spinal extension. This is associated
with imbalanced muscle co-activation in the proxi-
mal limb girdles with poor regional or general axial
control and patchy SGMS dominance. For example:

Flexor pattern influence

A common tendency is for both proximal limb gir-
dles and the spine to contribute towards more ‘total
pattern synergies’ probably as a result of habitual
postures and use and perhaps also reflecting devel-
opmental aspects e.g:

• Habitual sitting postures often reflect a
generalized flexion pattern which is maintained by
a combination of gross flexor activity and collapse
of the whole spine instead of hip flexion with
spinal extension in the normal curves (Fig. 8.10).
Sustained forward arm use compounds the picture
Fig 8.10 � Habitual ‘more total flexor’ collapse in sitting.
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e.g. computer use; knitting. More total axial flexion
then becomes the postural set for initiating
movement such as initial forward weight shift in
sitting in order to stand up.

• Standing forward flexion frequently becomes a
pattern of ‘more total flexion’ of the trunk and shou-
lder girdle with poor pattern break up of hip flexion,
lumbosacral neutral / and axial extension with upper
limb girdle posterior engagement and control. The
person adopts an ‘axial folding pattern’ initiated from
the centre rather than the hip. (Fig. 8.11)

• Limb movements also show a total pattern
tendency e.g. hip flexion is generally associated
with excess lumbar flexion with loss of control of
Fig 8.11 � Axial folding pattern in forward bending. The
patient is 9 years old.



Fig 8.12 � Hip flexion also becomes lumbar flexion (side
bending).

Fig 8.13 � Tendency to collapse into more total flexion in
‘Allah’ on all fours with marked posterior pelvic rotation and
lumbosacral flexion (also see Fig.13.71).

Fig 8.14 � Observable more total flexion pattern in all fours
with dominance of ‘pectoral cinch and propping’.
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the neutral lordosis. Arm flexion is associated with
excess shoulder girdle flexion. Limb stretches
become axial flexion (Fig. 8.12)

• When on all fours there is often a tendency
towards posturing in a more total flexion pattern,
either tonus shift or overt posture. This may be
intrinsic (Fig. 8.13) or increased through training
effect (Fig. 8.14). The pelvis is posteriorly rotated
on the femora and lumbar spine in relative flexion.
Asking for weight bearing through the hands will
generally be actioned by ‘propping’ through the arms
with the elbows usually locked in extension. This is
more a reflection of pectoral and anterior chest
muscle ‘flexor lock in’ which does not allow for
balanced co-activation of the shoulder girdle needed
for good stable weight bearing control. The patient
finds it difficult to break up this pattern and achieve
proximal girdle control and proper axial alignment
with elongation between the head and the tail bone.
Similar difficulty maybe encountered in the
kneeling alignment and control test (Ch.13).
• Supine activities. Care needs to be exercised
when working for activation of transversus as
advocated by Richardson et al.109 not to reinforce
the tendency for more total flexion responses with
increased proximal girdle flexion seen in
unnecessary pectoral overactivity and posterior
pelvic tilt.

• Many so called ‘hip stretching’ activities become
total flexion patterns of both proximal limb girdles
and the spine (Fig. 8.8) and/or often involves
general collapse into flexion (Fig. 8.15).

Extensor pattern influence

While torso flexion patterns can be more ‘total’,
extension is patchier but can be ‘mega’ when and
where it occurs:
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Fig 8.16 � Locking the legs and ‘hanging’.

Fig 8.15 � ‘Total flexion’ collapse during stretching. The
stretch is in the back rather than the legs.
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In standing, the patient tends to adopt a more
total extension pattern in the lower limb locking
the knees into extension with a disinclination for
flexible control between the ankles, knees pelvis–
hip36 (Fig. 8.16). This is particularly so if the pelvis
is carried forward and/or he ‘butt grips’ (see
Ch.10). Janda110 likened the subtle changes which
are seen, to the more obligatory synergies seen in
lesions of the upper motor neuron – for example,
movements of the upper limb tend to favor over
activation of the flexors and internal rotators and
those of the lower limb the extensors and external
rotators and this is clinically apparent. Locking the
legs limits postural shifts of the pelvis (see Ch. 6,
Part B).

In the torso, more patchy yet coarse extensor
activity is seen in consistent patterns of cervical
hyperextension and especially thoracolumbar exten-
sor ‘fixing’ which respectively shunt the chin and
the lower rib cage forward.

When on all fours, because of poor pelvic con-
trol, attempts to anteriorly rotate the pelvis on the
femora are generally attempted by a dominant thor-
acolumbar strategy (Fig. 8.17). Attempts at hip
extension again result in a thoracolumbar fixing or
a central posterior cinch (CPC) (see Ch. 10) with
movement poorly isolated to the hip joint and asso-
ciated poor patterns of axial alignment and control.

In prone the hyperactivity in the cervicothoracic
and particularly the thoracolumbar extensors is
readily apparent e.g. lifting the head results in
CPC behavior with little activity in the upper tho-
rax to support the movement (Fig. 8.18). Therapist
184



Fig 8.17 � The same patient as in Fig.8.13 attempting to
anteriorly rotate the pelvis does so from a dominant central
posterior cinch strategy. The patient is aged 17. The same
difficulty is seen in Fig. 9.17.

Fig 8.18 � Central posterior cinch behavior as a result of
lifting the head in prone. Note the ‘dead space’ in activity over
the mid thorax.

Fig 8.19 � Central posterior cinch activity when entrenched
can still prevail when the patient is in the supine ‘relaxed’
position.

Fig 8.20 � The tendency for retracting the neck or
hanging the head on all fours. Notice the different tonus
in the arms in relation to head position.
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skill is required in directing motor relearning in
order to counter and not further reinforce these
patterns.

In supine, hyperactivity in the cervicothoracic
and thoraco lumbar extensors can be so fixed as to
be operative in supine e.g. ASLR test may involve
an increase in CPC behavior and cervical hyper-
extension. This can even be present at rest
(Fig. 8.19) and could partly represent influences
from incomplete integration of the tonic labyrin-
thine reflex (see Ch. 3).
Patterns of upper limb weight bearing can suggest
lingering influences from the tonic neck reflexes (see
Figs 3.6 & 3.7). Upper limb weight bearing often
involves ‘propping’ associated with either hyperex-
tension of the head or hanging the head possibly
further indicating incomplete integration of the tonic
labyrinthine reflex (see Ch. 3) and adequate develop-
ment of the Landau reaction. Habitual head forward
posturing may also contribute (Fig. 8.20).

More primitive control is also seen in the ten-
dency for bilateral activation in the limbs. Elements
of reduced crossed pattern ability where dissocia-
tion between them is required, shows up as diffi-
culty in seemingly simple tasks such as flexing one
hip while extending the other with a neutral lumbo-
pelvic posture or alternate plantar and dorsiflexion.
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Table 8.1 Altered muscle activation patterns in the torso

extensor system

Hyperactive
extensors

Underactive extensors

• Cervicothoracic

extensors to T2

• Upper trapezius,

levator scapulae

• Thoracolumbar

extensors T8–L2 or so

þþþ
• ?obturator group

including piriformis

• Hamstrings

• Mid/upper dorsal erector

spinae T2–7

• Shoulder girdle medial and

lower scapular stabilizers

• Middle trapezius

• Lower trapezius

• Rhomboids

• Lumbosacral extensors:

multifidus significantly underactive

in all

• Glutei

Back Pain: A Movement Problem
The person becomes more of what we have
termed a ‘Primary A-P mover’– a rather crude
flexer/extender in posture and movement. He finds
it difficult to modulate co-activation of the deep
flexors and extensors to achieve balanced alignment,
elongation and discrete movement control of his
torso in a multitude of different actions. These reflex
responses resulting in variations in muscle tonus and
more obvious flexor/extensor proclivity are subtle
yet quite apparent in more loaded situations and
those requiring greater antigravity response, the use
of effort and upper limb use (See Ch. 7).

Importantly, the proclivity for the more bilateral
flexor/extensor response limits use of the lateral
and rotary components of movement needed for
weight shift and balance and which provide for
three-dimensional control.
Table 8.2 Altered muscle activation patterns in the torso

flexor system

Hyperactive flexors Underactive flexors

• Sternocleidomastoid

• Scaleni

• Shoulder girdle flexors:

pectorals; serratus anterior?;

lateral latissimus dorsi

• Upper abdominals in

some subgroups (see APXS,

Ch.9)

• Hip flexors: psoas; rectus

femoris in some subgroups

(see PPXS, Ch.9)

• Craniocervical/deep neck

flexors

• Whole abdominal wall in

some groups (see PPXS)

• Lower abdominal wall in

all groups is significantly

underactive

• Iliacus underactive in most

and psoas in some groups
Further changed muscle
activation patterns within the
dominant flexor/extensor
patterns reduce selective
movement control in the torso
and affect alignment

Underactivity in the deep systemic system and
altered control of the postural reflex mechanism is
associated with uneven patterns of torso muscle
activation between the two systems and within the
superficial system which can be further mapped.
Janda110,111 was the first to clinically observe a ten-
dency to alternate layers or strata of muscle hyper
and hypo-activity in the extensor and flexor systems
of the body. He termed this the layer or stratification
syndrome (Ch.10). Best seen in the extensor muscle
system it is evidenced by changes in the muscle bulk
and contours and changed sequence and particularly
degree of muscle activation. The following classifica-
tion of the torso flexor and extensor systems in
Tables 8.1 and 8.2 is extrapolated from Janda’s clas-
sification110–112 with some additions, based upon the
clinical patterns consistently recognized.

The imbalanced development between the flex-
ors and extensors leads to imbalanced co-activation
in the proximal limb girdles and axial spine.
This uneven patterning of torso muscle activity has
significant consequences for spinal health and well-
being. When any of these superficial muscle groups
e.g. the thoracolumbar extensors, work harder,
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faster, longer and more often, then a number of
the underlying joints are not free to move properly
but are functionally ‘straightjacketed’– they become
hyperstabilized. Segmental movement becomes
limited in one or more planes. Over time this will
result in these joints becoming stiff from lack of
variety in their movement repertoire. We start to
see regions or ‘blocks’ of stiff segments forming.
Movement tends to be shunted into more mobile
regions e.g. the lumbar spine. At the same time we
see a consistent pattern of underactivity over the
lumbosacral junction – of both the deep and super-
ficial systems (Figs 8.21 & 8.22). The lumbar spine
becomes even more vulnerable. The SLMS is gener-
ally underactive throughout the axial spine and loss



Fig 8.21 � Posterior view of the Layer Syndrome in standing.

Fig 8.22 � Layer Syndrome in the prone patient. Even at rest,
note dominant neuromuscular activity over the thoracolumbar
region with ‘emptiness’ over the posterior proximal limb
girdles.
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of SLMS co-activation with uneven superficial mus-
cle activity pulls the spine ‘off centre’ creating
eccentric loading states and altered stresses through
the spine. The person then finds it difficult to get
intersegmental movement in the stiff regions, e.g.
the thoracic spine while at the same time he finds
it hard to control movement in the relatively mobile
regions, e.g. lumbar and cervical spines. This is a
really important concept to grasp and will be dis-
cussed further on in relation to O’Sullivan’s work
(see p.188).
Imbalanced activity between the
two systemic muscle systems
occurs in differing proportions

It was noted in Ch.7 that there are two basic scenar-
ios in the picture of systemic muscle system imbal-
ance. Both display a reduction in SLMS activity and
an increase in SGMS activity although in differing
proportions as follows:

• Flexor inclined: here the reduced SLMS system
activity is probably more pronounced. These
demonstrate more flexion pattern proclivity and
their increased extensor SGMS activity is more
intermittent.

• Extensor inclined: here the increased SGMS
extensor activity is more pronounced and constant
with still evident decreased SLMS contribution to
movement.

Both pictures play into the layered patterns of
altered torso muscle response and in particular around
the central torso we see a significant increase inmuscle
activity – a dominance of thoracolumbar extensor
activity albeit more intermittent in the flexor inclined
group. We see a predominance of upper abdominal
activity in the flexor inclined groups. When these
extensors and flexors are regionally activated it appears
that it is more in the manner of a ‘bilateral total
response’ pattern – likened to a ‘cinch’ which serves
to anchor or somewhat immobilize the thoracolumbar
region towards extension or flexion keeping it in a
more sagittal orientation.We have termed the regional
extensor hyperactivity around the thoracolumbar junc-
tion a ‘Central Posterior Cinch’ (CPC); the regional
flexor hyperactivity over the lower thorax a ‘Central
Anterior Cinch’ (CAC) and when both are hyperac-
tive, a ‘Central Conical Cinch’ (CCC) (see Ch.10).

During everyday functional activities, the adop-
tion of these Central Cinch Patterns (CCPs) will
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tend to shunt the movement that should occur in
this region more into the lumbar region. At the same
time, we also see a significant reduction in lower
abdominal and lumbosacral extensor activity across
all groups. Control of the pelvis is diminished and
the lumbar spine is under controlled or ‘under pro-
tected’ and becomes more vulnerable still (see
‘Belted torso syndrome’, Ch.10).

It becomes apparent then, that in the spinal col-
umn as a general principle, a pattern emerges where
there are regions of muscular over control, or
hyperstability whereby the underlying joints
become stiffer; and adjacent regions which are
under controlled or hypostable (or relatively ‘unsta-
ble’ to use the contemporary parlance). Here, the
joints and soft tissues become more vulnerable to
the effects of attrition because of the relatively
excess and changed movement. A plethora of vari-
ous clinical ‘diagnoses’ begin to develop.

Are movement impairments and
control impairments co-related?

While there is increasing evidence that subjects
with chronic low back pain have associated motor
control impairments, these are generally seen as a
response to pain. O’Sullivan113–115 proposes that
painful movement will be reflected in altered motor
control as either adaptive (protective) or maladap-
tive (provocative) responses producing excessive or
reduced spinal stability respectively. Adaptive
behavior serves to splint the injured tissue and is
synonymous with the pain-spasm-pain model. Van
Dieën et al116 would argue that this adaptive motor
behavior is functional in order to reduce the proba-
bility of noxious tissue stress by limiting range of
motion and providing stabilization of the spine.
According to O’Sullivan,114,115 the maladaptive
movement patterns present as either:

‘Movement impairment’: movements which are
painful are avoided and are associated with an exag-
gerated reflex withdrawal motor response, high
levels of cocontraction and guarding resulting in
high levels of compressive joint loading, muscle
fatigue hypervigilance and fear of movement. This
appears to fit the acute stage of disorder and severe
pain states. He argues that the compensations for
the pain become the mechanism that drives the
disorder.

‘Control impairments’: more common clini-
cally, postures and movements which are pain
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provocative are not avoided, thus subjects maxi-
mally stress their pain sensitive tissues and are
unaware of their role in perpetuation of the prob-
lem. Pain onset is gradual and associated with spe-
cific functional segmental control deficits and
more chronic pain states. The non compensations
for the pain become the mechanism that drives
the disorder.

O’Sullivan’s classification rests on a movement
response to pain. However, it is suggested that most
spinal pain patients develop their pain because of the
pre-existing underlying posturomotor problems the
nature of which is partly the subject of this book.
Spinal pain syndromes are usually a developmental
disorder, and over time as a result of altered muscle
activation patterns and enough attrition to the joints
and soft tissues, pain develops. If it is severe enough
and acute enough splinting behavior is always pres-
ent. Inflamed and angry spinal joints effectively facil-
itate or inhibit the muscle system. Clinically the local
SLMS muscles are more prone to inhibition e.g.
multifidus,117 although not always. Depending upon
the stage of disorder and joint irritability, the local
muscles can be in spasm. Those of the SGMS are
more prone to facilitation and hyperactivity in pain
states e.g. lack of flexion relation phenomenon in the
erector spinae. The presenting stage of disorder again
becomes a significant element. If the joint problem is
not addressed, the muscle activation patterns risk
becoming entrenched and fear of movement, psycho-
logical sensitization etc all begin to kick in. Once pain
is present it can certainly drive the motor control in
the manner O’Sullivan suggests. However, this is a
superimposition on underlying defective control.
Clinically, most patients demonstrate a variable
mixture of both movement and control impairments;
they exist together, each influencing the other
and creating the tendency to regions of hyper-
stability and hypostability in the spine. A pattern
generating mechanism is set in train and will continue
in the absence of effective therapeutic interventions
which address the underlying pain producing
mechanisms.
Deficient initiation and
sequencing of axial rotation

It is well acknowledged that most functional activ-
ities require transverse plane motion.118 Rotation
is an important component of all movement, and
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particularly in functional control of the torso. Nor-
mally, it is variously initiated through the eyes and
head and the proximal limb girdles, the movement
sequencing though the spine – yet in movement
dysfunction it is lacking.

In 1955 Steindler119 wrote ‘we know from clinical
experience that it is particularly the length rotary
movements of the trunk which, when blocked in
their purpose of carrying through visible motion by
an intrinsic rigidity of the body or by external resis-
tance, are most apt to lead to structural damage’.

Clinically, the reduced axial rotation is not con-
stant throughout the spine, but observed as too
little in some regions and too much in others – both
a reflection of inadequate neuromuscular control.
While the morphology of the cervical and thoracic
regions indicates that rotation should be greatest
here, thoracic rotation is universally somewhat woe-
ful, cervical is reduced and the lumbar region is
forced into a major role for which it is not suited.
A number of factors play out to adversely affect
rotary control in the torso as follows:

• Sahrmann drew attention to the notion of
‘compensatory relative flexibility’ 120 and Janda121

to the Rule of Horizontal Generalization (Ch.7).
Both concepts involve the notion that in a
segmented structure such as the human
musculoskeletal system, if some structure or
regions are stiff, then adjacent or further removed
structures or regions will be required to
compensate with a relative increase in movement.
This concept is evidenced in altered control of
rotation in the torso.

• The combination of passive sagittal collapse and
coarse more general flexor/extensor synergies in
posturomovement and has the effect of shortening
and mal aligning the axial spine, limiting spinal
control to a more sagittal orientation e.g. CPC
behavior holds that region of the spine in more
extension limiting flexion, lateral flexion and
rotation through the thoracolumbar region of the
spine. When rotation is required in the system it
will generally occur below this hyperstabilized
region – the mid-low lumbar levels.

The component parts are examined more closely
below.

Head

The head initiates rotation from the top of the
spine. Disturbed axial alignment impedes the rotary
freedom of the head. Contemporary occupational
demands require long hours of head down and
forward postures with related eye hand activities.
Neurologically we begin to habituate to these pos-
tures and ‘forget’ to utilize all the other available
movement options of which rotation is an important
one. In particular, eye movements as initiators of
head movements are neglected. Conversely the
hunter gatherer is constantly varying his head
postures to orient his prime organs of sense towards
survival.

Shoulder girdle

Most contemporary occupations involve bilateral
arm use low down in front of the body with a rela-
tive paucity of outer spatial reaching actions. This
leads to common patterns of neuromuscular
dysfunction seen in the shoulder girdle with over
activity and related shortening of the large anterior
SGMS chest muscles with associated underactivity
in the shoulder girdle extensors creating a conse-
quent bias for protraction and depression of the
shoulder girdle in posture and movement. Over
time the girdle may lose freedom into elevation,
and rotating forwards and particularly backwards
on the thorax.

Limited backward and forward shoulder girdle
rotation control will affect a number of torso
functions:

• These movements are coupled with
intersegmental thoracic rotation and their
limitation also limits movement in the thorax and
vice versa. This compromises the function of the
upper limb and underpins the genesis of many
developmental shoulder problems which are
often given the dubious diagnosis of ‘rotator cuff’
tear, etc.

• Restricted rotation in the shoulder-thorax unit
requires compensatory movement in the cervical
spine above and the lumbar spine below e.g. actions
requiring body patterns of rotation such as hitting a
forehand or back hand tennis shot or a golf swing
then become a potential or actual problem for the
low back and neck.

• Reduced shoulder girdle rotation and arm
swing interferes with the natural counter rotation
between the proximal girdles when walking.
Normally, the viscoelastic properties of the
tissues and the counter rotary oscillation
between the girdles affords an energy storing
and releasing mechanism and ensures no one
structure is continuously loaded such that
189



Fig 8.23 � Reduced and uneven rotation through the spine
with evident ‘wind’ over the low lumbar levels.
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walking can be done for a long time.90 The energy
load of walking increases while endurance
decreases.

• McGill122 notes the important role of arm swing
in assisting counter rotation between the girdles,
which effectively decreases the actual loading
stress in the lumbar spine by up to 10%.

• Latissimus dorsi is an important member of the
synergy forming part of the posterior oblique
muscle sling30,70,82 deemed an important factor in
helping stabilize the lumbar spine and pelvis during
load transfer between the upper and lower body.
When its line of pull is altered and/or its shoulder
firing patterns change, the effectiveness of this
posterior system begins to decrease.

Neuromuscular imbalance in the shoulder girdle has
far reaching effects through the torso as it impedes
the transference of movement between the upper
limb and the spine and interferes with movement
within the whole spine.

Pelvic-hip girdle

The initiation of axial rotation from the base of the
spine occurs through pelvic ‘distorsion’ rotating the
sacrum, the movement then sequencing up the
spine. Distorsion is part of axial rotation of the pel-
vis, a key functional component of many movement
patterns. Gracovetsky40 notes: ‘In its elementary
form, human gait can be reduced to rotating the pel-
vis in the horizontal plane’. In dysfunction there is
always some reduction in the ability to accomplish
forward and particularly backward pelvic rotation
in the transverse plane. Reduction in the multipla-
nar range and control of hip movements, particu-
larly the deep hip rotators is an important factor in
limiting transverse plane pelvic rotation. Experi-
mentally fixating the pelvis in the horizontal plane
has been shown to result in altered gait and exces-
sive trunk rotation.123 Lumbar spine morphology
renders it less suited to this role. If the sacrum is
blocked, so will the lumbosacral junction levels,
owing to their corresponding functional relation-
ship. The movement will then tend to occur more
around the mid lumbar levels – the lumbar spine
again becomes the site of ‘relative flexibility’. This
is particularly likely in sports which require
repeated rotary actions.124 Grieve88 notes ‘that it
is not rare for a sacroiliac problem to be accompa-
nied by abnormalities at L3’. Clinically, many of
those presenting with knee pain yet minimal local
signs, are found to have a functional lumbosacral
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junction/pelvic block and associated chronic low
grade L3/4 nerve irritation producing somatic pain
referral syndromes to the knee. This is a common
cause of much non traumatic knee pain and often
not recognized as back and or pelvic pain is not nec-
essarily a feature. Conversely, the altered pelvic
myomechanics also helps explain why some people
notice increased back pain when they walk.

Axial spine

The flexibility of the spine is crucial to all torso
movement.125 Regions of segmental hyper and
hypostability interfere with the even sequencing of
rotation through the spine.

Cervical spine

The common clinical presentation of the head for-
ward posture creates relative hype flexion of the
joints over the cervicothoracic junction and relative
extension in the joints in the cervicocranial com-
plex. Invariably this is associated with a pattern of
restricted rotation at the C1/2 joint (where 50%
of cervical rotation is deemed to occur)126 and
restricted movement in the joints over the cervi-
cothoracic junction. The mid cervical spine then
becomes the site of relative flexibility, with rela-
tively excess segmental movement. Restriction in
the shoulder girdle and upper thoracic spine as
noted above compounds the picture of dysfunction.

Thoracic spine

Despite anatomy favoring side bending and particu-
larly rotation here, clinically, the thoracic spine is
predictably stiff in these movements with exten-
sion. Posterior or anterior translation can also be
reduced.127 The axial movement wave is damped
or blocked through the thorax further shunting the
movement into the lumbar and cervical regions
(Fig. 8.23).
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Lumbar spine

The collective influences of restricted function
within the thorax–shoulder girdle, the hip–pelvic
girdle and over the thoracolumbar junction, and
corresponding inadequate SLMS activity shunts
the movement into the lumbar spine, particularly
over the mid/low lumbar levels. Caution needs to
be exercised in the manner of guiding improved
torso rotation as the patient will tend to reflexley
initiate the action through ‘central cinch’ strategies
‘wringing the waist’, limiting the diaphragm and
requiring the lumbar spine to further accommodate
the movement.

Farfan128 postulated that loss of the lumbar lor-
dosis and excess torsion or rotation of the lumbar
spine were a provocative cause of disc pathology.
He was correct – the low back being forced to
unfairly bear the brunt for example in lifting and
twisting actions because other functional links
in the kinetic chain do not adequately contribute
to the pattern of movement. However, he also
pointed out129 that upright and lifting activities
were subserved by a strong hip extensor mechanism
which helped protect the integrity of the lordosis.
However, somehow the message was lost and the
trend in therapeutic advice to patients became to
limit or avoid flexion and rotation activities of the
trunk. This is unrealistic as so many ordinary activ-
ities of daily living involve aspects of trunk flexion
and rotation. When thoracic and pelvic postur-
omovement dysfunctions are addressed, the lumbar
spine can align and function more normally, only
having to take its fair share of the movement load
(see Ch. 6).

In more general terms, loss of rotary ability
makes is difficult to roll over in lying and transition
through postural sets e.g. getting up and down from
the floor. It also compromises the ability for pos-
tural adjustments needed in balance control. Being
able to control rotation through all links in the func-
tional kinetic chain is necessary for walking. Studies
have shown that people with back pain walk at a
slower pace with shorter steps,130,131 with a
reduced ability to adapt trunk pelvis coordinationto
changes in velocity.132 The altered motor control
showed a more rigid, less flexible pelvis-thorax
coordination133,134 which was also less variable and
showed irregular movements of the thorax131 and
increased fluctuations in dynamic thoracic and pel-
vic oscillations.135
Reduced use of lateral
movements

Lateral spinal movements are an important feature
in the development of our patterns of spinal control
(Ch. 3). They help achieve balance between the
flexors and extensors, control of all the sagittal
curves while lengthening the side of the body cylin-
der for frontal plane weight shift. Gracovetsky136

suggests the phylogenetic importance of lateral
bending and its role in coupled motion of the spine
helping drive axial rotation of the spine and pelvis.

The tendency for more predominant postur-
omovements in the sagittal plane including ‘fixing
strategies’ from the CCPs means that in general,
spinal pain subjects show disinclination and poor
ability for lateral weight shift/transfer and ‘body
half’ activities where the weight bearing occurs
through one side of the body and the other side is
free to move e.g. in all fours or standing on one
leg. Weight bearing through one side involves adap-
tive ipsilateral eccentric activity in the ‘lateral con-
tractile field’137 of the body cylinder to allow
‘lengthening the side’, in particular from erector spi-
nae, psoas, quadratus lumborum, lateral latissimus
and the anterolateral abdominals. CCP behavior
limits this. The difficulty is in both initiating and
controlling the shift through the pelvic base
and allowing adaptive lateral shift through the torso
including the thorax (Fig. 8.24). In addition, imbal-
ance between the flexors and extensors jeopardizes
able control of the sagittal alignment between tho-
rax and pelvis with anterior ‘rib shunt’ of the lower
pole of the thorax common.
Reduced weight shifts over the
base of support and through
the spine affect equilibrium
control

The SLMS (Ch.5) in its role of moderating the nor-
mal postural reflex mechanism is the primary agent
of weight shift and equilibrium control in the body.
Its relative underactivity, the consequent over use
of more superficial SGMS activity towards the
coarse flexor and extensor synergies and the conse-
quent reduced ability for lateral and rotary control,
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Fig 8.24 � The patient has been asked to grow the right
elbow to the ceiling to facilitate ipsilateral weight shift. Note
poor spatial shift through the pelvis and reliance upon central
posterior cinch behavior which stops ipsilateral lengthening in
the torso. Note how she also compensates in the neck.
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serve to limit effective weight shifts over the per-
son’s base of support and through their proximal
limb girdles and spine – whatever position they are
in. Most spinal pain patients are loathe to shift the
body over and around the particular base of support.
The base of support is in general poorly ‘grounded’
with resultant collapse or ‘propping’. Control of
weight shift is control. Weight shifts underpin all
movements of the body and particularly those of
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the limbs (Ch.3). The person’s balance suffers. ‘Falls
in the elderly’ become more likely in the future.

Research has variously shown defective equilib-
rium control in chronic low back pain subjects. In
standing, significantly increased anteroposterior
postural sway 138,139 is apparent and more so when
combined with task complexity and removal of
visual cues.39 The internal perturbation of respira-
tion exerts a greater disturbing effect on standing
equilibrium in back pain subjects140 with a tendency
to less hip motion to counteract the postural distur-
bances.141 During bilateral and single leg stance bal-
ance control tasks, Mok et al.142 found decreased
ability to initiate and control the anteroposterior
hip strategy responses with increased visual depen-
dence. Luoto et al.143 found a relationship between
impaired psychomotor speed and impaired postural
control among females. In another study Luoto
et al.144 found a strong relationship between
severe low back pain and poor ability to balance on
one leg.

When standing, it is common for spinal pain sub-
jects to adopt a wide base of support and ‘lock in’
with the obturator group/buttock clench. Rather
than stand over the legs they stand between them
which is much more stable, limiting perturbations
to the system which otherwise help to refuel the
sensorimotor apparatus (Fig. 8.25). Lack of oppor-
tunity and ‘practice’ in equilibrium responses
reduces system smartness. If weight shifts and equi-
librium are not well integrated – particularly the
ability to initiate the shift from and through the base
of support, the person will compensate by combina-
tions of propping through his limbs, and utilizing
collapsing and/or ‘holding’ strategies in his body.
Clinically, the ability to control weight shift even
in prone and supine is frequently so impressively
reduced that some patients find it hard to turn over!
Needless to say, subsequent positions such as all
fours, kneeling etc. also show poor control.

The pelvis is the base of support for the ‘body
cylinder’. When upright, the prime centre of weight
shift is through the pelvis – of itself in sitting or
through the legs when standing.

• In sitting. It’s all about what the sit bones do or
don’t do – the person’s ability to direct and control
how the ischial tuberosities present and change the
base of support and so direct movement of the
torso. Reduced intra and extra pelvic control makes
this more difficult. Doing it improves control.
Balanced activity in iliacus-psoas is critical to sagittal
and lateral weight shift control. When underactive



Fig 8.25 � Despite the fact this person ‘works out’ he finds
it hard to adopt dynamic antigravity postures choosing to
hang between abducted legs.

Fig 8.26 � This patient does ‘physical culture’ yet cannot
weight shift through the pelvis, instead she is trying to do it
from higher up. This then also limits appropriate lateral
elongation in the torso. The reason is apparent in Figs 8.8,
9.18 & 11.4.

C H A P T E R 8Common features of posturomovement dysfunction
the pelvis falls back and the spine collapses. When
overactive the pelvis tilts forward and the spine is
‘held’ as reduced eccentric lengthening does not let
the spine posturally adjust. Attempted weight shifts
predictably occur higher up via CCP behavior
around the mid torso (Fig. 8.26). The spine is not
free to adjust and breathing is compromised. Axial
collapse is not conducive to active weight shifts
either. An inactive base of support for sagittal
weight shift helps explain incidents such as ‘I did
my back in when all I was doing was putting on my
shoes!’

• In standing. Apart from the wide base of
support through the feet, the person locks their
knees into extension and habitually positions the
pelvis forward or back from the midline. This
defacilitates active pelvic control and the readiness
for balance reactions and weight shifts. It is
becoming so prevalent for people to habitually stand
this way – just stand on a station platform or any
public place and note this – particularly in the
young! The deep system becomes rustier from lack
of demand and disuse. When perturbations do
occur, rather than resolving the postural challenge
through a flexible torso on a dynamic base of
support, he tends to react by stepping to widen his
base of support, stiffening his trunk and grabbing
with his arms. Importantly disallowing freedom of
the ‘ischial swing’ means that capability in the large
sagittal pelvic weight shifts needed in bending and
lifting becomes reduced.

Lateral weight transfer also suffers. Reduced sagittal
control of the ‘ischial swing’ correspondingly limits
control of lateral weight shift through the pelvis.
Again iliacus-psoas activity tends to be either inade-
quate or increased with predictable effects in the
spine and pelvis. Unilateral limb activities involve
lateral weight shift whatever the posture. The
patient is disinclined to shift his weight onto one
leg and if he does, it is usually a passive strategy of
lateral pelvic shift and passive ‘hanging’ with the
hip in relative adduction. The de-tuned pelvis–hip
myomechanics mean actively shifting his weight
onto one leg through the pelvis with ‘postural lift’
and flexible control through the kinetic chain is
not good. He has to hold himself up from higher
up (Figs 8.27 & 8.28). There may be asymmetry in
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Fig 8.27 � Disability in frontal plane pelvic rotation limits
lateral weight transfer through the pelvis and creates the need
for compensations higher up. The patient is 21 years old and
complaining of right sacroiliac joint pain.

Fig 8.28 � Defective control of pelvic rotation in the sagittal
and frontal planes again reduces weight shift through the
pelvis and the need for ‘holding strategies’ higher up.
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the action. Not surprisingly balance on one leg is dif-
ficult and involves sag and grip in the kinetic sys-
tem. He may move into a slight crouch in an
attempt to lower his centre of gravity and also try
and grab and ‘fix’ with his arms to compensate
through his upper body for that stability and control
which his lower body is not providing. Clinical tests
such as the Trendelenberg and Gillet may/not test
positive.32 Even if the pelvis remains level reduced
spatial shift and central cinch behavior shows the
poor quality of LPU support.

To recap, poor control of multiplanar weight
shift from the base of support and the adoption of
central cinch patterns stops movement sequencing
through the torso, thus affecting equilibrium.
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Poor proprioceptive, spatial,
kinesthetic awareness

Effective SLMS activity is dependent upon good
afference. Reduced perceptual awareness is variably
apparent in subjects with spinal pain. In general
their ‘senses’ appear to be less well attuned to
both their intrinsic and extrinsic state. This may
be due to subtle CNS dysfunction (Ch.7) or sub-
sequently ‘acquired’. This compromises effective
motor planning and control, the appreciation of var-
ious spatial relationships of the limbs to the torso as
well as spatial positioning of the pelvis and torso.
When the postural system is ‘on’, the small oscillat-
ing adjustments serve to continually recharge the sys-
tem. The adoption of sustained collapsed or ‘held’
postures subverts the system. Sitting slouched for
5 minutes has been shown to alter lumbar spine



Fig 8.29 � The same patient in Fig. 8.1 & Fig. 8.10 has been
asked to move her pelvis back in space in order to bend
forward and instead she initially does what she ‘knows’ which
is to bring it forward and into posterior tilt.
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reposition sense in pain free subjects,145 thus the
habitual adoption of collapsed postures in LBP sub-
jects can be expected to significantly limit their abil-
ity in appreciating and finding a neutral alignment of
the pelvis spine and head. Hyperkyphosis in young
subjects has been associated with disturbed integra-
tion of proprioception and in sensory interaction
which may result in postural instability especially in
a mediolateral direction.146 The abnormal state is
perceived as normal which often makes ‘exercise
therapy’ difficult as the patient ‘thought they were
doing it right’ when their performance frequently
indicates otherwise. Diminished use of space can
mean they ‘have no idea’ how to do an unfamiliar
movement (Fig. 8.29).

Low back pain research has demonstrated proprio-
ceptive deficits in the form of significantly degra-
ded lumbosacral position sense in sitting.147,148,149

Similar difficulties with spinal repositioning have been
shown in standing and four point kneeling.150 Lumbar
fatigue further impairs ability.148 Evidence suggests
that reduced sensory feedback particularly diminishes
eccentric muscle control151 and is also reflected in dif-
ficulties with sustaining antigravity postures, motor
impersistence, the ability to selectively move parts of
the body, force modulation and fine tuning of move-
ments. Movement control becomes more primitive
(Ch.7). At times they appear the ‘motormoron’. ‘Sen-
sation seekers’ in exercise classes may be trying to
redress their deficits.

The importance of head control in postural con-
trol is frequently overlooked. Sensorimotor distur-
bances in neck disorders can affect postural
stability, head and eye movement control.152 Previ-
ous trauma can wield insidious effects shown by
subjects who had suffered QTF grade II whiplash
injuries and demonstrated postural control deficits
despite not complaining of symptoms, indicating
that when postural control disturbances become
clinically symptomatic, several subsystems involved
with balance control fail.153
Movement quality reflects
excess effort and stress/tension
patterns (see Ch. 6, Part A)

While there is generally ‘emptiness’ in the SLMS,
muscular patterns of stress, tension and ‘holding’
are usually apparent. These are SGMS dominant
and are more active around the centre of the body,
the neck jaw and shoulder area. Patients can exhibit
signs of hyper-arousal, are often tense, reflexley
overactive and find it difficult to ‘let go’ and
relax.154 Asking for an action invariably results in
‘overkill’ – they have lost the sense of discrete
movement. When stress is a chronic event, the
patient tends to posture and move with a strong
underlying influence from these patterns. He tends
to move in a more gross explosive way, using too
much unnecessary effort and breath holding.
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Fig 8.30 � Internal support and activity from the diaphragm is
wanting.

Back Pain: A Movement Problem
He wants to move quickly as he finds sustained low
load from activity of the systemic deep muscles dif-
ficult to achieve. Grading and modulating the motor
response is difficult as he is relying more on the
superficial system whose actions are more
characterized by quick, large and strong actions.
Underactivity in the SLMS is probably in part due
to reduced afferent input.155–157 He does not
have much experience of soft sequential pleasur-
able and easy movement but instead his postur-
omovement control ricochets between collapse
and trying too hard with evident superficial muscle
activity.

Dysfunctional breathing
patterns (DBP) emerge
(see Ch. 6, Part A)

In essence, breathing is altered both in where the
patient breathes and also how he breathes in terms
of the pattern of breathing, his ability to coordinate
breathing with moving and an altered rate and
volume.

In a study of 38000 women, Smith et al.158

found that disorders of continence and respiration
had a stronger association with frequent back pain
than obesity and physical activity. Clinically,
patients with spinal pain disorders always have some
form of DBP – a fact that most are surprised to hear
and resistant to embrace. Breathing and movement
are inextricably intertwined hence disturbed move-
ment control will also be reflected in dysfunctional
breathing. Inadequate SLMS control of axial align-
ment and the ‘internal cylinder’ means a poor ‘spa-
tial ring’ to support effective function of the
diaphragm. This is compounded by the adoption
of consistently poor sitting postures with passive
collapse of the thorax towards the pelvis. Other-
wise, active holding via the CCPs serve to restrict
the torso and render diaphragmatic descent and
consequent basal expansion more difficult. Stiffness
within the thorax itself also further hampers dia-
phragm activity with related reduced intercostal
action. These factors all contribute to the person
beginning to display various altered breathing char-
acteristics as follows:

• Inefficient activity of the diaphragm with
consequent reduced opening and widening of the
lower pole of the thorax on inspiration159,160 and an
inability to breathe into the posterior wall of the
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thorax87, hence posterior basal expansion is poor as
is the postural support from the diaphragm towards
patterns of axial stabilization and control
(Fig. 8.30). The thoracic spine shows little or no



Fig 8.31 � Reduced activity in the diaphragm is associated
with increased use of the accessory breathing muscles
and neck tension and pain syndromes.
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respiratory wave.87 In fact the breathing wave is
reduced throughout the spine and pelvis.

• Lifting of the whole thorax on inspiration is
considered by Lewit87,160 to be a most serious
finding. Imbalance between the primary and
secondary accessory breathing muscles where the
secondary predominate results in upper chest
breathing and can result in the thorax being
chronically held in the inspiratory position.159 In
those with insufficient or no activity in the
abdominal muscles, the spinal column loses the
support from the diaphragm.87

The poor breathing stereotype is thus too much lift-
ing and too little widening of the lower pole of the
thorax.

• Habitual upper chest breathing can be observed at
rest, while the subject gasps as they talk or when
asking them to inhale. The contours of the
sternocleidomastoidei, upper trapezius and scalenii
are variably prominent with noticeably increased
activity, the upper clavicular grooves are deep and
during inspiration the clavicles are lifted too87

(Fig. 8.31). In marked cases of secondary accessory
muscle dominance, the scapulae can be seen to
protract from pectoral activity. While this method
of breathing is a useful short term solution in states
of high demand and arousal such as in ‘running away
from the tiger’, if habitually adopted in low demand
situations it comes with a high energy cost and
stresses the cervical and shoulder structures. Upper
chest breathing occurs both when there is
insufficient abdominal activity to anchor the inferior
thorax to provide stability for the diaphragm and in
cases of overactivity of the abdominals which
disallows proper diaphragm descent. It is common
in those who have learned to hold in their abdomen
through vanity or fashion161 – as Farhi162 suggests:
‘feeling bad in order to look good’; those who are
habitually stressed and anxious,163 or who have over
trained their abdominals in the misguided pursuit of
‘core control’.

• Upledger53 notes an abnormal state of
hypertonus or contracture of the respiratory
diaphragm may occur unilaterally or bilaterally as a
result of problems with the lower four thoracic
nerves and/or the phrenic nerve which collectively
innervate the diaphragm. Dysfunction of the
diaphragm may also occur secondary to somatic
dysfunction which involves the lower six ribs, the
sternum, xiphoid, the upper three lumbar
vertebrae, psoas, quadratus lumborum and/or
the fasciae related to any of the above structures.
Frequently after the primary problem is cleared
the diaphragm autonomously maintains and
continues the asymmetrical tension patterns and
abnormal hypertonus created within it interfering
not only the breathing patterns but also with
craniosacral system function and freedom of fascial
mobility

• Respiration can be so badly coordinated that
trying to ‘deep breathe’ can instead result in
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paradoxical breathing where the patient will draw in
the abdomen on inspiration and push it out while
breathing out.87,160

• During movement, an altered breathing rate is
frequently adopted at different times in the
following manner:

• The patient will often initiate a movement
with a ‘central cinch’ or breath hold and
related central fixing by the global muscles
around the body’s centre in association with
unnecessary effort which further favors mid-
upper torso global muscle activation. The
abdominals are accessory muscles of
expiration in high respiratory demand
situations yet are often over employed in low
demand situations. We have noted that
attempts to control the pelvis are frequently
attempted by abnormal global system activity
around the body’s centre. This superficial
muscle overactivation creates a central
‘squeeze’ effect which hampers diaphragm
descent and its valuable contribution in
control of torso stability. Breath holding thus
becomes a compensatory postural control
strategy in the case of deficient SLMS control
which includes the diaphragm. O’Sullivan
et al.77 nicely showed decreased
diaphragmatic excursion, altered breathing
patterns and pelvic floor descent during the
ASLR test in subjects with sacroiliac pain.
Thompson et al.164 describe the negative
effects of global abdominal bracing combined
with an increase in chest wall activity and
breath holding, on effective pelvic floor
function.

• Variable increase in breathing rate and volume
inappropriate to the level of activity. This is
associated with a shorter expiratory phase and
little if no post expiratory pause. This can be
observed when subjects are working out new
motor patterns and particularly so when
redressing movement restrictions in stiff
regions or ‘stretching’ tight muscles. They
often find it difficult to disassociate the action
from the breathing – to organize the dual roles
of breathing and movement in a harmonious
way. It is widely held that muscular activity is
facilitated during inspiration and inhibited
during expiration.87 ‘Stretching’ is often
accompanied by short inspiratory gasps,
breath holding and a general increase in
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muscle tension where the patient invariably
works against himself –‘central intelligence’
and control is more often than not,
fundamentally disturbed.

• The habitual upper chest breathing pattern is
generally associated with hyperventilation syndrome
(HVS) or over breathing. Chronic HVS is an
insidious condition which may not be readily
apparent, is more prevalent in females and deemed
responsible for a plethora of medical symptoms165

and has been estimated to affect 10% of the
American population.166 The altered breathing
patterns are caused by physical, environmental,
behavioral or psychological stimuli which override
the automatic activity of the respiratory centers
resulting in over breathing at rest161 or where the
breathing depth and rate are in excess of the
metabolic needs.165 This leads to a reduction in the
arterial partial pressure of carbon dioxide known as
hypocapnia. Bradley165 states that hypocapnia
reduces blood flow to the brain in the order of 2%
decrease in flow per 1 mm Hg reduction in arterial
CO2, causing a multitude of symptoms including
poor concentration and memory lapses, headaches,
sympathetic dominance, tingling, paresthesia,
weakness dizziness, tremor and confusion. Further,
according to Chaitow,167 the evidence points to
breathing pattern disorders (BPD) causing a variety
of negative psychological, biochemical, neurological
and biomechanical influences and interferences
capable of modifying neuromuscular control
mechanisms and low back function in general.
Chaitow166 also includes HVS as causing an
automatic increase in levels of anxiety and
apprehension, affecting balance, heightened pain
perception, speeding up of spinal reflexes, increased
excitability of the corticospinal system,
hyperirritability of motor and sensory axons,
changes in serum calcium and magnesium levels and
encouragement of the development of myofascial
trigger points. Addressing our patient’s breathing
problems will clearly help right many of their ills!
McLaughlin and Goldsmith168 reported a case
series of 24 patients with low back/pelvic pain who
all showed lower than normal end tidal carbon
dioxide levels via capnography. Breathing retraining
improved CO2 levels to normal in all but one
patient, as well as improvements in pain, functional
activity and breathing with decreased anxiety.
Clinically, the state of chronic hypocapnia appears
to create hypertonus in the diaphragm and
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secondary expiratory muscles – the abdominals –
which can make it very difficult for the subject to
reduce the inspiratory rate and volume during
breathing retraining. This can be seen on the
capnograph as spikes in diaphragm activity when
attempting to lengthen the exhalation and
expiratory pause.

Demonstrating the close link between SLMS activ-
ity, diaphragmatic breathing and postural stability,
Cumpelik169 describes a pilot study where those
who were upper chest breathers took longer to
restabilize their posture in response to external per-
turbation than those who were abdominal breathers.

‘Breathing is the link between motion and emo-
tion’.170 It is important to recognize the potent
influence of emotional stress and anxiety on the
development and maintenance of DBP. However
DBP further serve to increase arousal states and a
vicious cycle risks being activated. If you don’t
breathe well, you can’t move well. If you don’t
move well, you can’t breathe well. Lewit87 consid-
ers DBP the most disastrous of all faulty patterns
and if allowed to remain, may jeopardize any treat-
ment of the locomotor system.

Thoracic dysfunction

The thoracic spine represents somewhat of an
enigma in that it comprises the largest region of
the axial spine yet accounts for the smallest propor-
tion of published studies on the spine as a whole.171

This is probably due to the focus on pain rather than
dysfunction as the principal driver of much of the
research to date.

In general, thoracic musculoskeletal pain com-
plaints are not disabling, do not significantly occa-
sion absence from work and so are not seen as
such a cost burden. Local thoracic joint dysfunction
is not necessarily highly pain producing, but often
seen as a relatively unimportant associated com-
plaint (‘just’ tightness or stiffness) to another more
flagrant presenting pain symptom. This ignores the
enormous biomechanical influence of the thorax
on the functional movement control of the rest of
the axial spine. Clinically, posturomovement dys-
function of the thorax is always implicated in some
degree to presenting spinal pain syndromes and
related disorders including many of those in the
upper and lower limb. Thoracic function plays a
large role in healthy function of the autonomic ner-
vous system as the sympathetic outflow extends
from T1 to L2.172 Both somatic and autonomic dys-
function are implicated in many and varied bodily
symptoms possibly accounting for a significant pro-
portion of the complaints presenting to the general
medical practitioner. Generally, as a basic underly-
ing functional problem, its role needs to be under-
stood and addressed for effective therapeutic
outcomes.

Common clinically observed
features of thoracic dysfunction
help provide a functional working
model

Lee173 describes rotational instability of the mid
thoracic spine after trauma, however in clinical
practice this is a relatively uncommon event. Gener-
ally the thorax as a whole is found to be functionally
stiff and in time, becomes structurally stiff. The
coexistence thoracic stiffness and chronic low back
pain is clinically known.174 An under active deep
system, antigravity collapse and imbalanced overac-
tivity of the large SGMS muscles attaching to the
thorax, serve to functionally convert it to a ‘dis-
torted semi-rigid barrel’. This means that postural
shifts, selective movement and segmental control
within the thorax are reduced. These must be com-
pensated for elsewhere in the spine and usually
occur in the cervical and lumbar spine127,171,175

which helps explain the high clinical incidence of
both lumbar and cervical pain and related syn-
dromes in the one patient. Achieving a proper neu-
tral lumbar and cervical lordosis is difficult.

Characteristic changes are apparent and fall into
certain patterns further affecting thoracic and
related bio and myomechanics. They are best
understood examining the thorax as a whole unit
as well as regionally.

The thorax as a whole. The shape and function
of the thorax is partly dependent upon the inherent
myomechanics operating through it. The large
axioscapular and thoracopelvic muscles have exten-
sive rib attachments and if their function changes
have the propensity to significantly alter thorax
function. In particular the abdominal muscle group
has a significant effect on the lower pole of the tho-
rax as they extend as high as the 5th rib, while the
anterior shoulder girdle muscles significantly affect
the upper pole of the thorax as they extend down
to the 7th rib with serratus going as low as the 9th
(see Ch.6, Part C).
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Fig 8.33 � A thoracic ‘dome’ is evident when doing the
“Allah” stretch.
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The more common features can be generally
attributed to imbalanced activity between the flexor
and extensor systems:

• The thorax tends to be spatially postured either
forward or back relative to the pelvis and the line of
gravity:

• when more anterior, increased activity of
posterior erector spinae is evident

• when more posterior relative to the forward
(sway) of the pelvis, upper abdominal activity
rather than lower is more prevalent.

• An increase in the thoracic kyphosis both
functional and structural (Fig. 8.32) is clinically very
common and strongly influences the alignment of
the rest of the spine, patterns of load bearing and
segmental movement171 and trunk muscle
forces.176 Hyperkyphosis has been associated with
lowered static and dynamic postural stability.146

• Clinically, the patient commonly demonstrates
a ‘dome’. This describes an increased local
kyphosis with stiff reactive segments around T6/7/8
(Fig. 8.33). While this region represents the apex of
the thoracic curve177,178 it also the functional
junction between the upper and lower poles of the
thorax – the ‘dorsal hinge’ between regions 2 and 3
(Ch. 6, Part C). Loading studies in those with an
increased kyphosis showed the peak mean flexion
moment occurred at T8.176 A significant decrease in
the range of thoracic rotation has been shown in
flexion compared with neutral and extended
postures in pain free subjects.179 Mid thoracic
hypomobility disorders are the most common
thoracic presentation, the primary movement
restriction is rotation and to a lesser extent
Fig 8.32 � A thoracic kyphosis effects the alignment of the
rest of the spine.
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extension.171,180 Al-Eisa et al.181 describe an
‘incidental finding’ of significantly reduced range
of thoracic lateral flexion and axial rotation in
LBP subjects! Energy efficient walking requires a
derotation between the pelvis and shoulder
girdle. Normally, most segmental rotation occurs
at T6/7182. Gracovetsky40 and Kapandji183 cite a
normal study performed by Gregerson and Lucas in
1967 which impressively shows that this derotation
occurs maximally at T7 (Fig. 8.34). The presence of a
‘dome’ limits this movement occurring which must
then be compensated for somewhere else – usually
the lumbar or cervical spine, which in function are
then required to become the site of relative
flexibility.68 Addressing the dome in management is
necessary in lessening CCP behavior.

A ‘dome’ appears to result from and be maintained
by a combination of factors:

• passive axial collapse and ‘hinging’ between the
upper and lower poles

• imbalanced activation of the myofascial fan which
anchors the shoulder girdle to the thorax (Ch.6,
Part C) – increased activity and shortness in the
anterior chest muscles and

• related poor medial scapular and adjacent deep
intersegmental muscle activity

• changed muscle activation strategies acting
around the lower pole of the thorax

• altered breathing patterns (see Fig. 8.36).
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Fig 8.34 � Gregerson and Lucas 40,183 showed that maximal segmental rotation
occurred around T7 when walking.
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Alterations in the spatial and
movement properties of each region

While regional distinctions are somewhat arbitrary,
functional differences can be observed to commonly
occur:
1.
 The vertebromanubrial region or ‘upper ring’
drops anteriorly and assumes more vertical
orientation with less flexibility within it. This
affects regional segmental function and
posturomovement control of the head and neck and
shoulder girdle.
2.
 The vertebrosternal region becomes stiffer.
This appears to be a consequence of:

• sustained static postures involving axial
collapse associated with

• repetitive bilateral arm use in the forward and
down position primarily involves the anterior
chest muscles being over activated in their
shortened position. The axial attachments
of these muscles are significant: pectoralis
minor attaches to the 3rd – 5th rib (and
frequently between ribs 2 and 494); pectoralis
major from the medial clavicle, sternum
and ribs 2 – 6 or 7;94 serratus anterior has
extensive costal attachments from all ribs in
this region and those of the upper ring with
some slips also extending down as far as rib 8 or
even 10.94 Shortening of these large shoulder
girdle protractors and depressors results in the
shoulder girdle hanging more down and
forward with ‘stretch weakness’68 and a
reduction in the activity of the lower scapular
stabilizers and associated spinal intrinsics.
Balance in the axioscapular force couples is
disturbed. This results in related increased
activity in the levator scapulae upper trapezii.
Szeto et al.184 found increased upper trapezius
activity preceded the onset of neck and
shoulder discomfort in keyboard operators and
was also associated with increased head neck
and shoulder flexion angles.185 In a healthy
population Crosbie et al.186 found decreased
upward rotation of the scapula in all planes on
the dominant side. Scapulothoracic
neuromyofascial imbalance also limits spinal
segmental movements, costovertebral
movements, and movements of the ribs
independent of the scapula and spatial
positioning of the shoulder girdle over the chest
wall. The kyphosis increases and the sternum
drops and is recessed. Movements of the
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Fig 8.35 � Postural collapse and a ‘dome’ can lead to
deformation of the thorax and anterior ‘shunters’ (the photo is
post treatment hence the skin reaction).
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upper limb into elevation, extension and
retraction become reduced. Thoracic and
shoulder girdle ‘opening’ and movement
options are hampered and become the genesis
of many shoulder pain syndromes including
many of the increasingly prevalent so called
‘rotator cuff’ problems.

Together, the two regions above constitute the upper
pole of the thorax and when stiff create local pain
syndromes as well as exerting significant biomechan-
ical influences on adjacent functionally interdepen-
dent structures. The segmental dysfunction can lead
to clinical patterns such as T4 syndrome187 contrib-
ute to headaches and symptoms emanating from
autonomic irritation simulating visceral disease such
as palpitations.188 Reduced adaptive postural adjust-
ments of the vertebrae and ribs within the upper pole
directly affect load bearing and movements of the
cervical spine175 and orienting and control of the head
on the neck. Cervical pain syndromes are a predict-
able consequence. When shoulder stiffness and pain
develop this serves to further limit movements
within the upper pole.

3.
 The vertebrochondral region begins to show

variable deformation of its internal cavity and
external shape due to the combined effects of
either passive or overactive antigravity postural
strategies and related changed activation patterns of
the thoraco-pelvic muscles. Essentially two main
patterns appear to result:

• Passive antigravity collapse particularly in
sitting, results in an increased kyphosis around
the midpoint of the curve from the ‘dome’ and
down through this region to the thoracolumbar
junction. This is associated with the anterior
ribs from about the 7th, being shunted forward
at around the level of the xiphoid where the strut
effect of the sternum terminates. There is a
recess below the breasts. Observing the lateral
wall of the thorax, a ‘windswept appearance’ of
ribs 7–10 can result where their anterior part
almost resemble the ‘shunters’ on the front of a
train (Fig. 8.35). The infra-sternal angle is often
narrower and there is also a reduction in the
anterior-posterior volume of the cage. Rotary
and lateral movements become even more
difficult. Postural collapse and overactivity or
adaptive shortening of the upper abdominal
muscles means that diaphragmatic descent is
hampered and its postural and respiratory
support is reduced. The circumference of the
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lower ring of the thorax is diminished
(Fig. 8.36B).

• Overactive antigravity strategies generally involve
hyperactivity in the erector spinae and serratus
posterior inferior with either related underactivity in
the whole abdominal wall or overactivity.

� Abdominal underactivity particularly of upper
external oblique, results in the anterior ribs in
this region flaring outwith awide infra-sternal
angle and more open inferior thoracic outlet
or ‘ring’ which is more oblique and
hyperstabilized posteriorly and hypostabilized
anteriorly. (Figs 8.36C & 8.37)

� Abdominal overactivity combined with
overactivity in the extensors acts to
‘squeeze’ or constrict this region including
narrowing the infra-sternal angle and
especially the lower thoracic aperture. The
lower pole of the thorax is hyperstabilized
and becomes more conical in shape. The
‘body cylinder’ resembles an hourglass.
Diaphragmatic descent is really hampered
(Figs 8.36B & 8.38)
4.
 The thoracolumbar junction. Clinically, the
importance of segmental dysfunction in this region
as a contributor to lumbar pain and a variety of
diffuse pain syndromes 180,189,190,194 cannot
be overestimated. Its functional disturbances and
altered joint kinematics exert a biomechanical
influence over joints in the lumbar spine while pain
from here is also usually referred distally and can
extend to the low back, buttocks, hip groin, and
lateral thigh.189 Segmental dysfunction in this
region is particularly implicated in the really nasty
and severe acute back pain presentations including



Fig 8.37 � Open lower anterior pole of the thorax.
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Fig 8.36 � The upper and lower poles of the thorax can become differently ‘deformed’ through postural collapse and altered
myofascial length / tension relationships. Both scenarios explain the development of a ‘dome’.

C H A P T E R 8Common features of posturomovement dysfunction
those with a trunk list. The region is vulnerable to
both compressive and torsional forces and in
particular T12 as it checks and marries rotation
in the thorax above with a relative lack of it below
in the lumbar spine. Singer180 and Stokes182

describe a study by Malmivarra et al. which found
particular patterns of degenerative pathologies
through the region no doubt in response to the
loading stresses incurred at each level: at T10/11
there was primarily anterior degeneration
characterized by disc degeneration, vertebral body
osteophytosis and Schmorl’s nodes; the T11/12
segment showed both anterior and posterior
degeneration involving the facet and costovertebral
joints; while the T12/L1 level was characterized by
primarily posterior facet joint degeneration
(Fig. 8.39).

Collapsed sitting postures place a lot of imbalanced
compression loading on these levels. Clinically,
regional erector spinae hyperactivity is usual. This
probably results for two reasons. Local or regional
joint dysfunction will result in ‘firing up’ the adjacent
muscles and those which receive innervation from
these segments. Secondly, the habitual strategies
adopted in posturomovement control act to further
hyperstabilize the region. Depending upon the pro-
clivity for flexor or extensor system dominance, the
region is functionally ‘held’ or hyperstabilized inmore
flexion or extension or ‘straight-jacketed’ between
both. The joints become more symptomatic and a
vicious self generating cycle is set in train.

Regions 3 and 4 together constitute the lower
pole of the thorax. While selective movement con-
trol is deficient within this region it is also subject to
external deformation as it compensates for inade-
quate movement in the upper pole. This is appre-
ciated when trying to move or stretch the
shoulders towards their end range which invariably
results in a reflex SGMS dominant ‘cinch’ of mus-
cles acting around the lower pole posteriorly, ante-
riorly or both. This central ‘cinch’ also occurs in
response to inadequate lumbopelvic control further
splinting the thorax and serving to increase the load
on lumbar segments.
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Fig 8.39 � Pattern of segmental degeneration over
thoracolumbar levels. A schematic depiction of the transition
(arrow) in degeneration from anterior elements at T10, to a
posterior element pattern of degeneration at T12–L1. Vertebral
body osteophytes and disk degenerationweremore prevalent in
the T10–T11 and T11–T12 levels, in contrast with costovertebral
joint reactive changes which was least at T12–L1, where the
zygapophysical joints acted to constrain torsion.

Fig 8.38 � Closed lower anterior pole of the thorax.

Back Pain: A Movement Problem
Disturbance in the form and function of the lower
pole from an over reliance on various SGMS domi-
nant cinching, gripping holding and fixing strategies
in the mid torso compromises important functions:

• the central postural support and respiratory role
of the breathing mechanism

• alignment of the body wall and ‘core’ central
stability mechanisms including IAP

• connecting and sequencing movements between
the upper and lower pole of the body cylinder
including that between the limbs

• equilibrium responses and weight shift through
the torso. Importantly the bilateral ‘cinch’ responses
limit lateral bending and lateral weight shift and
segmental adjustments through the region

• lower limb function is compromised because of
poor adaptive support for control of the
lumbopelvic complex – lumbar, hip and lower limb
pain syndromes are a predictable consequence.
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Largely, themovement restrictions within the thorax
tend to render it a functional ‘carapace’ and to com-
pensate, the patient is further obliged to employ var-
iable increased global muscle activity around the
thoracolumbar junction as he attempts to control
movements of the upper torso and limb girdle; the
‘thoracic barrel’ on the lumbar spine; while at the
same time trying to control the pelvis in space. This
helps explain why treating and improving function
in the thorax deloads the lumbar spine and usually
contributes towards pain relief.

Biomechanical and articular
changes become predictable
over time

Dysfunctional posturomovement control creates
predictable changes in skeletal alignment and func-
tion over time. Sagittal plane postural collapse is
probably the most pernicious influence:



Fig 8.41 � Functionally, when the thoracic spine becomes a
‘block’ the lumbar spine becomes more of a ‘hinge’ in
function.

C H A P T E R 8Common features of posturomovement dysfunction
Change in the normal physiological
spinal curves

Altered pelvic position; reduced lumbar lordosis;
increased thoracic kyphosis; altered alignment of
the head and neck and shoulder girdle eventually
become apparent. Depending upon the stage of dis-
order, functional problems become structural and
begin to mutually reinforce one another. Altered
loading stress on the joints and soft tissues predict-
ably lead to neural irritation and pain syndromes.

General/regional loss of extension
through spine

Most of our activities are axial flexor pattern domi-
nant and extension loss is significant in spinal pain
disorders. This is particularly prevalent in the tho-
racic spine and while the cervical and lumbar spines
are required to compensate, they too generally show
reduced passive and active intersegmental move-
ment into extension. Protocols advocated by
McKenzie191,192 partly address this aspect. Consis-
tently adopted flexed postures can so stretch the
superficial tissues that when assuming an extended
position there is puckering of the tissues
(Fig. 8.40). One can easily guess the joint problems!

The development of functional
‘hinges’ and ‘blocks’

Regions of segmental stiffness can act like ‘blocks’,
while the abnormally, relatively flexible/hyper
Fig 8.40 � Simple observation reveals a lot about this
person’s potential or actual joint problems.
mobile segment(s) act like ‘hinges’ in posture and
movement (Fig. 8.41). They feed off one another.
Inadequate deep system and regional control means
the patient finds it difficult to get movement into
the stiff regions and he can’t adequately control
the relatively mobile segments or regions. This cre-
ates further compensations up and down the spine.
Clinically, symptomatic joints occur in both the stiff
regions and the relatively over mobile regions.

This phenomenon plays out in many clinical pre-
sentations e.g. ‘spinal stenosis’ where segments
become symptomatic because of the abnormal load-
ing stress placed upon them over time. Frequently
patients are ill advised to avoid extension and
undertake passive flexion maneuvers which only
serve to further bother levels which are already
struggling and iatrogenic perpetuation of the prob-
lem. Gaining function, in particular extension,
rotation and side bending through the kinetic chain -
through the thorax, and hip/pelvis/lumbosacral
junction and the symptomatic levels usually amelio-
rates symptoms despite significant radiological
changes. (Fig. 8.42)

Clinically observed and found
regions of stiffness

Stiffness is a general feature, however some regions
are consistently found to be more hypomobile and
so in function, shunt the movement responsibility
to adjacent structures creating regions of compensa-
tory relative flexibility.68 Sahrmann also coined the
term ‘directional susceptibility to movement’ if this
compensatory movement or applied stress is in a
consistent specific direction.68 Both are exemplified
in the tendency for the lumbar spine to flex early in
205



Fig 8.42 � This physician was diagnosed with spinal stenosis
and told to avoid extension! He had been doing ‘flexion
exercises’. He could not walk the length of a ward to do his
rounds. Restoring intersegmental movement into ‘closing
patterns’ and addressing ‘function around the junctions’,
particularly the lumbosacral, allowed him to walk 8km without
pain 10 days after presentation.

Back Pain: A Movement Problem
movement relative to the hip and thoracic spine.
Sahrmann believed that the site of compensatory
movement was the site of pain. However, this
author would argue than in respect to the spine
while this may be so, it is certainly not necessarily
so. For instance pain felt over the mid lumbar spine
may emanate from T12/L1 or higher. We are never
absolved from the responsibility to fully assess all
structures.
Thoracic spine and rib cage

To generalize, the common findings include a var-
iable segmental and regional reduction of mobility
into extension, rotation and side bending, the
presence of a ‘dome’ and related myofascial
tightness.
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The junctional regions

Ideally the line of gravity passes through each of
these regions, but when spinal alignment and
control changes, these transitional regions are
more vulnerable and prone to develop hypomo-
bility. Experienced practitioners note problems
in these regions.87,190 In general, there is an
altered flexion/extension relationship and a signifi-
cant loss of rotation and side bending through the
junctions. By and large, all clinical presentations
can be found have some ‘defective function in the
junction(s)’ which produces compensations in adja-
cent functional segments or regions e.g. cervical
and lumbar spines, shoulders etc. Sahrmann193

reminds us to consider ‘what are the sources, and
what are the causes of the pain’– the ‘criminals’
and the ‘victims’.

• Craniocervical junction – C0/1/2/3 – is
complex biomechanically and has an important
functional role in mediating postural tone
throughout the body. The most common articular
restrictions are reduced flexion/extension (0/1);
rotation (1/2); side bending (2/3).

• Cervicothoracic junction – C7/T1/2 and ribs 1
and 2 – most commonly lose extension (widow’s
hump); rotation and side bending in these levels.

• The dome – T/6/7/8. While not strictly a
junction as described, it is clinically significant with
a common loss of extension, rotation and side
bending.

• Thoracolumbar junction – T10/11/12 /L1/2 –
usually hyper stabilized which can be in flexion,
neutral or extension; variable loss of flexion,
extension, and notable loss of rotation, lateral shift /
side bending. In particular, T12 is a segment of
frequent dysfunction.189,194 Dysfunction in various of
these levels can refer to the abdomen hip and pubis195

as well as the groin, scrotum and into the leg.

• Lumbosacral junction – L5 and sacrum are
closely linked to sacroiliac function. Clinically most
lumbopelvic pain disorders are associated with some
loss of extension and ‘swivel’ between L5/S1 with
related loss of freedom in sacral nutation and
torsion.

Note three of the five junctional regions relate to
the thorax.

A cervical or lumbar problem will usually show
local and regional neuromuscular dysfunction with
attendant symptomatic joint restrictions at the
superior and inferior junction, although usually one
will be dominant.



C H A P T E R 8Common features of posturomovement dysfunction
Intrapelvic joints: principally sacroiliac
joint

While cases of sacroiliac instability occur, these are
usually related to trauma or post partum. The bio-
mechanical effects of a stiff sacroiliac are clinically
compelling. In most ‘developmental’ back pain syn-
dromes, it is common to find a somewhat counter-
nutated sacrum with reduced mobility which may/
not be stuck in torsion and related contrarotation
of the innominates.

The large ball and socket joints are
often the criminals

The importance of the shoulder and hip joints in
providing the biggest source of rotation in the body
and allowing multiplanar movements in all three
dimensions is generally not appreciated. However,
they are always stiff in varying degrees in those with
spinal pain and related disorders and require
compensations which significantly impact upon pos-
turomovement control of the torso. A pattern gen-
erating cycle appears to prevail: changed shoulder/
hip function requires compensations in the spine.
Over time, segmental irritation begins to occur
and further affects change in the facilitation /inhibi-
tion of muscles controlling these large joints. This
may not include somatic pain referral. The stiffer
the hip/shoulder, the more the axial stress and so
on. Habitual provocative movement strategies
become further modified and so the dysfunction
becomes more entrenched. The increasing amount
of hip and shoulder surgery attests to the extent
of the dysfunction in contemporary sedentary
society.

Shoulder stiffness not only changes cervical and
thoracic and kinematics but ipso facto through its
affect upon the thorax also significantly impinges
on proper function in the low back. Many cannot
even elevate their arms above their head and
attempts to do so invariably result in compensatory
cervical movements and thoracolumbar cinching
strategies which affect the lumbar spine (Fig. 4.5).
Clinically one also finds an impressive incidence of
coexisting shoulder and low back pain syndromes.
When large shoulder girdlemuscles such as latissimus
and serratus are tight, adaptive lengthening of the
lateral body wall is compromised affecting standing
on one leg and reach patterns.

Rolf196 stated ‘it is impossible to overemphasize
the importance of a free hip joint’. The clinical inci-
dence of concurrent hip and spine symptoms is
common and has been described as Hip-Spine Syn-
drome.197 However, restriction in the hip is usually
sub-clinical and painless yet exerts significant bio-
mechanical effects upon the sacroiliac and lumbar
joints because of their close functional interdepen-
dence. Commonly the hips show restriction into
flexion, internal rotation and extension. The func-
tional interrelationship between low back pain and
hip dysfunction has increasing recognition.198,199

Recurrent lateral hip pain and conditions such as
trochanteric bursitis have been correlated with lum-
bar degenerative disease.200 Early intraarticular hip
disease may present with similar symptoms to that
of posterior pelvic pain attributable to SIJ dysfunc-
tion201 or referred from the lumbar spine. McGill202

states ‘sufficient hip and knee flexibility is imperative
in sparing the spine excessive motion during tasks of
daily living’. Forward bending studies have found
altered patterns of flexion motion with reduced hip
motion and increased lumbar motion.203–206 Positive
correlations were found between loss of hip internal
rotation lumbar extension and back pain in a cohort
of professional golfers.207 Associations between
reduced hip internal rotation and low back pain have
been found65,208 as have decreased passive hip exten-
sion mobility.209,210 Subjects with unilateral sacroil-
iac dysfunction had significantly more external
than internal rotation of the hip on the side of the
posterior innominate.65 Artificially increasing hip
stiffness in normal subjects caused profound changes
in the profile of trunk movements and balance
control.211
The lower kinetic chain

The legs need both flexibility and strength in order
to provide an adaptable yet stable base from which
pelvic control can be executed. While there is often
joint restriction in the hip and ankle, the stiffness in
the lower kinetic chain is more ‘neural pattern rust-
iness’. Generally the feet resemble dead little pad-
dles with poor intrinsic myomechanics, stiffness of
the ankle joints and imbalance in the mediolateral
stirrup between peroneus longus and tibialis poste-
rior. The common habit of standing with the legs
abducted, externally rotated with hyperextended
knees and hips mean the feet tend to pronate with
collapse of the medial arch. There is poor grounding
through the feet to provide and active base of sup-
port. This is particularly evident through the heel
where reduced push from here affects the ability
to direct and control movement from the ischia.
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Back Pain: A Movement Problem
Dynamic control of closed chain hip, knee and ankle
flexion is difficult. Trussing the feet up in orthotics
further robs the SLMS of the valuable propriocep-
tive and kinesthetic inputs that would otherwise
help to fire it up.
The brain

While this may appear a fatuous inclusion it is actu-
ally the heart of the problem and the most complex
and difficult to change. Feldenkrais212 said ‘the
stiffness is only in the head’ – our brains are stiff
to change. Posturomovement control is largely
reflex and automatic with the option for voluntary
control. Habitual patterns of response become
ingrained and require focus, perceptual awareness
application and determination to change them.
Whether psychological, emotional or physical, ‘old
habits die hard’. Knowing what the bad habit is
and its deleterious effect to ones being is the first
task. However, making change is more difficult
but necessary if sustained improvement is to occur:
‘You can’t fix the problem with the same bad habits
that created it’.
Role reversal in aspects of
upper and lower body function

Bartenieff125 describes ‘distinctively diverse roles’
between the upper and lower body which when
integrated into one unit, provide for effective move-
ment function.
208
The prime role of the lower unit is weight
support, groundedness through the feet and the
crucial role of weight shift which centers the body
at any moment and provides an anchor for the
upper unit. The pelvis houses the centre of gravity
in the body and is fundamentally the base of
weight support.51

The upper unit contains our principal organs of
perception and its principal role is manipulative
and communicative. Nowadays, man has become
absorbed with the upper unit in intellectual pursuits
and in the development of skill of hand and
speech;51 the brain and the hands have become
the most predominant ‘workers’.213 Work generally
happens in sitting and function changes.

In peoplewith back pain and poormovement habits,
the lower unit is underactive. They show a distinct dis-
inclination and disability in effectively controlling their
pelvis for physiological support and weight shift. This
includes loading the lower limb in patterns of flexion.
Conversely the upper unit is overactive and the arms
are usedmore for antigravity support, and grab to regain
balance. The ‘centre’ has become maladaptive and the
sense of power has been transferred from the base to
the top of his structure. As Todd51 says: ‘to a great
extent he has also lost both the fine sensory capacity
of the animal and its control of power centered in
the lower spinal and pelvic muscles . . . the crouch
muscles which should still be employed for spring or
take off and for shock absorption’. This is readily appar-
ent – even in a yoga class! It inevitably leads to an over
reliance on ‘pushing down’with the armswhen ‘coming
up’ from sitting or from the floor.We need to truly find
and stand on our own two feet!
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Chapter Nine
9

The two primary patterns
of torso dysfunction
Altered function in the posturomovement system is
observable in the manner in which we relate to grav-
ity. The pelvis, in housing the centre of gravity of
the body plays a central role in posturomovement
control and its position when standing is the key
to good or faulty postural alignment.1 Small shifts
can exert significant changes throughout the body.

While each person with back pain has an individ-
ual presentation; in general, the altered neuromus-
cular responses fall into certain predictable,
common patterns of response which can be distilled
into the two primary pictures of torso dysfunction.
These are characterized by a changed sagittal plane
spatial position of the pelvis in standing and
corresponding alterations in the postural alignment
of the body in relation to the line of gravity (see
Ch. 8). They afford a simple clinical classification
system and underlie a working model or paradigm
to help understand the development and perpetua-
tion of posturomovement disorders responsible for
many musculoskeletal pain syndromes. Before
examining these two proposed primary patterns
more closely, it is useful to consider clinical classifi-
cation systems suggested by other authors.

The case for a clinical
classification based upon
underlying motor control
impairments

The premise that impairments in the way people
posture and move are the underlying factor driving
the patient’s presenting musculoskeletal pain and
dysfunction is central to the approach of this model
and is one shared by Sahrmann,2,3 O’Sullivan,4,5

and Dankaerts et al.6 Based upon this premise,
those authors have argued for a clinical classification
system to assist in the diagnosis and management
of chronic non specific low back pain disorders
(CNSLBPD). They advocate classification into
clinical subgroups which are determined by ‘the
alignment, stress, or movement direction that most
consistently reproduces pain.3 When the mecha-
nism or cause of a disorder is known treatment of
the cause is usually considered more effective.6

Sahrmann3 arrived at five diagnostic categories
for CNSLBP based upon the direction of movement
causing the pain, which in order of her observed fre-
quency are:

• rotation–extension

• extension

• rotation

• rotation–flexion

• flexion syndromes.

Sahrmann says: ‘The diagnosis is designed to direct
the intervention. The primary strategy for an inter-
vention program is eliminating the alignment stress
or movement in the symptom producing direction.
The program does not emphasize movement in the
opposite direction, except where the alignment
impairment is excessive’.3

Similarly, O’Sullivan7,8 and Dankaerts et al.,6 no
doubt influenced by Sahrmann, suggest a mecha-
nism based classification in the diagnosis and treat-
ment of CNSLBPD. They also proposed five
distinct yet different clinical patterns based upon a
specific direction of motor control impairment which
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aggravated the pain, and the hypothesized mecha-
nism underlying the pain disorder6. These patterns
were originally described by O’Sullivan in relation
to ‘instability’ of the lumbar spine:7,8

• flexion pattern – this appears to be most
common pattern8

• lateral shift pattern

• active extension pattern

• passive extension pattern

• multidirectional pattern.

O’Sullivan4,5 further elaborated his classification
based upon the mechanism underlying the disorder,
proposing that three broad subgroups of NSCLBP
disorders exist. The directional patterns appear to
be a subgroup of Group 3.
1.
 In this group, the underlying pathological
processes drive the pain and the patient’s motor
responses are secondary and adaptive to this,
e.g. inflammatory pain disorders, severe
structural disorders, neuropathic or centrally
mediated pain.
2.
 In this, a dominance of psychological and/or
social factors represents the primary mechanism
underlying the disorder. Altered central processing,
and amplification of pain result in disordered
movement and motor dysfunction. The patient’s
coping and motor control strategies are maladaptive
in nature.
3.
 In this large group, maladaptive movement
patterns result in chronic abnormal tissue loading
and ongoing pain. They present in either of two
ways:

• Movement impairments characterized by
avoidant pain behavior associated with a loss
of normal physiological lumbopelvic mobility
in the direction of pain. They present with
abnormally high levels of muscle guarding and
cocontraction of the lumbopelvic muscles and
fear of movement. The neuromuscular
splinting and pain avoidance behavior is
considered to be the mechanism which drives
the pain.

• Control impairments demonstrate no
impairment to mobility of the symptomatic
spinal segment in the direction of pain
provocation. This is associated with inability
to effectively control the neutral zone.
The pain provocation behavior is considered to
represent the mechanism driving ongoing
symptoms.
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This author concurs with O’Sullivan’s three broad
subgroups and that maladaptive movement patterns
are responsible for chronic abnormal tissue loading
and ongoing pain. However, this author considers
that movement and control impairments are not nec-
essarily exclusive, but generally co-exist in some
measure, albeit with one dominating, depending
upon the subgroup classification to be presented in
this chapter (see also Ch. 8). The patterns of altered
neuromuscular response (movement impairments)
may well be the heightened responses of chronically
dysfunctional movement pattern behavior and indic-
ative of the severity of pain, tissue irritability as well
as the stage of the disorder. It is suggested that clini-
cally, symptom reproduction with movement is not
necessarily always achieved nor a reliable guide to
the underlying reason why that person’s movement
problems have developed and are further feeding
his pain picture. Nor is it necessarily always desirable
to reproduce the pain as the testing in doing so can be
potentially very provocative.

This proposed model, while resonant with O’Sulli-
van’s work, offers a somewhat different view around
the notion thatmaladaptivemovement patterns result
in chronic abnormal tissue loading and ongoing pain.
Rather than rely upon symptom provocation, it offers
a simple clinical classification system which initially
relies upon observation of the quality of movement.
Concerned with basic function, it delineates the more
common postural and relatedmovement impairments
which appear to constitute the underlying mechanism
responsible for the development and perpetuation of
most axial and related pain syndromes including those
of the lumbopelvic region. It would appear that there
is an inherent tendency for these maladaptive motor
responses to develop in us all under certain conditions.
Various elements can be fairly consistently observed in
the young and old, from the elite sportsman, yoga
practitioner to the office worker and the ‘couch
potato’. The maladaptive responses are just more
numerous, developed andobvious in peoplewith frank
musculoskeletal pain disorders.

Appreciating the features of the model as out-
lined not only provides a clinical classification but
also guides the assessment process and provides a
functional diagnosis based on the pattern of neuro-
myoarticular dysfunction responsible for the pain
disorder. It also provides predictive and preventa-
tive insights – the presenting symptom picture
usually being an acute or subacute episode on a
variable picture of underlying neuromusculoskeletal
dysfunction at various stages of disorder.
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The two primary pictures
of torso dysfunction

Observing the habitual standing posture provides a
convenient ‘roadmap’ of theway inwhich the patient
has adaptively organized herself against gravity.

In the sagittal view optimal posturomotor control
has the pelvis balanced within the line of gravity,
but when disturbed, the pelvis is postured either
more anteriorly or posteriorly from the line of
gravity (Fig. 9.1 & also Fig. 8.4).

This constitutes the basis of the two primary pic-
tures of dysfunction – the pelvic crossed syndromes.
When pelvic alignment changes so do the spinal
curves in a predictable fashion. The thoracolumbar
junction is considered the inflexion point between
the thoracic kyphosis and the lumbar lordosis and
through which the line of gravity passes.9 Its posi-
tion has a marked effect on the distribution of the
intersegmental rotations of the lumbar vertebrae
and upon the magnitude of the sagittal moments
carried by the passive spine.10 When more anterior,
a constant extension torque ensues; when more pos-
terior, a flexion torque results.11
Logf Logf

‘Neutral’
flexor/extensor

balance

A posterior pelvis/
anterior thorax tends

to extensor dominence

An anterior pelvis/
posterior thorax tends
to flexor dominence

Logf

Fig 9.1 � Schematic sagittal view: altered pelvic position
influences the body’s neuromuscular response to the
gravitational ‘line of force’.
Roussouly et al.12 comment ‘the majority of
degenerative disease occurs in spines that are well
aligned in the coronal plane but exhibit highly
variable morphology in the sagittal plane’. They per-
formed a significant radiographic study examining
the sagittal alignment of the lumbar spine in a
cohort of 160 asymptomatic subjects. They found
that ‘normal’ varied, and classified these variations
into four groups. These subgroups resonate well
with clinical impressions and so the features of each
are described:

• Type 1 lordosis. The sacral slope is less than
35�; the apex of the lordosis is centered in the
middle of the L5 body; the lower arc of lordosis is
minimal decreasing toward zero as the sacral slope
approaches horizontal; the inflection point
(transition between the upper kyphosis and lumbar
lordosis) is low and posterior creating a short
lordosis with a negative lordosis tilt angle; the upper
spine has a significant kyphosis of the
thoracolumbar junction and thorax (Fig. 9.2).

• Type 2 lordosis. The sacral slope is less than 35�;
the apex of the lordosis is located at the base of the
L4 body; the lower arc of the lordosis is relatively
flat; the inflection point is higher and more anterior
decreasing the lordosis tilt angle but increasing the
number of vertebral bodies included in the lordosis;
the entire spine is relatively hypolordotic and
hypokyphotic.

• Type 3 lordosis. The sacral slope is between 35�

and 45�; the apex of the lumbar lordosis is in the
centre of the L4 body; the lower arc of the
lordosis is more prominent; the inflection point is at
the thoracolumbar junction and the lordosis tilt
angle is nearly zero; an average of four vertebrae
constitutes the arc of the lordosis. The spine is well
balanced.

• Type 4 lordosis. The sacral slope is greater than
45�; the apex of the lordosis is located at the base of
the L3 vertebra or higher; the lower arc of the
lordosis is prominent and the lordosis tilt angle is
zero or positive; the number of vertebrae in lordotic
orientation is greater than 5; a state of segmental
hyperextension exists.

While demonstrating that sagittal alignment ‘nor-
mally’ varies significantly, the authors found the
least common was Type 2 and the most common
was Type 3 (construed as normal); where the apex
of the lordosis was located on average in the centre
of the L4 body. They also confirmed that the
characteristics of the lumbar lordosis are most
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L1

Type 2

Apex

Sacral slope Sacral slope

Lordosis
tilt angle

Upper arc of lordosis

Lower arc of lordosis
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Lordosis
tilt angle

Upper arc of lordosis

Lower arc of lordosis

L1
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Fig 9.2 � The four lordosis types according to Roussouly et al. 2005. Change in the sacral slope effects reciprocal
change in the lordosis.
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dependent on the orientation of the sacral slope and
the pelvis. They comment that there appears to be
an association between loss of lordosis and an ante-
rior shift of the vertical axis and the development
of symptomatic back pain. Further, they comment
that they have noticed that patients with symptom-
atic disc herniations are most commonly classified
as Type 1or 2; patients with spinal stenosis are most
commonly classified as type 4 and that they rarely
see patients with significant complaints who are
classified as Type 3! A further study13 compared
the native sagittal alignment of patients with spon-
dylolysis and low grade spondylolisthesis against a
control group. They found increased lumbar lordo-
sis, but less segmental extension between L5 and
S1 than in the normal population. Reporting a later
related study14 in patients with lumbar degenerative
diseases, they commented that previous data
suggested that patients demonstrated less distal lor-
dosis, more proximal lordosis and a more vertical
sacrum; while that particular study found the loss
of lordosis and a decreased sacral slope were signifi-
cant. Their findings are important in corroborating
the clinical impressions which underpin the pelvic
crossed syndromes. Of particular significance are
Type 1 with a reduced lordosis and Type 4 with
an increased, albeit more cephalad or high lordosis.

In addition, Smith et al.15 reported a photo-
graphic study examining sagittal alignment in 235
adolescents and also identified four subgroups –
neutral, hyperlordotic, flat and sway. A higher
proportion of the adolescent group that had never
had back pain was in the ‘neutral’ subgroup.

The Pelvic Crossed Syndromes

These paradigms have elaborated upon the model of
the Pelvic Crossed Syndrome described by Profes-
sor Vladimir Janda.16–18 Attempts to validate the
relationship between The Pelvic Crossed Syndrome
as described by Janda and back pain have not been
successful.19 While the Pelvic Crossed syndrome as
he described it certainly applied to some of this
author’s patients, it did not completely fit the picture
for many, or at all for others. It took some time for
this author to recognize the other patterns.

• Posterior Pelvic Crossed Syndrome (PPXS).
This fairly much equates to Janda’s original ‘pelvic
or lower crossed syndrome’. In its pure form it does
not appear to be as prevalent as might be expected,
however it often underlies a Mixed Syndrome
presentation (see Ch. 10). It resembles a ‘kyphosis-
lordosis posture.1

• Anterior Pelvic Crossed Syndrome (APXS).
This appears to be the more common presentation
within this author’s clinical practice population
either as the pure form or underlying the mixed
syndrome (see Ch. 10). It resembles a ‘sway-back
posture’.1

These two syndromes form the basis of a proposed
clinical classification system.

It is important to appreciate that not all patients
will demonstrate the pure pelvic and related pic-
ture. Some will show some tendency, and others
will exhibit a variable mixture of the two with a
dominant tendency. Understanding the features of
each helps understand the patient in front of you –
possibly a Mixed Syndrome (see Ch. 10).
Posterior Pelvic Crossed Syndrome
(PPXS)

The pelvis is back

Here the neuromuscular system is generally more
switched on but in an abnormalmanner of relative sys-
temic global muscle system (SGMS) ‘overdrive’, with
a tendency for axial extensor muscle system domi-
nance.However, this extensor hyperactivity is region-
ally patchy and associated and related under activity of
the deep system (SLMS). In its purest form it may be
more common in males. The patient ‘looks up’– the
‘pseudo warrior’ although he is tense, unyielding, gen-
erally tight and stiff, with poor selective control of
movement within the torso (Figs 9.3–9.6).

Sagittal alignment characterized by:

• Pelvis is posteriorly shifted with increased
anterior sagittal rotation or tilt. This appears to
result from both psoas and erector spinae
hyperactivity.

• Trunk – anterior translation of the thorax
via thoracolumbar ‘shunt’ from increased
thoracolumbar (T/L) extensor muscle activity
creates a forward loaded trunk and associated
compensatory anterior pelvic rotation. The line of
gravity passes behind the thoracolumbar junction
and the posterior wall of the body cylinder is
shortened. An important normative study by
221



Fig 9.3 � PPXS: lateral view.
Fig 9.4 � PPXS: posterior view.
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Harrison et al.20 showed that trunk muscle activity
can also influence pelvic position. Anteriorly
translating the thorax at the level of T12 without
restraining the pelvis resulted in it anteriorly tilting
(and shifting posteriorly as shown, though not
commented upon). The sacral base angle increased,
the T12/L1 and L1/2 segments extended on
average a total of 5� from the neutral position
while L4/5 and L5/S1 flexed by a combined total
of 6�. The flexing of the lower lumbars and the
extension in the upper lumbars around the lumbar
curve apex at L4 is interesting. In a later study,21

they calculated that the increased thoracolumbar
222
extensor muscle activity associated with an
anterior thoracic posture significantly increased the
disc loads and stresses for all levels below T9. The
IVD compressive and shear loads and the
corresponding stresses were most marked at L5/S1
and L3/4 level.

• Hips are in relative flexion in the pure form as
Janda originally described it. However, in the mixed
syndrome (see Ch. 10) it is also common to see
some patients lock their knees, externally rotate the
hips, ‘butt grip’22 and hang the torso forward off the
pelvis by holding with sustained activity of the
thoracolumbar extensors.



Fig 9.5 � PPXS: anterior view. The patient is 17 years old.
Also see Figs 9.8 and 9.9.
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• Cursory glance shows they look ‘extended’ with
an increased lordosis. This is principally high lumbar
and over the thoracolumbar junction. The
Roussouly12 Type 4 lordosis is extant. However,
closer inspection generally reveals that the lower
lumbar levels in fact show some relative flexion and
are poorly controlled. The further findings reported
by Roussouly et al.13,14 and those of Harrison
Table 9.1 Altered myofascial length/tension contributing

to PPXS

Muscle hypoactivity/
lengthened

Muscle hyperactivity/
adaptive shortness

Lower pelvic unit synergy

(LPU) in particular:

• transversus and internal

oblique

• lumbosacral multifidus

• iliacus in controlling

intrapelvic movement and

anterior pelvic rotation AT

the lumbosacral junction

• probably pelvic floor

Entire abdominal wall þþþ
Glutei – medius þ
Inefficient diaphragm activity

Thoracolumbar erector

spinae þþþ
Serratus posterior inferiorþ
Anterior hip flexor groups:

• primarily psoas þþ
• RF TFL

Obturator group including

piriformis?

Hamstrings?

? hip internal

rotators > external

rotators?

?? lateral fibres of:

• internal oblique and

• latissimus dorsi
et al.20 with regard to reduced segmental extension
of the lower levels in response to thorax position
somewhat confirm this clinical impression. The
chest is held more in the inspiratory position. Quick
appraisal reveals a big belly, bottom and calves and
bulky thoracolumbar extensor groups. Puffy
superficial tissues and poor definition of the bony
landmarks over the low lumbar levels and
lumbosacral junction are usual.

• The altered length/tension relationships of the
various muscles contributing towards this picture
are shown in Table 9.1, Fig. 9.6.

As Janda17 described the ‘cross‘, there is an oblique
relationship between the iliopsoas/hip flexors and
erector spinae which are overactive/tight with poor
Thoracolumbar
extensors

Lumbosacral
extensors

Gluteii

Piriformis +/-

Overactive
Underactive

Hip flexors

Whole
abdominal

wall

Diaphragm +/-

Fig 9.6 � Schematic view of PPXS.
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Fig 9.7 � Segmental irritation can further drive central
posterior cinch behavior such that it is evident ‘at rest’.
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control of eccentric lengthening. The spatially oblique
gluteals and abdominals are weakened resulting in an
anterior pelvic tilt, increased lordosis and a slightly
flexed position of the hip (Fig. 9.3; Fig. 9.6). If the lor-
dosis is deep and short the imbalance is principally
located in the pelvic musculature. If it is shallower
but longer extending into the thoracic area the imbal-
ance is more marked in the trunk musculature.17,23

Clinically, the latter appears more common and many
also have quite bulky buttocks. Janda noted that those
who stand with an opened lower thoracic aperture
have a shortened diaphragm in association with under-
active abdominals with decreased excursion in breath-
ing.23 Janda also noted that hamstrings could be tight in
this syndrome either as a compensatory mechanism to
lessen pelvic tilt or possibly as a functional compensa-
tion for the inhibited glutei.17 He also noted that an
imbalance can exist in the lateral pelvic muscles where
aweak gluteusmedius can be compensated for by over-
activity and tightness in the ipsilateral quadratus lum-
borum and tensor fascia latae. An increased thoracic
kyphosis and further compensatory increase in the cer-
vical lordosis develop in efforts to balance the body and
keep the head and eyes in the upright position.17

Toppenberg and Bullock24 examined lumbopel-
vic muscle lengths and their interrelationships in
healthy adolescent females and found significant
positive correlations between shorter (by implica-
tion overactive) erector spinae and iliopsoas and
rectus femoris with a tendency for longer abdom-
inals (by implication weaker) in association with
longer gluteals and shorter iliopsoas muscles. They
concluded that the pattern of length relationships
which constitute the pelvic crossed syndrome as
described by Janda can be seen in normal pain free
adolescent females. This study lends weight to the
premise that movement dysfunction is present and
observable before pain appears. A prospective study
would be nice in determining which subjects went
on to develop pain syndromes.

As a consequence we can expect or
predict that in movement:

• Patchy extensor synergies tend to dominate in
most movements – particularly T/L extensors.
Inhibition of the overactive muscles can be difficult
and they often can’t let them go, e.g. in standing
forward bending the T/L extensor muscle groups
keep holding instead of eccentrically lengthening.
This helps explain why some though not all patients
with back pain demonstrate increased erector
224
spinae EMG and a lack of flexion relation
phenomenon25–27 in forward bending.

• Trunk extension is generally reduced
particularly through the thorax. In attempting
extension, both poor spatial prepositioning of the
pelvis and poor hip and intra-thoracic extension
leads to further over activation of the extensor
muscle groups over thoracolumbar junction (T/L/J)
and upper lumbar levels.

• Thoracolumbar region becomes
hyperstabilized by overactive erector spinae
groups, serratus posterior inferior and psoas
producing a ‘Central Posterior Cinch’ (CPC; Fig.
9.4). This reflex response begins to become the
postural set that supports the ensuing movements.
CPC hyperactivity over-anchors the lower thorax
posteriorly, further reducing movement within the
thorax and over the thoracolumbar junction to the
upper lumbar spine. This then creates a tendency
for a compensatory functional ‘break’ in the mid/
low lumbar spine – these levels become relatively
over stressed in movement with less intersegmental
control. Examining the mechanics of lifting in a
group of power lifters who clearly hyper develop
their erector spinae, McGill reports a chance
recording by video fluoroscopy of a segmental
buckling/instability injury at L3/428 (later reported
at L2/329,30) (see Ch. 6, p. 134; and Ch. 13,
p. 335). CPC activity can be so entrenched that it is
even evident when recumbent (Fig. 9.7).

• Poor control of the pelvis in space, on the
lumbar spine and hips in posture and movement
because of inadequate control of the lower pelvic
unit (LPU) and hence the fundamental pelvic
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patterns. Instead, sagittal pelvic rotation control is
indirectly attempted by an abnormal strategy which
utilizes his CPC – anterior rotation primarily from
the T/L extensors and the anterior pelvic femoral
muscles – particularly psoas. The apparent anterior
pelvic rotation is not controlled at the lumbosacral
junction. This group has more difficulty shifting the
pelvis anteriorly. When shifting it posteriorly, poor
abdominal control to support anterior alignment in
the body cylinder is evident.

• Decreased hip extension range because of tight/
overactive psoas/anterior hip muscles and related
underactive glutei (Fig. 9.8). Difficulty performing
the 2nd fundamental pelvic pattern (FPP2) means
shifting the pelvis anteriorly/posterior rotation and
control of closed chain hip extension is deficient
particularly in kneeling (see Fig. 11.8). Difficulty
with the 1st fundamental pelvic pattern (FPP1)
makes open chain hip extension control more
difficult. Active hip extension movements are
associated with increased CPC activity. The poor
contribution and control of the lumbosacral region
towards anterior pelvic rotation/low lumbar lordosis
Fig 9.8 � Difficulty achieving closed chain hip extension is
associated with disturbed patterns of axial alignment.
to support hip extension is interesting. Psoas is
overactive in synergy with thoracolumbar extensors,
and iliacus seemingly underactive in concert with
the abdominals. The observed imbalance between
psoas and iliacus activity in this group will hopefully
interest future researchers.

• The important standing forward bending
pattern. The pelvis is already posteriorly shifted and
anteriorly rotated, and so a reasonable contribution
of hip flexion is more often seen. The better
developed buttocks seen in this group is evidence
that they are using them somewhat! Poor control of
the ‘body cylinder’ with imbalance between the
underactive abdominals and the dominant posterior
cinch patterns is the key deficient component with
diminished dynamic adjustments in the legs.
Reduced control of the FPP1 coupled with poor
control of the anterior wall of the body cylinder is
compensated by increased thoracolumbar extensor
activity. This leads to. . .

• Relatively increased intersegmental flexion
over themid/low lumbar levels occurs during spinal
flexion (and other movements) as the thoracolumbar
contribution to movement is reduced from CPC
hyperactivity. This becomes exacerbated by the
frequent therapeutic misdirective to ‘tuck the tail
under’ in a misguided attempt to decrease
thoracolumbar extensor hyperactivity.

• Sitting postures will further stress the low
lumbar levels into flexion if a collapsing strategy is
adopted (see Ch. 8). Conversely they may ‘sit up’
by locking in with a CPC strategy and inadequate
lumbopelvic contribution.

• Abnormal axial rotation – lack of general and
rotary mobility in the thorax and over the
thoracolumbar junction because of CPC activity and
a ‘dome’ (Ch. 8) and diminished mobility and
control in the hip–pelvic unit, means any rotation
imposed on the system tends to occur abnormally in
the mid/low lumbar spine.

• Walking further increases the altered loading
patterns. Decreased hip extension and poor triplanar
control pelvic rotation leads to further stress in the
lumbar spine. Lateral weight shift (Ch. 6, Part B) is
further compromised by the CPC fixing strategies
holding the spine more centrally and limiting lateral
shift of the thorax over the base – the lumbar spine
becomes stressed in both the sagittal and frontal
planes. When dysfunction is marked walking is
characterized by a waddling gait as the mass of the
thorax is heaved over the standing leg and the lumbar
225



Fig 9.9 � The thorax appears to migrate more cephalad
because of decreased inferior stability from the abdominals.
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spine is observed to both side bend and rotate. The
incidence of foot pain symptoms and the wearing of
orthotics as well as chronic knee symptoms are
common to see – both related to chronic somatic and
autonomic influences resulting from compromised
segmental dysfunction.

• Dysfunctional breathing patterns – Poor
abdominal tone does not provide the stability for
effective diaphragm activity which is further
hampered by CPC strategies reducing posterior
basal expansion. The thorax is frequently held in the
(abnormal) inspiratory position31–33 where its
lower pole and the diaphragm assume a more
oblique position. Liebenson34 notes this position
will inhibit the postural function of the diaphragm
(Fig. 9.9).

In very general terms the prognosis for this group is
perhaps more limited. Inhibiting the dominant CPC
neuromuscular behavior can be really difficult and
can represent a real therapeutic challenge. Chronic-
ity is more likely and particularly so in those who
have spinal surgery. Surgery may be more likely in
this group.

Anterior Pelvic Crossed Syndrome
(APXS)

The pelvis is forward!

Here, the neuromuscular system is more ‘switched
off’ – both the deep SLMS and the superficial sys-
tems (SGMS). However, while less dominant, the
superficial system is still abnormally used though
more intermittently. Those with generally low
muscle tone fall into this group and sensory system
dysfunction seems more apparent. These people rely
more on passive strategies for antigravity support –
hanging on the iliofemoral ligaments, adopting a wide
base of support, hyperextending the knees and gener-
ally limiting the opportunity for postural perturba-
tions to influence the system (see Ch. 8).

In its purest form, it is probably more common in
females. The patient appears somewhat collapsed
and exhausted while ‘up’. The tail bone is ‘tucked
under’ and aspects of posturomovement patterns
tend to reflect elements of ‘psychological with-
drawal’ (Figs.9.10–9.13).

Sagittal alignment is characterized by:

• Pelvis is anteriorly shifted with an increased
posterior rotation or tilt. Psoas is underactive
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and they passively hang relying on their
iliofemoral ligaments. This requires little
postural demand in the LPU. The poor pelvic
control is primary.

• Trunk. The thorax is shifted more posteriorly and
the line of gravity passes anterior to the thoracolumbar
junction. The axial posture is one of more general
flexion, creating more loading stress on the anterior
structures throughout the spine. The anterior wall of
the body cylinder is shortened. There is loss of the
lumbar lordosis and in some, lumbar kyphosis is
apparent. This equates to the Roussouly12 Type 1
lordosis (p. 219–220). Adaptive shortening and/or
overactivity of the upper abdominals with
underactivity in the lower region is evident.



Fig 9.10 � APXS: lateral view. Her buttocks and calves are
more developed than usual as she is a marathan runner!

Fig 9.11 � APXS: posterior view.
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• Hips are in extension with adaptively
tight posterior hip structures. This can vary
between reliance on the passive structures or
active holding with the obturator group –
the hips are externally rotated and the buttocks
usually poorly developed. Active ‘butt-gripping’22

is more a feature of the mixed syndrome
(see Ch. 10).
227



Thoracolumbar
extensors

Lumbosacral
extensors

Hip extensors

Piriformis

Hamstrings

Overactive
Underactive

Iliopsoas

Lower abdominals

Upper abdominals

Pelvic floor

Diaphragm

Fig 9.13 � Schematic view of APXS.

Fig 9.12 � APXS: anterior view.

Table 9.2 Altered myofascial length/tension contributing

to APXS

Muscle hypoactivity/
lengthened

Hyperactivity/
adaptive shortness

Lower pelvic unit synergy:

• Lower abdominal group

• Lumbar multifidus –

particularly over lower

levels

• Diaphragm – reduced

excursion þþ
• Iliacus and psoas þ
• ? weakness of anterior

pelvic floor

Glutei – reduced postural and

movement demand and

often adaptively shortened

Hamstrings þþþ
Obturator group including

piriformisþþþ
Upper abdominal group

including lateral internal

obliqueþ
Hip external rotators i

internal rotators

þ/� T/L erector spinae

Posterior pelvic floor:

anterior?

Back Pain: A Movement Problem
• Quick appraisal shows poorly developed
buttocks; forward loaded head posture; thoracic
kyphosis and the thorax is collapsed towards pelvis in
the expiratory position. Calf development is poor.

The altered myofascial length/tension relationships
observed in this picture of dysfunction are shown
in Fig. 9.13 and Table 9.2.

In this presentation, the ‘cross’ consists of the
oblique relationship between the hyperactive/tight
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upper abdominal group and the lower obturator/pir-
iformis group with the posterior pelvic floor and
hamstrings. The other ‘diagonal’ is under activity/
weakness of the lower abdominal group, iliacus
and psoas with lumbar multifidus. In standing this
creates a posterior tilt of the pelvis, loss of the lum-
bar lordosis and hip extension. Active neuromuscu-
lar synergies for lumbopelvic support and control
are in short supply.

As a consequence we can expect that
in movement:

• Patchy flexor synergies tend to dominate in
posture and movement – e.g. upper abdominals
and pectorals coactivate in antigravity trunk



Fig 9.15 � Chronic CAC: the thorax is pulled down anteriorly;
note the inactivity in the lower abdominal wall, anteriorly
shifted pelvis and wide base of support.

Fig 9.14 � General loss of extension is evident when prone
on elbows.
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flexion. Insufficient SLMS activity means the
initiation and sustaining of appropriate postures to
support movement is wanting.

• Generalized loss of extension through the
spine is marked – both in the thorax and lumbar
spine. Loss of lordosis is marked through the lumbar
spine (Fig. 9.14). Most active extension is achieved
by intermittent thoracolumbar extensor activity
and/or further swaying pelvis forward and hyper
extending the hips to compensate.

• Thoracolumbar junction hyperstabilized in
flexion. Upper abdominal overactivity or ‘cinch’
creates a ‘central anterior cinch’ (CAC) which
holds the anterior thorax down, inhibiting good
descent of the diaphragm, increasing the thoracic
kyphosis and ‘dome’ and further reducing the
contribution of the thorax in axial movement. This
reflex action invariably becomes the postural set
adopted for axial stability to support limb
movement. It can be acute (Fig. 4.9), or a chronic
intrinsic problem (Fig. 9.15); or result from
excessive ‘training’ (Fig. 9.16).

• Poor spatial control of the pelvis, pelvis on
the hips and lumbar spine. When standing,
particular underactivity in psoas/iliacus means the
pelvis shifts forward and they passively hang off the
iliofemoral ligaments. The patient utilizes the
CAC with the hamstrings/obturators to bring the
pelvis forward. Increased vertical loading stresses on
the pelvic floor are more likely and Spitznagle
suggests this risks stretch weakness of the PFM.35

Clinically the posterior floor often appears tight.
Delay, underactivity and imbalanced activity of the
LPU means poor spatial pre-positioning of the
pelvis to provide support to the ‘body cylinder’ as
well as for lower limb movement. The tendency to
readily shunt the pelvis forward in movement
means shifting it posteriorly is particularly disabled
and ‘unknown’ (Fig. 8.29). A healthy study showed
that if posterior shift of the pelvis was prevented
when bending forward, inhibition of erector spinae
occurred earlier in range than that normally given
for the flexion–relation response.36 The
underactivity in psoas/iliacus is further reflected in
difficulty in anteriorly rotating the pelvis,
controlling sacral nutation and the low lumbar
lordosis. The development of lumbopelvic girdle
pain syndromes including the so called ‘instability’
syndromes of the lumbar spine and sacroiliac joint
(SIJ) become a predictable eventuality.
Incidentally, Mens et al.37 note the possible
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Fig 9.17 � The subject is attempting closed chain hip flexion
in the ‘Allah’ stretch. Note the loss of axial alignment
and poor anterior pelvic rotation.

Fig 9.18 � Neurologically the patient is asleep. Passive
collapse without directing the stretch from the W ischium
means the lumbar spine is the victim. The subject is the same
as that in Figs 8.8, 8.26 and 11.4 who cannot initiate lateral
weight shift through the pelvis in sitting.

Fig 9.16 � CAC from overtraining.

Back Pain: A Movement Problem
increased risk of developing peripartum pelvic pain
when delivery positions involved a flexed spine.

• Decreased hip flexion due to underactivity in
iliacus-psoas and disordered LPU synergies with
corresponding tight posterior pelvic and hip muscles
which show poor eccentric lengthening – the
obturator group including piriformis, posterior
pelvic floor gluteus maximus and particularly
hamstrings. Difficulty with FPP1 means anterior
rotation of the pelvis and active control of closed
chain hip flexion is particularly deficient and is
compensated by further increased low lumbar
flexion in movement (Figs 9.17 & 9.18). Hip
extension becomes associated with posterior pelvic
tilt. Poor control of the fundamental patterns means
open chain hip movements particularly extension,
are built on a poorly controlled pelvic base of
support hence the movement is not well localized to
the hip but is transferred to the lumbar spine. ‘Hip
stretches’ invariably become stretches to the lumbar
spine (Fig. 9.18) and may also create altered
patterns of axial alignment higher up (Figs. 8.15 &
9.17) because of inadequate control of the LPU
synergies.

• The important pattern of forward bending in
standing. Instead of the sagittal axis of rotation
being in the hips it becomes more the spine.
Deficient control of the FPP1 & FPP2 is
particularly evident in this action. The bending
action is initiated more from relying on a
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combination of holding with the hamstrings while
engaging the upper abdominals (CAC) and ‘folding’
forward in a pattern of generalized flexion (Figs.
9.19 & also 8.6 & 8.9) The spinal flexion–relaxation
response is likely to occur early in range. In fact
‘hanging off the hamstrings’ allows one to rely more
on the passive tissues and the hamstrings may not
achieve flexion–relation at the end of flexion which
is deemed to occur38 (Fig. 9.20). This habitual
initiation of forward bending by actively ‘tucking
the tail’, creating posterior pelvic tilt and flexion of
the spine has been alluded to as the ‘click-clack
phenomenon’39 – an unfavorable loading state for
the lumbosacral and sacroiliac structures. Poor
control of FPP2 means the lifting/return phase is
characterized by poor coactivation within the LPU
and the ‘body cylinder’ with little contribution
from gluteus maximus, the hamstrings being



Fig 9.20 � Forward bend pattern relying upon ‘hanging off
the hamstrings’ & the posterior axial ‘passive system’.

Fig 9.19 � Forward bend pattern with axial ‘folding’.
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dominant throughout the movement. The pelvis is
hyperstabilized inferiorly thus held in posterior tilt
through both phases and hyper flexion of lumbar
segments occurs (Fig. 9.21). Adherence to the
advice to ‘bend the knees’ generally results in more
posterior pelvic rotation and lumbar flexion
(Fig. 9.22) (see Ch. 6, Part B.). The key component
is the lack of pelvic-hip control, and poor control of
alignment in the ‘body cylinder’. Lumbopelvic
control suffers.

• Relatively increased intersegmental flexion
over low lumbar levels occurs as a result of poor
lumbopelvic control as well as compensation for
associated posterior hip and pelvic tightness.
(Fig. 9.23). Lumbar joints and intersegmental
structures including the disc are used in untenable,
more unstable and vulnerable end range flexion.Disc,
facet and the plethora of other various ‘diagnoses’ are
a predictable consequence over time.

• Sitting generally involves passive collapse
(Ch. 8) with little initiation and control from the
LPU, with minimal weight shifts and an
inappropriate sacral position for ‘axial column lift’
including control of the lumbar lordosis. Any
attempts ‘to sit up’ are achieved by the adoption of
a transient CPC in concert with their habitual CAC
which serves to constrict the lower pole of the
thorax in a ‘central conical cinch’ (CCC).

• Abnormal axial rotation – a general reduction
in extension and rotation because of the dominant
CAC patterns and thoracic ‘dome’, in addition to
deficient lumbopelvic control and relative
hypomobility in the hip and pelvic joints means any
imposed rotation will abnormally occur in the
lumbar spine.

• Walking. Gracovetsky40 suggests that loss of
control of psoas has a major effect upon locomotion
as lordosis control is lost. Similarly, Rolf41

considered that grace and efficiency in walking
requires the psoas not the erector spinae as the
primary antagonist of the rectus abdominus. Rather
than walking with ‘a spring in the step’ and the easy
oscillatory rhythm inherent in contralateral
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Fig 9.23 � Viewed from above. Segmental ‘break’ can occur
in hyper-flexion of the lumbar spine.

Fig 9.21 � Forward bend pattern from behind with poor
eccentric lengthening in the postero-inferior pelvi-
femoral muscles – “inferior tether”.

Fig 9.22 � Basic pattern tendencies are carried forward into
other actions (Fig. 9.20). ‘Bending the knees’ in forward
bending often results in increased posterior pelvic rotation.

Back Pain: A Movement Problem
pelvis–shoulder rotation, walking appears an effort
and lacks vitality. Reduced range and control of
rotation and weight shift through the kinetic system
means that walking becomes more sagittal and two
dimensional. Some ‘pull themselves along’ with
their arms rather than push off well through the
feet. Others appear to ‘walk up to, but not past
232
themselves’, bringing the body to the weight
bearing leg rather than over and past it where
push off can be more effectively achieved through
an extended hip in ipsilateral backward pelvic
rotation.

• Dysfunctional breathing patterns. The thorax
tends towards the more collapsed ‘expiratory’
position and becomes distorted by the effects of the
hyperactive CAC responses and the more transient



Fig 9.24 � General collapse and central anterior cinch
diminishes adequate support function from the diaphragm.
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CPC activity which serve to externally compress
and reduce the dimensions of the inferior aperture
(Fig. 9.24). This hampers diaphragmatic descent
and the widening and opening out of the centre
creating the internal support so important for axial
stability and control (Ch. 6, Part A). When the
diaphragm loses its dynamic function the action of
transversus is also lost and the resting tone of the
pelvic floor muscles is potentially reduced.42

Diminished basal breathing is compensated by
increased upper chest breathing with sympathetic
dominance and related upper body tension. Cervical
pain syndromes can also be expected to occur.

It is important to note that when attempting to be
‘up’, performing certain movements, trying too
hard, or being over challenged, the tendency for
this subgroup of patients is to flip to using a more
primitive gross extensor synergy – principally uti-
lizing the thoracolumbar extensors (CPC) in asso-
ciation with their retained upper abdominal
‘central anterior cinch’(CAC) pattern. The lower
thorax then becomes functionally converted to a
cone shape. We have termed this a ‘central conical
cinch’ (CCC) whereby the anterior, posterior and
lateral thoracolumbar junction becomes hyperst-
abilized. Control of the pelvis is attempted from
this habitual thoracolumbar strategy. The reflex
reactive response becomes the postural set from
which they move.
It is also important to recognize that during acute
severe bouts of pain, marked muscle spasm can
transform an APXS individual into one resembling
a PPXS picture as their spine is held in extension
with the pelvis more posteriorly placed. As joint
irritability settles they revert to form.
Discussion: pelvic position and
flexor or extensor proclivity

Altered pelvic shift and associated tilt has received
almost no attention in the literature. Myers43 men-
tions, ‘the pelvis is commonly described as being
anteriorly or posteriorly shifted relative to the mal-
leoli with the understanding that “some tilts must
occur along the way for that to happen”.’ A personal
article by Schleip44 describes ‘The structural typol-
ogy of Hans Flury’; however, this author found
Flury’s work difficult to locate. According to Schleip,
Flury arrived at four combinations of pelvic tilt and
shift. The two related to an anterior tilt he called
‘internal’. This may be because clinically, the hip
tends more to internal rotation in anterior pelvic tilt,
although this is not stated. Similarly, those with a
posterior tilt were termed ‘external’ – again not
stated, but presumably because clinically, external
hip rotation and posterior pelvic tilt certainly ‘go
together’. It appears Flury felt that an anterior and
posterior tilt can occur in both an anterior and a
posterior shift of the pelvis. However, at this stage,
it is this author’s clinical impression that posterior
pelvic shift is coupled with anterior rotation and
anterior shift with posterior rotation. Try it for your-
self! Importantly, Schleip mentions that the two
types with a posterior shift are considered to be
‘tensional types’ in which the fascial and muscular
holding patterns are considered to be more apparent.
This directly applies to the picture seen in the PPXS
subgroup in the model presented here. Those with
an anterior shift are considered ‘compressional types’
and this author interprets this as ‘internal collapse’
from inadequate SLMS activity – APXS as presented.
Schleip hints that the emphasis for these names is in
relation to the posterior trunk.

Brumagne et al.45 recently found that persons
with recurrent LBP showed a significant more for-
ward inclination of their body when vision was
occluded or in anticipation of postural instability.
They noted however other studies have shown a
tendency to more posterior inclination.
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The important significance of the pelvic shifts
and tilts is the real effect they have on the distribu-
tion of extensor and flexor muscle system activity
throughout the torso:

• When the pelvis is anterior, flexor system
dominance tends to prevail (APXS)

• When the pelvis is posterior extensor system
dominance is more apparent (PPXS) (Fig. 9.1)

• When the pelvis is neutral balance between the
flexors and extensors is likely.

Rock42 defines the functionally normal neutral pel-
vic position as having a slight anterior tilt where
the anterior superior iliac spines move slightly in
front of the symphysis. In this position the reflex
postural muscle chains are better activated and
sacroiliac joint shear stress is minimized. This can
be readily felt in standing.

Schleip46 also offers a structural typology based
on the effects of primary reflex behavior upon the
functional relationship between the flexors and
extensors (Ch. 7). This typology also shares many
features in common with the crossed syndromes.
Clinically, he notes a ‘short extensor pattern’ which
equates to the PPXS and a ‘short flexor pattern’ –
either contracted or collapsed, which equates to the
APXS. Like this author, he has also been influenced
by the work of Feldenkrais47,48 and Hanna49 and
notes the associated psychological temperaments
which tend to accompany each state. Feldenkrais
saw that negative emotions and the ‘the body pattern
of anxiety’ were flexor dominant. The APXS/flexor
tendency group does appear more inclined to nega-
tive emotions, tension, depression, and anxiety, etc.
The PPXS/extensor dominant individuals appear
extroverted yet are stiff and rigid. Importantly his
two typologies are not exclusive of one another, which
is also the case in the crossed syndromes and further
explored in the mixed syndrome in Chapter 10.
However, Schleip believes the ‘key indicator for the
reflex patterns is not in the pelvis position in standing
(like Flury’s model), nor in the femur rotation (like in
Sultan’s), but the tonus balance between trunk-
flexors and trunk-extensors specially (sic) around
the rib cage’.46

The paradigm of the two crossed syndromes
embraces the significant role that both the trunk and
pelvis play and importantly, their ability to mutually
influence one another. Essentially in the pure form,
those with PPXS are axially hyperextended with rela-
tive hip flexion while those who are APXS are axially
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flexed with extended hips. Perhaps the pelvis is the
primary dysfunction in APXS and the trunk is
primary in PPXS. However, practically they are inter-
dependent as trunk muscle activation patterns affect
the pelvis and conversely pelvic activation patterns
influence those in the trunk.

O’Sullivan described6–8 five clinical patterns
which are principally flexion or extension dominant,
based upon pain behavior with movement. It
appears that we are observing similar patterns of
clinical presentation6,50,51 namely:

• the APXS shares features in common with his
flexion pattern which he thought was the more
common underlying clinical presentation.7,8,50

• posterior pelvic crossed syndrome shares features
in common with his extension pattern

• O’Sullivan’s other directional patterns can be
viewed as variations on these basic two patterns at
differing stages of neuromusculoskeletal
dysfunction.

Van Wingerden et al.52,53 presented a study
which lends support to the concept of the two pel-
vic crossed syndromes. They examined forward
bending motion patterns of the lumbar spine and
pelvis in two subgroups of patients with chronic pel-
vic girdle pain and chronic LBP against a control
group. While they described the position of the
trunk in standing as similar in all three groups, they
found that those with pelvic girdle pain demon-
strated a significantly increased posterior pelvic tilt
and decreased lumbar lordosis in standing. When
this group bent forward, lumbar flexion was signifi-
cantly increased initially and through range while
hip motion was significantly reduced (a common
strategy adopted by those classified as APXS).
Those with LBP initially maintained more lordosis
when forward bending, but had more lumbar
motion in the final stage of flexion i.e. they initially
‘held’ more with their thoracolumbar extensors and
compensate at the end of range with increased
motion probably over the lower levels. This group
can clearly be sub-classified in the PPXS group. Pre-
dictably we can expect symptoms to differentially
occur in both groups over time.

Other forward bending studies of subjects with
CLBP have also shown early and increased lumbar
movement with reduced hip movement,54 especially
when fatigued.55 Porter and Wilkinson56 found an
overall reduction in the mean total range and mean
maximum lumbar flexion in all symptomatic subjects
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with a subgroup showing a significant decrease in hip
flexion. Sub classification as proposed would help
explain the various findings.

If some show flexor dominance
why work their abdominals so?

It has been exciting for this author to find resonance
in the work of others who are describing similar clini-
cal patterns with a certain common theme – some
subjects show the influence of more dominant reflex
flexor activity while for others it is extensor. This has
important implications. The abdominal muscles
receive a lot of attention in therapy and fitness pro-
grams in the pursuit of ‘good core control’. However
different presentations require different solutions.

In general those who are classified as APXS lack
extension are flexor dominant and ‘collapsed’ when
up. They generally show increased activity patterns
in the upper abdominals and consistent underactivity
of the lower abdominal region. The combination of
reduced deep system activity and the adoption of the
‘holding’ and ‘folding’ strategies result in the axial
spine becoming relatively shortened. The anterolateral
abdominal wall bulges and they ‘have a tummy’. Janda
felt the lateral waist bulgewas indicative of transversus
hypoactivity. Unfortunately being told to ‘hold their
stomach in’ has the effect of pulling them down into
more flexion, shortening the torso increasing the
‘dome’ and further constricting function around the
body’s centre of gravity. These people need to develop
control of their pelvis, the synergies for which require
activation of the lower abdominals. Control of poste-
rior pelvic tilt and achieving anterior tilt is difficult.
Coactivation between the flexors and extensors for
low load activities is also reduced, hindering control
of alignment between the related segments in the
kinetic chain. Consistently working them more into
flexion compounds their problems and therapeutic
misadventure is becoming a more common presenta-
tion in the clinic.

Those who are classified as PPXS do need to
achieve better abdominal control, as they show
underactivity in both the upper and lower regions.
However, activation strategies also need to control
the pelvis to prevent it punching into posterior tilt
which is usual and serves to perpetuate the lumbo-
pelvic dysfunction.

All abdominal activation strategies need to allow
proper diaphragmatic breathing. Posterior tilting
exercises have been a common therapeutic directive
but this is hard to justify, when it is understood that
the pelvis is usually found to readily tilt back but
not forward. Posterior tilt places the lumbosacral
junction in flexion57 with well documented deleteri-
ous effects on the viscoelastic tissues and related
neuromuscular responses.58–60 Snook et al.61 demon-
strated significant reductions in pain intensity in
CNSLBP when subjects completely avoided early
morning lumbar flexion for the first two hours after
rising. While not a particularly functional solution
the benefits of reducing the flexion stress are shown.

While abdominal function is generally deficient
in subjects with back pain, so are a lot of other
things. Rather than muscle weakness, the problem
is more usually inadequacy in the automatic reflex
activity of groups of muscles cooperating in various
synergies, to provide certain functionally important
patterns of postural control and movement. The
importance of this reflex behavior is attracting
increasing research interest. There is recognition
that attempting to consciously voluntarily alter
trunk muscle coactivation might constitute a non
optimal motor scheme and result in a drop in stabil-
ity in demanding situations.62 Reeves et al.63

showed that increasing trunk muscle recruitment
by ‘bracing’ degrades postural control. Brown and
McGill62 recently showed that the ability to
increase spine stiffness by abdominal bracing is par-
tially dependent upon trunk posture and it would
appear reflex mechanisms. Normal subjects were
placed in a set up which eliminated gravity and
reflex responses and asked to voluntary brace the
abdominals and trunk muscles while being slowly
passively moved into different positions. In exten-
sion, spine stiffness increased with successive
increases in voluntary muscle activation through
range. However, in flexion and lateral bending,
(the most commonly adopted trunk postures for
ADL activities) spine stiffness increased between
neutral and approximately 40% and 60% of maxi-
mum range respectively. After that, subjects
became unaccountably less stiff despite maximal
voluntary abdominal coactivation. The apparent
‘yielding’ phenomenon is being further researched.

Understanding the primary differences in presen-
tation affords clearer insights into the specific
movement problems of the presenting patient. This
is further understood by examining the related clin-
ical syndromes which ensue from these two primary
patterns of movement dysfunction.
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Chapter Ten
10

Clinical posturomovement
impairment syndromes
Changed muscle activation patterns produce altered
alignment of the body segments against gravity.
Observing the patient provides information about
the more common patterns of posturomovement
dysfunction. Chapter 9 dealt with the two primary
pictures of torso dysfunction which underlie all
the clinical syndromes. These provide a clinically
useful classification system guiding assessment,
diagnosis and therapeutic care. The presence of
these syndromes result in altered stresses on the
joints and soft tissues and the predictable develop-
ment of various pain syndromes in time. Diagnosing
the ‘underlying mechanism driving the disorder’1

rather than the often spurious diagnosis based upon
pathology helps inform more rational treatment
interventions.

Observing the subject in different planes affords
different information. The clinical syndromes are
listed and further explored below.

Sagittal view

The three pelvic syndromes and the common upper
body posturomovement dysfunction:

• The Posterior Pelvic Crossed Syndrome
(PPXS) (see Ch. 9)

• The Anterior Pelvic Crossed Syndrome (APXS)
(see Ch. 9)

• The Mixed Syndrome: display features of both
PPXS and APXS with a dominant tendency towards
one or the other

• The Shoulder Crossed Syndrome. Described
Janda,2–4 this is also known as the upper crossed
syndrome or the proximal crossed syndrome: it
describes the common posturomovement
dysfunction in the upper body and is usually always
present albeit in varying degrees.

Coronal view

Layer or Stratification Syndrome. Described by
Janda3–5 this describes the commonly altered mus-
cle activation patterns in the flexor and extensor
systems.
Composite view

The Belted Torso Syndrome. This describes the
observed dysfunction around the central torso and
the body’s centre of gravity which results from the
combined influences of the pelvic crossed syn-
dromes and the layer syndrome.

The ‘pure’ form of the pelvic crossed syndromes
is not necessarily always present, yet the patient will
generally display features which merit classification
into one group or the other, and is then described
for example as a ‘mixed syndrome on a primary
APXS picture’.
Mixed Syndrome (MS)

Clinically, this is perhaps the more common pre-
sentation. Appreciating each primary syndrome
separately helps see the composite presentation
and the relative underlying influence of one. The
two basic pictures of dysfunction in the pelvic



Table 10.1 The cardinal features of altered function in the

two primary pictures of dysfunction

PPXS APXS

Pelvis position re line of

gravity

Posterior Anterior

Thoracolumbar

position re line of

gravity

Anterior Posterior

Flexor/extensor system

tendency

Extensor Flexor

Central cinch pattern CPC CAC ! CCC

Suspected principal

regional dysfunction

Thoracolumbar

> pelvic?

Pelvic >

thoracolumbar?

Pattern of hip/thigh

muscle restrictions

Anterior >

posterior

Posterior >

anterior
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crossed syndromes are reflective of the develop-
mental prowess or otherwise of the individual
which not only includes the early developmental
history but also subsequent influences. Psycholog-
ical occupational and recreational factors all
impact upon the primary picture of dysfunction
and variously contribute to the development of
the MS pictures in some patients. Unfortunately,
poorly conceived therapeutic interventions and
fitness industry programs appear to be responsible
for the increasing prevalence and most flamboyant
examples. The important role that the systemic
local muscle system (SLMS) plays in the proper
control of movement is generally not well under-
stood. Instead, many myths abound and in particu-
lar with regard to ‘core control’ (see Ch. 6, Part B).
In pursuit of this, many are entrenching central
torso ‘cinch patterns’ and dysfunctional breathing
patterns – a ‘gym junkie syndrome’ is becoming
apparent (see Ch. 11, Sport and Recreation; Train-
ing and the fitness industry).

Regarding the mixed syndrome, it is useful to
firstly reconsider the salient aspects of each of the
two primary dysfunction pictures in order to more
clearly see its genesis.

In general terms, the shared common dysfunc-
tion in the primary pictures consists of:

• Imbalanced activity between the SLMS
and systemic global muscle system (SGMS)
with general underactivity of the deep system

• Altered co-activation patterns between the axial
flexors and extensors

• Poor lumbopelvic control providing
inadequate support around the body’s centre
of gravity

• Increased SGMS activity occurs around
the central and upper torso disturbing
postural alignment and control including
equilibrium, stability and breathing
mechanisms.

However, within the common patterns above, varia-
tions occur in accordance with each primary syn-
drome and are summarized in Table 10.1.

‘Central conical cinch’ (CCC) behavior and
‘butt-gripping’6 are probably the most consistent
distinguishing traits which unite the two primary
pelvic syndromes in the MS. This results in a
hyperstabilized central torso yet poorly stabilized
lumbopelvic region with variable patterns of inferior
pelvis/hip restriction.

These aspects are further explored.
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Central cinch patterns (CCPs)

CCPs refer to the seemingly reflexive and some-
what obligatory bilateral neuromuscular responses
which are observed to occur in posture and move-
ment around the central torso. In most instances,
their early activation means they become the pos-
tural set which initiate and support the ensuing
movements. They hyperstabilize the central torso
in one or more planes. They appear to be a
response to reduced SLMS control and a compen-
sation for inadequate proximal girdle control par-
ticularly in the pelvis. They are further magnified
in the presence of a ‘dome’ (Ch. 8, Thoracic dys-
function). For whatever reason, the response is
more dominant above the belt line than below.
The patient finds it difficult to inhibit these
responses and in essence only learns how to when
better SLMS control is established, including con-
trol of the proximal limb girdles along with proper
diaphragmatic breathing and better co-activation
between the axial muscles.

Central posterior cinch (CPC)

CPC refers to the observed pattern of bilateral
reflex overactivation of the superficial muscle
groups which form a dense ‘fan’ which spans
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posteriorly from approximately the level of the
mid/upper lumbar spine extending upwards to
cover the lower pole of the thorax (Fig. 10.1).
These work in synergy as a reflex ‘mass response’
with associated underactivity in the abdominals.
Janda7 considered that a clinically found muscle
imbalance between different muscle groups is
probably the result of a combination of both reflex
and mechanical mechanisms. Regional extensor
system hyperactivity may serve to inhibit the
abdominals mediated by Sherrington’s Law of
reciprocal inhibition2 or conversely, SLMS system
dysfunction, abdominal underactivity and changed
axial alignment creates the loading torque such
that the CPC activity is necessarily facilitated.
The presence of a ‘dome’ and generally reduced
extension can mean that the CPC represents the
region of ‘active’ extension. This can be readily
observed when the patient simply lifts his head
up in prone (see Fig. 8.18). The response is also a
common compensation in forward bending when
lumbopelvi-femoral control is decreased.

Clinically, the superficial posterior thoracolum-
bar muscle groups are usually but not always bulky,
tender and tense with trigger points commonly
found. Clinical impressions suggest they include
(Fig. 10.2):
Fig 10.1 � Central posterior cinch: note the demarcation
between the tension in the muscles above the waist and the
atonic puffy, overworked tissues below.

Serratus posterior inferior

SpinalisB
Longissimus thoracis Transversospinal muscles

Fig 10.2 � Schematic conceptual view of the muscles
involved in a central posterior cinch. Posterior view (A); cross-
section around T12/L1 (B).
• Those sections of the erector spinae which act over
this region – the medially placed spinalis thoracis,
longissimus thoracis pars thoracis and particularly the
more lateral iliocostalis lumborum pars thoracis
attaching to the angles of the lowest six or seven ribs.8

• Serratus posterior inferior extending from the
spinous processesT11–L3 upwards and laterally to the
posterior surfaces of ribs 9–12 lateral to their angles.8

• Psoas. Clinically one readily observes the activity
of the superficial muscles but it is possible that the
upper fascicles of psoas are also active in the
response. Bogduk et al.,9 suggest the upper fascicles
tend to extend the upper lumbar spine while the
lower fibres flex the lower lumbar levels. Penning10

agrees and further considers psoas probably also
functions as a stabilizer. Lateral weight shift
requires eccentric contraction of one psoas and
241



Fig 10.3 � A central posterior cinch fixes the spine centrally
limiting lateral weight shift. The subject is attempting to ‘grow
one elbow to the ceiling (see Ch. 13). Note the lack of
adaptive eccentric lengthening in the (L) erector spinae and
probably psoas and the poor weight shift through the pelvis.

Back Pain: A Movement Problem
concentric in the other but when bilaterally active
the column becomes hyperstabilized centrally. In
particular the thoracolumbar junction is pulled
forward and ‘fixed’.

• Similar involvement from the upper fibres
of quadratus lumborum and lateral fibres of
internal oblique and latissimus is also a probability.
This tethers the lower pole of the thorax and
limits elongation of the lateral wall of the body
cylinder.

To a greater or lesser extent, practically all patients
with spinal pain and related disorders can be
observed to activate extensor dominant CPC pat-
terns in posturomovement control. They are obliga-
tory and particularly evident in the PPXS group,
less so in the MS and intermittent in the APXS
group. This is a reasonably constant response which
the patient finds hard to inhibit. Eccentric lengthen-
ing is poor hence little adaptability/variability for
postural control. The bilateral activation serves to
‘fix’ the lower pole of the thorax and the thoraco-
lumbar spine in a ‘central’ position holding the
region in a sagittal orientation and importantly, lim-
its flexion, lateral and rotary movements and weight
shifts through this region of the torso (Fig. 10.3).
Neural irritability through segmental hypomobility
further increases the tonus of the thoracolumbar
extensors feeding into a vicious pattern generating
cycle as the mid/low lumbar levels are further
required to compensate.

Central anterior cinch (CAC)

CAC refers to the observed pattern of bilateral
reflex overactivation of the anterolateral abdominal
group above the level of the umbilicus. Given their
superior attachments extend over the entire ante-
rolateral surface of the inferior pole of the thorax;
their overactivity has a significant influence. The
bilateral activation creates a flexor torque, holding
the central torso in a more flexed sagittal orienta-
tion thereby limiting extension, lateral and rotary
weight shift and movements. Most significant is
the narrowing of the inferior thoracic opening and
limitation of the diaphragm’s important functional
role (Fig. 10.4). This ‘reflex withdrawal’ action is
also initiated with anxiety, stressful states and fear
(see Ch. 6, Part A). Janda11 found that in healthy
children and spastics with good postural develop-
ment, unresisted and resisted knee extension in
supine and sitting produced only slight or no
242
activity of the abdominal muscles. However, in those
spastic children with a hypotonic trunk and bad pos-
ture, the activity of the abdominal muscles increased
considerably in sitting during this test. Questioning
whether this was the result of an altered reflex mech-
anism or due to possible mechanical stabilization



Fig 10.4 � Central anterior cinch: the anterior thorax is
anchored inferiorly. Note the difference in abdominal tone
above the umbilicus compared to that below.
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dysfunction in these children, he examined healthy
children with evident hypotonia of the trunk and also
found a remarkable increase in their abdominal activ-
ity in sitting. The entire pattern of knee extension in
this group was accompanied by a ‘simultaneous back-
ward tilt of the pelvis and a pronounced lumbar
kyphosis and a curling movement of the whole trunk’.
He surmised that altered reflex mechanisms were
operant. It is interesting to note that low tone, pos-
tural collapse, CAC strategies and a tendency for
‘total flexion patterns’ (Ch. 8, p. 181) are all features
observed in those classified as APXS. O’Sullivan
et al.12 found that patients with CLBP had difficulty
preferentially activating the deep abdominals with a
tendency to higher levels of upper rectus abdominis
activity. The CAC postural response is the obverse
of that found in the normal state where the EMG
onset of the upper region of transversus abdominus
has been shown to occur later than that of the lower
and middle regions in response to perturbation.13

CAC strategies are obligatory in ‘pure’ presenta-
tions in the APXS group and also predominant in
those in the MS group but do not occur in the
‘pure’ PPXS group. See Figures 4.9, 8.28, 8.38,
9.12, 9.15.
Central conical cinch (CCC)

CCC refers to the combined activation of the
CPC and CAC strategies and can subsequently
develop in both primary pictures of dysfunction
to create a MS. This simultaneous increased
reflex activation serves to ‘squeeze’ the inferior
region of the lower pole of the thorax and concep-
tually convert it into a conical shape. The lower
pole of the thorax extending into the upper lum-
bar spine is hyperstabilized in all three planes.
This is akin to a self inflicted functional ‘straight
jacket’. Rather than the ‘body cylinder’ (Ch. 6,
p. 93) being open in the centre, it becomes con-
stricted in posturomovement like squeezing a
tube of toothpaste in the centre – the body cylin-
der now resembles an ‘hourglass’ (Figs. 10.5 &
8.38). This regional hyperstabilization coupled
with inadequate and imbalanced lumbopelvic con-
trol renders the mid/low lumbar spine levels more
vulnerable.

CCC strategies are seen intermittently in those
classified as APXS and consistently in those in the
MS based on either a primary underlying APXS
(Fig. 10.6) or PPXS (Fig. 10.7).

Co-contraction of the superficial muscles was
described by Radebold et al.14 in 2000 and is being
increasingly reported in the literature.15,16 In an edi-
torial on muscle function and dysfunction in the
spine, Cholewicki et al.17 note that while there is
consensus that the muscle activation patterns exhib-
ited by patients with low back pain are different to
healthy subjects, the interpretations of such findings
are divergent. Van Dieën et al.18 analyzed the litera-
ture with respect to the changed activation of the
lumbar extensor muscles derived from studies adopt-
ing the pain–spasm–pain model and the pain
243



Fig 10.5 � Central conical cinch: the lower pole of the thorax
is drawn in.

Fig 10.6 � Central conical cinch on a primary APXS
picture. Note the asymmetry in the pelvis and the reaction
around the thoracolumbar junction.
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adaptation model. They found neither of the two
models was unequivocally supported in the literature
and proposed an alternate model which suggested
that the altered trunk muscle recruitment is a func-
tional adaptation to limit noxious tissues stress by
limiting range and providing stabilization to the spine
(Ch. 7 ‘Is the altered motor behavior observed in
people. . .’ p. 160) An appreciation of the central
cinch patterns may help provide explanations for
the diverse findings in the literature. They represent
evolving maladaptive responses which contribute to
the development of pain syndromes and which become
further enhanced and entrenched in the presence of
pain. Pain tends to facilitate activity in SGMS mus-
cles and inhibit activity in SLMS muscles.
244
Overall effect of CCPs

The CCPs create significant impediments to
healthy torso control as follows:

• The transmission of the segmental movement
wave between the proximal limb girdles through
the spine is variably impeded in three
dimensions – flexion/extension, side bending
and rotation.

• The small oscillating segmental shifts and
adjustments necessary for equilibrium are blocked.
Balance control begins to suffer.

• The bilateral activation hyperstabilizes the
column ‘centrally’ compromising weight shift and



Fig 10.7 � Central conical cinch on a primary PPXS picture.
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disallows adaptive lengthening of one side of the
torso necessary in lateral weight transfer through
the pelvis-legs.

• Poor stability for diaphragm descent in a CPC
and CAC and the outer ‘squeeze’ in a CCC, limits
diaphragm descent and expansion of the inferior
thoracic aperture and inflation of the lung bases –
particularly posterior basal. Many have absolutely no
sense of diaphragmatic breathing. Postural support
from the diaphragm and intra-abdominal pressure
(IAP) is reduced. The breathing wave is damped
thus the subtle segmental mobilizing effect of the
breath is lost.

• Regional hyperstability sets the stage for
segmental hypomobility and potential neural
irritation (see Ch. 12). This is an interesting region
neurologically in that all the lumbosacral nerve roots
leave the cord in this region and the sympathetic
thoracolumbar outflow extends to L2. This helps
explain the common clinical finding of referred
pelvic and leg pain when palpating the joints over
the thoracolumbar junction. O’sullivan19 notes the
association between those patients who
demonstrate abnormally high levels of muscle
guarding and co-contraction, increased IAP and urge
incontinence. Clinical observation also suggests that
autonomic irritation from thoracolumbar segmental
dysfunction may also contribute to this.

• The more ‘fixed’ one region of the spine becomes
other regions and segments need to compensate
creating a vicious pattern generating cycle.
‘Butt-gripping’ further affects
function in ischial swing and
pelvic floor myomechanics

The two primary pictures of dysfunction result in
imbalanced control of pelvic tilt (Ch. 6, Part B)
and the ability of the ‘ischial swing’ to adjust for
weight shift in both the sagittal and frontal planes.

Clinically, in the APXS picture the pelvis pre-
dominantly shifts anteriorly and swings into poste-
rior tilt reducing demand for postural activity of
the gluteal group hence they are not well developed
and show the signature ‘saggy bum’ or ‘no bum’
(Fig. 10.8).

In the primary PPXS picture the pelvis is more
posterior and swings more into anterior tilt from
more dominant erector spinae and psoas activity
and poor abdominal activity. Although Janda
described the glutei as ‘weak’ in his pelvic crossed
syndrome,3–5 clinically this is probably more the
lateral glutei as most are observed to have well
developed buttocks as could be expected in the
necessity for an antigravity role in countering the
245



Fig 10.8 � The forward pelvis reduces postural demand in
the buttocks with sometimes compensatory development of
the anterior thigh muscles seen here.

Fig 10.9 � Lateral view of mixed syndrome on a primary
PPXS picture with ‘butt grip’ and dominant extensor activity in
the trunk. Obturator activity is just discernable.
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anterior pelvic tilt. Increased hamstring activity is
also likely.5

Symptomatic of the MS is the adoption of more
pronounced ‘butt gripping’ strategies in the PPXS
group to help bring the pelvis forward and counter
the activity of psoas. Described by Lee,6 ‘butt grip-
ping’ posteriorly tilts the pelvic girdle and flexes the
L4/5 and L5/S1 joints and is associated with intra-
pelvic postural change and narrowing of the inferior
pelvis. Clenching the buttocks involves a synergy of
gluteus maximus with the deep obturator group and
the pelvic floor muscles (PFM) and hamstrings. The
buttocks are more developed and the hips are exter-
nally rotated. Lewit20 notes the synergistic relation-
ship between the PFM and gluteus maximus in
helping to control the anal sphincter.

Clenching the buttocks helps explain why those
who appear to be extensor dominant and classified
as PPXS show a proclivity for posterior tilt and flex-
ion over the lower lumbar levels while still demon-
strating dominant extensor activity in the trunk
(Figs. 10.9 & 10.10). While bringing the pelvis more
forward and neutralizing the hip flexion action of
246
psoas it probably shunts psoas’ effect more into
the spine, locking the thoracolumbar junction more
forward in extension. Reduced eccentric lengthen-
ing of psoas during lateral weight transfer reduces
postural adjustment through the thoracolumbar
spine.

Increased buttock development and/or gripping
in a MS from a primary APXS picture is more likely
to result from habit, specific exercise endeavors and
training effect (Fig. 4.4).

Clenching the buttocks is usually associated with
hip external rotation and abduction with knee
extension and there is little oscillatory postural
activity in the lower kinetic chain. This directly
influences pelvic floor myomechanics where the
inferior bowl is mostly in the ‘closed’ shortened
position and freedom in the ischial swing is reduced
in both the sagittal and frontal plane.



Fig 10.10 � Posterior view of mixed syndrome on a primary
PPXS picture. Chronic ‘butt gripping’ and posterior pelvic
rotation combined with dominant extensor activity in the trunk
has resulted in an observable ‘break’ in the lumbar spine
which is the predominant source of his symptoms.

Fig 10.11 � Chronic lateral shift pattern. Note the associated
buttock clenching and posterior cinch behavior.
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The prevalence of MS and APXS syndromes point
to an increasing incidence in the population where
more and more of the pelvis assumes a position of
more consistent posterior tilt, sacral counternutation
and inferior bowl ‘closure’. Stress urinary incontinence
(SUI) has been associated with increased PFM and
external oblique activity21 (CAC) and altered recruit-
ment, endurance and strength of the PFM.22 Postur-
omovement wise the ability to close and in particular
to open the inferior pelvic bowl is very important.
Failure to re-educate eccentric PFM control in func-
tional pelvic movement patterns may help explain
why specific PFM training is commonly associated
with improvement rather than cure and the benefits
are not necessarily maintained long term.23

In the MS, the active ‘holding patterns’ around
both the thoracolumbar junction and the hip/pelvis
result in segmental dysfunction causing reactive facili-
tation in both the anterior and posterior hip/thigh
muscle groups which show variable patterns of
restriction.
Lateral shift or ‘list’ patterns
of the trunk

These are generally an acute or subacute manifesta-
tion of a chronic problem and tend to reoccur in
times of exacerbation. Left untreated, the neuro-
myoarticular patterns become further entrenched
and more chronic (Fig. 10.11).

As explained, the development of the adaptive
CCPs leads to varying forms of hyperstabilization
around the thoracolumbar junction (T/L/J). Normal
studies24 have shown that lateral translations of the
thorax relative to the pelvis are significant with most
lateral flexion occurring at L1 but that segmental
rotation angles for lateral flexion were largest at
L3/4 (6.2�); L4/5 (5.7�); L2/3 (3.9�). When move-
ment cannot occur though the T/L/J, the lower
levels become more vulnerable to trivial provoca-
tions over time. In response to an acute segmental
joint dysfunction, the associated muscles go into
spasm and the trunk posture shifts or ‘lists’. Lee6

describes this as a multisegmental rotoscoliosis of
the thoracolumbar spine coupled with a lateral shift
of the thorax relative to the pelvis with associated
intrapelvic torsion, internal rotation of one hip and
external rotation of the other. O’sullivan25,26 further
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Fig 10.12 � Schematic view of the SXS.
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describes it as usually unidirectional; with a loss of
lumbar segmental lordosis and an associated lateral
shift at the affected level; local multifidus atrophy
and low tone on the contralateral side yet evident
tone on the ipsilateral side; dominant thoracolumbar
erector spinae activity; an inability to load the thora-
columbar spine directly over the pelvis when stand-
ing on one leg. During gait there is an observed
tendency to weight transfer through the trunk and
upper body rather than through the pelvis. Apart
from an inability to satisfactorily co-activate SLMS
synergies, movement tests demonstrate dominant
activation of SGMS muscles including quadratus
lumborum, lumbar erector spinae, and ipsilateral
superficial multifidus associated with bracing of the
abdominal wall and loss of breathing control.25

Psoas has been considered as one of the prime
perpetrators in the development of adolescent idio-
pathic scoliosis.27 Together with quadratus it is a
sitting duck for being held primarily responsible
for driving much of the lateral shift posture in the
acute and subacute trunk list because of its activity
in lateral trunk flexion and postural stability.28 Clin-
ically, unilateral segmental irritation of any level
between T12 and L5 is capable of inducing unilat-
eral psoas spasm and particularly so if the T12/L1;
L1/2 segments are irritable. It has been proposed
that when psoas contracts it produces extension of
the upper lumbar levels and flexion of the lower,9,10

and if only one psoas is facilitated, an ipsilateral side
bending of the lumbar spine and rotation of the
pelvis also occurs. The acute trunk list is consistent
with the pain–spasm–pain response and represents a
good example of an acute maladaptive response1,29

superimposed upon a chronic evolving picture of
dysfunction – the ‘underlying mechanism driving
the disorder’.29 In a study of 50 patients with uni-
lateral back pain, co-existing atrophy of psoas and
multifidus was found at the symptomatic level on
the side of pain; 48% occurred at L4/5 and 42% at
L5/S1.30 Effective treatment of the responsible
joints should settle the acute muscle spasm and then
movement re-education to redress the underlying
dysfunction can commence.

Shoulder Crossed Syndrome
(SXS) (refer to Ch. 6, Part C)

Common to all three pelvic syndromes is the
variable coexistence of the shoulder crossed syn-
drome. Described by Janda,2–4 this describes the
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typical changes in the postural alignment and
movement function of the upper torso and shoul-
der girdle resulting from imbalanced myofascial
activity. One diagonal of the ‘cross’ is formed
by the overactive and tight obliquely opposite
anterior chest muscles and the cervicothoracic
extensors. The opposite underactive oblique pair
consists of the deep neck flexors and lower scapu-
lar stabilizers (Figs 10.12–10.15).

The presence of the SXS substantially alters the
regional biomechanical conditions2 and clinically, in
varying degree it underlies practically all cervico-
genic syndromes2 as well as many upper limb pain
syndromes. The associated altered dynamic scapula
control underlies ‘shoulder impingement pro-
blems’,31 ‘rotator cuff problems’, ‘frozen shoulder’
and so on. Biomechanically, an evident SXS will also
affect the alignment and related function in the
lower torso, in particular around the thoracolumbar
junction. Janda considered that the presence of this
syndrome ‘is just part of a general muscle imbalance
involving the whole body’.2 He saw his upper and
lower crossed syndromes as ‘key regions’ where
muscle imbalance starts to develop or where it is
most pronounced. Wherever the imbalance starts



Fig 10.14 � Anterior view SXS.

Fig 10.15 � Posterior view SXS.

Fig 10.13 � Lateral view SXS.

C H A P T E R 1 0Clinical posturomovement impairment syndromes
it will tend to spread to involve the other region in
time. The dysfunction in each region begins to
affect that in the other.

In principle, the crossed syndromes describe the
dysfunction in the two proximal limb girdles which
not only affects control of the large ball and socket
joints but importantly, also that of the cervical and
lumbar spines and the spine as a whole.

SXS: characterized by altered
sagittal alignment of upper
pole of body

• Head and neck. The head is postured forward
in relation to the thorax and the line of gravity
(Fig. 10.13 & Fig. 10.16). Its balance on the
occipital condyles is disturbed and the
cervicocranial junction (CCJ) levels (C0/1/2)
become stiffer in extension.32 The cervicothoracic
junction (CTJ) is held and becomes stiffer in
flexion. The stress at the CTJ extends down to T4
provoking not only shoulder or cervical pain but
even chest pain simulating angina pectoris.32

Clinically, the forward head posture is usually
associated with a dominant posteriorly tilted pelvis.

• Thorax. An increased thoracic kyphosis
particularly of the upper dorsal segments3 including
a ‘dome’ (Ch. 8, Thoracic dysfunction) and
probably a ‘dowager’s hump’ over the
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Table 10.2 Patterns of changed myofascial activity seen in

the SXS

Overactive/tight
muscles

Underactive/weak
muscles

Upper trapezius

Levator scapulae

Pectoralis major and minor

Sternocleidomastoid

Masseter. temporalis digastric

Suboccipital group: the recti

and obliques2,4

Flexors of the upper limb4

Cervicothoracic erector spinae4

Author also suggests:

• Serratus posterior superior

• Lateral fibres of latissimus

dorsi

• Scalenes?

• Serratus anterior?

Lower scapula stabilizers

• Middle and lower

trapezius

• Rhomboids

• Serratus anterior

Deep cervicocranial flexors;

suprahyoid, mylohyoid2

Author also suggests:

• Deep posterior intrinsic

muscles extending from the

occiput down to the ‘dome

• Posterior region of

latissimus?

Fig 10.16 � The head is postured forward in relation to the
thorax and the line of gravity. While a rather extreme
example, the point is well illustrated.

Back Pain: A Movement Problem
cervicothoracic junction is particularly significant.
The thoracic kyphosis generally increases with age,
often significantly,33 and is probably most
developed in females attributed to reduced physical
activity and muscle tone.34 In a radiographic study,
Boyle et al.33 found the mean location of the
cervicothoracic curve inflection point moved from
T3 towards C7/T1 with increasing age.

• Shoulder girdle. Posterior elevation and
protraction of the shoulder girdle with ‘round
shoulders’ and a variable degree of inferior winging
of the scapulae which are also abducted and
downwardly rotated.2

Overactivity and shortness of certain muscles and
underactivity of others becomes evident. Those
described by Janda2,32 with some further additions
are shown in Table 10.2.

Twenty years ago Janda wrote2 ‘controversy
remains regarding the longus colli, longus capitis,
rectus capitis anterior, the scaleni, subscapularis,
supraspinatus and the rotator cuff’. . .. ‘many con-
cepts may well undergo change’. Janda considered
serratus anterior and scalenes as ‘phasic’ muscles’4

yet clinically their relative overactivity is often
compelling. Janda did not include the spinal intrin-
sic muscles – multifidus, interspinales, rotators
longus and brevis and levator costae brevis. Muscle
activity over the posterior aspect of the upper pole
of the thorax is often significantly diminished and
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could even involve the more superficial muscles
such as semispinalis and spinalis. Clinically, the
interscapular region is frequently flattened with
poor muscle bulk indicating deficient tone and
activity. Commonly intersegmental movement
through the region and medial scapular control is
difficult.

Importance of shoulder girdle
muscles in generating upper torso
pain syndromes

The important relationship between the shoulder
girdle musculature and the aetiology of cervical
spine syndromes was well understood by Janda.32

He stressed the following points:

• The neck–shoulder complex is strongly
influenced by the limbic system,2 impaired
function of which leads to increased muscle tone
which primarily affects this region. Hence when
under stress, increased neck muscle activity
readily occurs particularly in the upper trapezius
(UT) and levator scapulae (LS). This activation is
so common that their EMG activity is used as an
objective measure in some psychological
experiments.

• Fear activates the shoulder muscles in the
‘defense reflexes’ – to protect the head, we raise
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and elevate the shoulders. We protect the front of
our body with our arms. Habitually folding the arms
in front of our body is a common ‘defensive’
posture.

• Probably due to these reflexes above, we tend to
simultaneously activate the shoulders girdle muscles
and have a tendency for mirror movements with
both arms which may explain the often seen
irradiation of muscle activity to the contralateral
side. Conversely we are in general, more
accustomed to move the lower limbs alternatively.
Janda35,36 notes the similarity between the
distribution of muscle tightness seen in postural
defects and those occurring from cerebral lesions
resulting in spasticity. In the upper body, the
pectorals, upper trapezius and levator scapulae and
the flexors of the upper limb are usually involved.

• The cervical muscles not only maintain and
control the position of the head but also, all
movements within the face as well as many other
functions in the head area provoke cervical muscle
activity. Any movement of the eyes immediately
provokes activity in the neck muscles.

• The shoulder girdle and cervical muscles have a
pronounced stabilizing function. There is practically
no movement of the upper limb which does not
involve their activation.

• In addition, the increasing incidence of sedentary
work practices involving reading, writing and, in
particular, computer use for long periods of time
requires the majority of the ‘muscle work’ to come
from within the upper pole of the body in
sustained, relatively unphysiological postures.
Predominant patterns of shoulder
girdle use create predictable
patterns of muscle dysfunction

The extensive scope of the attachments of the large
shoulder girdle muscles to the thorax and axial skel-
eton means that any alterations in their length/ten-
sion relationships exact a significant toll on axial
alignment and control as well as disturbing scapular
position and control and shoulder and upper limb
function. Consider the more habitual patterns of
modern man’s upper limb use. Open chain upper
extremity movements are generally bilateral, with
the arms down in front of the body performing
actions requiring eye/hand coordination. The head,
upper spine and the upper limb are consistently
employed in variable degrees of a ‘more total flexor
pattern’. By comparison, arm movements up above
the head or behind rarely occur. In general, the
more consistent pattern of use predominantly
involves the flexors, protractors and depressors of
the shoulder girdle. Thus we tend to see shortening
in the anterior chest muscles (ACMs) – the pector-
als, serratus and lateral fibres of latissimus dorsi.
The pattern of flexor dominance and tightness is
carried into the upper limb muscles also. The girdle
posturally hangs down and forward and in move-
ment it is consistently pulled down and forward.
This is related to an evident corresponding underac-
tivity and ‘stretch weakness’37,38 in the muscles
which stabilize the girdle posteroinferiorly – the
lower scapular stabilizers – middle and lower trape-
zius (M&LT), rhomboids and the adjacent spinal
muscles (see Fig 4.6). The orientation and position
of the girdle changes. Inadequate inferior stability
from M&LT allows the scapula to be pulled superi-
orly by dominant UT and LS activity and tip for-
ward in the sagittal plane because of pectoral pull
on the clavicle and coracoid.

The combined activity of the ACMs can also be
likened to a ‘cinch’ becoming a common dysfunc-
tional strategy for initiating and sustaining spinal pos-
tures, particularly if weight bearing through the
upper limbs. When equilibrium is threatened or
when moving from one body position to another,
the observed habitual responses will generally involve
this ‘cinch’ in the adoption of upper limb ‘fixing’
pulling, pushing or holding strategies to compensate
for deficient support from SLMS activity, in particu-
lar from that around the pelvis. Try standing up from
sitting yourself without using your arms!

This imbalance in the myomechanics of the gir-
dle functionally fixes the upper pole of the thorax
contributing to the development of a ‘dome’ and
an increased kyphosis in general. The cervical and
lumbar spines being more mobile compensate. The
resultant increased stress on the neck disturbs seg-
mental mechanics and can result in segmental irrita-
tion which further drives the overactivity in some
muscles, e.g. irritation of the lower cervical seg-
ments contributes to hyperfacilitation of the pector-
als creating a pattern generating cycle.

This anterior/inferior tethering of the girdle and
the resultant increase and stiffening of the kyphosis
together with reduced SLMS activity and poor pelvic
control are probably the most important factors
influencing the alignment and control of the entire
spine.
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Fig 10.17 � When the deep neck flexors are underactive the
sternomastoid is prominent and the chin leads the
movement.

Back Pain: A Movement Problem
Consequences of SXS

Changed alignment changes function
through the junctions

The altered alignment means that gravitational and
related forces impose eccentric loading stresses
on the axial column with increased tensile and com-
pressive stresses. The functional movement block
within the CCJ and the CTJ means the mid cervical
levels are forced to compensate, becoming relatively
stressed and over mobile in posture and movement.
Fairly predictable patterns of segmental joint
hyper/hypomobility ensue (Ch. 8, ‘Biomechanical
changes. . .’). The altered alignment and ‘fixing’ of
the CTJ and the upper thoracic spine further affects
the position and control of the shoulder girdle. The
lack of movement through the thorax and ‘dome’
means attempts to ‘straighten up’ result in CPC
strategies over the thoracolumbar junction, serving
to further hyperstabilize this region.
Fig 10.18 � When the deep neck flexors are engaged the
chin drops and the back of the neck lengthens. Chronic
overactivity and shortening in the sternocleidomastoid can
mean inadequate lengthening in this action.
Head control suffers

Positioning of the head in space is regulated in a
much finer way than any other motor function or
body control mechanism.2 The joints and muscles
of the region also play an important role in equilib-
rium of the whole body. The upper cervical joints
and muscles contain a large proportion of afferent
fibres and are more sensitive to any alterations of
proprioceptive input such as occurs with any joint
restriction.

Altered alignment of the head causes/effects
changes in the local neuromuscular posturomove-
ment demand with shortening of the suboccipitals,
dominance of sternocleidomastoid (SCM) and
related weakness of the deep craniocervical flexors
(CCF). Lifting the head in supine results in the chin
leading the movement (Fig. 10.17). SCM can be so
hyperactive/short that the muscle is still prominent
when attempting to flex the occiput on the neck
(Fig. 10.18). This dysfunction has attracted quite a
lot of research interest. Delayed postural responses
and reduced EMG activity in the CCF have been
shown in subjects with chronic neck pain.39,40

Similarly, objective weakness, reduced low load
endurance and inaccuracy have also been shown.41

The diminished flexor activity is associated with
increased SGMS activity – in particular from the
SCM, UT and LS. Specific low load exercise
retraining of the CCF over 6 weeks has been shown
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to decrease the EMG of the SCM and improve both
the range of craniocervical flexion and the EMG of
the CCF.42 However, the reduction in SCM hyper-
activity is not necessarily transferable to functional
tasks.43 Indeed SCM activity can be so entrenched,
particularly in those with breathing pattern disor-
ders (Ch. 8) that attempting to activate the CCF
instead activates SCM. In a healthy study, Cagnie
et al.44 found that by asking for CCF on a slow expi-
ration, SCM activity was less. A study monitoring
activity of splenius capitis and sternomastoid during
brief isometric cervical flexion and extension in
chronic tension type headache suffers demonstrated
greater coactivation of antagonist muscles.45

Sustained static loading of the head and neck in
work related postures invariably tends to result in
the head–neck moving forward at the CTJ 46 requir-
ing sustained activity in LS and UT and causing asso-
ciated neck and shoulder discomfort.47 Increased
activity levels in the cervical erector spinae and UT
have been shown in children aged 4 – 17 when using
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a computer.48 When these altered neck postures are
adopted enough, the person begins to have an altered
perception of what the correct alignment is.49 The
sustained forward loading into flexion at the CTJ
means that over time, the joints stiffen in flexion.
When looking up or extending the neck the mid cer-
vical levels then bear the brunt. The forward head
posture starts to become incorporated into move-
ment. Plummer50 notes that the great majority of
people markedly protract and extend their head–
neck when getting up and down from sitting. The
dysfunction becomes self perpetuating.
Fig 10.19 � The anterior chest muscles are winning here. The
paucity of tone in the regional intrinsic extensors and the lower
scapular stabilizers is obvious. Note also the active CPC.
Mutual dysfunction between the thorax
and shoulder girdle

Thoracic joint dysfunction is often overlooked as
many pain syndromes do not directly implicate it;
however, segmental and rib dysfunction is impli-
cated in a plethora of clinical symptoms, e.g. nausea
and headache. The sympathetic outflow is confined
to the thoracolumbar region between T1 and L3.8

The thoracic sympathetic ganglia rest against the
heads of the ribs.8 Functionally ‘there is the greatest
possible integration between the autonomic and the
somatic system’.51 Increased activity and shortening
in the ACMs and the lateral fibres of LD pulls the
girdle forward if the hands are free or conversely
flexes the thorax if the upper limbs are stable. Both
ways the posterior structures in the upper pole
become subjected to more repetitive postural and
movement loading and the ability to extend the tho-
rax decreases. Likewise free movements of the ribs
under the girdle become lost.

Many shoulder and upper limb pain disorders are
particularly associated with dysfunction in the levels
within the upper pole of the thorax. The scapula
becomes more tethered to the chest wall in a more
elevated abducted and downwardly rotated posi-
tion. Janda2 points out that the angle of the glenoid
fossa then alters becoming more vertical and affects
the myofascial stability of the glenohumeral joint as
the supraspinatus is required to constantly contract
in order to stop ‘head drop’. This helps explain
why its tendon often shows so much attrition. The
forward and abducted scapula position also induces
more sustained abnormal postural holding from
teres and infraspinatus which punches the head for-
ward in the glenoid and limits abduction and eleva-
tion at the glenoid. Attempts at retracting the
scapula invariably result in adducting the humerus,
and instead activating teres/infraspinatus which
serve to further abduct the scapula. The reduced
scapula and glenoid stability means that most free
or stable upper limb postures and movements result
in over activation of the ACMs antero/inferiorly and
UT and LS postero/superiorly. The imbalanced
myofascial activity results in stress on the neck and
the shoulder and the thoracic spine.

Janda2–5 considered serratus anterior a ‘phasic’
muscle and prone to weakness however clinically it is
generally adaptively short, may be weak but is also
often strong! Eccentric control is often defective
particularly when working from a fixed upper limb.
Clinically, serratus dysfunction is a common finding
yet this author could only find one other reference to
its overactivity and related overactivity of upper trape-
zius.52 Serratus shortness holds the scapula more pro-
tracted and limits the ability to bring the thorax
forward into extension when the girdle is fixed. Con-
sequently, weight bearing through the upper limb then
relies more upon anteriorly ‘locking in’ or ‘cinching’
with the ACMs and the thorax becomes hyperstabil-
ized anteriorly and the dome perpetuated further
affecting the cervical spine. True winging of the scap-
ula is not that common clinically. What is often con-
strued as ‘winging’ is more often the result of
deficient activity in the lower scapular stabilizers not
balancing increased pectoral, serratus and teres activ-
ity. The medial and inferior borders protrude
(Fig. 10.19). The imbalanced activity between the
LSS (MT: LT) and serratus also disrupts the force cou-
ple producing upward scapular rotation which is then
further compensated by hyperactivity in LS and UT.

Tightness in the lateral fibres of latissimus fur-
ther contributes to the problem. Frequently, the
back pain patient cannot raise his arms because his
shoulder structures are so tight! If he can, he has
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Fig 10.20 � Evident shortness anterior in the chest muscles
contributes to a dome, limits freedom in the shoulder and
creates compensatory movement in the cervical and lumbar
spines.

Back Pain: A Movement Problem
difficulty sustaining the action. Attempts to do so
result in compensatory movement in the cervical
and thoracolumbar region (Fig. 10.20). Clinically,
many LBP patients have coexisting shoulder pro-
blems and vice versa. The anteroinferior myofascial
shoulder tightness acts like a functional ‘tether’
reducing the available range for lateral reaching
rotary and extension movements of the upper body.
The thorax is restricted in lateral elongation and
opening necessary in weight shift and many unilat-
eral limb activities.

The spatially altered scapula position influ-
ences its appropriate stabilization to support arm
movements. A study of 53 junior elite tennis
players found scapula dyskinesia in 43%, all of
whom also showed a reduced passive and dynamic
reduction of the subacromial space on ultra-
sound.53 In a nice study observing the ability of
healthy subjects to correctly orient their scapula
to the neutral myofascial position, Mottram
et al.54 found the most consistent movements that
the subjects needed to be taught were upward
rotation in the frontal plane and posterior rotation
in the sagittal plane. They found that all parts of
trapezius demonstrated significant activity in
maintaining the correct position while LD did
not. Clinically it appears that more common pat-
tern dysfunction in LD is probable underactivity
of its posterior region in the synergy with MT
and LT which provides dynamic postero/inferior
stability to the scapula. Corresponding related
shortness and increased activity in the lateral
fibres of latissimus limiting movement at the gle-
nohumeral joint is commonly found clinically.

Many therapeutic shoulder interventions rely
upon stretching and strengthening the rotator cuff
muscles. It is suggested that addressing the altered
axiohumeral-scapular myofascial and related tho-
racic dysfunction will yield more promising
results.

Further contributing factors

Variable combinations of the following also play into
the dysfunction picture:

• Dysfunctional breathing patterns (Ch. 8)
where the accessory muscles of respiration
including the ACMs are activated during ordinary
breathing

• Adverse training effect e.g. poorly conceived gym
and exercise routines which over emphasize
contemporary aesthetics over function – the desire
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Fig 10.21 � Pushing down through the arms to come up is
common when there is reduced dynamic control through the
lower kinetic chain.
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for ‘good pecs’ and ‘a six pack’ abdominals which
further stiffen the thorax and reinforce the
tendency to dominant upper body flexor synergies.

• Overuse of upper limb ‘fixing strategies’
(particularly in the elderly) to compensate for
decreased lumbopelvic control and equilibrium
reactions within the body (Fig. 10.21). Watch even
young people in the train clinging and hanging off
the bars instead of resolving the perturbations
through the legs and trunk!

Stratification or Layer
Syndrome (also see Ch. 8)

Described by Janda,3–5 strata or ‘layers’ of muscle
hyper and hypoactivity can be observed within the
flexor and extensor muscle systems. When both the
pelvic and shoulder crossed syndromes are evident
they are also expressed in this syndrome. Janda felt
this was the most important of his ‘syndromes’,55 its
presence a sign of poor prognosis because the fixed
patterns of muscle imbalance reflect severe and
deeply fixed CNS dysregulation accompanied by
very bad movement patterns.3,4 However, he also
says ‘this syndrome is not rare. On the contrary it
can be seen quite often in sportsmen who have
trained heavily without precise check ups’.3 Janda’s
genius is confirmed! Observing the posturomove-
ment patterns of subjects with spinal pain disorders
consistently reveals common patterns of response
in the manner he described. The presence and
related effects of this syndrome explains the fre-
quent coexistence of cervical and lumbar and other
pain syndromes in many patients.

The construct of the layer syndrome helps sim-
plify and see at a glance the more common pat-
terns of response and to predictably know what
responses to expect when retraining postur-
omovement control. Viewing the patient’s torso
from the front and particularly from behind, we
see layers or bands of overactive and hence bulky
muscles alternating with regions of under active
muscles with flattened contours. This provides
clues to the probable habitual activation patterns
of various muscle groups. Essentially there is
‘emptiness’ and poor contribution from the mus-
cle groups over the posterior aspect of the proxi-
mal limb girdles and excessive yet variable
central axial activity.

It is more easily observed in the posterior view
(Figs. 10.22 & 10.23 and also Figs. 8.21 & 8.22).

In the anterior view Janda thought the most
striking symptomatology was in the anterior
abdominal wall where rectus abdominis and
transversus show weak whereas the obliques are
hyperactive.3 This is seen as a groove on the lat-
eral edge of the rectus (Fig. 10.24). Imbalance
between the upper and lower abdominal wall is
also apparent.

In the posterior layer syndrome there is poor
muscular stability over the lumbopelvic and the mid
dorsal/interscapular region and consistent hyperac-
tivity in the cervicothoracic and particularly the thor-
acolumbar extensors. A normal study found that the
lumbar fibres of longissimus thoracis and iliocostalis
lumborum fatigued more than the thoracic fibres.56

In the anterior Layer Syndrome there is poor muscu-
lar stability and support over the front of the cervical
and lumbar regions.
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Fig 10.22 � Schematic view of the Stratification or Layer Syndrome.
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It is important to appreciate that this pattern of
trunk muscle activity consistently plays out in all
posturomovement’s e.g. reaching up, bending over,
when on all fours and so on. Predictably, in time,
this more obligatory pattern of muscle activity
causes some regions of the axial skeleton to become
hyperstabilized and stiff while other regions become
undercontrolled and relatively mobile.

Appreciating this pattern of response in muscle
activity presents a significant challenge to relearning
effective therapeutic movement control. Attempts
to facilitate activity of one hypoactive group will
invariably risk early and over activation of the
already dominant muscles, e.g. gaining activation of
lumbar multifidus or lower scapular stabilizers with-
out dominance of thoracolumbar extensors (CPC)
and/or cervicothoracic extensors.
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Belted Torso Syndrome (BTS)

This construct attempts to help further clarify torso
dysfunction in a schematic composite which sum-
marizes the more common patterns of muscle
action as described in the pelvic crossed and layer
or stratification syndromes. It is representative of
more ‘end stage’ markedly entrenched neuromuscu-
lar dysfunction. This representation is a close up
lens which helps to appreciate the dysfunction that
occurs around the central torso and the body’s cen-
tre of gravity in the pelvis. It just so happens that
the conventional belt line at the waist seems to be
a functional demarcation line! There appears to be
a consistent difference in the muscle activation pat-
terns above and below the belt in practically all our
patients – variably hyperactive above the belt yet



Fig 10.23 � Posterior Layer Syndrome where thoracolumbar
extensors are prime.

Fig 10.24 � The anterior Layer Syndrome is principally
manifested by imbalance in the abdominal wall and increased
activity in the anterior chest muscles.
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consistently and appreciably hypoactive below.
Defective spatial control of the pelvis is a universal
observation it seems. The patient’s presenting pat-
tern will be a reflection of his primary pelvic dysfunc-
tion picture. This is represented in Figures 10.25–
10.27 and Table 10.3.

The understanding of this consistently observed
overactivation of muscles around the body’s centre
of gravity seen in our patients was greatly assisted
by Hanna’s57 notion of the ‘Reflexes of stress’.
(Ch. 6) Stress is a response to both good things
and bad and creates unconscious, involuntary rapid
reflex motor acts which primarily affect the muscles
around the body’s centre of gravity. They are nor-
mal adaptive reflexes essential to our survival,
which engage the entire nervous system and mus-
culature. However, when repeatedly triggered in
modern man, they become habitual background
neuromuscular activity. The reflex response begins
to become the postural set from which they move.
The effects of emotional state on posture and con-
sequent movement are becoming increasingly
acknowledged.58,59
Disturbed central internal control

• The diaphragm ideally functions as a ‘central
piston’ across the centre of the body. Imbalanced
action between the two muscle systems and above
and below the belt hampers its efficient action.

• Iliacus and psoas function ‘at’ the centre of
gravity of the body; it appears:

• psoas and iliacus both appear under active in
APXS

• show imbalanced activity between the two in
PPXS (psoas over active; iliacus under active)

• show variable findings in MS
257



Central posterior cinchCentral conical cinchCentral anterior cinch

Overactive
Underactive

Beltline

Fig 10.25 � Schematic view of the Belted Torso Syndrome.
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• PFM. Imbalanced contribution to the LPU
synergy either underactive or overactive with timing
problems. Postural collapse in the APXS group
reduces dynamic function of the diaphragm and
transversus abdominus and because of their close
functional synergy is also likely to reduce the resting
tone of the PFM.60 Poor activity in multifidus means
balance in the force couple controlling the sacrum is
disturbed and so it is generally counternutated with
altered reciprocal PFM activity.61 The obturator
group hyperactivity also seen in this group and those
classified as MS means that increased PFM tone is
also likely. Lee and Vleeming62 suggested probable
imbalance in the floor with a tendency to under
activation of the anterior floor and overactivation of
the posterior floor. Clinically this is apparent.
Dominance of hamstring and gluteal muscle activity
is likely to be associated with posterior PFM
shortening.63 It is also common to find clinical
relationships between PFM dysfunction syndromes
such as SUI and the central ‘cinch’ muscle
hyperactivation patterns which hyperstabilize the
thoracolumbar region, creating segmental joint
dysfunction and resultant altered autonomic effects.
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In general, the emptiness is in the proximal limb gir-
dles with poor initiation and balanced control of
movement through them offset by reliance on the
‘CCPs’ instead. In addition to regional hyperactivity
around the central torso there is in general an
increased reliance upon upper limb use and in par-
ticular anterior shoulder girdle overactivity. Similar
to the ‘CCPs’ we have termed this ‘pectoral cinch’
which disturbs balanced co-activation through the
girdle.

Many axial patterns of movement are initiated
from these ‘cinch’ strategies.
The ‘inferior tethers’

When BTS is present, the dysfunctional patterns of
muscle hyperactivity serve to ‘tether’ the proximal
limb girdles and the centre of the body disturbing
axial patterns of control (Fig. 10.28) as follows:

• The inferior pole of the thorax becomes more
constricted by hyperactive superficial muscles,
assuming a more conical shape at the base.
Rather than resemble a ‘cylinder’ (Ch. 6, Part A),



Fig 10.27 � Belted torso syndrome anterior view: note the
abducted legs and ‘central fixing’ in both views.

Fig 10.26 � Belted Torso Syndrome posterior view: note the
inferiorly ‘tethered’ pelvis and thorax in both views.
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which is open in the centre, the body tends to be
constricted in the centre, resembling an hour glass.
This limits the expansive function of the thoracic
diaphragm.

• Similarly the pelvic girdle is also constricted over
its base resembling an inverted pyramid.6 The lower
pelvic bowl is more ‘closed’ while the upper is more
‘open’. The pelvic diaphragm is compromised.
• The shoulder girdle is functionally ‘tethered’
antero-inferiorly disturbing shoulder girdle function
and contributing to propagation of the ‘dome’
thereby affecting control patterns of the entire axial
spine as well as feeding into syndromes in the upper
pole of the ‘body cylinder’.

In the BTS, the ‘inferior tethers’ thus restrict the
pelvic and thoracic diaphragms disturbing the close
259



Table 10.3 Summary features of belted torso syndrome

Hyperactivity/over-stabilizing by the muscles acting above the belt

Posteriorly: a central posterior cinch in PPXS & MS; more intermittently in APXS

Anteriorly: as a central anterior cinch in APXS

Combination: in a central conical cinch in MS

Hypoactivity/defective posturomovement control below the belt

Anteriorly:

• Whole abdominal wall in PPXS

• Lower abdominal wall in APXS and MS

Posteriorly – lumbar multifidus is generally under active, particularly the deep fibres:

• Over the lower levels in PPXS, APXS and MS

• Also over higher levels in APXS

Disturbed internal function at the belt line creates a central disconnect

Centrally: altered co-activation patterns between the diaphragm, abdominals (particularly transversus) and psoas disturbs internal

support provided by the breathing mechanism, IAP and psoas

A B

Fig 10.28 � Conceptual coronal plane view of the ‘inferior
tethers’ acting over the lower pole of the thorax and pelvis
change the shape and function of the ‘body cylinder’ (A).
Note the effect during lateral weight transfer in (B) and
compare with Figs. 6.24 & 6.36.
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functional relationship between them. Greenman64

suggests that the tentorium cerebelli can be viewed
as the diaphragm of the craniosacral mechanism. In
health the three diaphragms should function in a
synchronous fashion. Upledger65 regards the dia-
phragms as transverse support systems for the longi-
tudinally oriented fascial lamina, being an integral
part of the system and essential to its functional
integrity. Disturbance in the diaphragms is thus
likely to disturb the whole fascial system, modula-
tion of the internal thoraco-abdominal internal pres-
sure systems as well as influence the sucking action
upon venous and lymphatic return. The functional
importance of the respiratory diaphragm should
not be underestimated.

The BTS helps us recognize that the most signif-
icant features common to all the other clinical syn-
dromes are that antigravity support, breathing and
the distribution of general body muscle activation
patterns are conceptually somewhat ‘upside down’:

• The lower torso is underactive and poorly
controlled on the legs. Deficient control of the
pelvis in all its roles affects lumbopelvic function,
effective control of the body on the legs and
antigravity support as a result of what Bartenieff
termed ‘The Dead Seven Inches’.66,67 Like
frightened animals it is common for the tail bone to
be tucked under. Significant challenge in weight



A B

Fig 10.29 � Conceptual schematic view of the basic pattern
tendency in the two primary pictures of dysfunction during
forward bending. (A) Flexor dominance and ‘folding’ in
primary APXS. (B) Extensor dominance and ‘holding’ in
primary PPXS. Compare with Fig. 6.42.
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shift, limb loading and controlling antigravity hip
flexion through range appears universal.
Functionally, being ‘dead on their legs’ is prevalent.

• Altered function of the respiratory and pelvic
diaphragms affects axial alignment and control.
Inadequate diaphragm excursion and central
expansion with an excess of accessory muscle
respiration and upper body tension.

• Excess SGMS activity occurs in the upper body, as
the patient attempts to ‘hold himself up’. Increased
role of the upper body in equilibrium and support.

The kinematic strategies adopted for forward
bending will tend to reflect the basic primary pat-
terns of dysfunctional control. Those who are more
APXS dominant will tend to central axial folding
because of poor pelvic hip control and tendency
to flexor dominance. Those whose picture is more
the picture PPXS will show more dominant axial
holding because of poor hip–pelvis control and
the tendency for extensor dominance. Both overly
rely on ‘hamstrings hang’ and show poor axial co-
activation (Fig. 10.29).

The BTS represents more end stage dysfunction
when altered neuromyo-articular patterns of dys-
function are quite entrenched. Many ‘diagnoses’
such as ‘spinal stenosis, ‘instability’ can be seen to
display the common underlying patterns of neuro-
myo-articular dysfunction seen in the BTS. Despite
the radiological findings, appropriate treatment usu-
ally reverses the symptoms. However, this needs to
be followed by appropriate motor relearning in a
supervised class situation so that symptoms may
remain at bay.
The model presented suggests that the motor
control changes precede pain onset and are respon-
sible for its genesis. Understanding the patterns of
neuromuscular dysfunction helps understand why
the pain has developed. Once present, the pain
will further result in either facilitation or inhibi-
tion of local and regional muscle responses. We
can expect inhibition in SLMS muscles and facili-
tation of SGMS muscles. The recognition of the
three pelvic syndromes and of the various CCPs
and related underactivity in the SLMS dominant
lumbopelvic muscles helps inform a different
approach.
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Chapter Eleven
11
Examining probable
contributions towards
dysfunctional posture
and movement
Backs complain when their movement diet becomes
limited and repetitive. By and large, compared with
the liberated curious child, the modern adult tends
to use less variety and less expressive movement.
The possible contributions to depleted postur-
omovement control are many and varied. In any
one patient, the blend of these various influences
contribute towards the presenting picture of
changed motor function. The seemingly most perti-
nent are explored.

Neurodevelopmental aspects

The quality of our motor development is reflected
in the manner in which we posture and move our-
selves. It is possible that one never had very good
motor control.

Mature motor behavior: what is
‘normal’?

Sensorimotor development whilst progressing
through common stages and patterns is nonetheless
individual, adapting to various influences. Environ-
ment, opportunity, emotions, experience, cognitive
and learning ability are some of the aspects that play
a part in development. School and ‘mental learning’
mean we frequently sideline our sensorimotor
learning. In some respects we ‘stop developing’ as
our motor function deteriorates with the reduced
demands and altered circumstances of sedentary
lifestyles involved in education and work. For many
of us, a certain untapped potential for developing
more highly refined sensorimotor function remains.
Some however, attempt to further develop their
motor potential in exploring various experiential
awareness and somatic learning practices such as
Feldenkrais, The Alexander Principle, yoga, dance
the martial arts and so on. Alexander1 drew atten-
tion to ‘The use of the self’ – how the person per-
forms the ordinary movements involved during
everyday activities can cause strain or otherwise on
pain sensitive tissues.

More highly integrated sensorimotor development
produces positive differences in the qualitative char-
acteristics of the posture and movement responses.
This begs the question – what is normal posture
and movement? Just because a person does not have
pain does not mean he moves ‘normally’ or well. Do
‘pain free’ and ‘healthy controls’ used in research
design necessarily move in a well adapted way?
Habitual behavior is common to us all – eating,
drinking, smoking and the way we breathe and move.
Changing any habit requires awareness of the prob-
lem, a desire to change it and application in doing so.

Abnormal early development:
integrated versus more primitive
control

Most of us develop the quantitative motor mile-
stones – the ability to sit stand and walk and so
on. However, we don’t all do it in the same way as
the quality of our eventual neuromusculoskeletal
organization can demonstrate. How we posture and
move may be less than ideal. How to discern what
factors underlie this picture of ‘soft dysfunction’?
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Bartenieff2 was concerned to identify innate con-
stitutional factors that could be traced through
childhood to adulthood which affected and
reflected how the person was able to cope with his
environment. Observing a series of films of the
movement behavior between two ‘normal’ children
at birth through to age 12, she was able to discern
six core qualities which were significant in identify-
ing to a greater or lesser extent, the adaptability of
the child. The first three were observable in the
first few weeks of life; the last three became evi-
dent as sitting posture and locomotion developed.
All six features operate through childhood and are
discernable in the adult. To quote her:
1.
 Differentiated vs less differentiated use of the
limbs and their segments, head/trunk, and
constellations of trunk and limb.
2.
 Dominance of asymmetrical vs symmetrical
use of limbs. Asymmetric use stimulates greater
mobility and develops selectivity and range in
pattern.
3.
 Use of areas of reach space (personal
kinesphere) around the body before full uprightness
vs limited use of reach space.
4.
 Flexible vs fixed use of verticality.
5.
 Development of verticality and full use of
kinesphere into a territorial space (locomotor space)
vs limited use. This becomes visible in the sitting
stage.
6.
 Organization of activity patterns into phrases –
ordering, combining, alternating, and elaborating –
vs short monotone flexion and extension actions

The differences in response were evident from birth in
theMoro or Startle response.One infant demonstrated
multi use of all limbs; emphasis on horizontal use of
limbs; shifting the body from side to side and varying
symmetrical and asymmetrical limb movements. The
other showed less limb movements in predominant
flexion/extension ranges; a rigid and fixed constellation
of the limbs at the end of the response which was actu-
ally a postural reflex,with upper limbs flexed and lower
limbs extended; a definite emphasis on symmetrical
limb use. The qualities of the core parameterswere car-
ried through the developmental stages so that at the age
of four, the child with the less idealmotor behavior dis-
played a collapsed posture and protective attitude of
the arms reminiscent of her early startle response with
flexed upper limbs and high tension extension of the
lower. She moved within a limited kinesphere, lacked
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variety in the movements she used and overall Barte-
nieff felt she showed a tendency towards rigid
non-adaptability. Clearly some of us inherit a better
neuromuscular apparatus than others. Shebelieved that
this small observational study revealed important
insights for the movement therapist:

• the significance of core qualities which reflect
interrelationships of movement behavior elements
and

• the significance of pattern roots that appear in
the early Startle behavior and are crystallized into
later behavior patterns.

Inadequate integration during any stage of develop-
ment creates the need for compensatory strategies
which then become part of the person’s movement
repertoire, as they become learned and habitual. In
time they more than likely become a patient.

Aspects of more primitive motor behavior are
clinically evident in subjects with spinal pain disor-
ders (Chs 7& 8). Grieve3 noted the awkward move-
ments, poorly developed kinesthetic appreciation
and ‘physical illiteracy’ of many of his patients
making it difficult to teach them exercises.

Janda4 knew the relationship between the inability
to work out good movement patterns and the devel-
opment of vertebrogenic conditions. In a group of
back pain patients who had been ‘therapeutic failures’
he found symptoms attributable to ‘minimal brain
dysfunction’ (MBD; see Ch. 7). He considered that
about 10–15% of the child population suffers from
at least some signs of this syndrome and about 80%
of subjects with chronic pain fit the MBD category.5

‘Acquired’ aspects contributing
to posturomovement
dysfunction

While we may have enjoyed an exemplary early
motor development, the continual influence of
numerous ongoing intrinsic and extrinsic factors
serves to modify our motor presentation as we
adaptively respond to the prevailing conditions.
The most apparent are discussed in brief.

Lifestyle

Chairs have a lot to answer for! Western industrial
societies have progressively evolved towards the
adoption of more sustained static sitting postures



C H A P T E R 1 1Examining probable contributions towards dysfunctional posture and movement
for education, work and leisure. Our heads are
occupied with intellectual pursuits or otherwise dis-
tracted, yet the CNS is disadvantaged by the rela-
tive lack of sensory intelligence as a result of more
limited body movement. Many never get down onto
the ground and as Beach6 observes, floor to standing
transitions use deeply embedded archetypal muscu-
loskeletal patterns that young children and pre-
modern adults would use constantly during daily
life. Sensory deprivation makes the system become
rusty and leads to what Hanna7 termed ‘sensorimo-
tor amnesia’. The posturomotor control system suf-
fers and we develop changed antigravity responses
when sitting and standing (Ch. 8). Repeated often
enough they become habituated responses that start
to ‘feel normal’. Sitting with the spine flexed has
been directly linked with back pain.8,9 The desk
worker then tries to become the ‘weekend warrior’
attempting the kinds of manual labor he is not well
suited for, such as using the chain-saw. These activ-
ities inflict unreasonable kinematic demands upon
an often struggling poorly organized posturomove-
ment system.

The increasing incidence of obesity and asso-
ciated inactivity is everywhere apparent within
contemporary Western cultures and has been
argued to predict back pain.10 Maintaining activity
levels and back muscle endurance may prevent
it.11

In contrast, the subsistence farmer or hunter-
gatherer ‘uses his body’ in a more physiological
way as he walks daily for food and water, actively
employing all his senses in hunting, manual work
and possibly expressive dance and rituals. He is
unlikely to have pain resulting from developing
movement dysfunction.
Trauma

The influence of previous traumatic episodes is fre-
quently overlooked yet can result in pernicious
symptom development even many years later. If
X-rays taken at the time were negative, the patient
is usually told ‘it’s just soft tissue strain’ and ‘to
rest’. Falls when skiing, off horses, out of trees etc.
can be long forgotten, yet physical assessment can
delineate the graveyards of old traumatic events.
In particular, falls onto the bottom and knees and
fractures of the coccyx can distort pelvic ring
myomechanics and contribute to lumbopelvic
symptoms.
Cultural trends

Volinn12 reviewed the epidemiological literature
and found rates of low back pain were 2–4 times
higher in European general populations than in
Nigerian and Asian farmers. Within the low income
countries, rates were higher among urban than
among rural populations. He concluded that hard
physical labor itself is not necessarily related to
low back pain and that its prevalence may be on
the rise as urbanization and rapid industrialization
proceed.

Probably the most significant posturomovement
differences between those observed in the West
and other cultures is in the manner of sitting, carry-
ing and in fashion.

Sitting

Sitting in a chair and ‘relaxing’ invariably means col-
lapsing (see Ch. 8).

Many in the world have never seen a chair and
rest in either a cross-legged sitting or squatting
position. Janda13 relates that Fahrni had noticed
that Orientals spend a large part of the day thus,
which maintained the lumbar curve. He said that
they manifest no increased incidence of disc
degeneration with advanced age and have a very
low incidence of back pain. He apparently had
radiological data showing that the incidence of disc
narrowing was 80% by age 55 amongst Swedish
heavy workers, 35% in office workers of the same
age, while in a jungle population in India the inci-
dence was 9%.

Squatting also maintains good opening in the hips
and pelvis. The base of support is active through the
feet (or ischia in sitting) which serves to fire up the
SLMS. In some cultures birthing could happen in
the fields but now, in the West, more often than
not it entails an operation. Most of us in the West
have lost the art of squatting and cross legged sit-
ting. Attempts to do so invariably result in hyper-
flexion over the lumbosacral spine and axial
collapse because of limited range in the hip. Note
the pandemic of hip replacement surgery – if you
don’t use them properly you need to replace them!
As the saying goes – ‘use it or lose it’.

It has also been argued that chair designers and
users have generally been distracted by concerns
for representing social status rather than the physio-
logical and kinesthetic aspects which might contrib-
ute to physical wellbeing.14
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Carrying

A significantly large proportion of the world carry
loads on their heads - biomechanically sound as it
loads the axial column providing much propriocep-
tive input and firing up the SLMS. The poorest
untouchable in India can look more regal than a
queen, such is her beautiful carriage. The effective-
ness of head loading is demonstrated by a phy-
siotherapeutic ruse for helping severely ataxic
children to walk. Putting a weighted helmet on their
head would immediately improve the antigravity
response and stabilize them enough to be able to
walk unaided! Head loading entails getting the arms
up to place or balance the load, maintaining their ele-
vatory function including thoracoscapula mechanics
and basal breathing. The arms are free and can swing
inducing the shoulder–pelvis counterrotation, mini-
mizing the energy load of walking. In the west it is
usual to carry the load in front with the arms. The
body becomes eccentrically loaded and stress is
imposed on the system. This occurs around the
neck-shoulders and low back as we are pulled for-
ward into a more general pattern of flexion. For
many, struggling with the weekly shopping becomes
a repetitive act which compounds patterns of
improper muscle use. Contrast the serenity and
relaxed demeanor of the African women despite
coping with mixed spinal loading (Figs 11.1 & 11.2).

Balancing the head load ensures that the column
is well aligned while also activating balanced anti-
gravity responses.
Fig 11.1 � Despite carrying two loads and hurrying she is
graceful and relaxed!

Fig 11.2 � Despite considerable vertical loading she is smiling!
Fashion

It is difficult to know why the concept of a small
waist came to be. Tight belts, constrictive clothing
and holding in the stomach all contribute to the
development of dysfunctional breathing patterns.15,16

The recent fashion for skin tight and low slung jeans
means that the wearer cannot flex the hips properly
without her buttocks popping out of her pants, thus
she is impelled to sit in posterior pelvic tilt and
excessively flex the lumbar spine.17 Axial collapse
of course ensues. Contemporary models frequently
‘tuck the tail’ and strike poses in lolling seductive,
simpering postures which imply postural collapse
is ‘cool’.

The fad for ‘trainers’ and orthotics has to be one
of the biggest marketing cons. The person is so
trussed up with ‘support’ that they don’t need and
then can’t find their own intrinsic support through
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active feet with a dynamic lower kinetic chain.
Collapsed feet are indicative of poor systemic pos-
turomovement control. Walking barefoot would be
much better! Stand in any shopping centre and
observe the waddling, plodding, loping and dis-
jointed steps of many of those using this type of
footwear. They are generally also obese.

Cultural expression and customs

Movement serves both function and expression.
The religious act of frequent daily prostration has
the added side benefit of maintaining fitness! Cul-
tural practices and rituals involving meditating,
chanting singing and wailing, effectively tune the
breathing mechanism. Gestural body movements
including clapping, tapping, stamping, dancing and
so on in solo or group performances provide a lot
of sensory input to the system as well as group
interaction and entertainment. Reaching for the
heavens in exultation leaps and shrieks are empow-
ering. Conversely we in the West have become to
rely on passive entertainment – magazines, TV,
DVDs, computers, movies etc. – all while collapsing
in sitting (again!) and often solo. Sadly the trend is
spreading afar.

Psychosocial and emotional factors

Modern living has become stressful living. Many
of us are in a constant state of hyper arousal and
tension as we cope with a multitude of demands –
the kids and the ‘home front’ while meeting dead-
lines, performance reviews, escalating mortgage
payments, sick relatives and so on, while at the
end of the day worrying whether we look good in
bed! Stress is a potent potentiator in musculoskele-
tal pain syndromes.

Psychological factors play a great role in faulty
central motor patterns. Lewit18 considers that
‘motor patterns are to a certain degree expressions
of the state of mind: anxiety, depression and an
inability to relax will greatly influence motor pat-
terns. No less important is the subject’s psychologi-
cal attitude to pain’. In general, one never sees a
depressed or very shy person who is ‘up’ and ‘open’.

The ‘human consciousness or human potential
movement’ evolved in the 1960s and 1970s and its
many proponents included Ida Rolf, Alexander
Lowen and Feldenkrais who variously explored dis-
turbed somatic functioning and its relation to the
psyche. Rolf19 saw how each person’s shape and
form constituted their personal history and
suffering – genetics, trauma, habit and culture all
contribute. Lowen20 considered that neurosis and
early psychologically traumatic events result in
‘body armoring’ where increased muscle tension
limits motility and respiration. Feldenkrais21 con-
sidered that ‘to every emotional state corresponds
a personal conditioned pattern of muscular contrac-
tion without which it has no existence’. He
described ‘The body pattern of anxiety’ – a contrac-
tion of the flexor muscles especially in the abdomi-
nal region, and a halt in breathing soon followed by
vasomotor changes as sweating and accelerated
pulse and an increase in adrenalin. The head is low-
ered, we crouch and bend the knees and the arms
come across the front of the body to protect the
soft unprotected parts. He stressed that impor-
tantly ‘the sensation of fear and anxiety due to the
disturbance of the diaphragmatic and cardiac region
is actually abated by maintained general flexor con-
traction and in particular that of the abdominal
region’. He observed that introverts have some
habitual reduction of their extensor tonus thus
either the head or the hip joints are forward. The
extrovert on the other hand has a more erect stand-
ing posture and gait.

Influenced by Feldenkrais, Hanna7 described
‘The reflexes of stress’. Fear avoidance behavior
if repeated enough, becomes habitual (see Ch. 6.,
Part A and Ch 10). It is interesting to observe the
very common postural habit of folding the arms in
front of the chest in psychological protection and
defense (see Fig. 3.3). Added to this, the adoption
of further protective postures and splinting and
guarding can ensue as a result of pain.

Breathing is the link between emotion and
motion. Stress and anxiety alter the breathing pat-
terns and hyperventilation syndromes22,23 are com-
mon (Ch. 8.). Chaitow24 remarks that breathing
pattern disorders automatically increase levels of
anxiety and apprehension which may be sufficient
to alter motor control and to markedly influence
balance control. A vicious pattern generating cycle
is set in train.

Studies have certainly shown a clear relation-
ship between low tolerance to stress and back
pain.4 Marras et al.25 demonstrated that psycho-
social stress produced statistically significant
altered muscle coactivation patterns, increased
spine loadings and kinematic responses. The erec-
tor spinae and the obliques generally exhibited
greater mean activities. Different personality
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types responded to psychosocial stress differently.
Most types increased their spinal compression
stresses however introversion and intuition prefer-
ences were also associated with large increases
in shear loading. In a prospective study, Mannion
et al.26 found that ‘abnormal’ scores from psycho-
logical questionnaires can precede back pain
development.
Pain as a cause of altered motor
control (see also Ch. 7)

It has been proposed that altered motor control
eventually leads to pain. Pain itself causes further
changes in movement. There are many possible
mechanisms for this including changes in excitabil-
ity in the motor pathway, changes in the sensory
system, and factors associated with the attention
demanding, stressful and fearful aspects of pain.27,28

Pain can engender catastrophizing behavior and fear
of movement and re-injury.29,30 Predictable and
unpredictable pain has been shown to increase
CNS reaction times and anxiety about the impend-
ing pain further determines this effect.31Anticipa-
tion of pain can induce protective postural
strategies32 and the adoption of altered strategies
which avoid or limit movement of the lumbar
spine.33 While the sensory perception of pain cre-
ates anticipatory and fear avoidance beliefs there
are also usually significant objective findings such
as strength deficits in the spinal muscles as shown
by Al-Obaidi et al.34
Misinformed beliefs

A person’s beliefs are strong drivers of any behav-
ior. Many tabloid newspapers and women’s maga-
zines take pride in offering ‘authoritative
information’ and advice on all manner of things
including ‘the best stretches’ or ‘losing that
tummy’ much of which can constitute little more
than ‘recycled garbage’. Believing the hype, various
‘gismos to ease the pain’ are peddled to the desper-
ate and hopeful. Patients frequently present to the
clinic proudly declaring that they ‘exercise’ and
‘stretch’ yet they cannot physiologically posture
themselves against gravity. When these various
exercises are assessed they can generally be held
responsible for further contributing to the patient’s
symptoms. All kinds of misinformed beliefs
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abound – ‘don’t let your back arch’, ‘touching your
toes is good for you’, ‘sit-ups help your back’, and
so on. Rather, it is quality in control of physiologi-
cal patterns of movement which need to be
addressed in these people.

The belief that ‘work caused the pain’ is tricky
territory to negotiate and made more so by the
spectre of compensation and other forms of second-
ary gain.35 Some clearly believe that their pain is
‘serious’ and can take to their bed or take time off
work limiting their activity levels, yet rest in sitting
(again and badly!) believing they are otherwise
harming themselves. Correlations between activity
level and pain intensity are poor.36 It is more than
likely that repetitive daily activities such as the
way he sits and the kinematics of the movement
pattern he adopts as he cleans his teeth that have
more to do with aggravating his pain. Maluf
et al.37 suggest that daily repetitive posturomove-
ments may result in preferential movement of the
lumbar spine in a specific direction contributing to
the development, persistence or recurrence of lower
back pain (LBP). Some patients are loathe to accept
responsibility for the manner in which they habitu-
ally posture and move as largely contributing to
their pain, particularly where compensation is
involved. Larsson and Nordholm38 examined atti-
tudes towards prevention, treatment and manage-
ment of musculoskeletal disorders and the main
associations found were that lower education, phys-
ical inactivity and sick leave for musculoskeletal
disorders increased the odds of attributing responsi-
bility externally to someone else. The best clinical
practice is easily thwarted by the patient who is nei-
ther responsive to advice nor compliant with pre-
scribed self help programs. Then there is the
added problem of him doing it correctly: achieving
the right pattern is difficult. In response to pain he
may develop more fear avoidance motor behavior
and these maladaptive and provocative
responses39,40 become superimposed on the poor
habitual underlying patterns. He truly becomes a
chronic back pain patient.

Intervention programs with a physical and behav-
ioral therapy package aimed at altering lifestyle fac-
tors to help reduce current problems and prevent
reinjury have shown favorable outcomes.41 Return
to work is often seen as an outcome measure yet
this often underestimates functional impairment.
Rather, objective kinematic functional performance
measures are suggested as a more sensitive quantita-
tive measure of outcome.42
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Sport and recreation: ‘stretching’,
‘Pilates’ and yoga

While recreational sporting activities are a great way
to work the body into the sorts of movement that
the working week doesn’t deliver, there must how-
ever be the underlying function to support the
actions required. Inadequate organization and con-
trol of the forward bending pattern (Ch. 6, Part B)
means that activities such as gardening produce ‘gar-
dener’s back’ instead of affording a positive ‘physio-
logical workout’ for the body (Fig. 11.3).

The retired banker who takes up golf but has a
stiff thorax and hips should not be surprised that
he develops low back pain43 – the rotation required
in golf needs to come from somewhere! In pursuit
of strength, the rower increases his time on the ergo
machine yet the kinematic pattern he adopts may
serve to shunt the movement stress to his low back.
The tri-athlete needs to ensure he maintains good
hip mobility and inner range extension and control
of his lumbopelvic region in order to counteract
the long periods of flexion on the bike. School sport
often becomes a session supervised by the geogra-
phy teacher. The type and method of stretching
that some appear to have been taught would make
your hair stand on end! Bad patterns learnt early
become harder to change later.
Fig 11.3 � Sprung! The subject ‘thought she was bending
properly’! There is inadequate release of the ischial swing
from habitual holding (see Fig. 13.19). This is associated with
poor axial co-activation.
‘Stretching’ has become the exercise mantra
despite the fact that studies on stretching prior to
exercise have shown little reduction in injury levels.44

The reason so many want to do it is the fact that they
do ‘feel stiff’. One of the qualities of healthy physio-
logical movement control includes active elongation
of muscles as they variously contribute in the force
couples that control posture and movement. One
needs to stretch when movement control is poor.
Imbalanced muscle action doesn’t allow the spine to
move properly. Axial collapse creates regions of seg-
mental stiffness. Muscles innervated from irritated
spinal segments become fired up – usually the large
superficial muscles which when over-activated
become tight (see Ch. 7 & Ch. 12). Added to this is
the habitual overuse of the SGMS for posturomove-
ment control which further compounds their tight-
ness and influence. Unfortunately most of the
stretching that is practiced is passive where the
patient works against himself. Reduced SLMS con-
trol means little appreciation for the correct ‘feel’
and control of body segments, the pelvis in particular.
‘Stupid stretches’ result (Fig. 11.4) and become a
potent precipitating and perpetuating factor in ongo-
ing lumbopelvic pain syndromes.

Pilates has become a ‘craze’ which is now
attracting increasing attention from the therapeutic
community.45 This is interesting as despite its pop-
ularity, little research supports the benefits of this
form of exercise.46,47

Believing that civilization impairs physical fitness,
Joseph Pilates designed a series of somewhat ‘gym-
nastic’ exercises he termed ‘Contrology’ which he
Fig 11.4 � Poor control of the pelvis and passivity in the
stretch means that the low back is the structure receiving
most of the stretch. It is the same subject in Fig. 8.26 who
cannot weigh shift in sitting.
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Fig 11.5 � The subject is training to be a yoga teacher but not
surprisingly is experiencing back pain. Note how she passively
falls back into the pose without the necessary drive & support
from the lower pelvic unit to open the postero-inferior pelvis
and hips, hence the stretch is more in the low back.
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claimed ‘develops the body uniformly, corrects
wrong postures, restores physical vitality, invigo-
rates the mind and elevates the spirit.’48 Positive
aspects of his approach include the ‘mind’s control
over the muscles’, awareness and concentration on
the purpose of the exercises, patience and persis-
tence and the importance of breathing during the
exercises. The New York dance community found
the approach beneficial to performance and it
spread from there. It has become a marketer’s
dream – Polestar Pilates; Stott Pilates; Body Con-
trol Pilates; Clinical Pilates; Yogalates – you name
it, everyone is having a go! The problem is the ‘tech-
nique’ is now so diverse it’s hard to know what the
client is receiving. Compounding this is its propo-
nents, in general, lack a real understanding about
‘function’ and further, ‘what’s wrong’ with move-
ment in spinal pain patients.

Research has often been misappropriated to jus-
tify the approach – ‘core strengthening’ has served
the industry well. Joseph Pilates stressed ‘always
keep the full length of the back pressed firmly
against the floor’48 and many of the exercises also
involved movement and stretching the lumbar spine
into hyper flexion. While he did counter these with
strong ‘extension exercises’, it would appear that
many contemporary approaches focus more on the
flexion aspect. However, the big problem is that
many with back pain already have a loss of lordosis
and a tendency to more ‘total flexor pattern’ motor
behavior (see Ch. 8) which becomes further rein-
forced by ‘Pilates’. Those classified as an anterior
pelvic crossed syndrome are particularly vulnerable
(Ch. 9). Invariably patients work ‘three stories too
high’2,49 entrenching central cinch behavior (see
Ch. 10; Figs. 8.38, 9.12 & 10.4). Increasingly preva-
lent in the clinic are people presenting with neck
pain and headaches with associated breathing pat-
tern disorders and exacerbations of their low back
problem that can be linked to their practice of
Pilates.

Pilates’ original routine would certainly help ‘fit-
ness’ yet this is different to, and does not necessar-
ily redress, movement dysfunction. It seems many
therapeutic recommendations arise from not really
knowing what else to do for the patient.

Yoga is now being offered on practically every
street corner and one must question from where
did all the teachers materialize given it takes many
years to become a dedicated yoga teacher and those
with integrity generally spend up to 5–6 hours a day
refining their practice? In general, the potential
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problem is one of passive collapse and/or that ‘pos-
tures’ become fixed, ‘held’ and hard with little
exploration within them (Fig. 11.5). Bartenieff2

saw that ‘the superficial appropriation of new mate-
rials can be observed in the frequently fragmented
indiscriminate use of yoga’ – ‘attributable to casual
teaching and studying that promotes misunder-
standing and misuse of a valid discipline’. ‘The mis-
use frequently results in diminished movement
responses instead of full harmonious balance of
action and non-action’. Aspects of all the six move-
ment dysfunction syndromes described in Chapter 10
are readily apparent when observing participants
in a yoga class. It takes great integrity of purpose
and skill in the yoga teacher to guide subjects
towards achieving higher level control rather than
allowing them to merely further imprint their dys-
functional patterns. The ‘adrenaline junkie’ student
approaches the practice of yoga as a work-out – a
‘real challenge’, employing ambition, end-gaining
and effort which reliably increases SGMS activity
and inhibits SLMS activity. Farhi50 comments ‘what
they think they want and what they actually need
are often two completely different things’. Weight
bearing poses unfortunately generally demonstrate
poor grounding through the base of support and so
invariably show aspects of limb ‘propping’ and
‘holding’ in the torso, with disturbed breathing
and excess tension in the upper body. Bartenieff2

also described a ‘preoccupation with pushing the
body into the shape apparently desired by the
teacher and a tendency to passivity particularly
in initiating action and flow. Sloppily executed
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positions showed distortions in the tensions and
countertensions inherent in them. Thus instead of
balanced tensions that produce relaxation, the per-
former will experience abrasive exertions or muddy
non-tension’.

A good teacher guiding the dedicated practice of
‘proper’ yoga which focuses upon inner awareness
and mindfulness and ‘soft control’ is a wonderful way
of improving SLMS function and inhibiting SGMS
overactivity. The student is meaningfully relearning
and further developing his sensorimotor potential.
Fig 11.6 � All her hard work on ‘body sculpting’ has
developed the SGMS but inhibited SLMS activity. Note the
emptiness in transversus and the diaphragm in supporting the
spine during the movement.
‘Training’ and the fitness industry

There is a difference between cardiovascular ‘fitness’
and movement ‘function’. Janda51 notes ‘the high
incidence of functional impairment makes it
extremely difficult to estimate the borders between
the norm and evident pathology’. ‘It is evident that
a general dysfunction of the motor system occurs
for years before a syndrome such as low back pain
manifests itself by local pain. The altered function
can be found predominantly in changed movement
patterns, motor performance andmuscle imbalances.
Even the elite athlete who is ‘fit’ active and dedicated
is often very dysfunctional in his movement pattern-
ing. Therefore more important than simply increas-
ing muscle strength is the teaching of movement
performance.13 Gyms have become ‘the definitive
cultural icon’ and a remarkably successful marketing
exercise yet this author holds grave concerns about
the veracity of their purpose. There is no doubt that
inactivity and obesity are a contemporary problem
and the gym seems an easy and appropriate option –
a sort of playgroup for adults where the trainer actu-
ally does encourage some get up and go. Some go to
the gym because ‘everything aches’ and the belief
you ‘need to keep it moving’. Many believe that
unless they are ‘busting a gut’ ‘nothing is really hap-
pening,’ such is their woeful internal awareness.

However, clinicians increasingly have to contend
with the ‘Gym Junkie Syndrome’: tense yet collapsed
and exhausted bodies and the pumped up and grossly
dysfunctional bodies which result from many ‘train-
ing programs’ which can be directly causally linked
to the genesis of their pain. Just ask around your local
gym and you may/not be surprised at the number of
‘rotator cuff’ and knee pain syndromes which are
extant. Orthopedic surgeons are beginning to set up
adjacent practices as the pickings are so good from
these ‘dysfunction factories’. I believe they have even
coined the label ‘knee – shoulder syndrome, as if you
have one you will reliably get the other!

So what is so wrong you ask?
• The ethos in the fitness culture of the gyms and
personal trainers is largely to ‘get fit’, develop
strength, ‘body sculpt’ and look good (Fig. 11. 6).Many
personal trainers possessed of limited understanding of
pathology or dysfunctional control ‘motivate’ and push
their charges to ‘go for it’; ‘work harder’ with a ‘no pain,
no gain’ approach based on notions of aesthetics with
little regard for or understanding of their client’s
functional needs. Marketing and enthusiasm seem to
win over integrity and quality control. The desire for
‘strong abs’ ‘impressive pecs’ etc. results in poorly
conceived exercise programs being offered by many.
When the personal trainers themselves are presenting
with pain, there clearly is a problem.
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• The primary emphasis is on strength. Strong
muscles are not necessarily healthy muscles. While
many may be de-conditioned with reduced
endurance which is a potential problem,11 they are
not necessarily ‘weak’. They will, however, usually
display muscle imbalance, some change in their
ability to organize movement patterns and have
difficulty sustaining certain postures at a low load
level. This can even be the case in ‘elite’ sports people.
Janda52,53 said ‘in athletes it is almost automatically
assumed that the function of their musculoskeletal
system is normal and the only target is to improve
their otherwise normal status’ – that all that needs
to happen is to make them stronger. Impaired
function, reflex changes and the patterning
process54 which can substantially influence the final
result of a sportive effort are largely neglected.

Instead, bad movement patterns are strengthened.
Strength training and the use of effort preferentially
activates SGMS muscles and reinforces effort and
tension patterns particularly if bilateral movements
are used (Ch. 5). These have a tendency to be over
active and dominant in our movement patterns as it
is, and particularly in those who are symptomatic.
Overactivity in the SGMS tends to have an
inhibitory effect on the deep system (Fig. 11.7).
Muscle imbalance and imperfect motor patterns do
not allow perfectly adjusted movement.52

Similarly, McGill55 sees that athletes are
generally unhealthy from a musculoskeletal point of
view and training should be for health where working
smarter rather than harder is the goal. Requiring a
different philosophy, ‘it emphasizes muscle
endurance, motor control perfection, and the
Fig 11.7 � Weight training has developed the superficial
muscles but note the empty hollow from poverty in the
transversus and diaphragm as she attempts to anteriorly
rotate her pelvis.
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maintenance of sufficient spine stability in all
expected tasks. While strength is not a targeted goal,
strength gains do result’.
• Most strength building maneuvers are practiced in
sitting or lying with little focus on correct alignment.
Pulling the highest weight is more important than the
quality of movement and manner of breathing. It is
unphysiological to sit at a machine and exercise.
There is no active base of support and so little if
anything is asked of SLMS control.

• Most resisted limb work is bilateral and in the
sagittal plane further encouraging sagittal dominance
of movement behavior (Ch. 8). In the upper body
this further imprints already established patterns of
dysfunction (Ch. 10). The important parameters to
establish in the lower body are the control of weight
shift on a dynamic unilateral support and usually this
is not addressed. The stress encountered when
‘pulling weights’ is more often than not directed
instead to the lumbar and cervical spines. Creative
and expressive movements are not symmetrical.

• The hyper development of the SGMS limb
muscles renders them tighter and accordingly they
need to keep stretching them. Poorly devised and
supervised stretching protocols invariably result in
regions of the spine being further stretched, adding
to the dysbalance.

• The training of a limited repertoire of certain
bilateral patterns of movement associated with effort
reinforces poor patterns of movement and creates
conditioned responses such as the ‘central cinch
patterns’ (Ch. 10) which are then applied in other
situations. Managing to help these people inhibit
these entrained responses can be really difficult.

Weight bearing exercise has been advised for
osteoporosis which is very different from ‘doing
weights’.

McGill56 draws attention to theRussian philosophy
of training which encompasses briefly: awareness: all-
round development; systematic increments in
challenge; pacing; repetition; visualization;
specialization; individualization and structure.

Therapeutic misadventure

The skill of appropriate therapeutic exercise pre-
scription is a clinical art backed up by science.

Historically, ‘back exercises’ have been seen as
flexion and/or extension exercises. The debate over
many years was whether William’s flexion exercises
or McKenzie’s extension exercises were the best
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for back pain! Inappropriate exercise prescription
occurs when therapists have an inadequate under-
standing of healthy movement function, including
biomechanically sound and functional kinematic
patterns of movement. Secondly, without a com-
prehensive understanding of each patient’s func-
tional movement needs, therapists risk reinforcing
their client’s dysfunction. When they send their
patients to Pilates it is hard to believe they are clear
about what to do for their patient. Many poor
patients have also been subjected to such a lot of
stupid and poor advice such as ‘don’t let your back
arch’ or ‘tuck your tail under’.

Pertinent also, is that the therapist is in touch
with the status of their own musculoskeletal short-
comings. Just because they are ‘the therapist’ does
not mean they necessarily function particularly well.
The adage ‘it takes one to know one’ is apt and helps
the therapist understand how function is altered and
how to approach assisting others in effectively
changing theirs. Which responses need to be inhib-
ited or modified and which do we want to encour-
age, and why.

McGill55 suggests inappropriate exercise pre-
scription also probably results when the therapist
does not understand the tissue loading that results
in various tasks. Many exercises replicate injury
mechanisms. Unfortunately there has also been a
tendency for a one size fits all, ‘recipe’ approach
which amounts to therapeutic ‘hand me downs’
for want of knowing better. The recommending of
posterior pelvic tilting as an exercise is a good exam-
ple. Some poorly conceived ‘research’ even advo-
cates it.57 Many patients perform this exercise
despite the fact that this creates lumbar flexion58,
a pattern most have too much of, and which is prob-
ably contributing to their pain state. Another com-
mon example is what McGill55 terms are ‘silly
stretches’: toe touching and pulling the knees to
the chest in supine first thing in the morning which
not only hyper flex the lumbar spine but as he says,
can cause instability. One never encounters the
advice to teach anterior pelvic tilt, a pattern most
can’t control and which is basic to being able to
properly move from and ‘stretch’ the hips.

Less experienced therapists may risk misinter-
preting research outcomes.5 Hodges and his collea-
gues have done a lot of nice research on transversus
abdominus and have always stressed that func-
tionally it is co-active with others in the synergy such
as the diaphragm and pelvic floor.59,60 However, as
McGill56 opines, despite the studies being fairly
reported by the authors, too many in the clinical
community have tended to over focus on this one
muscle and are creating very dysfunctional spines as
the unfortunate patients become paralyzed by their
own hyper-analysis of what transversus is doing.
The pelvic floor has similarly suffered. Rather the
need is to establish a muscle’s synergistic role in var-
ious functional patterns – in McGill’s55,56 terms,
‘establishing grooved motion/motor patterns’.

Post surgery outcomes are often modest because
the underlying movement dysfunction with causal
relations to the ‘problem’ has not been addressed.

Last but not least is referring the compensation
patient with LBP to the gym for ‘work hardening
programs’. This needs to be criticized as this rein-
forces and fixes bad movement patterns.61 It is as
though the treating therapist doesn’t know what
else to do with the patient. For all the reasons men-
tioned this has to be the height of insanity – no
wonder the patient is not getting better and is
depressed!

Post script: epidemiological surveys
among children and adolescents for
low back pain

Generally, back pain in children is infrequently con-
sidered; however, clinically there may be an increas-
ing trend for pain syndromes to present in younger
age groups. This little girl (Fig. 11.8) does gymnas-
tics and developed back pain. As we see, she tends
to be extensor dominant posterior pelvic crossed
syndrome (PPXS) and she had developed a bad
habit of arching her back. However, she quickly
learnt better control: the neuromyo-articular system
is very flexible at this age (Fig. 11.9). Keeping it this
way will be the challenge.

Kolar62 maintains that in almost 30% of the child
population, there is some degree of faulty posture
caused by dysfunction in the muscle system. A study
by Gunzburg et al.63 found, a high prevalence of LBP
in a cohort of 392 mostly 9-year-old primary school
children; 36% reported suffering at least one episode
and of these, 64% said that at least one of their par-
ents complained of LBP. There was also significantly
more LBP in those who played video games for more
than 2 hours a day. In 1999, Balagué et al.64 undertook
a review of the literature published since 1992 on non
specific LBP in children and adolescents. Prevalence
in the various studies varied between 30% and 51%.
They state that the role of certain factors remains
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Fig 11.8 � The tendencies are often apparent from
childhood.

Fig 11.9 � The options for change are usually there if the
motivation is there.
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controversial, namely: reduced flexibility of the pos-
terior thigh muscles; poor school performance; low
level of physical activity; and reduced sagittal mobility
of the lumbar spine. Other factors such as being over-
weight, sagittal postural faults and strength of the
anterior and posterior trunk muscles were not signifi-
cant associations. Sitting appeared to be the main
aggravating factor in all their LBP.

In a South African cohort of mixed racial groups,
Jordaan et al.65 described an incidence of 52% preva-
lence of LBP with significant risk factors being: white
racial group; high level of sport participation; high
levels of sedentary activity; incontinence; decreased
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neural dynamics and indifferent emotions towards
life. A study on prolonged LBP in young athletes con-
cludes that the reasons for the pain are usually estab-
lished by imaging studies demonstrating cumulative
stress changes, the most common of which can be
classified as posterior vertebral arch stress injuries
to the disc-vertebral end plate complex.66

In overview, LBP in children and adolescents
appears to be associated with certain functionally
meaningful trends namely: a significant prevalence
by age 9 increasing with age; the association
between postural collapse and sedentary activities
and conversely the increased incidence in those
with a high level of physical activity. The case for
considering altered patterns of posturomovement
control as a significant element in the genesis of
these states appears overwhelming.
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Chapter Twelve
12
A ‘functional pathology of
the motor system’1 involves
a pattern generating
mechanism underlying most
spinal pain disorders
Janda2 said: ‘the biological function of pain is that
it signals bad or harmful function; it is the motor
system’s way of protecting itself when over-
stressed. Pain will sooner or later force us to
change our motor behavior. Pain may be consid-
ered as the major and most frequent sign of
impaired function of the motor system. It is not a
‘disease’ as Western medicine chooses to see it.
The patient’s pain can help us unravel his func-
tional problems and can also act as the incentive
for him to change the bad movement habits that
have generally created it.

Lewit’1,3 adopted the term ‘functional pathol-
ogy of the motor system’ to encompass the most
important functional changes together with the
reflex changes they produce. The impaired func-
tion may be reflected anywhere in the motor
system; however, roughly speaking, there are
three basic yet functionally interdependent levels
where it is seen:2 the central nervous system
(CNS) corticosubcortical motor regulatory cen-
ters; the muscles; and finally the joints. Altered
afference produces altered motor output and the
muscular level represents perhaps the most
exposed part of the system’2 (see Ch. 7). Neuro-
muscular control of the spine is complex and
involves the interaction of all levels of the motor
system.

Whilst a clinically useful and compelling
paradigm, it is only more recently that there has
been more interest and emerging evidence which
in principle supports aspects of the functional
approach proposed by Janda and Lewit.4–8
Altered loading stresses
through the functional spinal
unit (FSU) affects local,
regional and general
neuromuscular responses

The segmented spinal column houses the main
nerve trunks between the brain and the periphery.
Its functional wellbeing ensures the health of the
entire nervous system. The nervous system is a con-
tinuous tissue tract which continually glides, slides
and stretches as it adapts to the movements it
orchestrates.9,10 When the activity level between
the two muscle systems is out of balance, postural
and kinematic patterns of movement alter and the
whole spine suffers as the compression and tension
loading stresses across it change. Altered neuromus-
cular control is reflected in essentially four ways:

Altered postural responses within
the column

Altered alignment and loading patterns in one part
of the spine will affect those in adjacent and more
removed segments. While resulting from changed
neuromuscular control they also result in the need
for further postural compensations being brought
to bear in the system. An example is poor spatial
control of the pelvis alters the alignment and control
of the lumbar lordosis and necessitates muscular
‘holding’ patterns higher up the torso in order to
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support the column and head upright. The ability
for the pelvis to contribute to postural control is
reduced.11 Some segments and regions are loaded
in more tension, others in compression. Reduced
ability in finely adjusting and controlling interseg-
mental movement means individual segments
become further compromised. Every spinal segment
is susceptible and symptoms arise depending upon
the individual circumstances. However, the discus-
sion here will focus on the lumbar spine as most of
the literature pertains to this region.
Habitual provocative
posturomovement strategies

Neurologically we get used to firing some muscles
repeatedly and forget to use others as we repeat var-
ious less ideal movement patterns again and again.
A good example is when bending forward the
action principally occurs by locking the knees and
relying on the hamstrings and obturator group with
poor contribution from the antagonists in the
controlling pelvic force couple – the transversus,
iliacus and psoas and other LPU muscles. The ham-
string hyperactivity limits posterior pelvic shift and
further defacilitates the antagonistic contribution
(Fig. 12.1). The habit of crossing the arms in front
Fig 12.1 � Habitual forward patterns such as this where
there is little spatial pre-adjustment of the pelvis to support
the movement result in poor patterns of coactivation in the
torso.
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of the chest fires up the pectorals and serratus con-
tributing to ‘dome’ development and disturbing
cervical and shoulder girdle myomechanics.
Altered segmental muscle function

The passive viscoelastic structures within each FSU
(Ch. 6, Part A) enjoy a rich sensory and autonomic
innervation enabling them to transmit proprioceptive
and nociceptive information.12 The reflexive feed-
back control of local muscular contraction consists
of afferents in the ligaments, disc and facet joint
capsules, spinal interneurons and selected trunk
muscles.13 Altered alignment and movement stresses
through the segment can induce progressive creep
and hysteresis in the ligaments, the development of
joint laxity reduced joint stability and the risk of
injury.14 Feline studies have shown that the induced
creep in the viscoelastic tissues also desensitizes the
mechanoreceptors and results in a dramatic loss of
reflexive muscular activity and stabilization.15 The
induced laxity only showed partial recovery with rest
periods twice as long as the loading duration and
recovery of reflexive muscular activity follows the
recovery of laxity in the viscoelastic structures.16

More prolonged static loading in lumbar flexion (20
minutes) produced the initial sharp decrease in mul-
tifidus activity followed by spasms.17 Full recovery of
reflexive multifidus activity and viscoelastic tension
did not occur for up to 24 hours. Static constant
loading in flexion not only results in a complex neu-
romuscular disorder18 but also importantly the time
dependent development of local inflammation.19,20

Repetitive static loading into flexion increases the
likelihood of a cumulative neuromuscular disorder.21

Injecting porcine facet joints with saline reduced
paraspinal muscle activity.22 Beith23 showed delay
in the short latency stretch reflex in multifidus but
not in rectus abdominus or internal oblique in sub-
jects with CLBP. In a porcine study, Hodges
et al.24 found rapid atrophy in multifidus 3 days after
experimentally inducing an acute disc injury at L3/4
or an L3 nerve root injury. The changes after the disc
lesion produced single segment atrophy and they
concluded this may be due to disuse following reflex
inhibitory mechanisms. Nerve root injury reduced
the cross sectional area over three segments.

Thus depending upon the stage of disorder and tis-
sue irritability, segmental dysfunction involves inhibi-
tion/wasting or weakness or conversely spasm of
local muscles and segmental control further suffers.
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Altered multisegmental muscle
function

Local segmental irritation can either decrease or
more usually increase activity in SGMS muscles
which receive innervation from that segment(s).
These large muscles span numerous segments and
being large torque producers with domineering
behavior, can act as ‘yankers’ further disturbing axial
control (see Ch. 5) This may involve muscles within
the torso such as the erector spinae or more periph-
eral muscles such as the hamstrings which then fur-
ther influence pelvic control. Eccentric contractions
and lengthening behavior in patterns of movement
appear to be more difficult in these muscles.

Clinically increased tension in the hamstrings in
association with back pain is well appreciated; how-
ever, the fact that the same mechanism can effect
changes in other peripheral muscles is nor so well
known. Upledger25 suggests mobilizing the upper
lumbar spine levels can relax spasm in iliacus. A statis-
tically significant relationship between evident trigger
points in the upper trapezius and cervical dysfunction
at C3&4 has been reported.26 Dishman and Bulbu-
lian27 demonstrated spinal mobilization and manipula-
tion produced a profound yet transient attenuation of
reflex excitability in the gastrocnemius. Sacroiliac and
spinal manipulative therapy (SMT) has been shown to
generate reflex activation of upper and lower limb
muscles28 and to decrease quadriceps inhibition in
patients with anterior knee pain.29 SMT to L4/5 has
also been shown to change superficial abdominal mus-
cle recruitment in postural activity in people with low
back pain but not in controls.30

The potent influence of spinal segmental irrita-
tion as the driver of much limb muscle ‘tightness’
seems little appreciated in the clinical community.
It is suggested that ‘central axial drive’ of peripheral
muscle tightness or hyperactivity largely contributes
to the pattern generating mechanism responsible for
symptom development seen in many ‘fitness indus-
try’ participants and particularly so in most func-
tional spinal pain disorders (see ‘The hamstrings/
hip conundrum’ p. 286).

Whether a muscle is under-firing or over-firing
will thus variably depend on CNS influences, local
segmental reflex influences as well as the habitual
strategies chose in everyday posturomovement activ-
ity. Further, disrupted sensory feedback appears to
have a greater effect upon eccentric control than con-
centric control.31
Altered loading stresses of any joint in the body
will generally result in reactive inflammatory
changes. It is important to recognize that a stiff spi-
nal joint readily becomes an inflamed joint as does a
joint that is relatively over mobile. Arguably, in the
clinical realm, stiff joints appear to cause more abra-
sive neurally related symptoms than over-mobile
joints. A joint can be stiff in all or some of its avail-
able ranges. A joint which is over stressed into flex-
ion with probable creep/hysteresis will generally be
stiff into extension and related movements particu-
larly those through the junctional regions. The mid-
dle lumbar and cervical segments risk becoming
overstressed into both flexion and extension, poten-
tially developing a structural or ‘functional instabil-
ity’. Any inflammatory change within the FSU is
liable to create neural irritation to some degree which
in the early stages will be sub-clinical, manifesting as
altered facilitation or inhibition of muscles which
derive their innervation wholly or partly from that
segment. The influence of segmental movements on
muscle activity can be appreciated in a normal study
which showed that moderate central pressures
applied to L3 when the subject was prone produced
statistically significant reductions in erector spinae
EMG.32 Janda33 notes that when the intraarticular
pressures change, the irritability of the muscles in
the vicinity changes. Traction or separation of the
joint surfaces facilitates the flexor groups, whereas
compression of the articular surfaces in the joint’s
longitudinal axis facilitates the extensors.

The altered local and multisegmental muscle
function results in altered afference to the CNS
which in turn results in changed motor output from
the CNS. ‘This two way traffic of cause/effect/
cause’34 further adds to the pattern generating pro-
cess in the developing neuromusculoskeletal dys-
functional disorder.
Altered loading stress through
the FSU creates the conditions
for neural irritation creating
local and referred pain and
other epiphenomena

The radiculopathic model for the genesis of many
chronic pain syndromes is well understood by expe-
rienced clinicians. Irritation or damage to a periph-
eral nerve invariably at the spinal nerve root leads
281
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to muscle shortening, autonomic changes and some-
times pain in the dermatomal, myotomal and scler-
otomal target tissues supplied by that segmental
nerve.35 Simple inflammation rather than structural
changes are more often the cause –‘biologically or
ergonomically triggered neurogenic inflammation.’36

The region around and within each FSU is richly
endowed with nerves thus a brief review of some
clinically relevant aspects of anatomy is useful.

Each FSU intimately encases and contributes to
the protection of the spinal cord and the spinal nerve
root as it exits through the intervertebral foramen
(IVF). The nerves are numbered according to the
vertebra beneath which they lie. Thus, the L1 spinal
nerve lies below the L1 vertebra in the L1/2 IVF:12

Centrally each spinal nerve is connected to the spinal
cord by a dorsal and ventral root (Fig. 12.2).

The dorsal root of each spinal nerve transmits
sensory fibres from the spinal nerve to the cord.
The ventral root largely transmits motor fibres from
the cord to the spinal nerve but may transmit
some sensory fibres.12 The ventral roots of L1 and
L2 spinal nerves additionally transmit preganglionic,
sympathetic, efferent fibres.12 The spinal cord ter-
minates in the central vertebral canal opposite L1/2
but this can be as high as T12/L1 or as low as
L2/3. The lower lumbar, sacral and coccygeal roots
are all enclosed together within the dural sac and
descend together as the cauda equina.12 (Fig. 12.3).

The dorsal root ganglion contains the cell bodies
of the sensory fibres in the dorsal root and lies
immediately proximal to its junction with the spinal
Dura
Arachnoid
Subarachnoid space

Cauda equina

Pia

Dorsal root

Dorsal root ganglion

Dural sleeve

Spinal nerve

Ventral ramus

Dorsal ramus

Ventral root

Fig 12.2 � Lumbar spinal nerve and its relations in the
central and lateral canal after Bogduk 198712.
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nerve within the intervertebral foramen. The spinal
nerve root sleeve is surrounded by circumferential
layers of connective tissue which indirectly bind
the nerve to the margins of the IVF but importantly,
mainly to the capsule of the facet joint dorsally.12 This
helps explain how clinically, a swollen or thickened
facet joint can cause radicular symptoms.

Peripherally, just outside the IVF, each spinal
nerve divides into a larger ventral ramus and a smal-
ler dorsal ramus.12

• The dorsal rami divide into a medial and lateral
branch as they approach the transverse processes

• The lateral branches are principally distributed
to iliocostalis but those from L1, L2 & L3 also
become cutaneous and innervate the skin of the
buttock over an area extending from the iliac
crest to the greater trochanter.12 This helps
explain many clinical patterns – in particular
why pain in this region should not necessarily be
seen as primary pelvic girdle pain.

• The medial branches are of paramount
importance as they supply the two facet joints,
the interspinous muscle and ligament and the
multifidus.12 Each medial branch also supplies
the facet joint above and below. Each facet
joint also receives additional innervation
ventrally from the dorsal ramus in front of the
joint.12 The capsules of the facet joints are thus
richly innervated with the appropriate sensory
apparatus to transmit both proprioceptive and
nociceptive information.12 The muscular
innervation is very specific at each segmental
level – each medial branch supplies only those
muscles that arise from the vertebra with the
same segmental number as the nerve. The
Principal muscles that move a particular segment
are innervated by the nerve of that segment.12

• The ventral rami lie within the substance of the
psoas muscle.12 The L1–4 ventral rami form the
lumbar plexus and the L4–5 ventral rami form the
join to form the lumbosacral trunk which enters the
lumbosacral plexus. The principal clinical
importance of the ventral rami is their
communication with the sympathetic nervous
system via the grey rami communicantes and the
innervation of the disc.

The autonomic nervous system must adapt to
body movements if it is to function properly. Full
utilization of bodily movement ensures its flexibility
and health. The sympathetic trunk lies anterior to the
whole column and in the thorax it is also attached to
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Fig 12.4 � Anterior view (A) and lateral view (B) of the
sympathetic chain and its bony relations.
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Fig 12.5 � General plan of autonomic nervous system.
On the left: Cranial and sacral autonomic parasympathetic
system. Thick lines from III, VII, IX, X and S2, 3 are
preganglionic (connector) fibres. A, ciliary ganglion; B,
sphenopalatine ganglion; C, submaxillary and sublingual
ganglia. D, otic ganglion; E, vagus ganglion cells in nodes of
heart; F, vagus ganglion cells in wall of bowel; G, sacral
autonomic ganglion cells in pelvis; thin lines beyond ¼
postganglionic (excitor) fibres to organs.
On the right: Sympathetic nervous system. Dotted lines from
T1-12, L1, 2 are preganglionic fibres; H, superior cervical
ganglion; J,middle and inferior cervical ganglia (the latter fused
with the 1st thoracic ganglion to form the stellate ganglion); K,
celiac and other abdominal ganglia (note other preganglionioc
fibres directly supplying the adrenal medulla); L, lower
abdominal and pelvic sympathetic ganglia; continuous lines
beyond¼ postganglionic fibres. Reproduced with legend from
Grieve 1981 with permission Churchill Livingstone.
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the head of the ribs9 (Fig. 12.4). In the lumbar spine
the trunks lie next to the attachment of psoas.12

Note in Figure 12.5 that the ‘sympathetic outflow’
extends from T1–L2 via the thoraco/lumbar somatic
nerves; while the parasympathetic system utilizes
the cranial nerves III, VII, IX, X and sacral somatic
nerves S234 for its pathways – known as the ‘cranio-
sacral outflow’. Both the sympathetics and para-
sympathetics transmit pain; however, concerning
pain in the lower body, the sympathetics will refer
to dermatomes associated with the lower sympa-
thetic trunk (T10–L2),34 while parasympathetics
refer to dermatomes associated with S2, and S3
(and S4) segments.37 In the upper body, the
284
afferent sympathetic pathways to the head and
neck travel with the segmental nerves T1–5,
and those to the upper limb, T2–10.34

An unhealthy posture of increased thoracic and
lumbar kyphosis and cervical extension is likely to
place altered tension on the sympathetic trunk.9

Mobilization to L4/5 has demonstrated significant
changes in peripheral sympathetic activity in skin
conductance.38 Impairment of the sympathetic
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system could be an etiologic cause or perpetuating
consequence for the development of active trigger
points.39
Local and referred pain

Grieve34 states ‘in all pain states, the somatic and
autonomic nervous systems are activated in a variety
of manifestations and degree. Considerations of spi-
nal pain and referred pain in spinal conditions
should include attention to visceral reflex phenom-
ena also’. Similarly, Lewit1 notes that ‘any localized
painful stimulation will act in the segment to which
the stimulated structure belongs. In this structure
there is usually a hyperalgesic zone in the skin, mus-
cle spasm, painful periosteal points, movement
restriction of the spinal segment and (perhaps)
some dysfunction of the visceral organ. One of the
structures may be the source of the pain while
others may show more intense reflex changes. How-
ever these reflex changes are not confined to a sin-
gle segment but may affect distant segments
constituting a ‘chain reaction’.1

The somatic response mainly consists of muscle
spasm or inhibition and changed motor patterns at
the CNS level. The motor pattern may also change
to spare the painful structure. The autonomic
response is much more varied and can include
hyperalgesic zones, pain spots, and vasomotor reac-
tion and at the central level may affect respiration,
the cardiovascular and digestive systems.1

Referred pain is ‘pain perceived in a region topo-
graphically displaced from the region of the source of
the pain’.12 It can be referred via the sclerotome or
myotome34 known as ‘somatic referral’ or by the der-
matome known as ‘radicular referral’.12 Dermatome,
sclerotome and myotome charts are shown in Fig-
ures 12.6–12.8 as they can help towards exploring
and localizing the principal joint problem. Pain in
any region may arise directly from underlying tissues
or be referred to the region from the spine.

When the subjective history implies referred
pain, one is never relieved of the obligation to pal-
pate the tissues both centrally and locally to dis-
criminate the pain source. ‘Finding the level’ is
ultimately determined by the ‘feel’ and response of
the joint and related tissues to testing. As Grieve-34

points out, clinical referral is not always neatly con-
fined to the particular segment as the spinal joints
themselves receive articular nerves derived from
the segments above and below. Dermatomes are
not anatomical entities but neurophysiological enti-
ties whose boundaries may fluctuate according to
the prevailing levels of cord segment facilitation.
Virtually any source of local lumbar or lumbosacral
pain is also capable of producing somatic referral
into the limb; the mechanism for which according
to Bogduk12 must lie in the CNS. The quality of
somatic referred pain is generally more deep and
aching and hard to localize while ‘radicular pain’ is
more superficial, sharp and lancinating. Bogduk12

points out that compression of a peripheral nerve
is not painful but causes changes in conductivity
such as weakness and numbness. However, it
appears that compression of the dorsal root ganglia
does trigger nociceptive responses and pain.12

Experimental compression of a lumbar nerve root
demonstrated Wallerian degeneration not only at
the site of compression but also at the synapses of
spinal cord dorsal horns.40 Back pain is somatic pain
and emanates from local segmental irritation and/or
is referred from adjacent of more removed segments
e.g. low lumbar pain can emanate from joints in the
upper lumbar spine or higher in the thorax.

Diagnosis based upon pathology is not necessarily
relevant. Dysfunction in the FSU variably yet mutu-
ally involves the facet joint, disc, ligaments, nerves
and local muscle control – it is never ‘just the disc’
etc. At best it is presumptuous guess work, not clini-
cally reliable or particularly useful in delineating
effective treatment. The mechanisms involved in
neuromyo-articular dysfunction in spinal pain and
related limb pain disorders are complex. Schäfer
et al.41 suggest a clinical classification for low back-
related leg pain based upon identifying the underly-
ing predominant pathomechanisms involved. They
describe four subgroups: central sensitization; dener-
vation; peripheral nerve sensitization and somatic
referred pain. It is suggested that, clinically, this
approach risks over complication and less effective
clinical interventions as these categories largely rep-
resent different stages of disorder of an underlying
problem and can be expected if the continued nox-
ious input is not addressed.

Arguably there is one fundamental underlying
mechanism common to all presentations which is
disturbed function of spinal segments, some of which
in Sahrmann’s42 terms, are the ‘criminals’ while
others are the ‘victims’. Assessment determines what
is what. Examination of both local and regional joint
and neuromuscular function will delineate how the
altered function is more than likely to be affecting a
number of structures and mechanisms, any and all
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of which can be variously contributing to the pain.
Restoring function in the FSU and the adjacent func-
tional regions generally ameliorates the pain and
symptoms and helps normalize neuromuscular acti-
vation thus providing better and longer lasting clinical
286
outcomes. Frequently overlooked is the potent abil-
ity of the facet joint to be the causal driver of most
spinal and related pain syndromes. Mooney and
Robertson43 injected the region of the lumbar facet
joints and reproduced both back and posterior thigh
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pain and painful reduction in the SLR. Facet joint
dysfunction not only triggers local and somatic
referred pain and related syndromes but when the
joint is thickened and enlarged as is common, it has
the common propensity along with the disc to act
as a space-occupying lesion in the IVF engendering
radicular symptoms. Nerve root compression has
only occurred when the limb pain is accompanied
by numbness, weakness or paresthesia.12

Segmental neural irritation may not necessarily
involve much back pain but can certainly refer
symptoms peripherally either somatic or radicular
or a combination of both. Wong et al.44 report a
significant correlation between recurrent trochan-
teric bursitis and lumbar degenerative disease. It
is a great mistake to disregard the coexistence of
seemingly subtle spinal symptoms of ‘stiffness’ or
‘discomfort’ as of no consequence. Most patients
have probably had this for years and see it as ‘nor-
mal’ and/or part of ‘getting old’, yet it can repre-
sent a potent potential source of referred
symptoms. The semantics of the questioning are
important as the term ‘pain’ can mean agony for
some or ‘just a niggle’ for others. A patient will
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often deny back pain, yet an enquiring, gentle, pal-
patory joint and related tissue assessment can have
the subject squirm. A similar mistake is to dismiss
the spine as a potential cause of peripheral pain
when active spinal movements don’t reproduce
the peripheral symptoms – they infrequently do.
Nerve root compression represents and end stage
dysfunction disorder yet despite this is it is usually
amenable to appropriate conservative treatment.
Butler9 used the terms ‘double crush’ or ‘multiple
crush’ to describe the co-existence of central and
peripheral neurogenic symptoms and their mutual
influence upon one another.
288
The complexity of clinical presentations and the
reflex changes brought about by skilled spinal
manipulative therapy is exemplified in a case report
by Connell45 in which manual treatment applied to
locally symptomatic thoracolumbar and lumbosacral
segments produced an immediate improvement in
knee range and pain in a subject with anterior knee
pain. In restoring neuromyo-articular function over
these important junctional regions, the mid lumbar
levels are reflexley and ‘functionally de-loaded’.
Further case reports describe relief of gluteal pain
from treatment directed to thoracolumbar levels.46

Similarly other peripheral syndromes such as tennis
elbow are increasingly being reported as functionally
associated with spinal dysfunction.47

‘The hamstrings/posterior hip
muscle conundrum’

Tight hamstrings are a common finding in many
people and particularly so in those with low back
pain. Various authors have attempted to under-
stand this relationship including a possible causal
link between tight hamstrings and the develop-
ment of low back pain.48–51 ‘Problems with the
hamstrings’ are probably the largest bête noire
in the sporting world and recurrent injury is
common52 particularly in the running and kicking
sports where they are required to reach extreme
lengths in combined hip flexion and knee exten-
sion.53 They apparently accounted for 51% of all
lower limb injuries at the 1996 Olympics.54 The
possibility of multifactorial etiology and a contin-
uum of symptoms have been suggested including
deficient lumbopelvic dysfunction52,55, changed
biomechanics and motor patterns.56 These aspects
will be further explored.

Their classification within the SGMS renders the
more likely behavior of the hamstrings as hyper-
active and dominating in movement patterns (Ch. 5).
Studies on stretching the hamstrings demonstrate
poor and non consistent length gains57 and stretching
in general has not been shown to reduce exercise
related injuries.58–60 Athletes with less range of
motion in the standing toe touch test have shown stif-
fer hamstrings and a lower stretch tolerance than
controls.61

Studies examining the relationship between the
vertical static lumbopelvic posture and tight ham-
strings have shown little association.62–64 Kendall
et al.65 maintain that ‘shortness of hamstrings does
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not cause (sic) a posterior pelvic tilt, but a posterior
pelvic tilt and a flattening of the lumbar spine are
often seen in subjects who have hamstring shortness’.
Sahrmann66 notes that those liable to persistent
strain of their hamstrings have a sway back posture
with posterior pelvic tilt and poorly developed glu-
teals (APXS!). However, Stewart et al.67 applied
functional electrical stimulation to the hamstrings in
standing and showed that the hamstrings act strongly
to retrovert the pelvis and extend the hip in all pos-
tures while their action at the knee changes from
flexing to extending as crouch increases. Stokes and
Abery68 observed that if the hamstrings were tight,
seated postures which involved partial extension of
the knees produced pronounced flattening or reversal
of the lumbar lordosis. In children with cerebral
palsy, McCarthy and Betz69 found a statistically sig-
nificant correlation between hamstring tightness
and lack of lumbar lordosis in sitting but this correla-
tion was less significant in standing.

Forward bending has been clearly implicated as
a risk factor for developing low back pain (LBP).
Examination of the dynamic patterns of motion
during forward bending in subjects with and with-
out a history of LBP has shown different kine-
matic patterns. Those with a history of LBP had
tighter hamstrings and moved more in the lumbar
spine in the early part of the movement.48,70 Sim-
ilarly, when rising from bending the LBP group
demonstrated greater lumbar motion and velocity
in the initial phase of extension and had signifi-
cantly tighter hamstrings yet hamstring length
was not correlated with any kinematic variables.48

Other studies have shown an overall decrease in
range and a significant decrease in hip flexion.71

Fatigue in forward bending has been shown to
alter multi-joint kinematics with decreased knee
and hip motion and increased lumbar flexion72.
Sihvonen73 found that the flexion-relaxation
phenomenon (FRP) when forward bending is also
apparent in the hamstrings but occurs later in
range after the back extensors relax. However
McGorry et al.74 found this hamstring FRP
was less consistent. The different results may be
due to their research design which allowed both
free standing and restrained standing with the
knees held in some flexion. However, their
restraint device did not allow the pelvis to poste-
riorly shift. A fundamental flaw in research design
occurs when subjects are instructed to ‘keep the
knees straight’ when bending forward.48,62,70,71,75

This misunderstands the hamstring’s role acting
over two large joints as kinematically, full knee
extension disallows the pelvis to posteriorly shift
and anteriorly rotate, which is necessary to man-
age the body’s center of mass within the base of
support (Ch. 4). Kendall notes that when the
hamstrings are tight and the knee is extended
there will be restriction of hip flexion. Examining
the effect of tight hamstrings on gait, Whitehead
et al.76 simulated hamstrings shortening in normal
subjects and noted increased effort in walking with
decreased speed, stride and step length; decreased
hip flexion and increased knee flexion in stance;
increased posterior pelvic tilt, decreased pelvic
obliquity and rotation.

Neurally, it seems that the hamstrings appear to
become readily super charged. Hungerford
et al.77,78 found early timing onset in hamstrings
EMG activity in ipsilateral weight bearing in sub-
jects with SIJ pain. A pilot study also reported dom-
inant ipsilateral activity of biceps femoris and
underactivity of gluteus maximus in a subject with
SIJ pain when walking.79 In states of heightened
mechanosensitivity in the nervous system defensive
hamstring hyperactivity can be obser-ved prior to
pain onset during the passive SLR test.80 Mooney
and Robertson injected the L4/5 and L5/S1 facet
joints with hypertonic saline and in 15 seconds
increased EMG activity was apparent in the ham-
strings with a reduced SLR. Schleip81 describes an
interesting study he found which showed that
stretching the suboccipital muscles resulted in
nearly twice as much increase in the SLR test as
stretching the hamstrings themselves indicating
complex functional reflex relationships between
tonic neck reflexes, antigravity control and the ham-
strings as part of the extensor system response.
Clinically acute lumbar ‘discogenic’ presentations
often appear to be a combination of spasm of the
hamstrings posteriorly rotating the pelvis with
abnormal co-activity of psoas.
The hamstrings are not the
only supercharged posterior hip
muscles

While hamstrings hyperactivity is more readily
apparent, also pernicious in limiting anterior pelvic
rotation/hip flexion on a stationary femur is tight-
ness of the one joint hip extensor –gluteus maximus
and those muscles that help control the sagittal
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movements of the pelvis on the femur – the obtura-
tor group and piriformis. When overactive and tight
there is static and dynamic restriction of hip flexion,
internal rotation and adduction. So why are they so
often tight?
Why are the posterior hip and thigh
muscles so commonly overactive
and tight?

Based on clinical impressions, the following causal
sequence of events is suggested to help illustrate
the self inflicted, self sustaining dysfunction loop
in which so many patients become enmeshed. This
cycle serves to not only precipitate but also perpet-
uate his various symptoms through mutual
reinforcement.
1.
 Habitually adopted collapsed sitting
postures ¼ repeated posterior pelvic rotation and
hyper-flexion of the lumbosacral junction levels.82

Habitual ‘tail bone tuck’ postural sets become the
basis of subsequent movements which then do not
ask for physiological hamstring lengthening in
everyday function.
2.
Fig 12.9 � Relying upon ‘hanging from the hamstrings’ &
locking the ‘ischial swing’ in forward bending. This subject
had been diagnosed as ‘having a disc’. Intrathecal injections
produced no ease. Observing ‘his exercises’ showed that he
was reinforcing his problem (see Fig. 12.10).
Habitual patterns of forward bending
principally rely upon dominant hamstring and
posterior inferior pelvi-femoral ‘holding’ where
‘hanging from the hamstrings’ is associated with
back extensor activity and/or Reliance upon the
passive tissues with associated poor LPU activity
and antagonist coactivation and (Fig. 12.9) !

3.
 Altered loading stress on lower lumbar

segments creates irritation and inflammation within
the FSU causing inhibition of local segmental
muscles and hyper-facilitation of muscles
innervated by the spinal nerves emanating from
these levels, i.e.!

• Dysfunction of the L4 root can affect changes
in the facilitation/inhibition of quadriceps,
tensor fascia lata, the adductors and
obturator externus.83

• Similarly, the L5, S1 & 2 roots innervate83 the
obturator group (except for obturator
externus supplied by L3 & 4); piriformis;
hamstrings; glutei.83

• The S2, 3, 4 roots innervate the urogenital
diaphragm.83

• S4 & 5 innervates the pelvic diaphragm
(levator ani, coccygeus).83
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4.
 Movement quality becomes further affected
with decreased hip flexion and anterior pelvic
rotation because of poor antagonistic coactivation and
more overactivity, tightness and reduced eccentric
control in these posterior pelvic-hip muscles
particularly during the forward bending pattern (FBP)
repeatedly involved in many ADL activities.
5.
 FBP thus involves more compensatory excess
low lumbar flexion and further irritation of
lumbar segments and related changes in the
muscles; ! beginning of a pattern generating
mechanism as the more distal muscles become
further facilitated.
6.
 The over-facilitated posterior pelvic–hip
muscles serve to functionally hold the pelvis in
posterior sagittal rotation, the sacrum in
counternutation hyperstabilizing the inferior pelvic
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bowl during all other posturomovements.
Conjunctly, the superior pelvic bowl and SIJ are
held in the more open and hypostabilized ‘unlocked’
position with reduced or asymmetrical
‘distorsion’ and so physiological movement control
of the legs and lumbopelvic control is jeopardised
during all functional activities.

Hungerford et al.77,78 speculated that the early
onset of biceps femoris in unilateral weight bearing in
subjects with sacro-iliac joint (SIJ) pain was
compensatory for delayed gluteus maximus activity
and/or to augment force closure across the SIJ. The
authors do not appear to have considered the
influence of segmental and SIJ dysfunction upon the
facilitation/inhibition of more distal muscles such as
the hamstrings. It is suggested that hyperactivity of
hamstrings results both from their habitual over
engagement in posturomovement strategies plus
their neural overdrive resulting from related
segmental spinal and sacroiliac joint dysfunction.
Hamstring overactivity will tug the innominate into
more posterior rotation carrying the sacrum and
‘opening’ the ipsilateral lumbosacral junction
segments, further aggravating segmental SIJ function.
A pernicious pattern generating cycle is operant.

7.
 Because the buttocks and hamstrings feel tight

and sore and the subject is inclined to stretch
them ––>>
8.
Fig 12.10 � Rather than lengthen, note how active the
hamstrings are here! The knee hyperextension and external
rotation in the hips effectively lock the ‘pelvic swing’ so the
trunk is required to further flex instead.
However related reduced SLMS activity
means segmental and LPU control is poor and
so ‘posterior hip stretches’ are usually ‘passive’ and
instead become lumbar stretches into more flexion
further aggravating the segments and further
perpetuating the cycle (Figs. 12.10–12.12).
9.
 The changed patterns of neuromuscular
activity can be overt or covert in general function
however, when the hamstrings are hyper-facilitated,
increased and sudden demand especially in activities
and sports requiring sudden explosive actions such as
sprinting andkicking and those entailing bending at the
hips, will more easily lead to symptoms such as ‘tears’.
Most muscle strain injuries are deemed to occur when
the muscles are eccentrically contracting.59
10.
Fig 12.11 � There is no activity from the LPU in controlling the
pelvis hence the hamstrings continue to win and the whole
back continues to be victimized. Note again how much the
arms are involved in the stretch further reinforcing the ‘dome’.
It is suggested that reduced eccentric activity
and active lengthening (Ch. 4) in these posterior
pelvic–hip muscle groups, related poor coactivation
in the LPU activity and poor lumbopelvic control
represents the underlying mechanism driving
many lower limb disorders. The L5–S3 nerves
supply the lower limb muscles including the foot
291



Fig 12.12 � Again note how the tail bone is tucked under
and the pelvis is posteriorly rotated with flexion of the
lumbopelvic region and poor coactivation in the trunk. This is
the same patient as in Fig. 10.10. He has created this ghastly
problem in his back through ill informed exercising including
this. He practiced ‘yoga’ for many years.
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intrinsics. Clinically, ‘diagnoses’ such as shin splints,
achilles tendonitis, plantar fasciitis and even foot
cramps can all have a neurogenic basis and represent
‘double crush’9 insults. The same applies for many
‘developmental’ hip and knee pain syndromes which
occur with no readily apparent reason.

Recurrent hamstring tears in the dancer or
sports person can occasion prolonged recovery
292
time. In subjects with a previous posterior thigh
injury, Sole et al.84 reported significantly earlier
EMG onsets in the hamstrings on the injured
side when preparing for single leg stance. In a
prospective study of 30 patients with hamstring
strains, Askling et al.53 found 47% had decided to
end their sports activity because of the injury. In
the remaining group the median time for return to
sport was 31 weeks (range 9–104). It is suggested
that specifically addressing the passive and active
neuromyo-articular movement dysfunction of
lumbopelvic-hip region will reward much shorter
return to sport with less reoccurrences (see Ch. 13).
There is some evidence that active dynamic
stretching seems to be more effective.85 When
hamstring ‘stretching’ occurs as active lengthening
in controlled patterns of movement the
neuromuscular pathways are ‘grooved’86 and when
better established, the opportunity to incorporate
them automatically into functional movements
becomes more likely. Movement and posture
modification may produce the same length gains
as ‘active inhibitory restabilization’.87 Increased
hamstring length has been shown after muscle
energy technique88 suggesting that when
lengthening involves neural control, bigger length
gains are achieved and stretch tolerance will
improve. However, if the pelvis is not well
controlled during active lengthening, no significant
length gains are achieved.89 Maintaining the
pelvis in anterior tilt preserves the lordosis, protects
the joints and will achieve greater gains
in flexibility.90
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Chapter Thirteen
13

Therapeutic approach
Pain can result from overt traumatic incidents or
where altered posturomotor control over some time
creates repetitive micro trauma, setting the scene
for an often trivial incident becoming the ‘tipping
point’ for symptom development. When looked
for, other associated sub-clinical symptoms have
usually also been apparent as part of the dysfunction
picture.

The treatment rationale is determined by assessing
the patients neuromyo-articular function, and redres-
sing the specific neuromyo-articular dysfunction
found as the actual or likely cause and perpetuator of
the pain picture in that particular patient. When the
pain and the reasons for it can be effectively dealt with
in the early stages there is less likelihood of secondary
problems developing such as chronic pain and central
pain hypersensitivity, fear of movement, passive cop-
ing, depression, catastrophizing etc.

The diagnosis is based on movement dysfunction,
not structural pathology. Restoring improved func-
tion will generally ease the pain while structural
pathology such as ‘a bulging disc’ remains the same.
The structural pathology generally represents the
point of tissue distress resulting from altered pos-
turomovement function over time.

Simply looking at the patient tells us a lot about
him. Appreciating the model presented – the
salient aspects of normal function (Ch. 6); the com-
mon features of dysfunction (Ch. 8); and the clini-
cal patterns (Chs 9 & 10) provides a helpful
framework through which to assess the patient.
Which joints do we expect to be symptomatic: stiff
or overstressed? Knowing what to look for helps
decide the test movements and in particular, when
passive joint testing, refine the direction of enquiry
for possible joint restriction. Assessment confirms
or otherwise our predictions and hunches. ‘The
model’ hopefully helps the therapist discern ‘the
wood from the trees’ and ‘see’ the problem more
clearly and find and understand the pain source.
Assessment will ideally delineate which are the
‘key elements’ to address, indicate the level of dys-
function and stage of the disorder.

Centrally important is the recognition of the
interdependence between spinal joint and muscle
function. Symptomatic spinal joints emanate from
altered posturomovement control but in turn when
irritable, further adversely affect neuromuscular
function. Improved muscle function cannot be
expected while the joints are symptomatic and vice
versa. Ideally, manual and exercise therapy com-
plement and mutually reinforce one another.

Therapeutic algorithm

Altered control of the spine not only results in var-
ious spinal pain syndromes but because it houses
much of the nervous system, a plethora of related
symptoms seemingly in other organ ‘systems’ or
in the head and limbs are possible. The therapeutic
approach considered here will principally focus
upon ‘spinal pain’ and related proximal girdle dis-
orders with more emphasis on the pelvic girdle.
However, it is very important to appreciate that
dysfunction in the upper pole of the body also
affects function in the lower pole and vice versa,
affecting spinal function as a whole. In this respect
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the upper pole is considered within the therapeu-
tic algorithm and the exercise and movement con-
trol approach. Ideal motor function relies on
integrated control between the spine, head, both
proximal limb girdles and their large ball and
socket joints.
Table 13.1 The therapeutic algorithm: assessment and managem

1. Assessment

¡ Subjective: dealt with in summary form only

¡ Objective comprehensive treatise as follows:

A) Observation:

¡ General

¡ Clinical syndromes

¡ Muscle contours

¡ Soft tissue clues

B) Movement testing

• Patterns of active movement in:

¡ Standing: (*¼sufficient in more acute presentations

where assessment is limited because of irritability)

¡ *Forward bend pattern

¡ *Spinal extension, side bending, rotation

¡ *Sit to stand to sit

¡ Bilateral arm elevation

¡ Pelvic translation

¡ Standing on one leg

¡ Grow one elbow with hands on head

¡ Hitch one hip

¡ Squat pattern

¡ Single leg semi-squat

• Sitting feet supported:

¡ *Achieving a neutral pelvis

¡ *Breathing pattern

¡ Sagittal and lateral pelvic weight shifts

¡ Neutral pelvis with hip flex; knee ext.

¡ Pattern of hip int. rotation/adduction

¡ One hip external rotation

• Supine crook lying:

¡ *Breathing pattern

¡ *Three fundamental pelvic patterns

¡ Loading for bridge

¡ Limb load challenge

¡ Bent knee fallout

¡ Hip flexion from ilio-psoas

¡ Hip, knee & ankle flexion 90�

¡ Active straight leg raise?

¡ Coordination IAP, breathing and axial stabilization

¡ Supine low f/ab/er test

¡ Supine high f/ab/er test
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The therapeutic algorithm can be distilled into
the following main components (summarized in
Table 13.1). The irritability of the patient’s condi-
tion will dictate how many of the movement tests
are performed. The art of the clinician is to
gauge the stage of disorder and only test what he/
ent

¡ Supine f/ad/ir test

¡ Posterior pelvi-femoral opening

¡ Modified Thomas position screening

¡ Craniocervical flexion (CCF)

¡ Bilateral arm elevation

• Prone:

¡ *Breathing pattern

¡ *Habitual leg posture

¡ *Fundamental Pelvic Patterns

¡ Prone on elbows

¡ Prone knee bend (PKB)

¡ Length/tension balance in hip rotators

¡ Prone f/ab/er test

¡ Backward pelvic rotation pattern

¡ Prone limb load and pattern of hip extension:

i) in PKB

ii) with knee extension

¡ Prone push up/passive extension in lying

¡ Posterior-inferior opening of the pelvis and hip

C) Passive testing/treatment of joints and myofascia

with reference to the junctional regions:

• Lumbosacral junction

• Thoracolumbar junction

• The ‘dome’

• Cervicothoracic junction

• Cervicocranial junction

2. Therapeutic approach

¡ Manual: the ‘key’ positive assessment findings become

the focus of manual treatment aimed at clearing pain and

related symptoms

¡ Modify the symptom producing habitual postural behavior

¡ Simple adjustments to common daily activities

¡ Therapeutic exercise: should complement manual

treatment, be problem specific and redress the general

features of dysfunction as described

¡ Home exercise program: practicality and pitfalls

¡ Exercise therapy and spinal pain:

• Review of literature �ve and þve

• The case for therapeutic exercise and movement classes

It is important to establish fundamental patterns of movement

required in ADL activities
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she needs to in order to discern the reason for the
patient’s pain. For someone in severe pain, simple
observation and gentle manual exploration might
be the only measures the patient can comfortably
tolerate. As pain settles, more detailed movement
testing can ensue. Motor performance will be mark-
edly compromised if the patient has marked pain.

Assessment

The committed and experienced practitioner has
learned to understand and see the often subtle nuances
inherent in ‘normal’ posturomovement function and
the significance of seemingly small differences seen in
the dysfunctional state (see Ch. 4). The competent
therapist is deft at ferreting out the information needed
to help delineate the presenting picture of dysfunction.

Subjective examination

Relevant aspects to explore include the exact area,
extent and description of all symptoms; this
includes the presence of other pains and symptoms
which may not seem related. Is there an apparent
reason for their sudden or gradual onset; symptom
frequency and whether worsening or stable and
the stage of the disorder; symptom irritability and
sleep patterns; behavior of symptoms in relation to
postures and activities; past history of trauma; occu-
pational posturomovement demands; past and pres-
ent exercise and leisure activities; previous
treatment and demonstration of any exercises pre-
scribed; general health status, medications and
results of investigations; patient beliefs as to the
source of symptoms; compensable status? Screening
for any ‘red flags’ or ‘yellow flags’,32 also
begins during the subjective examination.

Objective examination (see
Ch. 4)
A) Observation
1.
 General. Many valuable insights are gleaned
during the subjective examination when the
patient’s habitual posturomovement behavior can be
observed without him realizing. This includes his
sitting and standing postures; breathing patterns;
willingness and manner of moving as he undresses
and psychomotor aspects.
2.
 Clinical Syndromes. The standing observation
looks for any asymmetry and the relative influence of
the clinical syndromes – the Pelvic Crossed Syndromes
(PXS; Chs 9 & 10), the Shoulder Crossed Syndrome
(SXS), the Layer Syndrome and the Belted Torso
Syndrome (Ch. 10). Notice the habitual posturing of
the legs and the quality of the feet in being likely to
offer dynamic support (Ch. 8, p. 207). The pelvic
position, muscle contours and symmetry help decide
the Clinical Syndromes and individual patterns within
these.
3.
 Muscle contours. The following descriptions
have largely been influenced by Janda.1,3,4,5

Posterior view

• Careful attention should be paid to the back
muscles. A healthy back has a healthy distribution
of muscle tone. Unhealthy backs have too little
and look ‘empty’ (Fig. 13.1) or toomuch and look
‘straightjacketed’ (Fig. 13.2). The erector spinae
bulk should be compared from side to side as well
as from the lumbar to the thoracolumbar regions.
According to Janda there should be no difference
between sides or regions and ‘prevalence of the
thoracolumbar portions of erector spinae is a poor
sign in relation to prognosis’.2–4 This is common
in the PPXS and MS.

• The inter scapular area should be observed for
loss of bulk of the inter-scapular muscles.
If so, in addition the distance between the
thoracic spinous processes and the medial
border of the scapula is increased and the
scapulae are rotated, with their inferior angles
improperly fixed to the rib cage such that
apparent winging occurs5 (Fig. 13.3). If present
there is probably a corresponding tightness in
the levator scapulae and upper trapezius
muscles which is associated with neck pain. If
so the neck/shoulder line is changed such that
the person displays ‘Gothic shoulders’4 – all
indicative of the SXS.

• Imbalanced rotation in the hip joint. Janda
confounded this author in claiming a patient
had a right sacroiliac joint problem when he
had just walked into the room! This
pronouncement was predicated upon the
marked external rotation evident in the right
hip indicating hyperactivity and shortening of
piriformis.
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Fig 13.1 � A back with too little tone looks doughy and
lifeless.

Fig 13.2 � A back with a lot of superficial muscle activity is
not necessarily healthy.

Fig 13.3 � Emptiness in the interscapular region.
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• An abducted position of the legs indicates
possible shortness of the abductors – gluteus
medius and minimus and tensor, with ‘long’
adductors. Indicative of all PXS and reduced
active support from the systemic local muscle
system (SLMS)

• The glutei should be symmetrical and
rounded. If weak or inhibited the muscle
tends to ‘hang’ loosely3 – common in APXS.
Asymmetry may indicate problems in the
lumbar spine, sacro-iliac joint or hip.

• The hamstrings are usually well developed
but it is important to look at their bulk
relative to the glutei as when these are
inhibited the hamstrings become
predominant3 and knee hyperextension is
300
common. Commonly found in all PXS. Their
activity can markedly increase in forward
bending if dysfunctional.

• Tightness of the short hip adductors is seen
as a distinct bulk of muscle in the upper third
of the thigh.



Fig 13.4 � Despite ‘working out’, many ‘gym junkies’ display
this lateral bulge.
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• A normal calf has a spindle form.6 Tightness of
the gastrocnemius-soleus (GS) is characterized
by an apparent broader tendo-achilles.4 If the
soleus is tighter there is increased bulk on the
medial side of the TA tendon6 and the lower leg
becomes more cylindrical.4 The normal heel
shape has a quadratic form and if more pointed
this can indicate that the GS is tighter, which
shifts the center of gravity forward.6 More
common in PPXS.

Anterior view

• The abdominal wall should be flat. A sagging
protruding abdomen reflects a generalized
weakness of the abdominals. There may be
imbalanced activity between the different
abdominal muscles. When the obliques are
dominant, a distinct groove will be seen on the
lateral side of the recti, indicating that there
may be a decrease in the stabilizing function of
the recti in the anteroposterior direction, an
important factor in stabilization of the
spine.3,4 (Fig. 10.24). When the transversus is
underactive a lateral bulge in the waistline is
apparent.6 This can even be obvious in
someone who has ‘worked out’ at a gym where
the emphasis has been upon the superficial
abdominals while there is little ‘inner support’
(Fig. 13.4). Conversely, the abdominals as
a group can be over activated and so over
developed that they overly fix the lower pole
of the thorax and equally compromise axial
control (Fig. 13.5). There may be imbalance
between the upper and lower regions
with fullness of the lower abdominal
wall - common in APXS (Fig. 13.6).

• The pectorals. The tighter and stronger these
are, the more prominent is the muscle belly.
Typical imbalance will lead to rounded and
protracted shoulders and slight medial
rotation of the arms.5 This is particularly
common, especially in people who use weights
at the gym. The nipple is shifted laterally and
superiorly and if pectoralis minor is tighter
there is increased bulk above it. The anterior
axilliary fold is thickened if major is tight.6

However, appearances can be deceptive as
tightness can also occur without bulk through
adaptive shortening (Fig. 13.7).

• The sternocleidomastoid in normal states is
just visible. If the insertion, particularly the
clavicular insertion, is prominent it is a sign of
tightness. If so there is usually related
weakness of the deep neck flexors5 (see
Fig. 10.14).

• Normally the bulk of the tensor fascia lata
(TFL) should not be distinct. If it is and
there is also a groove on the lateral side of
the thigh the muscle is being overused and
both it and the iliotibial may be tight
(Fig. 13.8). When the rectus femoris is tight
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Fig 13.5 � Overdeveloped abdominals can act like a tight
‘bib’ anteriorly restricting freedom of the lower pole of the
thorax.
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the position of the patella moves slightly
upwards and also laterally if there is
concurrent tightness in the iliotibial
band.6
4.
Fig 13.6 � Evident imbalance in the tone between the
‘upper’ and ‘lower’ abdominals is common and indicative of
poor spatial and intrapelvic control.
Soft tissue signs can also reveal valuable clues.
A segmental ‘divot’ or reactive bony prominence
may be apparent in the spine hinting at altered
function. A soft tissue ‘bubble’ is often apparent
over L3/4 or L4/5 when marked ‘hinging’ stresses
have been occurring over these levels and the local
soft tissues begin to resemble over stretched elastic
(Fig. 13.9). Segmental and long muscle spasm is
reliably indicative of segmental dysfunction when
later confirmed by palpatory examination.
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Fig 13.7 � Tight pectorals are not necessarily bulky.

Fig 13.8 � Evident tight TFL.

Fig 13.10 � Puffy superficial tissues and poorly delineated
bony landmarks over the lumbosacral junction.

Fig 13.9 � Soft tissue ‘bubble’ relating to marked ‘hinging’
stresses in function.
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Segmental wasting may also be apparent over
attenuated levels. Poor muscle bulk, puffy and
reactive superficial tissues and poorly defined bony
prominences are often apparent over the
lumbosacral junction and indicative of the region
sustaining a lot of abnormal loading stress
(Fig. 13.10). When the skin is mottled and
discoloured (livedoreticularis) it is a sure sign the
person has been going to bed with a hot-water
bottle to ease the pain over some time. The soft
tissues feel very tough and inelastic and expect
that accurate joint testing can be more difficult.
B) Movement testing (refer to Ch. 4)

Imbalanced activity between the deep (SLMS) and
superficial systemic global muscle system (SGMS)
muscle systems is reflected in altered kinematic
motion patterns resulting from imbalanced length/
tension relationships of muscles contributing to the
control of force couples in movement. Examination
of patterns of movement begins to indicate the
abnormal loading patterns that various joints may
have been subjected to. Uneven segmental motion
with segmental or regional ‘hinges’ and/or ‘blocks’
may be apparent and symptom producing
(Fig. 13.11). Further testing of joint function con-
firms or otherwise these impressions.

Patterns of active movement

While possible combinations of movement testing
are endless and will depend upon the region of pain
and stage of disorder, at the initial assessment those
which appear to yield the more significant informa-
tion are mentioned. One is not compelled to perform
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Fig 13.12 � This is a better forward bend than most.
However, ideally one would like to see better anterior pelvic
rotation and co-activation in the abdominal wall (see
Fig.13.116).

Fig 13.11 � Apparent segmental ‘block’ around the ‘dome’.
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all those tests listed and clearly in an acute presenta-
tion, only a few of the basic tests (marked *) are
examined. However, one may need to chase symp-
toms in say an elite athlete and many if not all may
be performed. We are most interested in the ability
and quality of the movement patterns the alteration
of which can limit or increase range in different
regions of the spine and explain symptom develop-
ment. Altered length/tension relationships in various
pelvi-femoral muscles affect pelvic myomechanics
and control. Some, none or all of these movements
may reproduce the pain or a symptom which is infor-
mative however, symptom reproduction is not the
primary goal. It is important that the therapist does
not over-challenge the patient beyond his abilities
as otherwise he will use what he can draw upon
and ‘knows’– invariably dominant SGMS activity in
predictably provocative kinematic patterns and thus
risk exacerbating symptoms. Poor performance of
any test indicates avenues for treatment.

In standing:

• *Forward bending pattern and return: the
patient’s habitual preferred strategy tells a lot about
his motor function in general. The axis of
movement, pattern of pelvic control and
intersegmental movement through the whole spine
are observed (Fig. 13.12). Repeat while palpating
the inferior aspect of the posterior inferior iliac
spines (PSIS) and noting if the movement is
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symmetrical. A torsion or ‘twist’ indicates altered
intrapelvic movement and/or stiffness in one hip or
altered hamstring tension. Importantly, also note to
what degree the whole pelvis posteriorly shifts and
anteriorly tilts on the femoral heads and is this
sufficient that the sacrum nutates and the coccyx
and ischial tuberosities lift through the movement?
Is there co-activation between the flexors and
extensors or does he simply rely on the extensor
system and/or the passive tissues and ‘hanging off
the hamstrings’?

• *Spinal extension, lateral flexion and rotation
observing for ‘hinges’ and ‘blocks’ in segmental
movement throughout the spine as well as range and
symmetry and importantly the amount of pelvic
shift and tilt to provide the axis and support for the
sagittal and coronal movement. In extension does
the pelvis shift anteriorly and tilt posteriorly so that
the axis of movement is in the hip (Fig. 13.13)? In
lateral flexion does it shift contralaterally and tilt on
the femoral heads and what of segmental movement



C H A P T E R 1 3Therapeutic approach
in the spine? (Fig. 13.14). In rotation is there
ipsilateral backward pelvic rotation and relative
hip internal rotation? Repeat while palpating the
PSIS during the movements which should be
symmetrical in extension but asymmetrical in side
bending and rotation to reflect flexible ‘distorsion’.
When the pelvis is mobile Lee7 notes that in side
bending the contralateral innominate posteriorly
rotates thus, ipso facto the ipsilateral lumbosacral
Fig 13.13 � Notice the poor anterior shift of the pelvis and
opening in the hips coupled with poor support from the
abdominal wall.

Fig 13.14 � While the pelvis has shifted there is reduced
freedom in ‘distorsion’ and dissociation within the joints of the
hip–pelvis and lumbosacral junction complex with poor
intersegmental movement through the lumbar spine.
junction can move into a ‘closing’ pattern. Similarly,
in axial pelvic rotation the contralateral innominate
anteriorly rotates and the sacrum rotates
ipsilaterally7 initiating axial rotation through the
spine. Altered length/tension in the hip rotators
influences intrapelvic motion and that of the pelvis
on the femoral heads (Fig. 13. 16).

Standing to sitting and return to standing:
observing the quality of sagittal weight shift in the
pelvis and trunk, axial alignment including head
control, lower limb kinematics and the ability to
come up to stand without pushing down through
the arms (Fig. 13.15).
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Fig 13.15 � It is unusual for ‘patients’ to stand up without
pushing down with their arms particularly when the base
of support and control of sagittal weight shift is poor.

Fig 13.16 � The patient was asked to shift his pelvis to the
right. There is reduced intrapelvic/hip dissociation extending
into the spine and he experiences pain.
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• Bilateral arm elevation: looking for quality of
shoulder girdle support for the movement and
whether there is adjustment through the thorax or
overcompensation in the lumbar spine and neck.

• Pelvic translation in the sagittal frontal and
horizontal planes: the ability to initiate movement
from the pelvis and the sequencing of
intersegmental movement from the lumbosacral
junction through the spine, its symmetry and any
symptom response (Fig. 13.16).

• Standing on one leg. Observing the adaptability
of the lower kinetic chain for unilateral flexible
support; the quality of pelvic control both on the
supporting leg and also as the base of support for
the torso; and also the balance strategies adopted.
The pelvis as a whole should not tilt anteriorly,
posteriorly, laterally or rotate on the standing leg.
Frequently the patient maintains a level pelvis in the
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frontal plane although it is posteriorly tilted with
loss of lordosis and poor ‘distorsion’ When
‘distorsion’ is defective the movement is shunted
into the lumbar spine with holding strategies higher
up the spine (Figs 6.22, 8.7 & 13.17). If a more
physically competent patient, repeat while palpating
both PSIS while flexing, extending and abducting
one leg. Here one is further testing ‘distorsion’
available in the pelvis to support the open chain hip



Fig 13.17 � The same patient as in Fig. 13.16 experiences
pain and finds balance difficult. Note the response in the left
limbs to aid stability.

Fig 13.18 � More ideal organization for growing one elbow to
the ceiling. The individual responses show a common pattern
of ipsilateral weight shift and lengthening in the torso. Note
the obliquity of the pelvis through its rotation in the frontal
plane on the femoral heads.
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movement while also maintaining lumbopelvic
alignment on the standing leg. The PSIS on the
weight bearing standing leg should remain
reasonably still and the lumbar lordosis should be
preserved. The PSIS on the moving leg should
posteriorly rotate around mid hip flexion; anteriorly
rotate in hip extension.
• Growing one elbow to the ceiling with hands
on the head: provides clues about the quality of
lateral weight shift through the pelvis and ‘body
half’ support with postural adjustment through
the thorax and thoracolumbar junction. Central
cinch pattern (CCP) behavior in response to
inadequate pelvic control reduce the ability for
elongation one side of the torso necessary in
lateral weight shift and elevating one arm (Figs
13.18,13.19 & 8.27).

• Hitching one hip with ‘straight’ legs provides
further information about ‘distorsion’ and the
quality of ipsilateral ‘closing’ patterns over the
lumbosacral junction and may produce symptoms.
Commonly the movement is ‘taken’ over levels
higher up (Figs 13.20,13.21).

• Squat pattern. Observe the preparedness to load
the lower kinetic chain into antigravity flexion
patterns – the ability to control closed chain hip
flexion and spinal and lower limb alignment on
dynamically adjusting legs. Commonly there is poor
posterior shift and the pelvis rolls into posterior tilt
(Fig. 13.22) & (Fig. 13.24).
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Fig 13.19 � Inadequate organization for growing one elbow
to the ceiling. Note the buttock clenching and consequent
lack of spatial pelvic shift and frontal plane rotation on the
ipsilateral femoral head. Central posterior cinch behavior
holds the spine centrally limiting adaptive response and
weight shift through the torso to bring the body weight over
the standing leg.

Fig 13.20 � Hitching one hip. Note the initiation in the pelvis
and the left ‘lumbosacral closing’. Incidentally note the
“Block” around the thoracolumbar junction.

Back Pain: A Movement Problem
• Single leg semi squat. Provided the patient has
good control of the previous tests, the ability for
lateral weight shift and closed chain pelvic control
during antigravity lower kinetic chain flexion is tested
here.With theweightmostly on one leg and the other
acting as a balance prop behind, the patient is asked to
‘semi-squat’ onto one leg. Observe the ability to align
the knee in relation to the foot, control of rotation at
the hip as well as triplanar control of the pelvis. Does
the pelvis posteriorly shift and anteriorly rotate on
the femur? Observe patterns of muscle activity in the
trunk (Fig. 13.23).
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In sitting with feet supported:

• *The ability to assume a neutral pelvic posture
with active lift from the ischial base of support, a
corresponding neutral axial posture and head
position (Figs 13.25 & 13.26) without torso
holding patterns while breathing from the
diaphragm assesses active control in the deep
system.8–10

• *The breathing pattern: the ability to widen the
lower pole of the thorax on inspiration from
primary diaphragm activity.11–13 Breathing should
not involve any superior movement of the chest12

and/or protraction of the shoulder girdle13

(Figs 8.30 & 8.31).

• Sagittal and lateral weight shifts through the
pelvis: the ability to initiate from the ‘sitz bones’
with postural adjustment through the whole spine
and no ‘central fixing’ strategies (Figs 13.27, 13.28,
13.29 & 13.30 see also Figs 6.25, 6.26 & 8.26).

• The ability to control the neutral position of the
pelvis while extending one leg or flexing one hip
(Fig. 13.31).



Fig 13.21 � Incompetent hitching the right hip with poor right
‘lumbosacral closing’ and the movement axis becomes
higher up.

Fig 13.22 � This patient has had a hip replacement and
‘rehab’ and this is how he has been taught to ‘squat’! He
drops his body mass down ‘between’ both legs and does not
shift the pelvis posteriorly. Consequen

Fig 13.23 � Good single leg squat controlled from the pelvis
which orients the torso.

C H A P T E R 1 3Therapeutic approach
• The ability to adduct and internally rotate one
or two hips in sitting observing patterns of axial and
pelvic alignment and control.

• The ability to externally rotate one hip at a time
while controlling pelvic position.

In supine crook lying (‘standing’ on the feet with
hips and knees flexed) with support under the head

• *Breathing pattern: observing for abdominal and
lower lateral costal breathing which should
predominate.11 There should be no elevation of the
thorax on inspiration or tension in the scalenii and
sternocleidomastoid.11,12 Is this different to being
upright? Is the patient able to maintain an
expiratory position of the thorax after you have
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Fig 13.24 � Disorganized single leg squat in a pattern of
‘more total flexion’.

Fig 13.25 � Good base of support for sitting; note
the width through the base of the pelvis and nice even tone
in the back muscles.

Back Pain: A Movement Problem
brought him into it (Fig. 13.32)?13 Can he widen the
lower pole of the thorax on inspiration? Many can’t.

• *The ability to perform the three fundamental
pelvic patterns (Ch. 6, Part B; Ch. 8). Proponents
of a motor control approach14,105,108,114 which
focuses upon the deep muscle ‘canister’14 of the
lumbar spine, advocate initial specific and
independent activation of the individual muscles
before co-activation of the local synergy. However,
the back pain population seen in the clinic are in
general more akin to ‘sensorimotor morons’ and
some find independent activation frustrating or nigh
impossible. Even so called ‘healthy’ subjects have
had to be excluded from research studies because
they could not activate transversus in isolation.15

The fundamental patterns provide a clinically
expedient and practical solution to achieving
activation of the muscles in the lower pelvic unit
310
(LPU; Ch. 6, Part B) in physiological, functionally
relevant synergistic patterns of modulated
movement. As the focus of the axis of movement is
low within the pelvis there is less tendency for
hyper-activation of SGMS torso muscles which has
generally been the patient’s habitual response and
which is hard for him to inhibit.

The fundamental patterns involve the ability to ini-
tiate movement from the tail bone and sitz-bones
through the LPU while the subject is in crook lying.

• FPP1. Place one hand at the posterolateral or if
possible under the lower lumbar spine and the other
medial to one anterior superior iliac spine (ASIS)
and just north of the symphysis to monitor LPU
activity and ask ‘can you gently roll your back off my
hand?’ When LPU control is deficient, anterior
pelvic rotation with a low lumbar lordosis is poor
and attempted from a central posterior cinch (CPC;
Fig. 8.3). The pattern of muscle activation should
ideally be felt anteriorly, posteriorly and within the
pelvis ‘below the belt’ while diaphragmatic descent
expands the lower pole of the thorax above the belt
during regular breathing. Placing a thumb and
fingers over the subject’s ischial tuberosities can
assist the action by asking for and emphasizing
widening the sitz bones, which facilitates a better
LPU response and helps lessen the tendency to
CPC behavior (Fig. 13.33). When the action is
correct the groins deepen, the lower abdominals are



Fig 13.26 � Poor pelvic base to support sitting; notice the
necessary flexion over the lumbosacral junction and holding
higher up in order to get the column upright.

Fig 13.27 � Good sagittal anterior pelvic rotation; note the
nice co-activation in the trunk.
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more active than the upper, the spine elongates and
the chin drops and breathing is unobstructed
(Fig. 13.34). If the patient cannot inhibit CPC
activity, a full inspiration and holding it (without
tension) while attempting the LPU activation can
help. If the patient is really struggling with the idea
of the movement, the therapist can help provide the
sensation of the correct movement by placing her
hands on the patients anterior thigh and ‘distracting’
them caudad (Fig. 13.35).

• FPP2. While palpating the sitz bones and the
other hand palpating medial to the ASIS, ask ‘can
you gently flatten your back onto the bed’ by
drawing your sitz bones together. Generally this
action is ‘easy’; however, when LPU control is poor
pushing through the heels with hamstrings and
gluteus maximus and upper abdominal hyperactivity
are dominant (Figs 13.36 & 6.30). When coming
from the LPU the lower abdominals should be more
active (Fig. 13.37).

• FPP3. Place a hand on each ASIS and ask ‘can
you grow one knee long and away’ and monitor the
amount of ‘distorsion’ and symmetry between sides
(Fig. 13.38). When control is poor lateral flexion of
the lumbar spine occurs rather than ‘distorsion’
(Fig. 13.39). Seemingly subtle it is an important
action for the patient to feel.

The fundamental patterns can be taught from day
one in side lying, supine and prone and help reduce
local muscle spasm and holding patterns as well as
‘milking’ swollen joints and initiating motor relearn-
ing. In the acute scenario, movement is only to just
short of any pain, whereas in the subacute or
chronic, movement is into stiffness – particularly
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Fig 13.28 � Poor initiation of sagittal anterior pelvic rotation
and forward weight shift in sitting. The patient is 15.

Fig 13.29 � Good frontal plane weight shift through the
pelvis. Note the adaptive lengthening in the ipsilateral
extensor system and lateral body wall. Stronger activity in the
LPU would show more definition in multifidus over the lower
levels.
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FPP1 and FPP3. Their establishment is fundamental
for properly developing all other functional patterns
of pelvic control.

• Loading for bridge. Further tests able
performance of FPP1 in two steps. The ability to
bring the pelvis into slight anterior rotation via the
LPU and maintain the position while:
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e lordosis and sustaining the action while
eathing normally (Fig. 13.40). Commonly this
difficult and the patient attempts the
ovement by coming up high into the bridge in
sterior tilt where he can lock in with
minant hamstrings, gluteus maximus and
turator group action and, possibly, reliance
on CPC behavior (Fig. 13.41). This probably
plains the findings of Stevens et al.15 where
bilizing exercises administered to a healthy
pulation produced higher activity in the
dominal muscles but not the local back
uscles despite the subjects being asked
maintain the lumbar spine in a neutral
sition.
• Limb load challenge to lumbopelvic control
where a triplanar neutral pelvis is maintained
throughout each hip movement. Maintenance of the
low lumbar lordosis is particularly important:
Bent knee fallout16 (BKF). One leg is

tended from the heel with neutral hip and
lvic rotation monitored by the patient
lpating his anterior iliac crests; while the
nt knee is moved laterally as far as possible
d returned without the pelvis moving or
y disruption in breathing. In the correct
tion, the LPU provides appropriate
pport so that the action derives from
e hip.
The ability for prime ilio-psoas activity in

xing the hip. The position is as for



Fig 13.30 � Dysfunctional control of attempted lateral weight
shift to the right. Note there is no initiation or shift through the
pelvis and instead she tries to ‘pull up’ from above. The
bilateral CPC behavior does not allow adaptive weight shift
through the torso. See also Fig. 8.26.

Fig 13.31 � When controlled, the pelvis provides stability for
active lengthening in the hamstrings.

Fig 13.32 � The lower pole of the thorax is brought into the
expiratory position and the patient asked to maintain the
position while continuing to breathe with posterior lateral
basal expansion.

Fig 13.33 � FPP1 is facilitated by the therapist’s hands over
the lower belly and the ischia; lower abdominals are more
active than the upper abdominals.

Fig 13.34 � In the correct action the movement is initiated
from the pelvis, there is co-activation between the flexors
and extensors, the groins deepen and the tail bone and chin
drop down.

C H A P T E R 1 3Therapeutic approach
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Fig 13.35 � Manual distraction provided by the therapist
helps provide the sensation of the required movement.

Fig 13.36 � Incorrectly actioned FPP2 shows more upper
abdominal action over lower.

Fig 13.37 � Coming onto the toes helps inhibit gluteal and
hamstring activity and facilitates the correct response in
FPP2 from the LPU.

Fig 13.38 � Correct FPP3. Note the amount of ‘distorsion’
in the pelvis. This is best gauged by the relative distance
between the thumbs on the ASIS resulting from the contra-
rotation between the innominates. Note the deepening in
one groin.

Fig 13.39 � Abnormal FPP3 rather than ‘distorsion’ in the
pelvis there is more side bending in the waist; less ‘twist’
discernable between the thumbs; and the groin depth is more
the same.

Back Pain: A Movement Problem
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Fig 13.41 � Poor loading in bridge is actioned from
predominant posterior tilt and hamstring activity and probably
CPC holding.

Fig 13.42 � Ideal hip, knee and ankle flexion to 90� involves
iliacus-psoas and deepening of the groin without the ischia
lifting.

Fig 13.40 � Good loading for bridge maintains the anterior
pelvic rotation and the lordosis.
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) above and the patient slides the ‘standing’
ot away into hip extension and return. Placing
e hand under the lower back and the other
er the lower belly helps monitor control of
e lordosis and frontal and transverse plane
lvic position and inhibition of CPC activity.
the correct action, palpation of the rectus
moris tendon of the moving groin helps
termine whether psoas/iliacus with support
m others in the LPU are primarily involved.
e moving heel is aimed exactly towards the
silateral ischium and remains so through the
ovement.17
m
The ability to flex the hip, knee and ankle to a

ca
ab
pr
pa
m
(F
ht angle. The position of the pelvis and
tended leg is the same as for (1) and
aintained with appropriate patterns of axial
bilization including breathing. From the
anding’ leg the patient activates the LPU and
xes the hip knee and ankle each to a right
gle while monitoring the lordosis as in (2).
ain he palpates the rectus femoris
usculotendon attempting to inhibit the
mp’ which occurs when LPU with prime
tion from psoas/iliacus17 is deficient. This
ttern is dependent upon the ability to
rform FPP1. The groin should fold around
e palpating finger and widening and reaching
e ipsilateral ischium long and back helps
ilitate this. The neck and shoulders should
main relaxed and breathing pattern rhythm
changed (Fig. 13. 42). Should this be
anaged reasonably competently and
itability allows, test the active straight
raise18 (ASLR).
The ASLR test involves a significant limb load

allenge to pelvic-axial control strategies for
any with back pain (see Ch. 4) and should
t be attempted in states of irritability.
odifications are suggested to stage the test as
scribed by Mens et al.18 as follows. The
sting leg is in ‘standing flexion’ while the
tive leg is extended and then lifted up and
ered while observing the response. When
ll controlled, the pelvis and torso alignment
maintained with no disruption to the
eathing or CPC activity and hip rotation is
utral through the movement. If this is
anaged, the leg is again lifted 5 cm above the
uch and sustained for up to 10 seconds
ile subjective sensations and effort are
onitored. The test is positive if the patient
nnot achieve quality control as described
ove, uses a lot of effort or experiences a
ofound sense of weakness heaviness or
in.18,19 A positive test does not necessarily
ean sacro-iliac joint (SIJ) ‘instability’
ig. 13.43). If ‘positive’, the movement is
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Fig 13.43 � With inadequate support from the LPU the pelvis
has subtly rotated in the transverse plane.

Fig 13.44 � Ideal control of the ASLR is achieved through
LPU co-activation.

Fig 13.45 � ‘Kolar’ stage two with one foot supported.

Back Pain: A Movement Problem
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en retested not by manual external pressure
er the lateral pelvis as has been described7,18

t by facilitating improved activity in the
U. To do this, one hand is placed under the
w back and the other over the belly to
onitor control of the LPU and pelvis while
e action is initiated by elongating from the
el with an ‘active foot’ widening the sitz
nes and reaching the tail bone to assist
nscious engagement of the LPU prior to and
rough the lifting and lowering (Fig. 13.44).
ompetency in the fundamental pelvic
tterns underlies quality control in this
st. When managed well, extending the
n moving leg while still monitoring
ntrol and breathing is a progression.
Fig 13.46 � This gentleman will need to keep working on
improving his ability to bring the lower pole of the thorax
back more in contact with the surface before we can think of
asking him to attempt stage 2.
• Coordinating IAP, breathing and axial
stabilization.13 This is the ability to maintain the
thorax in the expiratory position, achieve full
contact of the lower pole of the thorax on the
support surface while the flexed hips, knees and
ankles are supported to a right angle; sustaining this
‘posture’ while breathing normally (posterolateral
basal) and keeping the neck and shoulders relaxed
(Fig. 13.45). The head is supported. This stage 1 is
difficult for most and particularly so for the PPXS
group where attempting to bring the ribs back
instead results in bringing the pelvis forward into
posterior tilt. Inhibiting CPC behavior can be
difficult (Fig. 13.46). A 6-month-old baby can easily
do this (Figs 3.13 & 3.14).Working for quality in the
response is important and it may take time to
master. The correct control requires synergistic
co-operation between the abdominals, diaphragm



Fig 13.47 � When quality in the performance is achieved it
can be progressed to stage three with both feet unsupported.

C H A P T E R 1 3Therapeutic approach
and psoas with the LPU. Widening the ischia and
heels helps the LPU activation. When able to
perform step 1 properly, it is progressed by
unweighting one and then later two feet, maintaining
the right angles, alignment and breathing (Fig. 13.47).

• Supine low flexion/abduction/external
rotation test. This tests freedom of ‘distorsion’ in
the pelvis and hip, length/tension in the adductors
and internal rotators and may reproduce pain in the
symphysis or posterior hip/pelvis. The non test leg
is maintained in neutral hip rotation and extension
and a neutral pelvis, while the test leg is in ‘standing
flexion’ and passively abducted while the
contralateral ASIS is stabilized. Overpressure to the
test medial knee is applied noting the response.
Next, active raising of the test knee is resisted
commensurate with the patient’s ability and the
response noted (Fig. 13.48).

• Supine high flexion/abduction/external
rotation. This also tests freedom of ‘distorsion’ in
Fig 13.48 � Supine low F/AB/ER (combined flexion/
abduction/external rotation).
the pelvis and hip movement and requires length in
the lateral glutei and possibly the posterior adductor
magnus. Stabilizing the other leg in neutral hip
rotation and extension and ensuring triplanar
neutral pelvic position helped by the patient’s hands
under the low lumbar spine; the tested leg is flexed
fully without posterior pelvic tilt and then externally
rotated. Extending the lower leg further tests
hamstrings (Fig. 13.49).

• Supine flexion/adduction/internal rotation
test. Also tests freedom of pelvic ‘distorsion’ and
the hip. More specifically the ability for the deep
hip external rotators and all glutei to lengthen with
related opening of the postero-inferior pelvic bowl.
The non test leg is stabilized in neutral rotation and
extension. The test frequently causes an anterior
‘impingement’ pain in the hip/groin if the
posterior-inferior myofascial hip structures are
tight. This is also usually associated with increased
posterior rotation of the ipsilateral innominate
(Fig. 13.50).

• Posterior hip and thigh flexibility. Tests the
ability for the hamstrings to actively elongate while
actively controlling the pelvis (Fig. 13.51). Placing a
hand under the low lumbar spine to monitor the
lordosis the patient brings his thigh to the vertical
and sustains this while actively extending the knee
as much as he is able without disturbing the vertical
thigh or lumbopelvic position. At the limit, further
discrimination is afforded by dorsi- and plantar-
flexing the foot, which also tests neural mobility
and sensitivity.

• Modified Thomas position pelvi-femoral
screening test. This one test position can divulge
Fig 13.49 � High F/AB/ER (combined flexion/abduction/
external rotation) test.
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Fig 13.51 � ‘Active elongation’ of the hamstrings controlling
lumbo/pelvic/ hip alignment.

Fig 13.52 � Thomas testing position: there is some tightness
of rectus femoris.

Fig 13.50 � F/AD/IR(combined flexion/adduction/ internal
rotation) test supine.

Back Pain: A Movement Problem
information about possible tightness of a number
of large pelvi-femoral muscles as well as flexibility
into more end range ‘distorsion’. It should not be
attempted if the patient’s condition is irritable.
The patient sits with his buttocks almost off the
side of the bed and lies back as he is assisted to
hold one hip in full flexion while his other hand
supports his head. The operator’s body stabilizes
the flexed leg at the foot. It is important that the
pelvis is not side bent. The position of the freely
hanging leg is observed for muscle tightness
patterns (Fig. 13.52):

• If the thigh hangs above the horizontal and/
or resists passive hyperextension of 10–15�,
ilio-psoas is tight.4 Compensatory knee
extension will occur if rectus femoris is also
tight.
318
• If the lower leg hangs in an oblique position
and/or resists passive flexion of the knee to
100–105�, rectus femoris is tight.4

Compensatory hip flexion may occur.

• If the thigh hangs into abduction and resists
passive adduction to 15� or less while the
ipsilateral lateral pelvis is stabilized, the tensor
fascia lata and iliotibial band are tight.4

A deepening of the groove on the lateral thigh
may be evident if tight.

• If the thigh resists abduction to less than 25�,
there is shortness of the joint hip adductor.4

Compensatory hip flexion may also occur.
Patterns of muscle tightness may potentially impli-
cate certain spinal levels e.g. a tighter ilio-psoas with
dominant innervation from L1 and L2 roots20 may
implicate the L1/2 and/or 2/3 joints,21 while a tigh-
ter rectus femoris with dominant innervation from
the 3rd and 4th lumbar roots20 could implicate the
L3/4 or 4/5 joints. Assessing the joint confirms the
relationship or otherwise.

• Craniocervical flexion test (CCF). The subject
is asked to raise the head in the habitual way. If the
chin juts forward there is over activity in the scalenii
and sternocleidomastoid and inhibition/weakness
in the deep neck flexors.4 This may be associated
with poor patterns of axial stabilization where the
thorax moves cranially during the movement13 and
the shoulders protract (Fig. 10.17). The test is
repeated by cueing the patient to gently widen the
clavicles and sink the elbows into the support to
activate the lower scapular stabilizers; drop the chin
and look down at the chest and sustain this while
slightly unweighting the head and breathing normally
(Fig. 13.53). This determines if he can isolate flexion
of the occiput on the neck 22 with the fulcrum around



Fig 13.53 � Facilitating CCF with co-activation of the lower
scapula stabilizers and FPP1. Ideally when overall spinal
alignment is good a pillow is not necessary – most need one!

Fig 13.55 � The degree of external rotation in the hips
implies heavy reliance upon the obturator group and
hamstrings.

C H A P T E R 1 3Therapeutic approach
CO/1 as well as create a pattern of co-activation
between the lower scapular stabilizers and the deep
neck flexors necessary for good alignment of the
upper pole of the body. Sustained pre-activation of
FPP1 further facilitates the correct action.

• Bilateral arm elevation. The ability to extend
straight arms above the head with a neutral cervical
spine and thoracolumbar junction. This gives clues
about shoulder girdle and thoracic mobility which will
influence cervical and lumbopelvic movements.
Shortness in latissimus dorsi and the anterior chest
muscles contributes towards a ‘dome’ (Ch. 8) and poor
stabilization of the lower pole of the thorax results in
cephalad movement during the action13 (Fig. 13.54).

In prone:

• The breathing pattern: the ability for posterior
basal chest expansion; the presence of a respiratory
wave and the quality of pelvic respiratory
mechanics.

• The habitual posturing of the legs provides
clues to the patterns of hip muscle activity or
restriction and associated pelvic function. When
extremely externally rotated with little gluteal bulk,
expect woeful lumbopelvic-hip control (Fig. 13.55)
Fig 13.54 � Testing flexibility through the thorax and
shoulder.
• The three fundamental pelvic patterns in prone
involve the ability to initiate movement from the tail
bone and sitz bones through the LPU:

• FPP1 should produce isolated lumbosacral
extension while the thoracolumbar extensors
remain relaxed (Fig. 13.56).
Fig 13.56 � Facilitating FPP1 in prone.

319



Fig 13.57 � FPP3 initiates backward pelvic rotation.

Fig 13.59 � Observe the lovely extension in the baby at
around 6 months old.

Back Pain: A Movement Problem
• Does FPP2 come from the LPU or from
dominant gluteal and hamstrings activity?

• With FPP3 only expect slight lift of one ischial
tuberosity and slight contralateral weight shift
with ‘closing’ of the ipsilateral lumbosacral
junction. Palpate for L5/S1 joint movement
and multifidus activity (Fig. 13.57).

• Prone on elbows: this passive test readily shows
the degree to which extension is reduced through
the spine (Fig. 13.58) and may indicate ‘hinges’ and
‘blocks’ in segmental flexibility (Fig. 8.40 & 8.41) as
well as the quality of co-activation and support
provided by the shoulder girdle. Commonly a
‘pectoral cinch’ fixes the thoracic ‘dome’ and the whole
spine and pelvis show a disinclination to ‘hang loose’
except for the head which often overly does! Note
the nice extension in the baby at around 6 months
and how the head leads the movement (Fig. 13.59).
Fig 13.58 � Lack of extension becomes apparent.
Note the prominent reactive segments over the
thoracolumbar levels – the source of her symptoms.
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• Prone knee bend (PKB). The ability to flex the
knee to 90� tests length in the anterior hip and thigh
structures while also controlling pelvic position and
a neutral hip rotation.

• Testing balanced length/tension relationships
in the hip rotators in PKB gives clues to the
probable myomechanics of intrapelvic movements.
When the hip external rotators are tighter and the
internal rotators ‘weaker’ expect decreased anterior
rotation of the innominate, nutation of the sacrum
and tightness in the inferior syndesmosis. Tighter
internal rotators reduce posterior rotation of the
innominate. When all the rotators are tight, pelvic
rotation in the sagittal and transverse planes is
reduced and likely to lead to compensatory
movement in the lumbar spine when walking etc.
(Figs 13.60 & 13.61).

• Prone flexion/abduction/external rotation
test. Tests ‘distorsion’ and length of hip adductors
and internal rotators and anterior hip structures
further into range and is a useful position in which
to test and free up the sacrum as well as gain release
in the tight muscles including trigger points
(Fig. 13.62). Ideally the pelvis lies flat on the table
and foot rests on the leg as shown but both are
lifted when tighter.23

• The ability to perform backward pelvic rotation
initiated from the coccyx/ischia via the LPU
(Fig. 13.63) and not as a mid lumbar ‘wind’. Note
the lack of coactivation in Figure 13.64 with
extensor dominance.

• Prone limb load test and pattern of hip
extension with a flexed and extended knee.
A flexed knee requires adequate length in rectus



Fig 13.60 � The external rotators of the hip are tight.
However this is not a reliable index on its own as range may
appear better than it actually is when pelvic/hip
myomechanics are more closely examined. Note here the
asymmetry and puffiness over the low lumbar levels.

Fig 13.61 � Viewed from above one hip is flexed over the
edge with the knee supported. This can quite dramatically
reveal just how tight the rotators are as shown. It is a good
position to release posturo-inferior pelvic hip tethering but
great care must be taken to position the patient so that the
lumbosacral spine is in the neutral position. For this patient,
modified positions need to be used and more freedom gained
before he can be safely treated in this position.
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femoris and lessens hamstrings activity asking more
dominant gluteus maximus action. Lifting with an
extended knee requires more control of limb load
torque in the torso and allows hamstrings to be
more active. Given ‘more total patterns of
extension’ can tend to predominate in the lower
limbs; this is usually the preferred mode. Observe
patterns of lumbopelvic control and the early use of
central cinch strategies (Figs 10.1 & 10.3) and the
sequence of muscle activation. Janda4,6 considered
early activation of the hamstrings and thoraco-
lumbar erector spinae a dysfunctional pattern.
Effective lumbopelvic control should involve a
neutral pelvis at initiation of the movement which
then moves into some ipsilateral anterior
innominate rotation to support the leg action. Those
who are APXS or who habitually ‘buttock clench’
attempt the movement from posterior pelvic tilt
and hip hyperextension, while those with a pure
PPXS picture initiate the movement from excess
anterior tilt as a result of thoracolumbar extensor
hyperactivity and related tightness in the anterior
hip structures. Compare the nice action in Figures
13.65 and 6.23.

• Prone push up/passive extension. Tests for
balanced control in the shoulder girdle and opening
of the ‘dome’. Commonly the patient will ‘lock in’
with the pectorals and a CPC strategy, hyper-
extending his neck and fixing the thoracolumbar
region with little opening through the thorax or he
comes high and ‘hangs’ (Fig. 13.66).

• Posterior inferior opening of the pelvis and hip
(PIOPH.) This tests the ability of the patient to
open the posterior pelvis, pelvic floor and hip while
simultaneously preserving a neutral spine, in
particular the lumbar (Fig. 13.67 also see Fig. 3.24 –
“Allah”). It is almost universally difficult for
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Fig 13.62 � Prone F/AB/ER position (combined flexion/
abduction/external rotation).

Fig 13.63 � Good backward pelvic rotation is initiated from
the tailbone and ipsilateral ischium, the movement
sequencing through the spine.

Fig 13.64 � Deficient backward pelvic rotation. Note the
poor contribution from the LPU and lack of co-activation in
the abdominal wall.

Fig 13.65 � Prone hip extension/limb load ideally involves
even activation of the extensors as shown.
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patients to do particularly those classified as APXS.
The PPXS manage somewhat better though the
tendency is to attempt this from CPC dominant
strategies with poor abdominal co-activation (Figs
8.13, 8.17 & 9.17).When posterior opening is
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achieved the ischia widen, and lift up and back (Figs.
13.67 & 13.68). Note the reduced ability to achieve
the correct action in Figure 13.69 which needs to be
worked towards by specific drilling of FPP1 in various
ways. ‘Allah’ is an exercise to target the correct action
(Fig. 13.70). Note that this is very different from the
commonly practised collapse in Figure 13.71 where
all prevailing patterns of lumbopelvic dysfunction are
reinforced including propagation of the ‘dome’.

C) Passive testing of the joints and
myofascial tissues

Passive joint and myofascial testing confirms or oth-
erwise, impressions gleaned from the history, obser-
vation and movement testing. Sometimes these are
unremarkable and the ‘feel’ of the tissues is all you
have to go on. While Bogduk24 said that ‘virtually
any source of local lumbar or lumbosacral pain is



Fig 13.66 � Note the increase in the ‘dome’ and shortening
in the neck with poor posterior girdle support in both
subjects partly resulting from the poorly formed base of
support in the hand, best seen in the subject closest.

Fig 13.68 � Ideal ‘Allah’ involves opening the pelvic floor as
shown. Also, note the good base support in the hands.

Fig 13.67 � The skeleton shows the significant lift of the
ischia in relation to the femur in ideal ‘Allah.’

Fig 13.69 � Inadequacy of both coactivation and alignment
in the torso and anterior pelvic rotation in ‘Allah’.
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also capable of producing somatic referral into the
limb, in this author’s clinical experience it is the
joint dysfunction which is the principal initial and
sustaining pain driver of most spinal pain and
related musculoskeletal disorders. Joint dysfunction
emanates from muscle dysfunction and in turn fur-
ther influences muscle function leading to either
hypo or hyper activity. Bear in mind that when
cranky, the joint irritability will also create second-
ary changes such as muscle spasm, trigger points,
various autonomic symptoms, referred pain etc.
Joint dysfunction also affects changes in other soft
tissues such as fascia and ligaments as well as neural
tissue (see Ch. 12). When local and or long spinal
muscles are hyperactive it makes joint assessment
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Fig 13.71 � Unfortunately many people collapse into this
‘more total flexion’ position which does nothing other than
reinforce the prevailing dysfunctional posturomovement
tendencies. The base of support is inactive.

Fig 13.70 � ‘Allah’ as you like to see it! There is good
elongation and alignment between the head and tail bone
and the hands and knees are well grounded facilitating
correct action in the pelvis and opening of the ‘dome’.
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more difficult possibly contributing towards a lot of
the poor therapeutic outcomes. If sensing a symp-
tomatic joint may be ‘under there’, the therapist
may need to ‘linger longer’ and wait for neuromus-
cular abatement such that she can adequately access
the joint.

Respect for irritability is important. Altered joint
function creates local inflammatory changes and the
chemical irritation can make the tissues ‘irritable’25

where even the mildest of mechanical stimuli can
‘open Pandora’s box’ and markedly exacerbate
symptoms. Reproducing ‘the pain’ may not be possi-
ble because of protective muscle spasm hence the
need for proficient ‘feel’. Joint dysfunction includes
that in the functional spinal unit as well as that in
the large joints such as the sacroiliac, hip and shoul-
der joints. It is, in general, stiffness dysfunction in
these large joints and their proximal girdles which,
in everyday function, adversely impacts on spinal
myomechanics. Within the spine itself, stiff joints
can stress levels above and below them.7 Manual
assessment is concerned to find the level which is
principally producing the pain. This joint may be
relatively mobile or stiff and either way can be
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irritable. Manual testing will delineate the pattern
of altered joint function. While we talk of ‘finding
the level’ in clinical practice it is never just one joint
but a family of dysfunctional joints and related neu-
romyofascial tissues which all feed into the picture
of dysfunction. Similar to family pathology, each
member plays their part in the general ailment. Spe-
cific joint assessment delineates which joints are the
cause of the pain and which are the source of the
pain26 – the ‘criminals’ and the ‘victims’. However,
symptomatic joints don’t necessarily allow them-
selves to be so easily found and it is here that the
skill of the practitioner carries the day. Those joints
that are the main offenders can be the most elusive
and difficult to find, so encased are they in a reac-
tive cocoon of muscle spasm. However, when found
and you do the right thing with it, the symptoms
will settle. When findings are apparent and under-
stood, the assessment generally segues into treat-
ment part of which always involves constantly
monitoring the response in the tissues and the patient
and adjusting the intervention as indicated.

Clues for successful manual
examination and treatment

Space precludes a full treatise on possible manual
assessment and treatment procedures in the spine.
Various texts7,11,27–36 provide descriptive accounts
which the reader may like to consult as it is not
intended to replicate those passive movement
tests already described in the literature but to
proffer some which more specifically apply to
the approach offered herein. A few methods
well applied far outweigh a ‘bagful of techniques’
shoddily actioned. Some principles help guide
effective assessment and subsequent treatment
of the spine.

The competent manual therapist is an
artist

Upledger37 wrote 25 years ago that ‘palpation is an
art which is grossly neglected in the health care
professions’. Unfortunately, contemporary training
institutions appear to offer less practical training
and mentoring now than they did then. This is one
of the central problems facing effective outcomes
from manual therapy. While systematic reviews
conclude that spinal ‘manipulative therapy’ offers
no clinically worthwhile decreases in pain,38 the
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patient ‘knows’ the worth of the therapist and sim-
ple cost/benefit principles usually apply.

It cannot be stressed enough that competency in
manual therapy involves hard won skills which are
achieved by application, dedication, determination
and experience involving lifelong learning in their
refinement with respect for the potential pitfalls.
It is easy to miscalculate and underestimate the
potent effects of spinal joint dysfunction and the
need for sensitive artful interventions. For the nov-
ice, achieving treatment success can be frustrating
and elusive but with guidance, care and commit-
ment, understanding and competency evolve and
grow.

This is one of the central problems in attempting
to validate manual testing procedures and the
benefit of manual treatment interventions in back
pain as each therapist will bring their own stamp
to the situation. This is a clinical reality and no
amount of research studies will produce consistent
and uniform clinical outcomes as there are so many
different ingredients in the recipe of the patient’s
dysfunction picture let alone variability in the thera-
pist’s understanding, abilities, and clinical decision
making.

Palpation involves three elements: the perception
of motion, the perceived nature of tissue compli-
ance and the reaction of the tissues to the applied
manual stress, and the provocation of pain.39 In a
recent literature review40 palpation for movement
abnormality was found to have poor inter-examiner
reliability while tests for pain provocation had more
acceptable reliability. However the successful clini-
cian simply has to also develop manual competency
in detecting the subtle alterations in movement
quality, tissue tension, reaction and tonus. For
effective manual therapy of the spine, the ability
to sense, or not, the small ‘slides’ of intersegmental
movement at each FSU is paramount. Jull et al.41

have shown that experienced and competent practi-
tioners can identify 100% of symptomatic cervical
segments cross referenced by diagnostic blocks.
Similarly, Treleaven et al.42 were able to success-
fully identify the most painful segments in subjects
with post concussional headache. Reduced joint
play is usually more significant than regional defor-
mities or positional faults.

One could write an entire book on the salient
aspects of therapeutic ‘feel’ – one of the most
important tools in the entire therapeutic tool kit.
It is the thing that the patient will most evaluate
you on – they know whether you are ‘getting the
spots’ and whether as a pleasant versus an unpleas-
ant experience. If they sense you are ‘on the case’
and symptoms change they will give you the chance
to get them better. The patient is very adept at dis-
cerning the abilities and worth of a therapist, simply
not returning if unimpressed. Proficiency involves
the ability to sensitively examine tissue in a way
that does not invoke defensive reactions; the care
and the patience to be prepared to ‘sink deep’ and
‘wait’ while neuromuscular holding lets go such that
one can access the joint and discover what it has to
say; the ability to detect subtle nuances in tissue
texture and the quality of the ‘end feel’ and the
ability to sense when enough is enough. The artful
practitioner works methodically and with their
hands, head and heart. Again, pain reproduction
should not necessarily be the goal, as it is neither
reliable nor predictable7 and can risk provocation.
However, it is nice if you do and getting the
‘sweet pain’ reassures both therapist and patient
that they are on the right track. Changed relation-
ships, the quality of ‘joint play’ of ‘give’ and ‘bind’
and the ‘feel’ of the tissue response are much
more informative. It can be surprising how seem-
ingly relatively small differences in the quality of
movement in a spinal joint can have such a
marked influence on the surrounding neurology
and hence pain and soft tissue function. Setting
out to reproduce pain alone is likely to engender
ham-fisted palpation by the less experienced
practitioner. Hannon43 suggests ‘by using the least
force necessary, we may increase the potential for
perceiving more subtle sensory distinctions’. The
therapist also needs to be mindful of not activat-
ing their own ‘clench zones’ and breathing ‘prop-
erly’. ‘God is in the detail’ is an apt metaphor
for effective manual therapy – small differences can
mean a lot. The effective practitioner is able to reso-
nate with the patient’s inherent rhythms and oscilla-
tions such that her manual techniques also act as a
somatic learning experience. For the interested
reader, Hannon44 has written nicely around this
aspect; Chaitow offers interesting thoughts45 and an
excellent and comprehensive treatise on assessment
and diagnosis through touch.46 Lewit47 and Upled-
ger37 also describe aspects of the art of palpation
and soft tissue manipulation.

Importantly, the manual therapist needs to be
moving and working from their own deep muscle
system and possess a certain level of neuromuscular
fitness. When effective SLMS activity provides
effective ‘grounding’ and support, the therapist is
325



Back Pain: A Movement Problem
better able to sense and gauge her manual interven-
tion according to what the tissue needs. Unfortu-
nately many manual treatments consist of imposing
a ‘technique’ with little regard to the tissue
response. Bad technique risks ‘punching up tissues’
and it is easy to ‘trampoline’ on hyper-facilitated tis-
sue thereby increasing the neuromuscular defense.
Instead the ideal tissue response is one of ‘melting’
and give. Most commonly the therapist either does
not adequately ‘get down to the joint’ or conversely
she suffocates it. Both result in poor outcomes. No
matter what the intensity of the manual force there
should always be enough sensitivity that the thera-
pist can sense the patient’s response.48 Comprehen-
sive examination will reveal many ‘findings’ and the
art of the practitioner is to discern those most sig-
nificant. Masterly ‘feel’ is the ultimate guide and
effective treatment tool.
Expect joint restrictions according to
observational findings

Observing the patient’s posture and movement stra-
tegies and cognisance of the more common
responses seen in spinal patients (Chs 8–10) helps
delineate what to possibly expect when testing pas-
sive joint function e.g. the presence of hinges and
blocks in movement means segmental examination
will predictably test differently in different regions.
Where there are regions of muscle hyperactivity,
expect the underlying joints to be hyperstabilized,
stiff, hard to get to although possibly irritable, thus
perseverance is warranted for capable testing.
Uneven intersegmental movement behooves one to
fully explore all aspects of that joint’s function and
that of related segments. You may have impressions
about the behavior of tissue but these can only be
confirmed by actually testing it. It is easy to
completely miss what is most important.

Mapping the territory

While appearing to be a truism, a good working
knowledge of surface anatomy is necessary in order
to find many of the structures needing to be
assessed. Altered alignment and muscle activity
can alter the bony landmarks quite surprisingly. It
is not uncommon for quite experienced practi-
tioners to mistake L5 for the sacrum or to
completely exclude C1 from examination because
of a lower hairline – problematic when they are such
significant joints in spinal function. Because reactive
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changes are common over the lumbosacral junction
many even miss large landmarks such as the poste-
rior superior iliac spine! In practice it is useful to
map bony landmarks and when testing the joint,
imagine oneself ‘getting down to the bones’. How-
ever, where joints are most symptomatic in the
spine, particularly where chronic muscle spasm
and ‘holding patterns’ have prevailed, guarding and
hypertrophy can be significant, making it even more
difficult to locate the very problematic segment.
The effective approach may need to come in
through soft tissue work to ‘get down there’. Slowly
‘skiving’ the articular gutters is helpful. Despite the
handicaps often involved, it is important that the
joint is not ‘bothered’ – seduction is preferable to
rape. As Chaitow49 suggests, the therapist is ideally
offering the opportunity for change rather than
obliging it. Sometimes you may not initially be quite
sure what level you are on except that you have
stumbled on a whole bolus of ‘crud’, the freeing
up of which can release regional muscular holding
sufficient to allow more refined assessment. The
Catch-22 is that accessing and gently freeing the
joint will bring about some letting go in the neuro-
muscular response and the more this occurs the bet-
ter one can assess and help the joint to move. So
called ‘hypermobile’ joints can be stiff in some
movement directions. Radiology may show a spon-
dylolisthesis at L5, yet clinically pain may only ease
when the joint is mobilized into extension. The joint
is telling you what to do by how it feels when you
test it. It depends on whether you are listening.

Importance of breathing in manual
therapy

Breathing is a connecting factor between the somatic
and autonomic nervous systems.50 It mirrors the sta-
tus of the person. When relaxed, comfortable and
trusting we breathe deeply and slowly through the
diaphragm. If aroused and tense we are expectant
and guarding ready for action. The therapist’s touch
must firstly reassure the patient to ‘give themselves’
to her. This facilitates the palpatory examination so
the therapist can locate and do what is necessary in
order to affect the pain. Observing the patient’s
breathing informs the therapist of the patient’s expe-
rience of her touch – the spontaneous ‘sigh’ heralds a
release – the therapist is on the right track. Con-
versely, holding the breath is ‘defending against’ the
touch and can reinforce neuromuscular patterns of
holding as well as ‘stir things up’.
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Shirley et al.51 found that spinal stiffness changes
throughout the respiratory cycle increasing with
increased respiratory effort and being greatest
during maximum expiration which involves the
accessory muscles of expiration (Ch. 6). Breathing
deeply (not maximally) should ideally involve move-
ment of almost every vertebra in the spine and pelvis
but this is generally reduced in people with spinal
dysfunction. In general most patients have a very
poor sense of diaphragmatic breathing with minimal
basal expansion. This can be addressed from day one
where physiological ‘focused breathing’ can be used
in order to facilitate ‘release’ whereby the joint or
myofascial tissue is specifically engaged and the
patient asked to ‘breathe into my hand’ or ‘gently
push me away’, while expiration is passive. Encour-
aging the breath mobilizes the joint on inspiration
while on expiration the therapist sensitively takes
up the tissue slack moving further into range. The
‘inner expansion’ from the breath also helps to
inhibit and lengthen the superficial muscular ‘outer
holding’, can deactivate trigger points as well as
reduce segmental neuromuscular hyperactivity.
When extensor spasm is marked it can really shroud
the joint and even the gentlest enquiring palpation
can engender a reactive sling of muscle guarding. In
this case, sustained gentle though focused contact
on any point on the vertebra and asking for ‘try to
expand back into me’ and not following the joint fur-
ther into range on expiration will usually result in the
joint eventually ‘floating up’ towards your contact
and allowing itself to be declared. The degree of tis-
sue irritability will determine how many breaths
this takes. The therapist’s hands provide a valuable
proprioceptive cue for the patient to direct the
breath into hitherto unfamiliar regions. Initially,
inspiratory expansion and the axial movement
wave may be small and really need coaxing. It will
however improve as the neuromyarticular irritability
improves through the treatment and between
treatments.

However, we can’t necessarily assume that the
patient can ‘just do it’. ‘Trying’ to breathe deeply
can engender central cinch behavior and paradoxical
breathing. Entrenched muscle holding patterns and
restricted myofascial and joint mobility (particularly
in the APXS group) may require soft tissue and
joint release around the lower pole of the thorax,
deactivating any trigger points between the ribs
and around the rim of the diaphragm to facilitate
‘central’ breathing. The use of strategies which
reflexley activate the diaphragm help give him a
sense of a relaxed and ‘real diaphragmatic breath’
e.g. extending the expiratory pause and/or activat-
ing postural reflex chains initiated from the limbs
can assist this. It is also likely he is a hyper-ventila-
tor, in which case further retraining on his breathing
rate may be necessary. A CapnotrainerW or the
Buteyko Breathing method is useful for this.

When retraining breathing or incorporat-
ing ‘focused breathing’ into manual treatment, care
must be exercised not to ‘hyperventilate’ the
patient (Ch. 8). The rate should not exceed 12
breaths/minute; the emphasis should be on a deep
breath rather than a big breath and allow a ratio of
2:3:1 – as inspiration: expiration: pause.52,53 The
longer expiration not only improves the breathing
pattern quality but also facilitates general and
regional neuromuscular relaxation. ‘Focused breath-
ing’ is particularly useful adjunct in treating thoraco-
lumbar and lumbopelvic dysfunction.
Check the function in the junctions

This maxim is de rigueur in functional passive
movement assessment of the spine as clinically there
is always associated disturbance in the functionally
related junctional region(s). Dysfunction here may
be the symptom perpetrator or exert an altered bio-
mechanical influence causing compensatory pro-
blems in functionally related and more vulnerable
segments. Treating the more obvious ‘painful level’
alone can result in exacerbation of symptoms.
A good example is a symptomatic L4/5, the genesis
of which is usually always related to significant
myo-articular restriction around the hip-sacroiliac
joint and lumbosacral junction with further second-
ary problems higher up over the thoracolumbar
junction. The adjacent and even removed ‘stiff’
levels are usually always exerting some neural influ-
ence on the local and regional neuromuscular
responses (Ch. 12) as well as imposing a biomechani-
cal block in the kinetic movement chain. Clinically,
the vagaries of referred pain are such that leg pain in
a presumed L4/5 distribution can be provoked from
as high as T8 through all levels down to the coccyx.

Symptoms in the lower back, pelvis, hips and
lower limbs deriving from a lumbar segment will
always be associated with findings in the thoraco-
lumbar and lumbosacral junctions although the sig-
nificance of those in one junction will predominate
over the other. Similarly, symptoms in the head,
neck, shoulders and upper limbs emanating from a
cervical segment will always be associated with
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Fig 13.72 � The habitual side lying posture tells a lot. The
operator’s finger is palpating the ischium, revealing the extent
of habitual tailbone tuck activity.
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findings in the cervicocranial and cervicothoracic
junctions with the influence of one predominant.
If the ‘dome’ is considered as a junctional region,
its presence has some effect in all axial dysfunction
syndromes.

The junctional regions can be tricky to assess
well owing to the common occurrence of overly-
ing reactive tissues including muscle hypertonic-
ity. There is often more than meets the eye in
terms of joint findings in these regions which need
to be ‘cleared’ for effective function. Assessment
and some treatment options for the more com-
mon ‘junctional blocks’ will be explored. These
provide an example of the principles of an
approach to treatment. Restoring movement in
the junctional regions allows healthier movement
not only within them but also in more vulnerable
segments which may then only require a small
amount of ‘settling treatment’ in order to render
them asymptomatic.

Lumbosacral junction

The function of this junction is highly dependent
upon that in the pelvic joints which in turn are also
influenced by the hips hence these relationships are
all examined. Sagittal pelvic rotation plays a signifi-
cant role in the stiffness of the lumbar spine and
particularly at L5.54 Positioning the patient in side
lying is best for those in acute pain and in all
patients it yields lots of information about the possi-
ble state of his spine and habitual posturomovement
habits (Fig. 13.72).

The sacrum-coccyx (S-C) is the largest member
in the axial spine and while it plays a big role in sup-
porting the superincumbent body load it also must
be free to move. This allows proper kinematic func-
tion of both of the pelvic joints and L5/S1 in
controlling forces and load transfer through the pel-
vis. Freeing the sacrum-coccyx also helps re-estab-
lish the initiation of posture and movements from
the base of the spine – the coccyx. Otherwise com-
pensatory movements need to occur and do – higher
up – attested to in part by the commonality of
degenerative findings more prevalent at L4/5 and
higher.

The muscles with direct attachments to the (S-C)
contribute to the movement force couples which
control it, principally nutation and counternutation
in the sagittal plane. The superiorly placed muscles –
the iliacus ventrally andmultifidus and erector spinae
dorsally, contribute to sacral nutation and anterior
pelvic rotation (APR) while the inferiorly placed
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muscles – coccygeus and piriformis ventrally and
gluteus maximus and levator ani dorsally, contribute
to counternutation and posterior pelvic rotation
(PPR). Imbalance in the force couple biases the pos-
turomovement balance. Clinically, dysfunction of
the sacrum-coccyx is more commonly one of postural
counternutation37and PPR and reduced movement
into nutation/APR. The lower force couple agents
are adaptively or actively tighter serving to ‘inferiorly
tether’ the S-C unit while the superiorly placed mus-
cles counteracting this are underactive or show
stretch weakness – iliacus, multifidus and lumbar
erector spinae. The S-C hypomobility is linked to
posterior restriction in the hips–pelvis and pelvic
floor. Reinforcing this is the restriction between
the femur and the innominate when either the
iliacus-psoas or probably more commonly, the obtu-
rator group are also hyperactive or tight (Ch. 8).



Fig 13.73 � Birdseye view with subject in side lying.
Apparent divot and altered femoral position with obturator
tightness.
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Our patient population could be skewed and not rep-
resent a balanced spectrum of general presentations
but most have a stiff sacrum and ‘tucked tail’ and
we have still have yet to encounter a patient with a
bias towards excess nutation and low lumbar exten-
sion. It would appear those sassy individuals with a
pert bum and who ‘stick out their tail’ do not need
our services!

The side lying position provides easy access to
explore for probable ‘inferior tethers’ (Ch. 10) and
associated patterns of joint restriction. When the
femur is flexed to about 75�, if the posterior hip
muscles are tight the pelvis lies in posterior rotation
(Figs. 13.72 & 13.73) with an ‘under-slung bum’.
The femur resting position relative to the top and
bottom of the innominate, informs about balance
in the hip rotator ‘fan’ (Ch. 6, Part B). If the deep
external rotators are tight the femur appears more
caudad with a probable inferior recess or ‘divot’
over the muscles while superiorly, the gluteal space
above the may appear ‘long and ‘empty’ (Fig.13.73).
These external rotators are usually tense and stringy
and really tender to palpate. If the internal rotators
are hyper-facilitated, trigger point/tenderness and
tension are also apparent.

Palpation of other soft tissues may reveal variable
tenderness, fullness, tension and trigger points.
While lying anterior to the sacrospinous ligament,
the coccygeus is externally palpable at the level of
the sacrococcygeal joint,55 and the adjacent iliococ-
cygeus part of the levator ani over the lowest two
coccyx segments. Piriformis can be palpated just
lateral to the greater sciatic foramen and through
its length (Fig. 13.74). The position of the S-C is
invariably counternutated and palpation of the L5/
S1 reveals loss of nutation/extension. A number of
maneuvers can be employed.

• Freeing the sacrum/pelvis into nutation/APR.
Simply placing the heel of your hand over the
sacrum and low lumbar joints immediately informs
of their status. There is usually a poor breathing
wave into the lower spine and pelvis. It is usual to
feel thickened, pulpy, spongy and flaccid tissues
over the lower lumbar levels with poor joint
accessory movement and ‘give’ into an extension/
side bending enquiry. Variously engaging the
inferior PSIS; the sacral base centrally and/or
laterally; L5 centrally or laterally and asking the
patient to breathe into your pressure creates a
counternutation torque. On expiration, the
therapist carefully follows the APR/nutation/
lumbosacral extension movement further into range
while monitoring the response. This can be
facilitated by asking the patient to ‘widen the sitz
bones’ on the expiration (most need help knowing
where they are and the request will seem to be ‘out
of the left field’, so unused are they to this action!).
This action is part of FPP1 and thus neuromuscular
training also begins! Placing a hand towel or paper
towel under one’s carefully placed hand can help to
‘collect’ the bony prominence and so help to not
slide off it. With the other hand the uppermost
ischium can be facilitated into anterior innominate
rotation which is synergistic to the action and helps
with restoring the pattern for physiological lordosis.
Freeing the joints assists soft tissue and trigger point
release which further helps the joints. Posterior
pressures through the lumbar spine are a nice way
to gauge relative joint play and the status of the
other lumbar joints. The L4/5 (and even L3/4)
usually become the victim of restrictions through
the lumbosacral junction either becoming hyper-
flexed and sitting up like a ‘knuckle’ with reduced
extension or, can feel relatively mobile and
‘overworked’ with an ‘empty’ end feel in one or
more directions. This can be further exacerbated by
a stiff ‘plug’ around L2/3 and related problems
higher up. Each level reveals its plight and role in
the story.
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Fig 13.74 � Palpation points for detecting potentially symptomatic pelvic myofascial
structures.

Fig 13.75 � ‘Inflare’ of the ileum while facilitating ‘outflare’ of
the ischium through post isometric relaxation (PIR) of the hip.
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• Testing inflare of the ileum coupled with
anterior rotation of the innominate. This is stiff
more often than reproducing pain. Similarly
described by Grieve,56 this involves approximation
of the anterior superior iliac spines with pressure
directed to the patient’s opposite trochanter and
importantly, the pressure is on the most anterior
part of the ileum. This can be combined with
therapist facilitated/active ipsilateral ischial outflare
with or without ‘active breathing’ Activating the hip
internal rotators and post isometric relaxation (PIR)
of the external rotators can be employed to further
improve hip and SIJ joint flexibility (Fig. 13.75). It
is interesting that in cases with a positive ASLR test,
the application of external compression of the ilia
from a pelvic belt or the therapist’s hands usually
improves the test result.7,18,57 It is suggested that
improving the mobility and control of the test
described herein will improve the patients control
without the need for external compression. This
test movement should not be confused with the
pain provocation test usually described as the SIJ
compression test.7,35,58

• Palpating for trigger point tenderness in
iliacus-psoas. Baer’s point is just medial to the
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ASIS. Gently sinking down into the medial wall of
the ileum, palpable tension/tenderness can often be
felt in iliacus.56 Increased tension in psoas is felt
slightly more cephalad through the abdominal wall,
parallel to the spine11 and anterior to the transverse
processes (Fig. 13.76).



Fig 13.76 � Position for releasing both iliacus and psoas.
Psoas is shown.

Fig 13.77 � Mobilizing both the ileum into ‘inflare’ and the
lumbosacral junction into side bending.

Fig 13.78 � Mobilizing the innominate into anterior pelvic
rotation through prone knee bend (PKB).

C H A P T E R 1 3Therapeutic approach
• Testing intersegmental movement. The
above maneuvers help to settle long muscle
overactivity and facilitate further testing of the
segmental joint play anywhere between the
‘dome’ and L5. The lower levels can be further
addressed through combined medial mobilization
of the innominate (Fig. 13.77) and/or PIR of the
pelvic hip muscles (Fig. 13.75). Intersegmental
movement can be assessed into rotation, side
bending, flexion and extension noting where the
reactive thickening and joint ‘bind’ is. Rotation
maneuvers help inhibit bilateral superficial muscle
spasm and ‘holding patterns’. Soft tissues
techniques which explore and ‘skive’ into the
articular gutter help pick up further subtleties in
joint and tissue texture and mobility. Asking for
diaphragmatic inhalation which also affects
intersegmental ‘give’ can also help to refine
impressions.
Positioning the patient prone again confirms the
lie of the pelvis at rest and is necessary to discern
any a positional asymmetry and altered movement
of the pelvic, hip and lumbar joints. Hypomobility
is usual and seemingly small, subtle positional dif-
ferences, asymmetry and reduced joint play can be
significant. Exploiting the close functional relation-
ship between the thoracic and pelvic diaphragms
and utilizing respiratory lumbopelvic mechanics is
helpful. Differences which may be found include:

• Dissimilar level of the PSIS indicating a fixed
‘distorsion’. Also described as a ‘so called
subluxation of the sacroiliac joint. . ..the common
pattern is believed to be backward rotation of the
innominate on the sacrum. . .and it is usually
unilateral’.20 The PSIS may appear level but display
differences in ‘give’. Placing the heel of the hands
over each PSIS and feeling the quality and
symmetry of innominate movement while the
patient is asked to ‘breathe into my hands’ is
confirmatory. Bringing the ipsilateral knee into
flexion can reveal anterior thigh tightness which can
be utilized to help mobilize the innominate into
more anterior rotation if indicated (Fig. 13.78).

• Sacral position and depth of the sacral sulcus.
When shallower, the sacrum is counternutated.
If deeper on one side some torsion is present. This can
be determined by sinking the thumb tips and ‘skiving’
along the sulcus while also noting any tenderness of
the interosseous and long dorsal ligaments.Movement
can be tested by placing one thumb along the sulcus
over S1–3 to act as a ‘chock’ while the other hand
overlies it. During inspiration the sacrum should rise
up under your hand, while on expiration the pressure
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Fig 13.79 � Releasing trigger points in the piriformis. Fig 13.80 � Skiving the sulcus and locating L5/S1.
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is gently increased to follow or coax the sacral base
towards nutation. Active ischial outflare can
embellish the expiratory response. Discern any
asymmetry between sides. A deeper sulcus generally
occurs on the side of the higher PSIS.

• Deviation of the coccyx to one side can occur if
the ipsilateral pelvic floor59 or synergist hip external
rotators are tighter. This is usually associated with
thickening and probable trigger points in
coccygeus12 and/or piriformis/gluteus maximus.
Exploiting the functional relationship between the
diaphragm and PFM, sustaining pressure on any
trigger points in coccygeus, the obturator group,
piriformis, and even the glutei while the patient
‘breathes into’ the pressure for 2–5 breaths can
achieve a nice release (Fig. 13.79).

• The skiving exploration can extend both from the
coccyx to the iliac crest to cover the attachments of
coccygeus, piriformis and gluteus maximus
(Fig. 13.74). Releasing the ‘inferior tether’ helps
gain better physiological function of the sacroiliac
joint and lumbosacral junction.

• Prominence of one L5/S1 facet joint over the
other. When skiving the sacral sulcus, invariably at
the top one encounters a thickened, woody or
reactive L5/S1 joint which can be ‘barnacle-like’.
Continuing around and flush with the iliac crest,
locate the ‘wing nut’ of the transverse process of L5.
One or both L5 transverse processes may be flush
with (or even posterior to!) the iliac crest if PPR
and sacral counternutation has been excessive.
Reactive soft tissues may make it difficult to
delineate the transverse process from the iliac crest
and persistence is warranted. If the sacrum is tilted
back on the right, the right transverse process of L5
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is more posterior, the L5/S1 joint will also be more
prominent and ‘stuck open’ and segmental right
closing movements will be less (Fig. 13.80).

• Imbalanced length/tension between the
internal and external hip rotators and noting any
asymmetry between sides. It is more common to
find tightness of the external rotators and relative
weakness of the internal rotators and this will be
more apparent on the most painful side.60

• This will predictably reduce APR, sacral nutation
and opening of the inferior pelvic bowl. Because of
the pelvic attachments of the external rotators, this
tightness can be exploited to help mobilize the
pelvic, hip and lumbosacral joints by using PIR in
the following ways:

• Stabilizing either the coccyx, sacral base or L5
while activating the external rotators at ‘the
barrier’ in a sustained 10s hold and then
passively taking up the slack as the hip is
moved into more internal rotation helps
release and ‘open’ the posterior pelvic floor
and pelvis/hip (Fig. 13.81).

• Similarly, stabilizing one point e.g. S1/2 and/or
L5 while the patient freely internally and
externally rotates the hip and consciously
breathes can help mobilize ‘distorsion’
patterns – the operator following the
movement further into the more desired
directions towards increasing range.
Movements directed from the sitz bones and
tail bone can be similarly employed.

• The lumbosacral junction levels can also be
mobilized in the position shown in Figure 13.61
either passively or combined with activation of
the fundamental patterns (Fig. 13.82).



Fig 13.81 � Mobilizing the sacral base (and L5) through
PIR of the hip rotators.

Fig 13.82 � Mobilizing the L5/S1 and related structures in
prone with one hip flexed over with support under the knee
(see Fig. 13.61).

C H A P T E R 1 3Therapeutic approach
Thoracolumbar junction

The significant contribution that dysfunction through
this junction plays in many low back, pelvic pain
and lower limb disorders is generally overlooked. In
addition, those ‘dirty backs’ with gasping intense
pain, breath holding and unpredictable behavior fre-
quently involve prime input from the joints in this
region. Altered loading stresses and neuromuscular
patterns make T12 a site of frequent dysfunction.31

The potential volatility of symptom behavior may
be due in part to the influence of the sympathetic
thoracolumbar outflow which extends down to
L2.20 Dysfunction here is always associated with
reflex ‘central cinch’ neuromuscular behavior
(Ch. 10), partly the cause of the dysfunction and
further magnified when the underlying joints subse-
quently become irritable. This junction is thus gener-
ally hyper-stabilized in one or more planes. The
function of the diaphragm is thus always compro-
mised, reflected in poor expansion of the lower pole
of the thorax and compromised IAP and stability
mechanisms (Chs 6 & 8). Close attention to, and
use of specifically directed ‘focused breathing’ as part
of the treatment, particularly applies in this region.
Commonly, sustainedCPC behaviormeans that joint
assessment is often really hampered by thick sausages
of hyperactive muscle in the thoracolumbar ‘fan’
making it difficult to engage the bony prominences
and it is easy to miss the real offenders. Importantly,
graded soft tissue release in conjunction with
‘focused breathing’ helps gain access. When the dia-
phragm is ‘empty’ the posterior muscles may not
appear so bulky yet the lower inferior pole of the
thorax is recessed and pushed forward because
their activity is not antagonistically matched by
‘inner inflation’ (Fig. 13.83).Gaining a diaphragmatic
expansion can be really difficult as for many as it has
been so underutilized in function and ‘neurally
forgotten’.

Initially the side lying position allows better
approach to access target tissues. The therapist’s
hand acts as a proprioceptive breathing cue. Some
possible treatment options are explored.

• Assessing function of the diaphragm. Simply
place your open hand centrally over the
thoracolumbar spine and ask the patient to ‘breathe
back into my hand’. Ideally, you would like to feel
not only the expansion backwards and laterally but
feel each vertebra slightly rise up under your hand
in a slight flexion moment (Fig. 13.84). This
requires a cooperative synergy between the psoas
and abdominals to provide the stability for the
crural fibres to act and at the same time, eccentric
lengthening control from the extensors. There is a
high correlation between erector spinae activity and
increased segmental stiffness.51 When their
irritability is high they do not let go to allow the
inflation synergy. Addressing the thoracolumbar
joint and myofascial dysfunction begins to allow
better facilitation of the diaphragm.

• Assessing and releasing possible myo-fascial
‘inferior tethers’ acting upon the lower pole of the
thorax. This includes soft tissue exploration of the
erector spinae (ES), serratus posterior inferior (SPI),
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Fig 13.84 � ‘Breathing back’ into the operator’s hand to
assess diaphragm activity.

Fig 13.83 � The subject is lying on her left side. CPC
behavior and ‘empty’ diaphragm and transversus activity
appear to create a hollow as shown.
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the intercostals and notably the diaphragm rim;
psoas, quadratus lumborum and even the lateral
fibres of internal oblique (IO) and latissimus dorsi
(LD). This will involve covering territory from about
T7 to L3 and the related thoracic cage including the
circumference of the inferior rim. With the
exception of latissimus, all those muscles over the
lower posterolateral pole of the thorax mentioned
above all derive their innervation from either the
dorsal rami (erector spinae) or the ventral rami of
the adjacent spinal nerves extending between T7
extending as low as L3.20 In addition to its motor
innervation from the phrenic nerve, the peripheral
rim of the diaphragm also receives sensory fibres
from the lower 6 or 7 intercostal nerves – themselves
derived from the ventral rami of the adjacent
thoracic spinal nerves.20 Palpation of the diaphragm
rim usually delineates local thickenings and trigger
points affecting its function.

Hence dysfunction of any spinal segment from T7 to
L3 can influence elements of CPC behavior. Again
the ‘Catch-22’ is operant – mutual reinforcement
between joint dysfunction driving the neuromuscu-
lar hyperactivity which drives the joint problem
and so on. Asking for ‘breathe back into my hand’
can be really lamentable and generally needs to be
worked for. When tense/tender tissues bands are
found, the therapist carefully gauges the pressure
and asks for ‘breathing into it’ and some release
can generally be obtained, allowing further joint
assessment and freeing and so on. It is important
that the assessment clearly delineates and achieves
dissociation between the lower four ribs and the
transverse processes of L1 and L2. The assessment,
soft tissue release and facilitated breathing and
treatment of the joints segue into one another – as
improvement in one allows further access in another
and so on. Placing the patient’s top arm above his
head and asking for ‘growing the arm long’ as he
inspires can aid further release (Fig. 13.85).

• Assessing joint function in side lying. When
there is a lot of muscle spasm, careful and slowly
applied central postero-anterior pressures29 through
the spinous process can help gauge joint play and
gain slight movement enough to relax some of the
neuromuscular hyperactivity and more clearly
ascertain true joint status. However, when the
spinal extensors are really hyper-facilitated,
central posterior pressures can stimulate increased
bilateral central cinch behavior hence the use of
rotation is valuable to help inhibit this response.



Fig 13.85 � Myofascial release of the ‘lower golden triangle’
gaining dissociation between the upper lumbar vertebrae and
lower three ribs – with care!

C H A P T E R 1 3Therapeutic approach
Neuro therapies such as that of the Bobaths61

advocate the use of ‘reflex inhibiting postures’,
which adopt rotary components into postures and
the facilitation of rotary movements to help inhibit
the unwanted more primitive mass responses. Thus
assessing rotation has the twofold benefit of banking
down extensor hyperactivity as well as testing
intersegmental movement into rotation which
ideally is considerable yet usually markedly reduced
in dysfunction of the lower pole of the thorax.
While the therapist maintains her hold on a relevant
bony prominence, the patient is asked to ‘breath
back’ and ‘fill out’ the posterolateral thorax, ‘think
of’ doing various minimal movements while
myofascial release and mobilization are also
incorporated to help free the joints (Fig. 13.86).
The rotation can involve the top shoulder being
rotated back or forward either as a position for
treatment or as active movement.
Fig 13.86 � Assessing segmental & myofascial rotary
function through the thoracolumbar junction.
• The prone position affords the opportunity to
better discern any asymmetry between sides at rest
and when actively breathing. Placing two pillows
under the lower pole of the thorax encourages more
posterior basal expansion and superficial myofascial
release during the treatment. CPC behavior
(Ch. 10) fixes the region limiting segmental and
cephalad rib movements needed for inflation as well
as lateral weight shift. Trigger points in the involved
muscles are common particularly in the ES, SPI and
IO and their attachments with the diaphragm over
the lower four ribs serve to ‘tether’ them. Placing
the arms in as much elevation as is comfortable and
supporting the shoulders is a preferred starting
position and helps inhibit this neuromuscular
response. Thoraco lumbar ‘opening’ can be further
facilitated by lengthening one arm (Fig. 13.87) to
help encourage patterns of lateral shift and lift
through the lower pole of the thorax while also
mobilizing the joints and soft tissues into this range.
Care needs to be exercised if using leg lengthening
if there is any concern about an ‘unstable’ level say
at L4/5, as this can overwork the vulnerable level
and exacerbate symptoms. Again the approach
utilizes myofascial release, breath work and joint
mobilization as indicated by the tissues. Positioning
the patient in some rotation can also be used in
the later stages of treatment to further improve
the desired movement through the junction
(Fig. 13.88). However this needs to be carefully
Fig 13.87 � Facilitating lengthening in the lateral body wall;
releasing trigger points in serratus posterior inferior
intercostals, lateral latissimus dorsi and asking for both
diaphragmatic expansion and growing the ipsilateral arm.
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Fig 13.88 � Forward shoulder rotation positioning in side
lying affords the opportunity for further nice release through
the thoracolumbar junction.

Fig 13.89 � Release of the diaphragm and transversus
around the anterior/inferior thoracic rim.
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gauged as if adopted before there is adequate
freedom of movement through the lower pole of
the thorax, aggravation of lumbar levels is possible.

• Prone on elbows can be used in later stage
treatments to gain better segmental extension as
well as regional and general extension. A pillow
under the hips can further help this. As this position
is usually stiff and unaccustomed, the patient will
tend to tense, breath hold and ‘pectoral fix’ the
thorax and ‘dome’ into flexion. This is particularly
marked in those classified as APXS and prevalent
central anterior cinch (CAC) activity where
hypertonus in the upper abdominals can be really
difficult to inhibit. The patient is encouraged to ‘let
go’ these holding patterns, expand the center with
the diaphragm and ‘soften and lengthen’. Gently
reassessing lateral, rotary postero-anterior
movement at each segment from the ‘dome’
through to the sacrum will delineate where the
‘blocks’ are which still need more freeing.

• In the supine position any anterior myofascial
tightness of the lower pole of the thorax due to
CAC hyperactivity can be released. This narrows
the infrasternal angle and limits lateral rib
movement and ‘lift’ of the thorax. Diaphragm
excursion becomes restricted. Myofascial tightness
and trigger points around the anterolateral rim of
the inferior thoracic aperture are common and will
influence activity in both transversus abdominus
and the diaphragm. These tight tissues are
commonly very tender thus care needs to be
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exercised to proceed with sensitivity in order to
gain release rather than defensive holding
(Fig. 13.89). Expansion usually visibly improves
after this maneuver. At later stages, lying back over
pillows or a bolster facilitates further opening
(Fig. 13.101).

Is it possible that there is a ‘basic lumbar
pattern’ of joint findings? Every patient with
back pain requires individual assessment and treat-
ment tailored to his particular deficits. However,
common features can be observed (Ch. 8) with com-
mon patterns of presentation (Chs 9 & 10) This
author is pondering the matter as to whether clini-
cally, underlying each individual presentation a some-
what common underlying ‘joint pattern’ can be
distilled which ensues from a combination of the skel-
etal/myofascial geometry (see Ch. 6, Part C) and the
common patterns of altered posturomovement con-
trol. Tentatively proffered, and as much as one can
generalize and I do so with caution, it would seem that
the following basic underlying pattern of joint and soft
tissue characteristicsmay be generally though variably
observed, the extent of which further varies according
to the stage of the presenting disorder:



C H A P T E R 1 3Therapeutic approach
• Variable neuromuscular hyper-activity of the
muscle ‘fan’ over the thoracolumbar levels in a
CPC creates joint hyper-stability. Brittle
stiffness though potentially irritable joints.
The tissues are generally more neurally ‘hot’
and ‘alarmed’.

• Segmental and long muscle hypertonus/
tightness frequently starts to become more
apparent around L3 cephalad and can be
particularly so around T12/L1. This is
associated with ‘different’ increased segmental
resistance to palpation. Does dysfunction of
the diaphragm play a decisive role? Shirley
et al.51 demonstrated a greater stiffness at L2
than L4 during inspiratory efforts indicating a
contributory spinal stabilizing role for the crural
diaphragm. They also showed a high correlation
between increased erector spinae activity
during expiratory effort and increased
segmental stiffness and ipso facto if more
active in some regions these regions will be
stiffer. When there is more hyper-activity in
the erector spinae this may also involve psoas
and more so if the abdominals are underactive
(PPXS). Even when psoas and extensors are
underactive (APXS) with increased upper
abdominal activity there is intermittent CPC
activity. Either way, when the co-activity
between psoas, abdominals and extensors is
altered the stability of the thoracolumbar spine
alters and so affects the stability for the crural
diaphragm attachments – L1-3. Clinically they
consistently ‘feel different’!

• Segments L3/4/5 tend to be more flexed and
generally more ‘empty’ neuromuscularly with
more developed reactive soft tissue changes.
Probably more neurally ‘burnt out’ although
frequent ‘sprains’ to these levels produce
recurrent acute symptoms suggestive of
‘instability’ and similar presentations in some.

• Sacrum counternutated. L5/sacrum and the
pelvic joints restricted particularly into the
‘closing’ movements with reactive myofascial
changes.

• Variable patterns of hip restriction affect
pelvic mechanics.

Consideration is ongoing!

The ‘dome’ (Ch. 8)
The ‘dome’ is the transitional area between the less
mobile upper pole of the thorax and the more mobile
lower pole – a local segmental kyphosis/restriction at
the ‘dorsal hinge’ and part of a general increase in the
thoracic kyphosis (Figs. 13.11 & 8.33). One of
the contributors towards its genesis is imbalance in
the myofascial fan attaching the shoulder girdle to
the thorax (Ch. 6, Part C & Ch. 8). Tightness in the
anterior chest/shoulder muscles act to flex the ante-
rior thorax and pull the shoulder girdle forward
becoming an ‘antero-inferior tether’, disturbing
shoulder girdle function and limiting opening forward
of the sternumwith concurrent extension around the
‘dorsal hinge’. The shape of the inferior pole of the
thorax can become quite distorted (Fig. 8.35). A
‘dome’ is usually variably present in each of the pelvic
crossed syndromes. Serratus anterior interdigitates
with the external oblique and if both are short as in
the APXS or the mixed syndrome (MS), the infra-
sternal angle is more closed, and the whole thorax is
more flexed. If the external obliques are underactive
as in the PPXS, the lower pole of the thorax flares
open anterolaterally and the person can ‘look more
extended’. However, a thoracic kyphosis and ‘dome’
are usually still evident in PPXS, the apparent exten-
sion occurring from compensatory hyperextension
over the thoraco-lumbar junction. A ‘dome’ can thus
drive a thoracolumbar problem and needs addressing
in order to restore sequentialmovement transmission
through the spine. The dome and related reactive
intersegmental hypomobility risks chronic irritation
of the sympathetic ganglia which rest against the rib
heads. Apart from ‘organ type symptoms’ the sweat
may have a metallic smell and the skin and superficial
tissues may feel thickened, tense, congested and
inelastic and may show changes such as ‘peau
d’orange’. Joint assessment can be further difficult.
It need only take one symptomatic joint within the
‘dome’ and/or between it and the lumbar spine to fire
up the whole thoracolumbar erector spinae mass
making finding ‘levels’ even more difficult.

Examining the dome is indicated in all shoulder
problems, primary cervicothoracic problems and also
primary thoracolumbar junction problems. As its pres-
ence creates significant alterations to the transmission
of segmental adjustments and movements throughout
the axial spine one should even be prepared to exam-
ine this region in pain syndromes of the low back, pel-
vis and leg. Clinically, leg pain can be reproduced from
as high as T7 and foot pains have been eradicated with
treatment to symptomatic joints over this regionwhen
local treatment to the foot or lower spinal levels have
made no change. Treatment is directed both at the
symptomatic joints but in particular to the related
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Fig 13.91 � Disturbed ‘upper ring’ function is apparent.

Fig 13.90 � Myofascial release of structures related to the
‘dome’ in side lying.
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myofascial tightness and is best done in the side lying
position. (Fig. 13.90). The principles are the same as
described for the thoracolumbar junction.

Cervicothoracic junction

This junction serves an important crossroads marry-
ing function between the cervical spine, thorax and
shoulder and its examination should be undertaken
for pain syndromes in any of these regions as well
as any arm symptoms. It readily becomes the victim
of postural collapse, a forward head posture and
altered shoulder joint myomechanics which largely
ensue from sitting and working – ‘riting, reading
and ‘rithmetic’ and the dreaded computer. Add
the effects of stress and poor breathing habits and
the recipe for symptom development is evident.
The shoulder crossed syndrome is the expression
of the altered spinal alignment and related myofas-
cial imbalance (Ch. 10). Both the joint dysfunction
and the neuromyofascial imbalance need to be con-
currently examined and redressed in treatment. The
side lying position affords the easiest initial access.
Some approaches are explored.

• Examining the ‘upper ring’ (see Chs 6, Part C
& 8). The scaleni collectively arise from all cervical
segments and distally attach to the 1st and 2nd
ribs20 with segmental innervation variable but
generally from the ventral rami C3-8;20 hence,
their hyperactivity can emanate from dysfunction
in any cervical segment as well as from altered
posturomovement and breathing habits. Their
hyperactivity creates a tense web which acting like
guy ropes, tends to ‘lift’ the ‘upper ring’ and more
posteriorly. Postural collapse and coexistent
overactivity of the subclavius and clavicular
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pectoralis major, downwardly rotates the clavicle,
dropping the ‘upper ring’ anteriorly while also
pulling the clavicle ‘down’ on the ‘upper ring’.
Reactive changes occur at the sternoclavicular joint,
the 1st and 2nd rib attachments front and back and
the vertebral joints. The C7/T1/2 joints become
stiff and reactive as they are relatively
hyperstabilized in flexion, losing side bending,
rotation and extension which further limits
movement in the upper ring and adaptable postural
setting for the shoulder and the head and neck
(Fig. 13.91). This creates the ‘dowager’s hump
which when marked can be associated with
overlying puffy soft tissues and a ‘glassy’ appearance
of the skin. The hyperactivity in the scalenii,
cervicothoracic extensors, upper trapezius and
levator scapulae, make engaging the vertebrae for
determining intersegmental movement very
difficult and again a combined approach of
myofascial release and joint mobilization is
indicated – analogous to ‘peeling the layers off an
onion to get to the heart of the matter’. This
junctional block also contributes towards the



Fig 13.92 � Assessing postero-anterior intersegmental ‘give’
through the junction in side lying.

Fig 13.93 � Myofascial release of tight upper trapezius and
levator scapulae.
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common findings of stiff yet reactive changes in C6
and associated variable signs of ‘overwork’ in the
form of spasm, reactive change and altered
kinematics between C3–5. Initially the patient’s
arm lies by his side but later when working further
into range, can be variously positioned forward,
above the head, etc. (Fig. 13.92).

• Examining freedom in the claviscapular unit
and related spinal function (Chs 6, Part C. & 8).
Dysfunction in the ‘upper ring’ is closely allied with
claviscapula dysfunction. Hyperactivity of pectoralis
minor tugs the coracoid down and forward and
through the acromioclavicular joint attachment and
pectoralis major hyperactivity, further contributes
to the downward rotation of the clavicle.
Posteriorly, the scapula is pulled superiorly, also
considerably helped by increased activity in upper
trapezius and levator scapulae. The cervicothoracic
junction dysfunction becomes maintained through
altered shoulder girdle myomechanics. Trigger
points can abound in all the hyperactive muscles,
seemingly resulting from both segmental hyper-
facilitation and habitual overuse. Releasing these
tight muscles is important in gaining a more
centrated position of the upper ring and shoulder
girdle (Fig. 13.93). Release of the pectorals assists in
reinvigorating the lower scapular stabilizers and
adjacent intersegmental extensors to lift the
sternum and upper ring anteriorly. Pectoralis minor
can create particularly pernicious effects including
compression of the brachial plexus when it is tense
and tight. It receives its innervation from C6,7 &
820 hence irritation of these spinal segments can
further drive its overactivity creating a vicious cycle.
Gaining active elongation through PIR and or free
movements while stabilizing variously ribs 3–5 helps
release while at the same time mobilizes the ribs.
Upper thoracic segmental dysfunction arises from
the altered kinematics and in turn further
contributes to hyperactivity in various myofascial
tissues and many upper limb pain syndromes. There
is often hypomobility/irritability between T2/3 and
rib 2/3 where the divergent influences of the
scalenii superiorly and pectoralis minor inferiorly
play out. In addition when the claviscapula unit is
out of balance, the upper fibres of serratus anterior
appear to act like a syndesmosis where the
superomedial scapula becomes ‘bound’ to the upper
ribs – the 2nd and 3rd in particular, further
influencing the problems here. The ribs thus
become ‘yanked’ when the scapula moves and this is
a frequent cause of many shoulder and so called
‘rotator cuff’ complaints. So called ‘shoulder
impingement’ is often a rib 2–3 problem.62 The
‘handstand’ position affords improved access for
releasing the infra and supra clavicular fossae and
nice mobility in the upper thoracic and junctional
spinal joints and ribs can be also be gained by the
therapist maintaining an appropriate contact point
on the vertebra and the patient performing small
multidirectional movements with the elbow – the
claviscapula movements so produced, providing
the mobilizing force to the vertebrae (Fig. 13.94).
Fixing these ribs and asking the patient to slightly
move the scapula is invariably really painful
locally and can refer pain into the glenohumeral
joint and also to the head. However when
dissociation between the scapula and ribs
improves so does the pain.
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Fig 13.94 � The handstand position is nice for getting into
the upper ‘golden triangle’ including testing upper rib mobility. Fig 13.95 � If tolerated, bringing the arms up helps to

present the segments for detailed testing.
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• Further examination of intersegmental
movement in prone. A marked forward head
posture can lead to significant sagittal deformation
through this junction and achieving a neutral spine
when prone is not possible. Accordingly, placing a
pillow or even 2 under the thorax initially
accommodates the altered alignment until such
time that it can be improved. Placing supports
under the shoulders supports a more neutral
position and stops them dragging the spine forward.
All too frequently, joint problems are not picked up
over this junction because of inadequate assessment.
A focused persistence helps ensure getting down
into the articular gutter and it is useful to ‘skive’ the
gutter to delineate the finer differences between
levels. Allodynia on palpation of the spinous process
is a reliable sign that the joints of this vertebra are
dysfunctional which should encourage more
probing. Raising the arms into elevation, elbow
extension and external rotation (Fig. 13.95) brings
the junctional levels to more prominence making
testing easier. However because of the frequent
concurrence of shoulder problems with dysfunction
here, a modified position with flexed elbows may
need to be adopted and as improvement occurs can
progress to the elbows extended.

Cervicocranial junction

The functional importance of this junction towards
spinal function as a whole is in general not appre-
ciated hence enquiring and competent assessment
is unusual unless symptoms implicate its frank
involvement such as headache and dizziness.27,63

Given that nearly 50% of nodding and rotating the
head occur through the joints in the upper cervical
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complex, any restriction in neck movements should
invoke its examination.

Disturbed neuromyo-articular function in this
region is likely to affect the essential afferent
impulses arising from the receptor systems in the
connective tissue structures and small muscles
around and within the upper joints. These play an
important role in the tonic neck reflexes and the
mediation of postural tone throughout the body and
limbs including equilibrium reactions.27 Head pos-
ture thus largely influences postural control though
the body. A forward head posture means that in
order for the eyes to orient to the horizontal, the
occiput is relatively extended on the neck. Weakness
in the craniocervical flexors is common3,4,5,22 with
corresponding tightness in the suboccipital muscles.
This is also associated with increased activity in the
sternocleidomastoid, upper trapezius and levator sca-
pulae3–5 acting to further extend the occiput on the
neck which means the occipital condyles are not free
to disengage posteriorly from the articular surfaces of
the atlas. All of the deep flexor and extensor suboc-
cipital muscles receive innervation from C1-3; in par-
ticular the dorsal ramus of C1 plays a large role.20

The altered alignment and muscle imbalance impair
the complex and functionally important joint kine-
matics between C0/1/2 further influencing facilita-
tion and inhibition of these deep muscles.

The 9th, 10th and 11th cranial nerves (respec-
tively, the glossopharyngeal, vagus and accessory
nerves) exit through the jugular foramen which is
located just lateral to the occipital condyles37 of the
atlanto-occipital joint. Dysfunction of this joint cre-
ates local reactive tissue changes which can also



Fig 13.96 � Assessing freedom of the cervico/cranial joint
complex in sitting.
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extend to impair function in these cranial nerves
potentially influencing far reaching function through-
out the body. Difficulty swallowing and altered pha-
ryngeal function implicates the 9th cranial nerve; the
vagus nerve can be implicated in many vocal, diges-
tive, respiratory cardiac disorders.37 Importantly the
accessory nerve innervates the sternocleidomastoid
and the trapezius and if irritated can further add to
their hypertonus, further compounding the upper
cervical joint complex dysfunction as well as that in
the neck and shoulder.

C0/1/2 dysfunction and the associated tissue
change in the region of the jugular foramina is also
reflected in dysfunction in the craniosacral sys-
tem.37 The close functional relationship between
the head, neck and temporomandibular joint and
proximity of the external auditory meatus mean
that cervicocranial dysfunction is also often impli-
cated in some ear and jaw symptoms.

Restricted movement in this joint complex will
shunt movement further south to the mid cervical
levels – C345, which frequently display variable soft
tissue signs of overwork. It is particularly important
that mobility is sufficient when expecting the
patient to perform the craniocervical flexion test
as an exercise (p. 316). Given that the nerves from
the mid cervical levels provide the sole motor inner-
vation to the diaphragm,20 it is tempting to specu-
late further as to negative influences upon its
function emanating from cervical dysfunction. Fur-
thermore, the phrenic nerve also receives connec-
tions from the cervical sympathetic ganglia20 in the
neck and Rock72 notes that the autonomic innerva-
tion of the diaphragm plays a key role in the auto-
matic activation of the transversus abdominus and
the pelvic floor. In similar vein, many shoulder mus-
cles enjoy a mid cervical innervation.

Palpation and testing of this region is hampered
by suboccipital myofascial thickening and tightness
and tender superior attachment points of the long
posterior hyperactive muscles. C1 can be elusive
to engage and tenderness and fullness over the joints
and articular processes can be marked hence a per-
sistent yet sensitive approach is necessary. Many
miss locating C1 as it is sometimes above the hair-
line. Some options are explored:

• Assessing rotation at C1/2 and flexion/
extension at O/C1 in sitting. The patient sits
with a neutral pelvis and the therapist stands to
the right and behind; adopting a soft pincer grip,
the therapist places the pad of the left thumb and
index finger on the transverse processes of C2.
Imaging these to be the flanges of a wing nut is
useful. This is often tender hence it is important
not to ‘poke’ producing defensive responses. The
other hand cradles the patient’s head in neutral
flexion/extension and side bending and the
patient is asked to ‘look’ to the left. The eye
movement creates a subtle tonus change in the
suboccipital muscles and a discrete rotation at C2
which the operator carefully follows around and
then gently ‘fixes’ the position of the vertebra at
the barrier. Pressure of the thumb on the right
transverse process of C2 is slightly increased to
ensure it does not move back while the patient is
then asked to ‘look to the right’ as much as they
are prepared to do, as the therapist gauges the
dissociation between C1 and C2. Rotation to the
left is then repeated while the therapist gently
brings the right transverse process slightly further
forward and ‘takes up the slack’ within the limits
of comfort. To gain effective release, generally
about a 3–4/10 pain level needs to be
experienced, however as the patient is in control,
how much he ‘moves’ is up to him. (Fig. 13.96).
The patient is asked to ‘look with the eyes’ rather
than ‘turn the head’ as this usually results in a
gross movement and far too much superficial
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Fig 13.97 � Releasing C0/1 in supine rotation.
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muscle activity, negating accurate testing of the
joint. The patient only moves within his comfort
zone. As the joint becomes freer with a few
repetitions, the local tenderness decreases and
range increases. The same procedure is repeated
to the other side noting any asymmetry. It is
common for C2 to be rotated back on the right in
right handed people with a related restriction in
rotation to the left.

• In the same position as above, movement
between the occiput and the atlas can also be
gauged. The therapist slides her thumb and
index finger slightly cephalad to rest over the
arch of C1 which is stabilized while the patient
‘looks up/down’ as much as they are prepared
to do while the therapist subtly applies counter-
pressure further into range. Both these
maneuvers can produce immediate improvements
in active range of head and neck movement.

• Freeing C1 and C2 in supine:

• The patient is supine and the therapist sits or
stands at the head of the bed with the patient’s
head either resting on her stomach or supported
in her relaxed hands. Her finger pads point
vertically and sink and slide laterally into the
suboccipital tissues providing deep pressure so
that they eventually ‘collect’ C1. They act as the
fulcrum for the head gently falling back more
heavily into the therapist’s palm and then
rocking forward in a gentle oscillation. The
suboccipital tissues are coaxed to relax by gently
distracting the occiput during the flexion phase.
Asking for ‘imagine dropping or lifting your chin’
can further facilitate the response. Look for any
asymmetry of the skull on the atlas.

• In the above position, slowly ‘skiving’ the
suboccipital tissues transversely along the arch
of C1 also assists release and helps break up
fascial thickening. Distinguishing C1 from C2 is
important as local thickening is frequently such
that C1 feels like the occiput and can bemissed.
Both are usually stiff and tender but probablyC1
is stiffer andC2more tender. This can be segued
into either fixing C1 and asking for ‘think of
looking up/down’; or fixing the ‘peg’ of C2 (the
spinous process) as the patient is asked to ‘think
of looking’ from side to side; or laterally flexing
by ‘imagine your ear being closer to your
shoulder’. The therapist gently takes up the
barrier through the maneuver as dissociation
between C0/1/2 is sought.
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• The patient’s head is as above or on a pillow and
slightly rotated to the left. Through gentle
myofascial release the therapist explores around
the occiput/C1 from posteriorly, around the
lateral process of C1 continuing onto the
anterior surface and under the jaw and around
the superior attachment of the sternomastoid.
This is usually all extremely tender and tense
hence sensitivity and skill are necessary. As the
tissues ‘give’ the release can begin to involve
actual mobilizing the joint from behind, laterally
or from the front (Fig. 13.97). The same is
repeated on the other side addressing any
asymmetry. In the neutral position, anterior
pressure can be gentlymaintained on both lateral
processes of C1 to ‘fix’ themwhile the patient is
asked to gently ‘look up and then down’ – the
patient will move as much as is comfortable.
Again any asymmetry is noted.

• Freeing C1 and C2 in prone. The position is
the same as for examining intersegmental
movement in prone. C1 is palpated between the
spinous process of C2 and the occiput and the
movement continued laterally along the arch of
C1 ensuring that C1 is actually engaged by
directing the pressure up and under the occiput
and towards the patient’s eye. Transverse
pressures on the ‘peg’ or spinous process of C2
help determine its rotary freedom as do unilateral
pressures on the articular pillar in neutral or slight
rotation. C3 (and probably C4) is frequently very
sore with some guarding and overlying spasm
when C1 and C2 are hypomobile.



Fig 13.98 � Taping helps to control provocative postures in
the early stages. Note the strap over the left innominate is
deliberately tensioned to limit posterior rotation.
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Don’t forget the rest

A case has beenmade for comprehensive assessment of
the junctional regions because of the common propen-
sity for their dysfunction, the significant biomechanical
and neuromuscular effects that ensue and the general
difficulty in assessing them well. Needless to mention,
all segments in a symptom producing region are tested.
For example, clinically, symptomatic C5/6/7 levels are
always associated with cervicothoracic segmental and
related myofascial dysfunction. A symptomatic ‘plug’
at L2/3 can be easy to miss and will usually be partly
the result of thoracolumbar dysfunction and also relate
to over-flexion and ‘winding’ at L3 and L4. Treating the
junctional problem not only ‘deloads’ more highly
symptomatic segments but also may reduce regional
muscle hyperactivity such that finding themore potent
segments is possible. Again, the process is akin to ‘peel-
ing the layers off the onion to get to the heart’ of the
problem!

Integrated therapeutic
approach

In essence treatment, both manual and exercise/move-
ment therapies, redresses the functional deficits found
during the assessment – which joints and tissues are
the pain source and why; which patterns of movement
do we want to facilitate and gain improved control,
and which are those that we need to modify or avoid?

Manual

The ‘key’ relevant assessment findings become the
focus of manual treatment and some possible app-
roaches were described. Manual treatment addresses
the specific joint and soft tissue problems in order
to change the pain and allow more normal neuro-
muscular function. Reassessment is ongoing and
the choice and delivery of various techniques are
accordingly adapted in response to the changes in
tissue compliance.

Modify the symptom producing
habitual postural behavior

Active

In order to ‘stem the rot’ explanation and an under-
standing of the role of faulty postural habits towards
the development of symptoms is necessary. Be
prepared to be very convincing as by and large, patients
often expect that you are going to ‘just fix them’. Some
don’t want to hear the message and can resist being
actively involved in their own management. Paying
for your services is a good incentive. Modifying pro-
vocative patient preferred alignments andmovements
can help decrease symptoms.16,64 In the acute stages
‘taping’ the lumbopelvic region can help limit provoc-
ativemovements andprovides valuable proprioceptive
feedback about more ‘correct’ alignment which has
generally been relegated to the functional archive
department (Fig. 13.98). There are good indications
that neutral spinal postures facilitate spontaneous
activity in the SLMS.8–10,65–68

Sitting is the most easily addressed in the early
stages and should be covered even in a ‘neck patient’
due to the functional interrelationship between the
head and tailbone. However it is not necessarily
realistic to expect the patient to just simply ‘sit up
straight’. Combinations of a general or regional lack
of spinal extension, reduced SLMS activity, and
incompetent pelvic control with poor perceptuomo-
tor appreciation of the neutral position make this
difficult. He will invariably try and do this from
increased SGMS activity around his mid torso
which we do not want to further imprint. Thus it
is important that ‘correct sitting’ is built up from:

• An effective base of support from the ischia or
‘sitz-bones’ appropriately positioned on a firm support
with assistance from the feet (see Chs 6 & 8).
Accomplishing FPP1 helps this (Fig. 13.25). Studies
are beginning to show the importance of pelvic control
in maintaining postural control in sitting.69

• The axial column is lifted from its base, the
sacrum coccyx through inner support provided by
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Fig 13.99 � Ideally uprightness should be effortless
supported by ‘inner lift’ coming through an active base of
support. The body segments are aligned and the ‘center’ is
there.
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the SLMS and the LPU. This facilitates improved
head control with more options and thus activity
throughout the SLMS is further improved.

• This is further augmented by awareness of, and
improvement in, diaphragmatic breathing by laterally
expanding the lower pole of the thorax70 against
one’s own hands adding proprioceptive input.

• In the early stages when improved SLMS activity
is still wanting, it is helpful to supply the patient
with a round or half round lumbar cushion along the
lines of that proposed by McKenzie.71 So that this is
not entirely passive, the active base of support is
still encouraged and breathing back into the support
is also suggested.

Standing. This also needs to be built up from the
base – the ground. Attending to:

• An active base of support through feet which are
dynamic adjusters rather than stiff props (Fig. 13.99).
Weight bearing through all four corners of the foot
and particularly through the heel is necessary for
‘grounding’ the foot for antigravity ‘push up’ (Ch.
6, Part B).

• Avoiding hyperextended knees allows for
flexibility of the lower limb kinetic chain and to
spatially direct and control the pelvis.

• Avoiding a wide base of support and passive
‘hanging’ on one leg facilitates active support from
the SLMS, particularly when the pelvis is slightly
anteriorly tilted72 and posteriorly shifted. As
control improves, encouraging lateral weight shift
more onto one leg without collapse further facilitates
the LPU in a dynamic postural support role.
Functionally it is so important to be able to come
onto one leg with ‘lift’ in various permutations.
When the upright postures are ‘right’ there is a
lightness and freedom in being ‘up’.

• Practice of the ‘pelvic swing and shift patterns’
(Ch. 6, Part B; Ch. 8; Figs. 6.42 & 6.43) helps
provide competence in the forward bend pattern
consistently repeated throughout the day in all
functional activities e.g. gardening. ‘Go back to come
forward’ when bending. The functional connection
between the heel/sit-bone is important in driving this
from the feet. (Fig. 13.100). The ischia lead the
movement back and the knees must also be free
to adjust. The hands are free to do whatever.
Passive

Most of our daily activities involve a predominance
postures and patterns of movement into flexion.
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Passive supported postures utilizing a ‘bolster’ help
redress a number of deficient elements at once
towards helping the patient achieve better ‘active’
postures. These include:



Fig 13.100 � Utilizing the ‘pelvic swing and shift patterns’
during ADL.
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• Redressing stiffness providing passive extension
and elongation of the whole spine and in particular
the thorax while encouraging the physiological
curves. This may also unload the functional
spinal unit including the disc permitting
rehydration.73,74

• Lengthening tight axioscapulohumeral muscles and
pelvi femoral muscles, ‘opening’ stiff shoulders and
hips.

• ‘Opening the center’ facilitating improved
diaphragmatic excursion

• The opportunity for relaxation without collapse
and ‘letting go’ superficial SGMS ‘holding patterns’.

This can be done in numerous ways, e.g:

• Bottom end over. The patient sits on the floor
Fig
bo
fac
and the bolster is brought in contact with the
sacrum which is maintained while he lies back.
If thoracic stiffness is marked, place a small
pillow under the head to ensure a ‘cervical/
head neutral’. If lumbar extension is markedly
reduced the patient may initially need to sit
on a small pillow. The arm and leg positions
can be varied as shown in Figure 13.101.

• It is usual and in fact desirable to feel some
‘stiff discomfort’, the patient being
13.101 � Constructive rest positions supported by a
lster. The limbs can be placed in varying positions to
ilitate ‘opening’.

Fig 1
functio
encouraged to breathe into this and
progressively ‘let go’ the outer muscle ‘straight
jacket’ during each expiration. Beware his
tendency of ‘holding against’ any disease as
protective responses are often very reflexley
entrenched. It is important that any deficits
are adequately supported and the positions
modified so that he is not experiencing ‘pain’
and can properly focus upon breathing and
‘release’ e.g. placing a block under the thigh if
hip opening is
painful.
Simple adjustments to common
daily activities

Taking time out ‘to exercise’ is often seen as a
chore; however, just being mindful of simple shifts
in the way we do ordinary things can often be much
more effective than formal ‘exercises’ e.g. adopting
a ‘pelvic swing and shift pattern’ when forward
bending! Snook et al.75 found reduced low back
pain when patients avoided lumbar flexion in the
early morning. Suni et al.76 demonstrated that train-
ing in controlling the lumbar spine neutral zone dur-
ing activities of daily living (ADL) and behavior
modeling significantly reduced the intensity of low
back pain. Similarly, when reading the newspaper,
one can do so in the prone on elbows position
(Fig. 13.102): also shown to be a useful position to
3.102 � Simply modifying usual activities helps gain
nal mileage.

345



Fig 13.103 � The focus is upon distal initiation through
gentle pressure from either the underside heel or elbow. This
facilitates a postural reflex response of axial lift and opening
including the diaphragm. The focus is on expansion in the
center and ‘letting go’ on each expiration; not hardening the
outer muscles and/or pulling oneself back.

Fig 13.104 � Lying on the back with the hands behind the
head and elbows relaxing back, the subject reaches the sitz
bone of the standing leg ‘long and away’. The action is
initiated from the ischium/LPU and there should be co-
activation in the torso while allowing weight shift and the
movement to sequence through the torso. There is opening
and no hardening in the center.
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temporarily unload the spine after periods of sus-
tained forward bending.73 This facilitates a lot more
extension, works the shoulder girdle in weight bear-
ing and patterns of weight shift and rotation can be
incorporated when turning the pages etc. However,
for those with neck and shoulder problems this may
be too challenging initially, in which case the more
passive supine bolster poses can be used while fur-
ther control is being attained. For those who work
at a computer, encourage frequent weight shifts
and movements which get the arms up, out and
behind.

Therapeutic exercise

In principle, these should be problem specific and
redress the local segmental motor control dysfunc-
tion as well as complement manual treatment e.g. if
working to improve lumbosacral closing and mobility
of the sacrum, unloaded patterns of movement are
practised which functionally control this action such
as FPP1 in prone, supine or side lying, or prone
two knee bend, maintaining one leg neutral while
moving the other leg into internal/external rotation.
Establishing diaphragmatic breathing77–79 and con-
trol of the simple deep muscle synergies such as the
FPPs early in the treatment program is important in
gaining control during primary ADL. The early stages
are more difficult to teach and take longer to master.
Key elements of a movement pattern are practised
and mastered in order that competency of the whole
pattern can be improved. Repetition ‘grooves the
motor patterns’80 in the central nervous system
(CNS). Quality control in the correct performance
of a desirable component movement is the goal.
Sustaining the action improves endurance and more
so when done against gravity. Endurance and
strength come when there is improved activation
and coordination81 in the SLMS. When patterns of
movement are physiological, active lengthening is a
natural feature of control and ‘stretching’ per se
becomes less necessary.

Home exercise programs

The prescribing of ‘home exercises’ is expected and
common therapeutic practice. However, what and
how much a person does needs to be realistic and
achievable. Given that the principal problem is
motor control impairment82 and the subject has a
poor perceptual sense and control of more ideal
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movements, the inevitable risk is that undesirable
responses become further learnt and entrenched.
For this reason the repertoire should be limited,
reasonably straightforward and aimed at the most
benefit for the least amount of input. It is easy for
them to get the exercises wrong – they invariably
do. Frequently, patients present who have been
perpetuating their problem performing ill-advised
‘stupid stretches’ (see p. 291 and Ch. 11) and
misdirected ‘core’ work. A few well mastered pas-
sive and active postural activities plus some
fundamental motor control ‘exercises’ gain further
mileage than a list of what often amounts to exer-
cise nonsense in relation to the patient’s actual func-
tional needs. The ‘Allah’ stretch (Fig. 13.70) targets
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a number of desirable features. Two other examples
are shown in Figures 13.103 & 13.104.

The dysfunction model described is complex and
interrelated, and there are many aspects of dysfunc-
tion which need addressing. In order to achieve
more positive therapeutic outcomes, a strong case
exists for therapeutic exercises and movement clas-
ses where supervised motor control relearning can
occur in small groups. Before examining this further
it is instructive to look at the literature on therapeu-
tic exercise for back pain

Therapeutic exercise and
spinal pain

Overview of outcome studies

There are numerous studies examining the efficacy
of exercise therapy in low back pain (LBP) yet it
can be confusing for the clinician to make practical
sense of the results given the differing etiological
assumptions, seemingly random often inappropriate
exercise protocols and the varying outcomes being
measured. Reviewing trials up to 1990, Faas83 con-
cluded that ‘in acute back pain, exercise therapy is
ineffective whereas in subacute back pain exercises
with a graded activity program, and in chronic pain,
intensive exercising deserve attention’. Van Tulder
et al.84 found similar poor evidence for exercise
efficacy in acute LBP with strong evidence for back
schools and exercise therapy in chronic LBP. A fur-
ther systematic review of ‘all types of exercise ther-
apy’ for non-specific LBP85 again found little
evidence that specific exercises are effective in
acute back pain while exercises may be helpful for
chronic LBP to increase return to normal daily activ-
ities and work. In 2000, The International Paris
Task Force on Back Pain86 recommended that
patients with chronic LBP should ‘perform physical,
therapeutic or recreational exercise keeping in mind
that no specific active technique or method is supe-
rior to the other. Implementation of this recom-
mendation should not be problematic, because it is
current practice’!. . . No wonder there is a problem
‘out there’!

‘Exercise therapy’ encompasses a broad spectrum
of possible approaches and unless the patient’s
problem is more clearly defined, appropriate exer-
cise prescription, relevant to the stage of disorder
cannot occur. Common to many studies is that
administered exercise protocols don’t necessarily
redress the patient’s actual movement function def-
icits. This is reflected in the title of Faas’ paper,
Exercises: which ones are worth trying, for which
patients and when?83

The studies on exercise for LBP fall into several
categories reflecting different approaches:

Strength and conditioning/functional
restoration rehabilitation model

The belief that the major physical defect in patients
with chronic low back pain was disuse- induced
deconditioning led to programs which adopted a
multimodal approach aimed at restoring spine mobil-
ity, muscular strength, endurance and cardiovascular
fitness thus affording improved physical functional
capacity.87,88 The model has received a lot of atten-
tion and it is generally seen as superior to standard
care for reducing work absence.88 The Paris Report86

will have further entrenched this approach. These
programs have also exerted a significant influence
within the general therapeutic, prophylactic and
‘fitness’ exercise spheres.

While more positive outcomes have been
shown when adopting a more general active
approach81,87–90,93,94,91 the results are not necessar-
ily as impressive as they seem, measuring different
parameters and usually paying little heed to the
patient’s functional motor control status. The ratio-
nale for the exercise choice and delivery is seemingly
based upon the general idea that ‘any exercise’ is
beneficial with strength a prime goal. Descriptions
of exercises applied in the studies include ‘specific
exercises’87–89 (this is not defined); active therapy
on strength, endurance, activation and fatigability
of the back extensor muscles81 – applied in three
treatment groups as either: ‘modern active physio-
therapy’; muscle reconditioning on training devices;
or ‘low impact aerobics’;92 general aerobic exercises,
exercises for strength and endurance of the back and
abdominal muscles, mobility of the spine and hips;93

intensive dynamic back exercises;94 mobility,
stretching and muscle strength exercises.95

The increased activity with a general lack of
treatment specificity may as Mannion suggests92,96

‘produce some ‘central’ effect, perhaps involving
an adjustment of perception in relation to pain and
disability.’ However, the real danger is these results
then become inflated as ‘recommendations’, e.g.
‘the introduction of low impact aerobic exercise
programs for patients with chronic LBP may reduce
the enormous costs associated with its treatment.’97
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In general, the poor attention to the quality of
movement control and kinematic patterns and the
emphasis on strength does little to change the
patient’s actual deficits and invariably further
entrenches his neuromuscular dysfunction. This
approach can hardly be called ‘therapy’ in the real
sense of the word.

Furthermore, the waters become additionally
muddied by studies which reflect a limited appreci-
ation about functional spinal control, e.g. the effects
of flexion versus extension exercises on pain90 and
‘evidence’ which unfortunately advises the promo-
tion of posterior pelvic tilt to gain more abdominal
activation.98
Instability model for exercise prescription

The ‘instability model’ of low back pain proposed by
Panjabi99 has spawned the ‘era of stabilization exer-
cises’. Kavcic et al.100 note that ‘stabilization exer-
cise’ is a generic term which can be given to any
exercise that challenges the stability of the spine.
While these should ensure sufficient stability, if cre-
ating overly high levels of cocontraction, unneces-
sary compressive loading can occur on the
tissues.101 They quantified the amount of tissue
loads versus stability of ‘some commonly prescribed
stabilization exercises’ to help the practitioner
determine the most appropriate exercise therapy.
However, the danger here is that most chronic
non-specific low back pain is assumed to be due
to ‘instability’, and exercises with the ‘highest
measured stability index’ are prescribed to all.102

Further, the boundary between ‘stability’ and
‘strengthening’ has become confused and despite
the widespread trend in rehabilitation for ‘core
strengthening’ programs the research is meagre.103

Performing many so called ‘stability exercises’ such
as the ‘abdominal curl’, the ‘side bridge’ and ‘bird-
dog’80,100 may well be far too challenging for the
patient, encouraging and ‘strengthening’ further
SGMS hyper-activity and does not necessarily
restore motor control of the deep abdominals and
other SLMS muscles.104

Treatment needs to match the disorder. Studies
by Richardson and Hodges and their colleagues have
improved our understanding of the deep muscle sys-
tem function and led to a more specific approach to
therapeutic exercise for lumbopelvic stabilization.105

Specific stabilization exercises have been shown
to produce favorable outcomes in pain reduction
and reduced recurrence rates106,107 and particularly
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when subjects are classified into clinical subgroups
e.g. demonstrated instability108 or pelvic girdle pain
after pregnancy.109

However, it is important to appreciate that clini-
cally patients can demonstrate too much stability in
certain regions of the spine while other regions are
less well controlled.

Unfortunately, exercise therapy approaches
often reflect the latest fads and ‘exercise recipes’
which are applied willy nilly to all and sundry and
positive outcomes become further remote. This is
reflected in a small scale survey which recently
investigated the current use of a range of exercise
therapy approaches for LBP adopted by phy-
siotherapists in acute hospital settings in Ireland.
Specific spinal stabilization exercises were the ‘most
popular’ followed by the McKenzie approach and
abdominal exercises. Do the practitioners under-
stand what they are trying to ‘fix’? Rightly the
authors concluded there was lack of support from
evidence based clinical guidelines for the exercise
therapies used.110
The functional motor control model

There is increasing interest in the altered quality
of motor control, posture and kinematic motion
patterns in patients with LBP.111–121 However, to
date there are relatively few outcome studies on
the effectiveness of exercise interventions of this
kind in subgroups with LBP.

Magnusson122 noted that preferred motion gen-
erated by physiologic submaximal effort may reveal
details of motion that are masked by higher levels of
effort. Range of motion and motion characteristics
can be used to identify the source of dysfunction
and assess the effect of rehabilitation While the goal
of rehabilitation is return to work they argue that
improved motion parameters including control and
coordination could hasten return to work. While
their administered rehabilitation program was ‘non
specific’, they showed that functional rehabilitation
significantly improved motion patterns and features
in subjects with CLBP.

O’Sullivan108 nicely demonstrated that a ‘specific
exercise’ motor relearning treatment approach which
trained coactivation of the deep abdominals andmulti-
fidus produced a statistically significant improvement
in pain and functional disability levels in patients with
spondylolysis and spondylolisthesis. Importantly, the
muscle activation patterns were incorporated into
previously aggravating static postures and functional
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tasks which explain the maintained improvements at
30-month follow up. Similarly, in a more recent
study,78 a specific motor learning intervention was
conducted on nine subjects with a diagnosis of SIJ
pain and a positive active straight leg raise test
(ASLR). Improved diaphragm and pelvic floor kine-
matics and respiratory patterns during the ASLR test
were associated with improvement in pain and dis-
ability scores.

Research by Hodges114–16,123 has demonstrated
that consistent delayed and reduced activity of
transversus abdominus provides a marker of pos-
tural control dysfunction in people with recurrent
LBP. In 22 subjects with recurrent LBP, Tsao and
Hodges124 demonstrated that a single session of
training isolated voluntary activation of transversus
abdominus can lead to automatic changes in feed-
forward postural strategies, the magnitude of the
effect being dependent upon the type and quality
of motor training. In a further study,125 nine sub-
jects with CLBP received training in repeated vol-
untary transversus contractions over four visits
(initial and at 2 and 4 weeks and 6 months) and sub-
jects continued the training sessions twice a day at
home. This specific exercise intervention lead to
motor learning of automatic postural strategies dur-
ing performance of untrained functional tasks and
were maintained at 6 months follow-up. However,
it is important to recognise that there was only a
weak or non significant relationship between
changes in pain VAS scores and the improved trans-
versus onsets. Unfortunately, Hodges’ important
research findings are sometimes taken out of con-
text in the clinical realm, and ‘activating transver-
sus’ seen as an end in itself towards ameliorating
pain. Based on the large outcome variability in their
reported 2004 study,109 Stuge et al.126 performed a
further study on the same population of women
with and without longstanding post partum pelvic
pain. They were interested to see if those who had
continued pain differed in respect to their ability
to activate transversus and internal oblique. They
found no statistically significant difference between
the two groups.

What can the clinician learn from
these various outcome studies?

In summary, the systematic literature reviews con-
ducted by Faas83 and Van Tulder84,85 and the Paris
Report86 found ‘strong evidence’ against exercise
therapy in acute back pain and in regard to chronic
low back pain, the jury is still out. Included were
studies reported between 1966 and 1999. Informed
clinical practice assisted by subsequent studies has
done much to increase our understanding since that
time. Further review is useful:

• Acute spinal pain syndromes. While research
has not yet delivered substantial evidence for
exercise in acute back pain, effective clinical
practice produces positive outcomes every day.
The clinical priority is to ameliorate the source of
pain with appropriate manual therapy and establish
activation of specific muscles within the SLMS for
local joint protection and support. These are specific
small actions and movements which ask for discrete
control. They can commence on day one of
presentation. There is now good emerging evidence
that ‘appropriate, specific low load’ exercise therapy
is beneficial in the acute and subacute stages106–109

for reducing pain intensity and disability.
Establishing SLMS function is a prerequisite in any
effective exercise therapy for addressing chronic
spinal pain syndromes. Clinically, most acute pain
episodes occur within a picture of chronic
posturomovement dysfunction.

• Chronic spinal pain syndromes. Studies on the
efficacy of exercise therapy in chronic spinal pain
disorders show conflicting and inconsistent results.
Returning to work, while a desired outcome, does
not necessarily reflect the functional status of the
worker who may still have some pain or experience
recurrences of pain. Their kinematic movement
patterns may be lamentable, the next ‘bout’ waiting
to strike.

Some exercise therapy studies report clear negative
outcomes and it is useful to explore the different
features of these interventions and compare them
with those reporting more positive outcomes
including improved neuromotor function.

Negative outcomes

Mens et al.127 studied women with peripartum
pelvic pain. Subjects received a videotape with
instructions for ‘exercises which trained the diago-
nal trunk muscle systems for increased force’.
These were hypothesized to increase stability of
the pelvic girdle yet the ability of these superficial
muscles to provide adequate support is question-
able (Ch. 8). Patients received no supervision and
not surprisingly, reported no change or increasing
symptoms. ‘A surprisingly large percentage of the
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experimental group (25%) had to cease training
because of pain or fatigue’.127

Luoto et al.128 found that after subjects with
chronic LBP underwent a ‘functional back restora-
tion program’ involving ‘intensive physical train-
ing’, one footed postural stability remained the
same in the control and experimental groups but
became significantly poorer in those subjects who
reported increased pain and disability after the
program.

Certain features were common to both these
programs:

• Rather than based on the actual observed
and found dysfunction, the exercise
rationales demonstrate limited understanding of
the real nature of the motor control problems
seen in spinal pain patients and appear to be
based upon hypotheses assuming ‘weakness’
as the principal physical deficit underlying
the pain.

• Accordingly, both programs targeted increasing
force and strength in the superficial SGMS which
already show patchy dominance and are deemed a
likely cause and perpetuator of spinal pain
syndromes (Chs 5 & 7–10).

• The lack of adequate supervision127 means that
sensorimotor learning cannot occur. Instead the
patient becomes more proficient in his already
dysfunctional strategies.

• While standardized non individualized exercise
protocols may well ‘catch a few in the net’ of
improvement, many will suffer increased
symptoms. No wonder pain related fear of
movement/(re)injury and ‘catastrophizing’
behaviors ensue129 further feeding into the complex
picture of dysfunction which maintains the
chronicity of the patient’s pain.
Positive outcomes

Stuge et al.130 addressed the apparent contradictory
indications for ‘stabilizing exercises’ in the treatment
of post partum pelvic pain which ensued as a result
of the positive findings in their study109 and the neg-
ative findings in the Mens study.127 Pointing out the
differences in the exercise interventions, Stuge
argued for a more specific exercise approach which
firstly targets the deep system muscles similar to
the approach of Hides106,107 and O’sullivan.78,108

Common features contributing to the better results
in these studies are apparent.
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Common features of exercise
therapy trials showing more
positive outcomes

• The importance of individual assessment,
customized prescription, supervision and correction
of exercise therapy appropriate to the impairments
linked to the patient’s pain.

• Specific, accurate activation of local SLMS
muscles, coactivation with other local muscles and
sustained activation independent of the superficial
SGMS muscles and breathing. This is more difficult
than often realized and may take 4–5 weeks to
master.108 Activation is initially in positions with
reduced gravitational loading is important in helping
to change the known and entrenched habitual
postural reflex responses.

• The exercises are ‘low load’ i.e. no more than
30% of the maximum voluntary contraction,105

should not involve unnecessary effort and should
not cause pain.

• Appropriate progression into antigravity positions
and integration into functional patterns of
posturomovement control. Building endurance and
control in unsupported postures in the correct
alignment.

• Patient cooperation, motivation, compliance and
perceptual awareness in monitoring and adjusting
less ideal responses.

• Repetition and practice of key elements of
movement control which represent fundamental
components of patterns of movement required in
everyday function.
The case for therapeutic
exercise and movement
classes for more optimal
relearning of motor control
targeting the SLMS

Cholewicki131 stated: ‘clinical intervention does not
make a spine more stable but provides a means for
better control’. Research is increasingly suggesting
that the ‘kind of control’ which spines lack is that
provided by the SLMS

There is a saying ‘you can’t solve the problem
with the same bad habits that created it’. The pos-
turomovement dysfunction in those with spinal pain
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disorders extends throughout the torso, is interre-
lated, habitually entrenched and often considerable.
For many, a few individual exercises will not appre-
ciably change function even assuming they do them
properly. Rolf132 considered that in any individual
at any age, the extrinsic muscles are more readily
accessible to consciousness than the intrinsics. In
the process of intrinsic motor relearning, ‘getting it
wrong’ is easy. The manner in which they move is
what they know and feels ‘normal’. Changing the
way we move involves motivation, application, ded-
ication and particularly – perceptual awareness.

Once acute pain has settled and relearning con-
trol of the fundamental patterns, better alignment
and breathing begun, the complexities of relearning
further functional sensorimotor control are best
addressed in small group classes with a maximum
of eight people.

Moshe Feldenkrais133 considered that because
most of us lack a keenly developed perceptual
awareness, we do not fully develop our abilities He
was interested in our potential for organic learning,
more so by ‘doing’ and he evolved a method
of movement classes termed ‘Awareness through
movement’ as a means of improving our biopsycho-
social functioning. These classes are not ‘problem
oriented’ but more concerned with perceptual
experience and organizing new behaviors. ‘Doing’
these classes provided an interesting subjective
learning experience of ‘an easier, better posture’
and helped me understand and better clarify the
role of ‘soft movement’ in improving function in
the SLMS. Regular participation in Iyengar yoga134

classes has also provided similar insights and influ-
ence. A lot of therapeutic exercise has traditionally
been ‘hard exercise’ addressing achievement and
strength. The concept of therapeutic exercise clas-
ses which address motor control dysfunction and it
is suggested, more specifically, function in the
SLMS is reasonably novel.

The approach of this program is one of exploring
movement within a context of therapeutic exercise.
Appreciating the salient aspects of normal function
(Ch. 6), the common deficiencies in function
(Chs 7 & 8), and the more common clinical patterns
of presentation (Ch. 9 & 10) allow us to construct
series of safe and appropriate remedial exercises
which specifically redress the more common motor
impairments. The classes are ‘themed’ around vari-
ous deficient yet functionally important aspects of
movement. Which patterns do we want to encour-
age and which responses should be modified,
inhibited or avoided? Activation of desired muscle
groups can be achieved by asking for movement in
a way which involves their synergistic coactivation
in controlling functional force couples and useful
‘phrases’ of movement. These ‘phrases’ are repeated
in many different postural permutations and as they
become more established, begin to form part of the
subject’s automatic repertoire of posturomovement
control. Exercise interventions need to address the
concurrent requirement for more mobility in some
regions with the need for more control in others.
Through an appreciation of the clinical syndromes
such as the layer syndrome (Ch. 10), the therapist
learns to expect certain predictable responses and
counteract these by facilitating more desirable pat-
terns. General principles which guide the facilita-
tion of improved activity and control in the SLMS
are incorporated.

The preceding content of this book endeavors to
provide much of the understanding behind this
approach. Without understanding ‘what’s wrong’
you can’t meaningfully help ‘fix it’.

The guiding principles address the deficits while
helping promote the SLMS.

General guiding principles for
facilitating improved activity in
the SLMS while addressing key
aspects of control necessary
for functional restoration

An inadequate understanding of function and the
more common patterns of dysfunction mean that
many exercise class situations be they therapeutic,
yoga, Pilates etc., unfortunately resemble little
more than a ‘play group for adults’ as the often
young and dexterous instructor out in front plays a
game of ‘Simon says’. The participants struggle
away trying to follow the often sloppy prompts for
actions which may well beyond their capabilities.
Over-challenging the patient only results in reinfor-
cing bad habits with already dominant SGMS activ-
ity, as the patient calls on what he knows, and
valiantly strives to oblige. Many ‘exercises’ seem to
be ‘hand me downs’ with little applicability to what
the patient actually needs.

If therapeutic exercise and movement classes are
to offer meaningful motor control relearning, the
prescription choice, staging and careful monitoring
of the quality of the response is critical. The
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breaking up of movement into key components
allows the practice and refinement of dysfunctional
segments and their reintroduction into other pat-
terns of movement.135 We are aiming to change
the habitual response. The aim is to repattern move-
ment and the art is to do so without reinforcing old
less ideal patterns.

Research to hand, the influence of certain tal-
ented practitioners and clinical practice have all
contributed to the paradigm proposed in this body
of work. Guiding principles have evolved which
are offered to assist the practitioner redress the
more common movement dysfunctions. These prin-
ciples are functionally interrelated. They are not
listed in order of importance. Of necessity they
are presented in summary form:

• The approach incorporates the common features
of those exercise trials demonstrating positive
outcomes from a motor relearning approach
targeting certain deep system muscles (p. 348).

• ‘Boot camp for the brain’– tasking and training
the brain to organize and refine better coordinated
posturomovement solutions; we are not interested
in strength per se but in getting the brain to solve
the problems in the movement quality; while there
is always a ‘deconditioning’ aspect, the primary
problem is one of control; the senses change
movement not strength; strength emanates from
neural reorganization leading to effortless
coordinated movement with multiple options,
adaptability and flexibility. Endurance built upon
this provides strength.

• Addressing the qualitative rather than the
quantitative aspects of performance; altering
habitual movement behavior through exploring
potential rather than focusing on what is
wrong;133,143 we can’t expect them to ‘just do it’ –
re-introducing a forgotten movement vocabulary
needs practice and repetition; to facilitate is to help
make easier – providing the experience of moving
with awareness and without effort; higher levels of
effort disable the sensing of small discrete
differences;143 clarity of intent reinforces the
movement; movement control is mostly automatic
with cognitive override.

• The program is based upon a sensorimotor
learning approach which recognizes the importance
of the senses in movement control; maximizing
proprioception2,3,136–141 and exploiting the
different aspects of the sensory system appropriate
to the situation; focusing upon inner awareness and
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the use of imagined movement;142–144 the use of
imagery to embellish, reinforce and integrate
concepts of movement;145,146 helping the person
experience himself in a more sensory manner; bare
feet are de rigueur in order to optimize sensory
input through the feet.136

• The brain knows more about movement rather
than about single muscles; co-activation of muscle
synergies for axial and proximal limb girdle postural
alignment; balanced activation in the muscle force
couples controlling the proximal limb girdles; a
tight/overactive muscle group may make its
antagonists appear ‘weak’; inhibiting muscles by
activating the antagonists; muscle sequencing more
important than strength in producing coordinated
movement.17

• Posture and breathing are fundamental to
movement hence need to be addressed in
movement rehabilitation.

• The important postural and respiratory role of
the diaphragm70,149 is encouraged; coordinating
breathing and moving – ‘allowing the breath
through’ and ‘opening the center’; allowing the
breath to ‘irrigate’ a posture; using the breath both
as a stabilizing and a mobilizing force.

• Correct breathing and control of the FPPs need
to be established early and form the basis of ‘core
control’ on which many other posturomovements
are rebuilt.

• In general we are facilitating and promoting
activation of the SLMS and inhibiting or banking
down overactivity of the SGMS during functional
patterns of posturomovement control; activating
the ‘inner’ myofascial sleeve helps support and
control internal forces and allows the ‘outside
holders’ to let go; breaking up the more primitive
habitual responses including ‘holding patterns’;
promoting better integrated responses to
gravity147 including feedforward responses;135

other movement approaches facilitate ‘inner
support’ and improved SLMS activity through
conceptually ‘activating support from the
organs.’77,164,165

• Initial activation strategies are in gravity
‘minimized’ positions to free the CNS from
habitual exteroceptive impulses through the
feet, breaking the habitual antigravity
response;17,143 practicing control of ‘key
components’ of a movement that are functionally
necessary and useful; work towards increased
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gravity loading and endurance as patterns of
control become better established.

• Certain key regions appear to play an important
role in activating postural reflex chains; these
responses may include related reflex postural
activity of the diaphragm. Movements are variously
initiated from each of these regions:

• The feet and hands and indirectly the knees
and elbows148–150

• The pelvis: sitz-bones and tail bone; ASIS149

• The head.143,149,150

• The importance of head orienting and control in
spinal alignment and in initiating movement;
movements involving ‘looking’ facilitate the head’s
role; all sensory experience is associated with
movements of the head.143

• The concept of axial ‘elongation’ from the head
and tail bone to facilitate co-activation in the deep
system –‘softening and lengthening’; the head–tail
bone relationship in aligning the spine in
posturomovement control.

• The concept of ‘widening’ through proximal
limb girdles helps coactivation – nipples and
sitz-bones are useful; ‘lengthening’ the limb aids
proximal girdle co-activation; widening and
opening through the center facilitates the
diaphragm and helps inhibit central cinch
behavior.

• Initiating movements from each of the ‘6 limbs’
(hands, feet, head and tailbone) and the subsequent
sequencing of closed chain movements through the
spine; initiating movement from the proximal limb
girdles and axial spine; specifically addressing
movement transmission through the junctional
regions.

• Building postures and movement from the
‘inside’ builds sensitivity in the tissue and better
control; achieving a ‘neutral spine’ and maintaining
alignment between the segments in posture and
movement; creating, maintaining and adapting
appropriate axial postural sets to support
movement; the quality of the postural set
determines the quality of ensuing movement;
sustaining postural sets without superficial ‘holding
up’ while breathing normally to build endurance yet
flexible control.

• Coexistence of stability and mobility in postural
control;151 stabilizing and mobilizing elements
continuously interact to produce effective
movement;17,152 adding even slight movement to
‘postures’ helps them to ‘sensed’ and hold the effect
in the CNS.

• Moving slowly, sustaining and repeating the
action gives time to process the sensory
information and helps improve endurance in the
SLMS and ‘strength’; achieving even rhythm
through the movement improves control;
working for small discrete ‘woosie’ movements
with selective points of initiation, e.g.
interscapular region; functional co-activation
is often an ‘action’ rather than a movement
which may be miniscule.

• All functional movement patterns encompass
elements of rotation and weight shift in varying
degrees; both are important in sequencing
movement through the spine; patterns of reach
and rotation in the limbs to get more fully into
the spine.

• Concept of active ‘grounding’ through the
base of support in posturomovement; ‘yield
and push’152 from the base of support to
‘come up’;150 developing an adaptable base of
support; encouraging weight shifts over the
base of support – particularly initiated from
the pelvis.

• When working for axial release – the value of
‘yielding’ the under surface of the body to the
ground to aid ‘opening’ and movement in the upper
surface; ‘yielding’ to the ground and/or the
movement when ‘stretching’ without losing
alignment or collapsing e.g. ‘Allah stretch’
(Fig. 13.71); waiting for the release and assisting
with the breath.

• Controlling the alignment of the thorax on
the lumbar spine; in particular posterior shift of
the thorax on both a neutral and anteriorly rotated
pelvis; a relaxed rib cage, elongated spine,
horizontal respiration and centration of the
thoracolumbar spine facilitates the SLMS and the
LPU.153

• Soft versus hard exercise – ‘growing the
movement’ slowly and the need to avoid effort; the
importance of the quality of the response –‘how’
and ‘where’ the movement happens; holding tension
cuts off the sensation.

• Strength comes when there is three-dimensional
control and better endurance in the SLMS; strength
is a function of reciprocal agonist, antagonist
balance;132 working with gravity as the teacher
rather than repetitively pulling one dimensionally on
a machine in recumbent positions.
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• Taking movements out of a dominant sagittal
orientation; asking for non habitual movements
in three dimensions helps repatterning
movement sequences and the nervous system
and equips the patient with more options for
response.

• Movement takes the path of least resistance;
always incorporating axial alignment and control
from the deep system while getting movement into
the stiff regions and controlling the more mobile
segments.

• ‘Active elongation’ versus stretching; reducing
the use of SGMS strategies reduces the need to
‘stretch’; active eccentric lengthening of short
muscles in movement is assisted by activating the
breath and the SLMS; the body’s resistance
should be respected for the useful feedback it
provides.

• Addressing mobility and stability in the feet;
aligning the feet in weight bearing; activating the
feet: ‘fanning’ the toes; ‘doming’ the feet in weight
bearing;145 elongating the heel and ‘grasping’ in a
free foot150 (Fig. 13.105).

• The importance of establishing intrapelvic and
three dimensional spatial control of the pelvis;
control of the pelvis on the femora is all about
initiating from the sitz-bones and tail bone;
control of the lumbar lordosis is dependent upon
this.

• Establishing good proximal girdle control
supports the arms and legs in open and closed chain
movements allowing more freedom in spinal
control150 and less reliance on central cinch
strategies.

• Coactivation through the proximal limb
girdles provides better control for limb weight
bearing; building positive support reactions
through the limb in weight bearing, helps avoid
‘propping’; changing the addiction of the knees
to lock.166

• The important functional relationship between
the heel of the foot and the ischia; between the ball
of the foot and the iliacus/psoas,17,152 between the
heel of the hand and the scapula in limb weight
bearing.

• Establishing axial and proximal girdle rotary
control and particularly through the thorax; using
rotation to help break up tendency to total flexor/
extensor pattern responses; the rotary element
furnishes the third factor in three-dimensional
movement.17
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• Appreciating the reciprocal functional
connection between the proximal limb girdles;
in recumbent or all fours postures patterns of
weight shift from one to the other establishes
many axial patterns of control; opening the
‘dome’ is associated with anterior pelvic rotation
in prone and supine all fours and needs to be
worked for; closing the ‘dome’ is associated
with posterior pelvic rotation and commonly
easier to do.

• Working to improve eccentric control in
posturomovement patterns; concentric/
eccentric interplay underpins weight shift and
postural adjustment; coordinated concentric/
eccentric interplay imparts rhythm in
movement.

• Gaining improved passive, active, selective and
sustained control of extension; aided by supported
passive poses e.g. a bolster or with self mobilizing
activities such as the Spine Rolla#; activating the
deep intrinsic extensors without increasing CPC
behavior.

• Targeting the ‘dome’ and associated myofascial
restriction in the shoulder girdle; establishing
improved control of the shoulder girdle; initiating
movement from the ‘dome’ while the lumbar and
cervical spines are controlled; improving function
through the ‘dome’ lessens the need for central
cinching.

• Establishing movement in the large ball
and socket joints – the hip and shoulder by
addressing related tight myofascial structures
while controlling axial alignment; balanced control
and endurance about each axis; the axis of
movement during active control is localized in
the joint.

• ‘Lengthening the sides’ facilitates weight shift
and opening the thorax and shoulders; ‘body half’
activities prepare for unilateral limb loading;
therapeutic muscle activation while minimizing
spine loads is achieved by unilateral activation of the
spine muscle groups154,155; unilateral limb
movements induce more unilateral low load spinal
patterns.

• Task specific and functionally oriented
training;135 incorporating pelvic control patterns
in practicing ADL actions: sitting, sitting to
standing and reverse, standing, forward bending,
reaching; learning to release the ‘ischial swing’;
ipsilateral/contralateral functional reach
patterns.156
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• Unilateral limb movements also help break
up more primitive bilateral flexor and extensor
patterns and encourage weight shift; incorporate
contralateral movements; the use of diagonal
and reach patterns sequencing through the
torso from one proximal girdle to the other;
muscles work best in diagonals or spiral
patterns.17,152

• Encouraging disassociation between limbs;
addressing tendency for total pattern responses
between trunk and limbs; establish more
competency in unilateral limb loading; encourage
more flexor pattern loading in the lower limb and
extensor in the upper limb; appropriate weight
bearing challenge through all sections of the
limbs.

• The ability to work the axial flexors and
extensors without increasing more primitive ‘total
pattern’ behavior or central cinch behavior;
achieving balanced co-activation between the
flexors and extensors; incorporating rotation,
and side bending into flexion and extension
movements.

• Movement should be painless; pain can indicate
neuromyo-articular irritability and/or
dysfunctional neuromuscular strategies and may
require one on one manual treatment and
revisiting specific basic exercises; accessing
stiffness and myofascial tightness is necessary yet
can be ‘uncomfortable’ and is assisted by
‘breathing into it’.

• ‘Challenging stability’ should not mean
‘throwing everything at it’ as this risks ‘fixing
behavior’ in the superficial system; instead
we are training dynamic control of movement
and less reliance on ‘stiffening’ strategies; labile
surfaces such as ‘physio balls’ do not necessarily
‘stabilize’157 or increase target muscle activity,158

and can foster more ‘central fixing’ strategies;
they are not recommended unless optimal
patterns of motor control are evident and
maintained on them;159,160; the best devices
for challenging stability are those with a firm
surface to assist ‘grounding’, and better
stimulating SLMS activity such as wobble boards
and rocker boards;136 the challenge should be
achievable; the challenge is in the quality and
organization of the response.

• Incorporating transitional posturomovements
involving level change between the floor and
standing;161 inhibiting the compensatory tendency
of the arms to ‘push down’ instead of the feet
‘pushing down to come up’ when getting up from
the floor or from sitting; ‘rooted’ control in the
pelvis allows the spine and upper limbs to reach out
and ‘fly’.145

• Moving with interest and curiosity rather than
ambition and ‘end-gaining’; ‘playing the edges’ and
working with awareness of one’s limitations;
intention, attention and motivation all play an
important role in movement.

• Avoid fatigue and cognitive overload; avoid
inducing performance anxiety about ‘getting it
right’ where tension patterns increase; healthy
movement ‘gives a sense of relief’162 and
feels pleasurable particularly if containing
repeated rotary elements while the body is
supported as in rolling.

• Rest periods in supported passive postures allow
‘active reduction of somatic effort’,163 attention to
residual sensations and focusing upon the ‘inner’.
A recalibration of self organization occurs allowing
more freedom of choice when activating movement;
supported postures help focus and access stiff
regions.

• In essence we are building control from
inside and below and reducing the habitual
overdependence upon control strategies from
the outside and above; to develop a balance
between inner and outer and between movement
initiated centrally and peripherally.164
Further practical aspects
in functional control

There are literally thousands of ‘exercises’ that
could contribute towards improved function. The
guiding principles are offered as a reference frame-
work to help direct the creativity and artfulness of
the therapist in prescribing appropriate exercises.
Some key aspects of this approach merit closer
attention.
Effective ‘grounding’ through the
base of support provides the
stability for control

Ideal antigravity support comes from below and
principally within. When ‘grounding’ is not well
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Fig 13.105 � An active foot combines elements of ‘doming’
for push off and support and ‘fanning’ the toes for stability.

Fig 13.106 � Compensatory axial ‘holding’ is more likely
with a poorly developed base of support. Note the right foot
is not well grounded through the heel and there is evident
CPC holding in the torso.
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developed from the base of support (see Ch. 4),
ineffectual and imbalanced control of the proximal
limb girdles result, and the person develops com-
pensatory ‘holding patterns’ around their center
and ‘core’.

When we ‘yield’ the base of support to the sup-
porting surface, we ‘ground’ ourselves to the
earth and proprioceptively ‘connect’ in order to
‘push away’, sensing our weight and gravity. Integra-
tion of the positive supporting reactions allows us to
utilize the ground reaction force which provides the
stable point from and through which we can ‘push
up’, initiating a reflex chain of responses in the anti-
gravity postural reflex mechanism.

Thus movements initiated from the periphery
from and through the base sequence through the
limb, proximal limb girdles and spine helping pro-
vide cross patterns of inner support and control.
Weight shift is learnt between the girdles and
between sides of the body through the basic homol-
ogous, homolateral and contralateral movement
patterns (Ch. 3). Kinetic chains comprising groups
of muscles are engaged either simultaneously or con-
secutively to produce either support or move-
ment.152 One part learns to provide a stable
support while the other practices mobility.152 Move-
ment sequences from one girdle through the spine to
the other providing the spine with the movement
diet it likes.

The principle of ‘grounding’ and support pre-
ceding movement is basic to the work of Bain-
bridge- Cohen,165 who influenced others.164,152

The establishment of the ‘yield and push pat-
terns’152 and ‘grounding’ supports the develop-
ment of the ‘reach and pull patterns’.152,164,165

Many ADL activities involve these movement
sequences. Hartley164 notes that pushing must be
supported and balanced by yielding mutually for
effective grounding. ‘Grounding’ allows movement
over the base of support necessary for weight shift
and the development of all the transitions in move-
ment. Being anchored to the ground by the legs and
pelvis allows our spines to coil and uncoil elasti-
cally through space lending our arms power and
range.145

However, while ‘grounding’ through the feet may
seem an obvious feat when standing – you are on
your feet after all – most are not actively ‘on’ them,
attested to by the plethora of foot orthotics usage.
‘Inactive’ feet are generally associated with locked
knees and standing becomes ‘propping’ instead of
active control (Fig. 10.26). The same goes for weight
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bearing through the hand. Focusing upon forming an
active base through the heel and all four corners of
the hand and the foot are important in gaining
co-activation through the proximal girdles. ‘Doming’
engages the arches and ‘fanning’ the toes activates
the feet base of support (Figs. 6.45 & 13.105).
In ‘yielding’ to the support surface, we can more eas-
ily ‘come up’,150 providing a buoyancy and lightness
to upright postures. In fact ‘the more you press into
the ground the more it pushes you up’.166

An ‘inactive’ poorly ‘grounded’ base of support
encourages the use of compensatory ‘holding pat-
terns’ around the center or core limiting effec-
tive patterns of axial control and weight shift
(Fig. 13.106). Establishing a proper base improves



Fig 13.107 � When the foot is better grounded pelvic and
axial control changes. She no longer needs to rely on as
much CPC behavior.
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control (Fig. 13.107). For this reason the popular
use of exercise balls to establish ‘core stability’
needs some careful rethinking. In addition, cocon-
traction of the trunk flexors has been shown to
decrease by up to 30% during trunk extension exer-
cises over a ball.157

Activating the postural reflex responses from
peripheral points provides the point of stability
for patterns of closed chain movement sequencing
which better facilitates SLMS control, allowing
adaptable uprightness and movement in all planes
while balancing and breathing. In a MRI study
examining diaphragm movement, Cumpelik150

was able to show that the diaphragm reacts to
changes in the posture of the feet and head and
movements initiated from the periphery. Estab-
lishing postural stability is basic to effective
breathing. ‘When the posture is right the breath-
ing will come’.150

Tai Chi and similar Eastern practices are gaining
more therapeutic interest167,168 and represent
various forms of ‘soft exercise’ in standing which
facilitate activity in the SLMS. They afford the
opportunity for practice in ‘grounding’ through
the feet in whole body patterns involving ‘yield
and push’ and ‘reach and pull sequences’ variously
involving weight shift, with diagonal and rotary
components. Evidence suggests that elderly sub-
jects have a reduced ability to generate ground
reaction force, relying on more central (i.e. more
proximal than distal) and elevated cocontraction
strategies.169
Building forward bending and
squat patterns

Expecting the patient to suddenly change his habit-
ual responses in ADL situations is unrealistic unless
we ‘exercise’ key components of desired patterns of
movement. McGill80,155,170 recognizing frequent
‘gluteal amnesia’ in many back pain subjects advises
building hip extensor and squat patterns. For many
patients, control is so poor that they need help with
component parts of the action. The major difficulty
in forward bending is poor control of the pelvis (see
Chs 6 & 8).

Controlling the pelvis is particularly difficult
when it is loaded in anterior tilt and/or the hip is
in flexion. Some will also have difficulty with exten-
sion loading. Loading pattern difficulties become
even more apparent on one leg. Achieving control
is dependent upon control of the FPPs. When basi-
cally established they can be further ‘drilled’ in var-
ious positions, three of which are examined to
provide an example.

Bridging sequences

Preparatory loading for bridging was described pre-
viously (Fig. 13.40). The habitual non ideal response
is to come up high in posterior pelvic tilt with the
symphysis thrust forward with poor activity in the
LPU. The other difficulty is adequate inhibition of
CPC behavior and the ability to expand the dia-
phragm and breathe regularly. When the prepara-
tory bridging sequences are mastered the action is
sustained emphasizing the LPU, grounding through
the feet and the heel sitz-bone connection while
breathing normally. When proficient at this, all
three FPPS can be drilled while the pelvis remains
off the surface. The common difficulty is in achiev-
ing adequate APR from LPU control hence this
really needs encouraging.

As quality control improves, appropriate progres-
sion towards various weight shift and unilateral
loading activities while in the bridge can be
explored:

• in the FPP1 unweighted position, lateral
weight shift through the hip joint axis from the
LPU without any twist or supra-pubic
overactivity17,152

• working ‘distorsion’ patterns by rotating
the pelvis to place alternate sitz-bones on the
ground.
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• the sole of one foot can rest over the other
kneecap while the fundamental patterns are
repeated

• variously performing free one hip flexion thigh
vertical; maintain thigh vertical and extend knee as
able; or even free SLR if advanced.
Fig 13.108 � Unilateral leg loading results in forward shift
and posterior pelvic rotation. This is the same person in
Fig.11.5 who is learning to teach yoga. Here she carries the
same pattern into weight bearing.

Fig 13.109 � Drilling dynamic unilateral weight bearing
through the pelvis. In reaching the extended leg back, the
principal focus is more upon the ischia of the weight bearing
leg working up, back and wide.
Kneeling patterns can reveal a lot

Both the 2- and 4-point kneeling postures readily
reveal the common problems and the basic tenden-
cies towards APXS or PPXS often making clearer
what the principle difficulty is. Review of Chapter 9
is instructive. Knowing what to expect helps direct
the specific desired responses and ‘downtrain’7 the
unwanted dominant SGMS activity. Kneeling
sequences challenge the lower limb out of its
habitual antigravity ‘extensor prop’.

• In all fours. Difficulty with axial and proximal
girdle ‘neutral’ because of poor LPU control and
imbalanced co-activation of the deep system flexors
and extensors. The tendency is to ‘prop’ like a table,
keeping the center between all four limbs. Thus we
can expect:

• Difficulty achieving a neutral spine with good
alignment between the head and tailbone. The
basic tendencies to flexor or extensor
dominance are apparent. The preference for
initiating movements from the CCPs rather
than control through the proximal limb girdles
maintaining alignment between the segments
is observable (see Figs 3.20 & 3.21). The
commonly prescribed ‘humping and
hollowing’ or ‘cat/camel’ further imprints this
dysfunction.

• The proximal limb girdles bear weight in
more ‘flexor patterns’ – ‘pectoral cinch’,
fixing the ‘dome’ and ‘propping’ in the upper
(Fig. 8.14) and posterior pelvic tilt and
forward shift in the lower (Fig. 8.32). Unless
checked, this tendency increases in during
weight shift: forward relies on more pectoral
activity creating tension in the neck and more
central fixing. Backward weight shift
frequently results in collapse into end range
lumbopelvic flexion (Figs 8.13 & 13.71).

• These tendencies are further observed in single
limb loading with a disinclination for weight
shift in homologous, homolateral and
contralateral patterns because of the reduced
proximal girdle and axial control. Rather than
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control the pelvis on the femur in appropriate
posterior shift / anterior rotation, they adopt a
‘lock in’ strategy of PPR and hip external
rotation and tend to shift their weight more
forward (Fig. 13.108) over relying on the arms
for support.

• Initiating and controlling movement from the
ischia and coccyx is really important in being
able to control load transfer through a flexed or
‘adaptable’ hip (Fig. 13.109). Mastering this
pattern is important for functional control of
many patterns of movement in our ADL. As
pelvic control improves it can be challengedwith
the center of gravity higher and moving outside
the body. The focus is to initiate and direct the
movement back and up from the sitz-bones while
lengthening the tail bone. The possible ‘moves’
are innumerable once the basic dysfunction is
understood and with a clarity of purpose in the
rehabilitation of this. Open chain hip extension
is further difficult because of difficulty
controlling pelvic ‘distorsion’ and generally
results in further increased CPC activity.



Fig 13.111 � Difficulty controlling lateral weight transfer onto
one limb. Note the externally rotated hip and hamstrings
activity from reduced LPU activity, and central cinch holding
which limits lengthening the right waist to

Fig 13.112 � The Key Alignment and Control Test.
(L) Correct; (R) incorrect.

Fig 13.110 � Hanging the body weight halfway between the
two limbs ismore stable. This is the samepatient as in Fig. 10.4.
She is an APXS! Deficient LPU activity is reflected in the forward
drift of the pelvis. Note how she relies upon her arms.
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• In upright kneeling. Difficulty aligning the ‘body
cylinder’ because of poor LPU activity and pelvic
control and imbalanced co-activation between the
axial flexors and extensors and imbalance in ‘ischial
swing’ means we can expect:

• The thorax is forward in those with PPXS
dominance. A tendency to tighter anterior hip
structures and related difficulty with FPP2
and closed chain hip extension results in a
further increase in CPC behavior and ‘hanging
the belly forward’ (Figs 4.5 & 11.8).

• Inadequate ‘grounding’ through the base of
support and control of the pelvis means lateral
weight shift is hampered and associated with
central cinch behavior (Fig. 13.111).

• There is reduced ‘axial lift’ with a tendency to
‘hunker down’ and ‘grab’ with the arms when
perturbed. Poor axial adjustment and limited
spatial reach patterns.

• All show some disinclination to ‘unlock’ PPR/
hip extension and posteriorly shift pelvis to
weight bear in hip flexion needed for dynamic
position changes of the trunk from vertical to
horizontal. This is most marked in the APXS
group (Fig. 13.112).

• Half kneeling. In general, the tendency is
to ‘hang the weight between the limbs’ with a
disinclination for posterior weight shift and
359



Back Pain: A Movement Problem
dynamically controlling the pelvic rotation from
the LPU and balanced iliacus-psoas and
hamstrings activity (Fig. 13.110). Related
difficulty aligning the walls of the body cylinder
is apparent.

Difficulties with lateral weight transfer are
apparent in all forms of kneeing. In half kneeling,
the usual compensation is to over rely on the for-
ward leg and lose axial alignment because of diffi-
culty directing the ischial swing and bringing the
pelvis under the body (Fig. 13.111).
Fig 13.113 � Practising the KACT in standing improves
endurance and helps imprint the relearned motor patterns.
Note how the center of the body mass is balanced over
the base of support.
The Key Alignment and Control
Test (KACT)

This functional test requires integrated control
between the SLMS and SGMS in controlling axial
alignment and in particular the pelvis under phys-
iological sagittal loading conditions. It involves the
ability of the kneeling or standing subject main-
taining an axial neutral while executing dynamic
position change of the trunk from the vertical
towards the horizontal. Control of the ‘pelvic
swing and shift patterns’ (Ch. 6, Part B) is obliged.
From the neutral upright kneeling or standing
position the subject’s fingers locate the sitz bones
to encourage widening in the two proximal girdles
as the subject brings the pelvis back aiming to
bring the spine more towards horizontal
(Fig. 13.112). The quality of the response is mon-
itored and corrections verbally prompted and
manually adjusted if necessary. The action is
repeated consistent with achievable challenge with
the focus of the prompts being on the correct pel-
vic action, maintaining alignment and breathing.
When the pattern is better established, the posi-
tion is sustained as long as the subject can manage
it with proper control. Doing so for 60 seconds is
good. Initially it will be difficult for most to attain
the proper position.

All of the inherent dysfunctional posturomove-
ment tendencies will tend to come to the fore and
need to be counteracted to help him gain control.
These will be predictable in the subject depending
upon which pelvic syndrome classification he fits
and his stage of dysfunction. Prompts are offered
as needed such as:

• ‘Find the ‘grounding’ in your feet to support the
weight and lift up of the pelvis’

• ‘Widen and reach the sitz-bones up and back’

• ‘Go long between the head and the tailbone’
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• ‘Widen the center and the shoulder girdle and
expand the center with the breath’.

When the subject is aware of ‘burn’ in the buttocks
they are actually using them! Practice in the ‘test’
provides further fuel for competent ADL patterns
(Figs 13.100 & 13.113)

Stretching

The relative paucity of good SLMS function and the
corresponding predominance of SGMS hyper-activ-
ity is reflected in just about everyone feeling stiff
and needing to stretch. Stretching appears to be
one of the most common interventions – but what
about control? The problem is that by and large,
most are perpetuating their dysfunction by the way
they stretch. The tight muscles are generally those
which relate to proximal girdle control, limiting hip
and shoulder mobility while at the same time
adversely affecting spinal alignment and control.

Some apparent general faults
when stretching

• Loss of axial and proximal girdle alignment with
axial collapse when and where possible!

• Stretching is ‘passive’ with little contribution from
the SLMS. In fact the spine usually becomes the



Fig 13.114 � ‘Active elongation’, directing the movement
from the ischia and tail bone and maintaining alignment
is apparent on the left. Collapse, propping, loss of alignment
and stress to the low back and tension is apparent on
the right.
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victim of the stretch. The tight leg muscles win over
adequate patterns of axial co-activation for control
(Figs 8.8, 11.4, 12.10–12.12). ‘Proper stretching’ is a
nice way to activate the SLMS.

• The tendency for lower limb stretches being
actioned principally by the ‘arms pulling’ creating
tension patterns in the upper body.

• The subject tenses against the discomfort,
fighting himself as he disrupts his breathing and
‘holds against it’.

• Lack of central and cortical intelligence in the
procedure as neurologically the subject has learnt
nothing, hence any lengthening is not sustained,
probably accounting for the poor outcomes that
stretching trials have shown.171–173

Features to consider in ‘active
elongation’ or optimal stretching

This author prefers not to use the term ‘stretching’
as it might risk perpetuating the inherent problems
listed above. Rather, ‘active elongation’ signifies
neuromuscular involvement where positive gains in
sensorimotor experience and learning and SLMS
system control are achieved at the same time.
Whatever is being stretched, certain principles
should be applied for optimal effects:

• Establish ‘grounding’ through the base of support
so there is ‘active lift’ in the system.

• Establish axial alignment between the head and
tail bone so the ‘body cylinder’ is balanced. In
particular control the tendency to anterior rib shunt
of the lower pole of the thorax.

• The stretch is initiated from the proximal limb
girdles e.g. for the posterior hip muscles, directing
the movement from the ischia which move ‘back,
up and wide’ so that the posterior hip is asked
to open. To do this effectively necessitates
co-activation in the LPU and control of the FPPs
with eccentric lengthening in the target muscles
(Ch. 4; Fig. 13.114).

• Not hanging or ‘propping’ through the arms or
conversely collapsing the whole body.

• ‘Breathing into the center’ and only going to the
point where you can ‘play the edges’ of the
discomfort, ‘breathing into it’ on inspiration and
‘letting go’ on expiration while ‘softening and
lengthening.

• ‘Staying in it’ and waiting for the release to come.
If performed slowly with intent, the whole SGMS
ideally begins to relax.
The therapeutic use of rotation

Understanding and appreciating the importance of
appropriate rotary control in optimal torso function
is very often overlooked in most contemporary
therapeutic approaches. The case for doing so is
compelling:

• Normal movement patterns always contain an
element of rotation and weight shift, even if slight
(Ch. 3).

• Equilibrium and balance reactions depend on
small rotary movements and postural shifts and
adjustments.

• In situations of a lesion of the upper motor
neuron such as cerebral palsy or stroke, reduced
descending inhibitory control means movement
patterns become more flexor/extensor with
consequent difficulty rotating and shifting weight.
Similar much more subtle tendencies are apparent
in some people with back pain (Ch. 8). Neuro
therapies such as that of the Bobaths advocate the
use of rotary movements to both facilitate the
activation of more normal movements and inhibit
the unwanted more primitive responses.174 Other
therapies such as proprioceptive neuromuscular
facilitation of Knott and Voss175 also facilitate
rotation in the diagonal patterns of movement they
are helping to establish.

• In so called normal people, the use of patterns
of rotary movement provide an increased
movement repertoire and help break up habitual
holding patterns. Hackney152 notes that utilizing
rotation in movements of the upper body can
increase range and release habitual tension in the
upper trapezius and levators which frequently
become overused as a substitution for rotation
when the arm reaches.
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• The Feldenkrais method133,144 of learning
awareness through movement explores the non
habitual three dimensional movements via gentle
slow movements which utilize a lot of rotation in
closed chain patterns – a marvelous way to activate
the SLMS!

• The importance of rotation and weight shift in
providing the added dimensions in movement
control is also understood in the martial arts and
many ‘Eastern’ movement approaches such as Tai
Chi and similar practices. Their potential
therapeutic benefits are attracting increased
scientific interest.167,168
The importance of the senses
in controlling movement

We have noted the interdependence between sensa-
tion and movement in motor development. Sensory
information is richly supplied from proprioception,
the vestibular apparatus, vision, and touch, intero-
ception from internal organs, hearing taste, and
smell. It is through the senses that we perceive
our environment both internal and external. Move-
ment occurs in response to perceived sensory infor-
mation via feed forward mechanisms and is
modified or adapted by it via feedback mechanisms.
The quality of the motor response is largely depen-
dent upon the quality and amount of sensory infor-
mation that the central nervous system receives –
‘garbage in becomes garbage out’ rather like a com-
puter or any programmed system of response.
Ayres176 recognized that defective sensory integra-
tion was reflected in less developed motor
responses and learning difficulties

Bainbridge Cohen165 discusses the dynamics of
perception – ‘how we filter, modify, distort, accept,
reject and use that information is part of the act of
perceiving. In order to perceive clearly, our atten-
tion concentration, motivation or desire must
actively focus us on what it is we are to perceive’.
She calls this ‘active focusing’. This patterns our
interpretation of sensory information, and without
this active focusing, our perception remains poorly
organized. Being able to come back to the inside
and feel yourself provides life in the movement.17,152

In a similar vein, Feldenkrais133,143,144 maintains that
if you are not aware of what and how you do some-
thing, you cannot change the way you do it. Even
imagining a movement marshals the brain and helps
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improve its execution. Hackney152 draws attention
to the important aspect of intention in movement
control. ‘Intent organizes the neuromuscular system.
Clarity of intent enables the body to find the motor
pattern to fill the intent’. Similarly, proponents
of Ideokinesis and its related influence utilize
mental imagery to help focus and refine the
response.142,145,146

Most of us have developed inefficient and lazy
movement habits. Changing movement requires
perceptual acuity and many somatic education disci-
plines such as Laban/ Bartenieff, Feldenkrais, the
Alexander Principle, yoga, and the martial arts focus
on this aspect.

Stability and mobility are in constant
relationship in movement

Feldenkrais133 said ‘Stability is nice. It also means
difficulty to initiate movement as well as difficulty
to be moved. Stability (when one is protected)
increases the feeling of safety. Instability means risk
but easy mobility. Both are biologically important.
Becoming addicted to one of them makes one
unsafe for lack of choice’.

In all movement, stability and mobility elements
interact17,152 – there is a continual shifting and grada-
tion from one through to the other. Problems arise
when there is too much or too little of either.
‘Grounding’ helps provide a stable support for move-
ment. Effective weight shift onto one leg provides
the stability for the other leg to move and so on.

In the spine, stability is achieved through control
of mobility. Fundamental to this is active connection
and control through the center of gravity at the pel-
vis – the ‘core’, to provide an inner adjustable base
of support. There are continuous shifts in the body’s
center of gravity requiring simultaneous adaptive
shifts and adjustments in the spine and proximal
girdle joints. These movements also involve patterns
of appropriate axial and proximal girdle pre-posi-
tioning and setting to support limb movements. Bar-
tenieff17 speaks of tensions and counter-tensions in
movement. Counter-tensions help to create coacti-
vation of the axial muscles. As the infant lifts his
head (tension) he begins to push down on his arms
and so creates a vertical counter-tension which leads
to uprightness. As a limb moves away from the body
it creates a spatial tension which becomes matched
in the body by a counter-tension to balance the load.
Many of these spinal countertensions are miniscule



Fig 13.116 � . . . including physiological forward bend
without back pain. Well grounded feet are associated with
good ischial lift and soft knees. In particular note the open
front body in the pose.

Fig 13.115 � Dynamic control of the lower kinetic chain
allows innumerable movement options. . .
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actions via deep muscle system activation. The
more the limbs reach into space in three dimen-
sions, and particularly in asymmetrical movements,
the more the axial counter-tension response acti-
vates the patterns which provide spinal control.
These movements should easily sequence up and
down through the spine from side to side, rotation-
ally and diagonally. Stability in the spine has been
very misunderstood by many who have seen that
the spine needs to be stabilized and not move!
While it may be that some parts of the spine com-
pensate with relatively too much movement, this
is because other parts do not move enough.

Integrating movement through the whole spine and
proximal girdles is the answer (Figs 13.115 & 13.116).
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Chapter Fourteen
14

Inherent implications
in this model
The back is the major highway of function in the
body. A healthy spine ensures our general health
and well being. When the spine loses its intrinsic
support problems ensue. Being ‘upright’ involves a
delicate balance in achieving effective control
around the ‘line’ of gravitational force. One of the
many challenges in our developmental progression
is to strike the balance between too little and too
much control. Compensations can begin early, are
carried forward and are further built upon. And that
goes for all of us.

Back pain appears to be a
developmental problem in
‘normal’ ‘healthy’ people who
don’t move particularly well

The line between ‘normal’ and ‘abnormal’ is fuzzy.
‘Dysfunction’ is not necessarily overt but invariably
involves subtle variations of what is usually consid-
ered ‘normal’.

In general, seemingly subtle neuromuscular dys-
functions can be discerned in all of us, and have
probably been present for a long while. Inefficient
postural and movement responses exact their toll
over time and by the stage of pain appearance, they
are often well entrenched. The presence of pain
further compounds the problems with movement
control. Whether we ‘succumb’ or not will depend
upon the quality of our intrinsic neuromotor blue-
print and the further influence of various other
factors which combine towards a ‘tipping point’ and
so, various symptom development. Obese couch
potatoes get back pain but so do gymnasts and ‘fit’
secretaries.

The model presented attempts to assist the prac-
titioner in ‘seeing’ what might be some of the more
common underlying altered patterns of neuromuscu-
lar function which may underpin each individual
patient presentation albeit with differing combina-
tions of influential factors.

The movement dysfunction seen in patients with
back pain is not a simple problem and there are no
simple answers. Added to which for many, the neu-
romuscular ‘changes’ appear so subtle as to be con-
sidered insignificant. However the spine, like any
column does not relish eccentric loading. Little
changes can mean a lot where imbalance in its func-
tion is reflected in significant changes in the body’s
holistic function and wellbeing.
‘Owning your problem’
of back pain

The model presented argues that, in certain
respects, the patient with back pain is ‘caught in
the loop’ of a self inflicted, self sustaining cycle of
posturomovement dysfunction. It is largely about
habitual behavior. However, it is generally a case
of ‘Forgive them Father, for they know not what
they do’. The job of the practitioner is to discern
and effectively treat the reasons for the pain, and
educate the patient about his role in its genesis.
The patient needs to accept and see that the way
he postures and moves contributes towards much
of his problem through poor awareness and bad
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habits. He needs to be an active participant in his
treatment program, and have a desire to get better,
believing that change is possible. He needs to be
prepared to make the necessary adaptations for
change to ensue.

If nothing changes, nothing will change!
However, the degree to which change can be made

will obviously vary according to the stage of the disor-
der, the degree of entrenched patterns of dysfunction,
the magnitude of structural changes as well as psy-
chosocial aspects. Therapeutic expectations need to
be realistic and endeavors pragmatically directed to
those who genuinely seek help. The ‘helper’ needs
to possess an impressive ‘armory’ of clinical practice
tools and abilities and above all, be altruistic.

The wider implications
of the model

An understanding of the model presented invites its
broader application into the rationales underlying
most exercise and fitness programs, including the
committed practice of yoga.

The model presents marked implications for
both the medical and insurance industries in the
370
manner in which they view and approach the treat-
ment of back pain. The patient should not be the
passive recipient. Frequently ‘the fault’ lies with
the way the patient performs the simple everyday
tasks rather than with ‘someone or something else’.
However, the patient really needs help in overcom-
ing the pain that he has, in understanding why it is
there and appropriate and specific guidance relevant
to his problem and in learning new ways to counter
the factors that have led to it.

There are also significant implications for
research design in the hitherto use of ‘healthy’ and
‘normal’ controls. To date this has usually meant
‘without pain’. The quality of a subject’s kinematic
patterns of movement may/not be less than ideal
yet time and circumstance have been kind, with
no pain episodes . . . to date. With a commitment
to heal, simple observation, sensitivity, intuition
and connection with one’s own somatic intelligence,
the practitioner can better appreciate the qualitative
rather than the quantitative aspects of movement
function. Herein it is suggested, lie the makings
for a better understanding of ‘back pain’ and its man-
agement. This is more likely to lead to more func-
tionally relevant therapeutic and research design
and potentially better outcomes for all concerned.



Glossary
ACMs Anterior chest muscles

APA Australian Physiotherapy Association
APR Anterior pelvic rotation

IVD Intervertebral disc

IVF Intervertebral foramen
APXS Anterior pelvic crossed syndrome

ASIS Anterior superior iliac spine

ASLR Active straight leg raise

BOS Base of support

BPD Breathing pattern disorders

BPR Backward pelvic rotation

BSR Backward shoulder rotation

BTS Belted torso syndrome

CAC Central anterior cinch

CCC Central conical cinch

CCJ Cervico cranial junction

CCPs Central cinch patterns

CLBP Chronic low back pain

CNSLBP Chronic non specific low back pain

COG Centre of gravity

COM Centre of mass

COP Centre of pressure

CPC Central posterior cinch

CTJ Cervicothoracic junction

DBP Dysfunctional breathing pattern

EO External oblique

ERs External rotators

ES Erector spinae

FBP Forward bend pattern

FPPs Fundamental pelvic patterns

FPP1 1stFundamental Pelvic pattern

FPP2 2ndFundamental Pelvic pattern

FPP3 3rdFundamental Pelvic pattern

FPR Forward pelvic rotation

FSR Forward shoulder rotation

FSU Functional spinal unit

HVS Hyperventilation syndrome

IAP Intra abdominal pressure

IO Internal oblique

IRs Internal rotators
I/Ts Ischial tuberosities

LBP Lower back pain

LD Latissimus dorsi

LOG Line of gravity

Logf Line of gravitational force

LPU Lower pelvic unit

LS Layer syndrome

LSJ Lumbosacral junction

M & LT Middle and lower trapezius

MS Mixed Syndrome

NPRM Normal postural reflex mechanism

PFM Pelvic floor muscles

PIR Post isometric relaxation

PKB Prone knee bend

PPPP Peri-partum pelvic pain

PPR Posterior pelvic rotation

PPXS Posterior pelvic crossed syndrome

PSIS Posterior superior iliac spine

PXS Pelvic crossed syndromes

RA Rectus abdominis

S-C Sacrum-coccyx

SCM Sternocleidomastoid

SGMS Systemic global muscle system

SIJ Sacro iliac joint

SLMS Systemic local muscle system

SPI Serratus posterior inferior

STNR Symmetrical Tonic Neck Reflex

SXS Shoulder crossed syndrome

T/B Tail bone

T/L Thoraco-lumbar

TLJ Thoraco-lumbar junction

TLR Tonic Labyrinthine Reflex

Tr A Transverse abdominis

UT Upper trapezius

1� Primary
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Index
A
abdominal bracing, 121–2, 235

abdominal hollowing exercise (AHE), 121, 122
abdominal muscle group, 122–6

central anterior cinch, 242–3

defective pelvic control, 176, 180, 181

dysfunctional breathing patterns, 198, 226, 233, 235

functional classification, 58, 59, 63, 64–5, 66–7

layer syndrome, 255

observation, 301, 302

pelvic crossed syndromes, 228–9, 235

pelvic floor muscles and, 109, 110, 180, 181

pelvic tilt, 116, 117, 235

pelvic tilt exercise, 125–6

spinal stability, 122, 125
body cylinder, 94

breathing, 89, 92, 93

core control, 121–2, 181

intra-abdominal pressure mechanism, 86–8

thoracic dysfunction, 202

see also specific muscles

abdominal reflex, 14

active elongation, 47, 292, 317, 354, 361

active straight leg raise (ASLR) test, 42–3, 315–16

external oblique weakness, 125

sacroiliac instability, 178, 179, 315–16

activities of daily living, 298, 345–6

activity, diagnosis and, 4

adaptive motor behavior, 160–1, 162, 188, 218, 244

adductors, pelvic myomechanics, 119

adolescents, low back pain, 275–6

agonist muscles, 46, 47–8

‘Allah’ exercise, 322, 323–4, 346–7

amphibian reaction, 15

anal rooting reflex, 13

ankle flexion test, 315

ankle strategy, postural equilibrium, 85–6, 156

antagonist muscles, 46

co-activation, 25–6, 47–8, 81–2

anterior pelvic crossed syndrome (APXS), 219, 226–33,

234, 235, 239

belted torso syndrome, 258, 260, 261

butt-gripping, 245, 246–7

central cinch patterns, 240, 243

anterior pelvic rotation, 100
anterior pelvic tilt, 107, 116

butt-gripping, 245–6

antigravity control, defective, 167–70, 202

anxiety, 269

arm movement see upper limb movement

arousal

dysfunctional breathing patterns, 199

reflex muscular responses, 82–3

assessment of patients, 298, 299–343

movement testing, 298, 303–24

observation, 298

passive testing, 298, 322–4

asymmetrical tonic neck reflex (ATNR), 17

autonomic nervous system, 282–4

avoidant pain behavior, 5, 218

axial rotation defects, 188–91, 225, 231
B
back pain see low back pain

balance see equilibrium

base of support (BOS), 38

grounding, 355–7

pelvic, 167, 168–9

postural equilibrium, 84, 85–6

reduced weight shift control, 191–4

beliefs, 270

belted torso syndrome (BTS), 239, 256–11

bending

abdominal muscle group role, 125

click-clack phenomenon, 174, 230

defective pelvic control, 174–5

exercise therapy, 357–10

flexor pattern influence, 182

hip and thigh muscle tightness, 289, 290

iliopsoas muscles, 118

lifting, 126, 128–9, 175

movement testing, 304

patterns of forward, 126–9, 174–5, 290, 304

pelvic crossed syndromes, 225, 230–11, 234–5

bending stresses, spine, 79

bent knee fallout (BKF), 312

Bergmark’s muscle classification, 58–9, 60,

61–2, 65, 67

biomechanical model of back pain, 5
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body on body righting reaction (BOB), 19

body cylinder, 93–6

lower pole, 96–130, 141–4, 208

therapeutic approach, 297–8

upper pole, 131–41, 208

upper-lower function, 141–4

upper-lower role reversal, 208

body on the head righting reaction (BOH), 18, 19, 28

bottom end over, 345

brain

exercise therapy, 352

stiffness, 207

upper-lower body role reversal, 208

see also central nervous system (CNS)

breath holding, 83, 93, 198

breathing

central cinch patterns, 245

core control, 122

dysfunctional patterns, 196–9, 226, 232–3, 235

emotion-motion link, 269

exercise therapy, 352

intra-abdominal pressure mechanism, 87–8

in manual therapy, 326–7

movement testing, 308, 309–10, 316–17, 319

paradoxical, 93, 198

pelvis and, 92, 108, 181, 198, 226, 232–3, 235

postural reflex mechanism, 61

spinal stability, 31, 33, 87–93

standing posture and, 40–1

stress responses, 82, 83, 93, 269

thorax shape, 137

bridging, 312, 315, 357–8

butt-gripping, 240, 245–7
C
calf muscle, 301

carrying, 268

central anterior cinch (CAC), 229, 230, 231, 232–3,

242–3, 245

central cinch patterns (CCPs), 187–8, 240–45

lateral spinal movements, 191

pelvic crossed syndromes, 224, 225–6, 229, 231,

232–3, 240–45

reduced weight shift control, 193, 194

thoracic dysfunction, 204

central conical cinch (CCC), 231, 233, 243–4, 245

central nervous system (CNS)

altered multisegmental muscle function, 281

back pain patients, 159–60, 161–2, 163, 266

exercise therapy, 352–3

functional pathology of the motor system, 153
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functional spinal units, 282

movement development, 11, 12–13, 25, 26–7, 56–7

muscle classification, 56–7

muscle fatigue, 157

muscle imbalance, 46, 156

see also brain

central posterior cinch (CPC), 231, 233, 240–42, 243, 245

centre of gravity (COG), 37–8

centre of pressure, 38

cervical spine, 131, 141

axial rotation defects, 190

craniocervical flexion test, 318–19

flexor/extensor imbalance, 187

junctional regions see cervicothoracic junction;

craniocervical junction

layer syndrome, 255

movements, 75

mutual behavior between curves, 77

shoulder crossed syndrome, 249, 250–61, 252–3

cervicocranial junction see craniocervical junction

cervicothoracic junction (C7/T1/2), 78, 141, 206

manual therapy, 338–40

shoulder crossed syndrome, 252–3

chairs, 266–7

child movement development, 11–34, 56–7, 68, 265–6

childbirth, pelvic girdle pain, 178, 179, 230, 349–50

children, low back pain, 275–6

chronic non-specific low back pain (CNLBP), classification,

4–5, 217–18

pelvic crossed syndromes, 219–35

see also low back pain

classifying back pain, 4–6, 217–18

pelvic crossed syndromes, 219–35

clavicle see shoulder girdle

click-clack phenomenon, 174, 230

closed kinetic chain movements, 48–9

hip, 100–4, 174–6

clothes fashions, 268–9

coccygeus, 108

see also pelvic floor muscles (PFM)

coccyx (tail bone)

continence, 181

exercise therapy, 353

head and, 16, 78

manual therapy, 328, 332

movement development, 13, 16

movements, 76, 98, 100, 101, 102

cognitive state, functional evaluation and, 50–1

compensatory motion, movement analysis, 50

compression stresses, spine, 78, 79

concentric action, muscles, 46, 47

conditioning, 347–8

continence, 180–1, 247

contingent adaptations theory, 160–1, 162, 188
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control impairment, 5–6, 218

core control, 121–2, 170, 181

see also pelvis; defective control

counternutation, sacral, 98

cranial nerves, 340–51

craniocervical flexion test (CCF), 318–19

craniocervical flexors (CCF), 252, 340

craniocervical junction (C0/1/2), 78, 141, 206, 252

manual therapy, 340–43

creep, 79

cultural trends, 267–9

customs, 269

cylinder, body as see body cylinder
D
deep muscle systems, 62

see also systemic local muscle system

defensive neuromuscular reactions, 83, 250–1

dermatome charts, 284, 285

development, posturomovement, 11–34, 56–7, 68, 265–6

diagnosing back pain, 3–4, 217–18, 297

pelvic crossed syndromes, 219–35

diaphragm

belted torso syndrome, 257, 259–61

central cinch patterns, 242, 245

dysfunctional breathing patterns, 196–7, 198–9,

226, 233, 235

exercise therapy, 357

function assessment, 333, 334

pelvic crossed syndromes, 226, 233, 235

spinal stability, 87–94, 95, 134

diaphragm (pelvic) see pelvic floor

distorsion

movement testing, 317

pelvic ring, 103–4

in sitting, 106, 107

distress, 83, 160

dome

exercise therapy, 354

manual therapy, 337–8

movement testing, 321, 323

thoracic dysfunction, 200, 206

dynamic posture, 41, 84

dynamic systems theory, 11–12

dysfunction-pain relation, 1, 51–2, 161, 270, 279

see also posturomovement dysfunction
E
eccentric action, muscles, 46, 47

eccentric muscle control, 46, 47

effort response, 83–4
elbow, growing to the ceiling, 307, 308

endurance, muscle, 45–6, 360

equilibrium

neuromuscular system, 84–6

postural reflex mechanism, 61, 156

reduced perceptual awareness, 195

reduced weight shift control, 191–4

equilibrium reactions, 22–3, 34

erector spinae

central cinch patterns, 241

defective pelvic control, 178

flexion relaxation phenomenon, 82, 224

observation, 299

pelvic crossed syndromes, 224

eustress, 83, 160

evidence-based practice, 7–8

examination of patients, 299, 325

exercise

home programs, 346–7

recreational, 271–74

therapeutic see exercise therapy

exercise therapy, 346, 347–63

classifying back pain, 7

diagnosing back pain, 4

extension (parachute) reaction, 22

extensor mechanism of body, 142–3

extensor patterns, 159–60, 183–8, 224, 233–5

layer (stratification) syndrome, 186, 187, 255–6

extensor response development, 25–6, 27–8, 31, 34, 160

extensor thrust reflex, 15

external oblique (EO), 122, 123, 124, 125

posterior pelvic tilt exercise, 126

eye movements, 141
F
facet (zygapophysial) joints, 74–6

altered loading stresses, 280

junctional regions, 78

loading, 79, 80

manual therapy at lumbosacral junction, 332

nerve supply, 282

pain, 285–6

thoracic dysfunction, 203

fascial system, 80–1, 142–3

fashion, 268–9

fatigue, muscle, 157–8

fear, 269

femur

adductors in pelvic myomechanics, 119

biomechanical function of the pelvis, 96

bracing the pelvic arches, 97

defective pelvic control, 176

hip bone (innominate) and, 99
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hip rotator balance, 119

iliopsoas muscles, 118–19

muscle tightness, 317–18

pelvic tilt, 112, 173

spatial pelvic movements, 105, 107

walking, 144

fetal movement, 12

fight or flight response, 82

fitness industry, 273–4

fixator muscles see stabilizer muscles

flexion/abduction/external rotation tests, 317, 320, 321

flexion/abduction/internal rotation test, 317, 318

flexion relaxation phenomenon, 82, 224

flexor patterns, 159–60, 182–3, 186–8, 233–5

layer (stratification) syndrome, 186, 187, 255–6

flexor response development, 25–6, 27–8, 31, 34, 160

flexor withdrawal reflex, 14–15

foot, 130, 132

exercise therapy, 354, 356

lower kinetic chain, 207–208

four point kneeling, 183, 184, 185, 358

functional classification, muscles, 55–68

functional control, movement analysis, 41–2, 49

functional motor control model, exercise therapy, 348–9

functional movement model of back pain, 5, 6

see also posturomovement dysfunction

functional pathology of motor system, 153–4

pattern generating mechanism, 279–92

functional restoration rehabilitation model, 347–8

functional spinal units (FSUs), 74–5

loading, 79–80, 279–88, 290

fundamental pelvic patterns (FPP), 101–4, 110–12

defective pelvic control, 171

exercise therapy, 357–8

manual therapy, 329

movement testing, 310–12, 314, 319–20

pelvic crossed syndromes, 224–5, 230–41
G
Galant’s reaction, 13–14

gastrocnemius-soleus (GS), 301

gemellus see obturator group

genetic flexors and extensors, 160

Gillet (stork; kinetic) test, 105

global muscles, 50, 58, 59, 60, 62

see also systemic global muscle system (SGMS)

gluteal muscle group, 142

belted torso syndrome, 258

butt-gripping, 245–6

defective pelvic control, 178

hip rotator balance, 120

observation, 300
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sagittal pelvic tilt, 116

tightness, 289–92

gravity

centre of, 37–8

defective antigravity control, 167–70, 202

line of, 37, 38, 39–40

postural reflex mechanism, 61

groin pain, 176, 179

grounding, 355–7

gym training, 273–4
H
habitual posturomovement strategies, 163, 280

symptom modification, 344–5

hamstrings, 288–92

active elongation, 292, 317, 318

belted torso syndrome, 258

defective pelvic control, 173, 176

extensor mechanism of body, 142

forward bending, 128–9, 289

movement testing, 317, 318, 321

observation, 300

pelvic crossed syndromes, 229, 230–41

sagittal pelvic tilt, 114, 116, 173

hands, four point kneeling, 183, 358

head, 131, 141

axial rotation defects, 189

coccyx and, 16, 78

craniocervical junction, 78, 141, 206, 252, 340–43

exercise therapy, 353

load carrying on, 268

movement development, 13, 16–19, 20, 26–7, 28, 33

reduced perceptual awareness, 195

shoulder crossed syndrome, 249, 250–61, 252–3

spinal stability, 93, 94

hip bone (innominate), 99–100

biomechanical function of the pelvis, 96

defective antigravity control, 168

forward bend patterns, 128–9

hip rotator balance, 119–21, 320, 332

inflare, 100–1, 102, 103, 117, 330, 331

ischial swing, 117, 173, 193, 245–7

manual therapy, 330

movements, 98, 100–4, 106–7

outflare, 100–1, 102, 103, 117

pelvic tilt, 112, 117, 173

respiratory mechanics, 108

sacroiliac stability, 96–7, 178, 179

symptom modification, 344, 345

see also sacroiliac joint

hip joint

adductors’ role in pelvic myomechanics, 119

defective pelvic control, 174–7
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imbalanced rotation, 299

lower limb extensor mechanism, 143

pelvic tilt, 112

sacroiliac stability, 96–7

spatial control of the pelvis, 105

stiffness, 206–7

two-joint muscles, 50

walking, 144

hip movement testing, 307, 308, 309, 312–15, 317,

319, 320–22

hip muscle restrictions, 289–92

observation, 300

pelvic crossed syndromes, 221–4, 225, 227, 230, 240

hip strategy, postural equilibrium, 86, 156

‘hip stretching’, 184

Hoepke’s myofascial meridians, 68

home exercise programs, 346–7

homolateral movement patterns, 32, 34

homologous movement patterns, 31, 34

hopping reaction, 22

horizontal generalization rule, 154, 189

humerus, head of see shoulder girdle

hyperventilation syndrome (HVS), 198

hypocapnia, 198–9

hysteresis, 79
I
iliacus, 117–19

belted torso syndrome, 257

core control, 122

defective pelvic control, 173, 174, 176, 179

functional classification, 67

hip bone (innominate) movements, 101

hip rotator balance, 119, 120

load transfer through pelvis, 111

movement testing, 312–14

pelvic crossed syndromes, 225, 228, 229

pelvic tilt, 113–15, 116, 117, 173, 174

trigger point tenderness, 330, 331

iliopsoas muscles see iliacus; psoas

ilium see hip bone (innominate); sacroiliac joint

incontinence, urinary, 180–1, 247

inflare, 100–1, 102, 103, 117, 330, 331

inhibition

movement analysis, 44–5

movement development, 29–30

innominate bone see hip bone

instability model, exercise therapy, 348

internal oblique (IO), 122, 123, 124, 125

functional classification, 58, 59, 63, 64–5, 66

intervertebral discs
functional spinal units, 74–5, 282

loading, 79–80

intra-abdominal pressure (IAP) mechanism, 86–8,

180, 316–17

ischium see hip bone (innominate)

isometric contraction, muscle, 46
J
Janda’s muscle classification, 57–8, 60, 65, 67

joints

altered loading stresses, 281

basic lumbar pattern, 337

functional pathology of the motor system, 153

manual therapy, 326–43

passive testing/treatment, 298, 322–4

pelvic girdle pain, 179–80

stiffness, 207, 324, 345

see also specific joints

junctional regions of the spine, 77–8, 132–3, 134–6,

141, 202–4, 206, 327–43
K
key alignment and control test (KACT), 360

kinematic coupling, 101–4

kinematics, 37

kinesthetic awareness, 194–5

kinetic chain movements, 48–9

hip, 100–4, 174–6, 207

lower limb, 207

kinetic (stork; Gillet) test, 105

kinetics, 37

knee

axial rotation defects, 190

bent knee fallout test, 312

central anterior cinch, 242–3

flexion test, 315

forward bending research, 289

lifting, 126, 130

manual therapy, 331

prone knee bend, 320

two-joint muscles, 50

kneeling, 358–60

four point, 183, 185, 358
L
labryinthine righting reaction (LRR), 18, 19, 28

labyrinthine reflex, tonic (TLR), 17, 28

Landau reaction, 19

lateral spinal movements, 191
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lateral trunk movements

development, 13–14

shift or ‘list’ patterns, 247–8

latissimus dorsi, 121, 142

axial rotation defects, 190

shoulder crossed syndrome, 253, 254

layer (stratification) syndrome, 186, 187, 239, 255–6

leg see lower limb

levator ani, 108

see also pelvic floor muscles (PFM)

lifestyle, 266–7, 270

lifting, 126, 128–30, 175

ligaments, spinal, 80

limb load tests, 312–16, 320–21

active straight leg raise, 42–3, 125, 178, 179, 315–16

line of gravity (LOG), 37, 38, 39–40

load carrying, 268

loading for bridging, 312, 315, 357–8

local muscles, 58, 59, 60, 62

see also systemic local muscle system

local pain, 285–8

lordosis, 219–21, 223–4

low back pain (LBP), 1–2, 3

adolescents, 275–6

biopsychosocial model, 6–7

children, 275–6

classification, 4–6, 217–18, 219–35

continuum concept of dysfunction, 51–2

contributions to posturomovement dysfunction, 265–76

diagnosis, 3–4, 217–18, 297

evidence-based practice, 7–8

features of posturomovement dysfunction, 167–208

functional pathology of motor system, 153–4, 279–92

implications of the model, 369–70

motor behavior changes, 153–63, 181–8

movement analysis, 37–52

muscle classification, 55–68

normal function of torso, 73–144

pelvic crossed syndromes, 219–35, 240–48

posturomovement development, 11–34, 56–7, 68, 265–6

therapeutic approach, 297–363

lower limb

ASLR load test see active straight leg raise

bilateral activation, 185–6

defective pelvic control, 177

exercise therapy, 354, 355, 361

extensor mechanism, 143

flexor pattern influence, 182–3

movement testing, 306–7, 312–16, 319, 320–1

observation, 300, 301–302

stiffness, 207

upper-lower body role reversal, 208

walking, 144
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lower pelvic unit (LPU), 110–12, 115–16, 117, 122, 128

defective control, 170–1

exercise therapy, 357–8

movement testing, 310–12, 314, 315, 316, 317, 319–20

lumbar spine

autonomic nervous system, 285

axial rotation defects, 189, 190, 191

blocks and hinges, 205

central conical cinch, 243

flexion relaxation phenomenon, 82

flexor/extensor imbalance, 186–7

junctional regions see lumbosacral junction;

thoracolumbar junction

lateral shift patterns, 248

layer syndrome, 255

loading stresses, 279–88, 290

lordosis, 219–21, 223–4

manual therapy, 328–32

movements, 76

mutual behavior between the curves, 77

pelvic crossed syndromes, 219–21, 224, 225–6, 229,

230–41, 234

pelvic postures and movements, 77, 98–107

reduced perceptual awareness, 194–5

stiffness, 207

lumbosacral junction (L5/sacrum), 78, 206

axial rotation defects, 190

manual therapy, 328–32

movement testing, 307

walking, 144
M
maladaptive movement behavior, 6, 160–1, 188, 218, 244

manual therapy, 298, 324–44

mechanical loading model of back pain, 5

mobility muscles see phasic muscles (mobility muscles)

mobility-stability relationship, 30–1, 49–50, 59–60, 353,

362–3

mobilizer muscles, 59–60

Moro reflex, 14, 266

morphology, muscle, 55, 56

motion segments see functional spinal units

motivation, functional evaluation and, 50–1

motor control development see posturomovement

development

motor control model

back pain, 5, 6, 217–18

exercise therapy, 348–9

see also posturomovement dysfunction

movement actions, muscle classification, 56

movement analysis, 37–52

see also movement testing
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movement classes, 351–52

movement development, 11–34, 56–7, 68, 265–6

movement dysfunction

classifying back pain, 5–6, 217–18, 219–35

continuum concept, 51–2

pain as, 1–2

see also posturomovement dysfunction

movement quality see quality of movement

movement testing, 298, 303–24

see also movement analysis

multifidus

belted torso syndrome, 258

functional classification, 59, 63, 64–5, 66

muscles

abdominal see abdominal muscle group

active elongation, 47, 292, 317, 354, 361

adductors in pelvic myomechanics, 119

behavior around the spine, 81–6

body cylinder, 93–4

classification, 55–68

classification of low back pain, 6

co-activation, 25–6, 47–8, 62–3, 81–2, 159–60, 235

core control, 121–2, 181

extensor mechanism of body, 142–3

in forward bending, 128

head and neck, 141

hip bone (innominate) movement, 101, 102

hip rotator balance, 119–21, 320, 332

lower pelvic unit see lower pelvic unit

movement analysis, 41, 42, 43–51

movement development, 16, 20–1, 25–9, 56–7

neuromyofascial system, 80–1, 142–3

observation, 299–302

pelvic floor see pelvic floor muscles (PFM)

pelvic tilt, 113–16, 117, 125–6, 173–4, 233–5

posturomovement dysfunction, 153, 154–61
altered loading stresses, 279–88, 290

altered tone with back pain, 159–60

belted torso syndrome, 256–61

butt-gripping, 245–7

central cinch patterns, 240–45

defective antigravity control, 168–70

defective pelvic control, 170–81

delayed reaction times, 158

dysfunctional breathing patterns, 196–7, 198–9, 226,

232–3, 235

extensor patterns, 159–60, 183–8, 224, 233–5, 255

fatigue, 157–8

flexor patterns, 159–60, 182–3, 186–8, 233–5, 255

hip/thigh muscle tightness, 289–92, 317–18

imbalance, 155–7, 186–8, 248–9

impairment preceding pain, 154, 188

layer (stratification) syndrome, 186, 187, 239, 255–6

pain effects on motor control, 158
pelvic crossed syndromes, 221–35, 240–48

reduced perceptual awareness, 195

shoulder crossed syndrome, 248–51, 252–4

thoracic dysfunction, 199–200, 201–2, 204

regional stabilization of pelvis, 121

sacroiliac stability, 97

shoulder girdle, 139–40, 142, 189

spatial pelvic movements, 106, 107

spinal stability, 86–93, 94, 118, 125

thorax, 133–7, 142

two-joint, 50, 65

walking, 144

myofascial meridians, 68

myofascial testing, passive, 322–4

myotome charts, 285, 288
N
navel-yielding reactions, 22

neck see cervical spine

neck on body righting reaction (NOB), 19

neonates, movement development, 12–17

nerve root compression, 287, 288

neuromuscular system, 81–6

active elongation, 361

back pain patients, 159–60, 161

belted torso syndrome, 256–61

central cinch patterns, 240–45

classifying back pain, 218

continuum concept of dysfunction, 51–2

defective antigravity control, 168, 169

fatigue, 157–8

hip and thigh muscle tightness, 289, 290–2

implications of the model, 369–70

loading stresses in FSUs, 279–88, 290

movement development, 14–15, 30, 34, 265–6

pelvic floor dysfunction, 180–1

pelvic girdle pain, 179–80

reduced perceptual awareness, 195

shoulder crossed syndrome, 250–61, 253

neurophysiological model of back pain, 4

neutral pelvis, 77, 308

neutral zone, spine, 74

normal postural reflex mechanism (NPRM), 60–1,

156–7, 191–4

nutation, sacrum, 98, 99, 101
O
oblique muscles see external oblique; internal oblique

observation of patients, 298, 299–303

obturator group, 110

belted torso syndrome, 258

defective pelvic control, 174, 181
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forward bending, 128–9

hip rotator balance, 119–20

pelvic crossed syndromes, 228, 229

pelvic tilt, 113, 114–15, 116, 117, 173, 174

open kinetic chain movements, 48, 49

hip, 104, 176

optical righting reaction (ORR), 18, 19, 28

oral reflexes, 13

orthotics, 268–9

outer-spatial equilibrium reactions, 23

outflare, 100–1, 102, 103, 117

overactive strategy, antigravity, 167, 169–70
P
pain, 284–8

dysfunction and, 1, 51–2, 154, 161, 270, 279

reflex breath holding, 83

reproduction, 325

see also low back pain; posturomovement dysfunction

pain provocation behavior, 218

palpation, manual therapy, 324–43

parachute (extension) reaction, 22

paradoxical breathing, 93, 198

parasympathetic nervous system, 284

passive strategy, antigravity, 167, 168–9, 202

passive testing/treatment, 298, 322–4

patho-anatomical model of back pain, 4

pectorals, observation, 301, 303

pelvic crossed syndromes, 219–35

belted torso syndrome, 258, 260, 261

mixed (MS), 240–48

pelvic floor, 108–10

butt-gripping, 245–7

dysfunction, 180–1, 247

pelvic floor muscles (PFM), 108–10

belted torso syndrome, 258

butt-gripping, 246, 247

defective pelvic control, 174, 180–1

hip bone (innominate) movements, 102

intra-abdominal pressure mechanism, 87–8, 180

respiratory mechanics, 108

pelvic tilt, 107, 112–17, 125–6

butt-gripping, 245–7

defective pelvic control, 173–4

flexor/extensor proclivity, 233–5

hamstring tightness, 288–9

pelvic crossed syndromes, 234, 235

pelvis, 96–130

abdominal muscle group role, 122–6

adductors’ role in myomechanics, 119

arched structures, 96–7

axial rotation defects, 190, 225
380
belted torso syndrome, 257, 258, 259–61

bend patterns, 126–9, 174–5, 225

biomechanical function, 96

core control, 121–2, 170

see also pelvis; defective control

crossed syndromes, 219–35, 240–48

defective antigravity control, 167, 168–9

defective control, 170–81

exercise therapy, 354, 357

foot and, 130

fundamental patterns see fundamental pelvic

patterns (FPP)

hip and thigh muscle tightness, 290–301

iliopsoas muscles, 111, 113–15, 116, 117–19

key alignment and control test, 360

lifting, 126, 128–30, 175

lower pelvic unit see lower pelvic unit

manual therapy at lumbosacral junction, 329

movement testing, 304–5, 306–9, 310–12, 315–16,

317–18, 319–20, 321–22

movements, 98–107, 110–12, 144

see also pelvic tilt; pelvis; defective control

neutral, 77, 308

pain in, 178, 179–80, 229–30, 234, 349–50

postural asymmetry, 180

postural equilibrium, 84, 85

reduced weight shift control, 192–4

respiratory mechanics, 92, 108, 181, 198

respiratory mechanisms, 92, 108, 181, 198, 226,

232–3, 235

roles, 96

spinal alignment and movements, 76–7, 98–107,

127, 128, 144

spinal stability, 92, 93, 94–5, 118

static posture, 40

superficial muscle slings, 121, 178

symptom modification, 344, 345

thorax alignment over, 134

tilt see pelvic tilt

upper body cylinder and, 141–4

upper-lower body role reversal, 208

walking, 95, 106, 144, 173

see also coccyx; hip bone; pelvic floor; sacrum

perceptuomotor behavior, 159, 194–5, 362

peripartum pelvic girdle pain (PPPGP), 178, 179,

230, 349–60

peripheral pain generator model of back pain, 4

personality types, 269, 270

phasic muscles (Janda’s classification), 57, 58, 60, 65

phasic muscles (mobility muscles), 56–7, 60

physiotherapy

biopsychosocial model of back pain, 6, 7

classifying back pain for, 5–6, 7, 217–18, 219–35

diagnosis and, 4, 217–18
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evidence-based practice, 7–8

inappropriate exercise, 274–5

patient beliefs, 270

posterior pelvic tilt exercise, 125–6

for posturomovement dysfunction see therapeutic approach

reflex breath holding, 83

Pilates, 271–72, 351

piriformis

hip rotator balance, 119, 120

pelvic tilt, 113, 114–15, 117

planes of motion

movement analysis, 38–9

movement development, 30, 33

positive supporting reactions, 15–16, 28

posterior inferior iliac spines (PSIS), 304, 307, 331

posterior inferior opening of the pelvis and hip (PIOPH),
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posterior knee bend (PKB), 331
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233, 234, 235

belted torso syndrome, 260, 261

butt-gripping, 245–6
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posterior pelvic rotation, 100

posterior pelvic tilt, 107, 116
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postural analysis, 39–41

postural control system, 11–12

postural equilibrium see equilibrium

postural muscles (Janda), 57–8, 60, 65
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postural reflex mechanism, 60–1

features of dysfunction in, 156–7, 191–4

postural reflexes, 12–19, 24, 25, 28, 31, 34, 266

postural tone, development, 25, 26, 31–2

posturomovement analysis, 37–52

posturomovement control, muscle classification, 60–8

posturomovement development, 11–34, 265–6

basic components, 24–9

equilibrium reactions, 22–3

inhibition, 29–30

muscle classification, 56–7, 68

planes, 30, 33

quality of neuromuscular status, 30

reflexes, 12–19, 24, 25, 28, 31, 34, 266

respecting stages in, 24

spinal support and control, 20–2, 31–4

stability-mobility relation, 30–1, 362–3

theories, 11–13

posturomovement dysfunction, 1–2

classification of back pain, 5, 6, 217–18, 219–35

clinical syndromes, 239–61
common features, 167–208

continuum concept, 51–2

functional pathology of motor system, 153–4,

279–92

impairment preceding pain, 154, 188

implications of the model, 369–8

movement control, 153–63, 181–8

muscle system, 153, 154–61

pain causing, 270

probable contributions to, 265–76

therapeutic approach, 297–365

pressure, centre of, 38

primitive reflexes, 12, 13–18, 25, 266

prone activities, extensor pattern influence, 184–5

prone knee bend (PKB), 320

prone lying

manual therapy, 331–32, 335–6, 340, 342–3

movement testing, 298, 319–24

propping reaction, 16

proprioception, 156, 159, 194–5

protective equilibrium reactions, 22

protective neuromuscular reactions, 83

protective reflexes, 14–15

psoas, 117–19

belted torso syndrome, 257

butt-gripping, 246

central cinch patterns, 241–42

defective pelvic control, 172, 173, 174, 179

functional classification, 67

functional movement control, 49

hip rotator balance, 119, 120

lateral shift posture, 248

leg-upper torso link, 142

load transfer through pelvis, 111

movement testing, 312–14

pelvic crossed syndromes, 225, 228, 229

sagittal pelvic tilt, 113–15, 116, 173, 174

trigger point tenderness, 330, 331

psychosocial factors, 269–80

evaluation in back pain patients, 159
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shoulder crossed syndrome, 250–61

stiffness, 207

see also stress

psychosocial model of back pain, 4–5

see also biopsychosocial model of back pain

pubic bone see hip bone (innominate)

pull patterns

developmental, 32, 33, 34

exercise therapy, 356
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developmental, 32, 34

exercise therapy, 356
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quadratus femoris see obturator group

quality of movement

analysis, 41–4
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excess effort, 195–6, 233
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hip and thigh muscle tightness, 290

stress/tension patterns, 195–6
R
reach patterns

developmental, 32, 33, 34

exercise therapy, 356

reaction times, delayed, 158

reciprocal limb movements, 15

recreational sport, 271–72

rectus abdominis, 122, 125
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layer syndrome, 255

observation, 301

rectus femoris, 301–304, 318

referred pain, 285–8

reflex hierarchy, movement development, 11

reflex incontinence, 181

reflex neuromuscular stress responses, 82–3

reflexes, movement development, 11, 12–19, 24, 25,

28, 31, 34, 266

rehabilitation model, 347–8

respiration see breathing

respiratory synkinesis, 93

rhomboids, 137, 140, 142
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S
sacroiliac joint (SIJ)

defective pelvic control, 174, 175, 177–80
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manual therapy, 330
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pelvic tilt, 112, 116

stability, 96–7, 177–9, 206, 315–16

walking, 144
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axial rotation defects, 190

bracing the pelvic arches, 96–7

defective pelvic control, 173, 178, 179
382
lumbosacral junction, 78, 144, 190, 206, 328–32

movements, 76, 77, 98–9, 100, 101, 102–4

pelvic tilt, 112, 114–15, 116
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SG ridge, 179

see also sacroiliac joint
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sensorimotor development, 12–13, 26–7, 33–4, 56–7, 265

sensorimotor feedback
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sensorimotor integration

analysis, 41

back pain patients, 159, 161
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shoulder crossed syndrome (SXS), 239, 248–55
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signs and symptoms model of back pain, 5
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spatial awareness, 194–5
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see also pelvis; defective control
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referred pain, 285–8

relationship between the curves, 77, 204

roles, 73–4

sagittal pelvic tilt, 114–15, 173, 174
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core control, 121–2, 181

exercise therapy, 362–3

mechanisms, 86–95, 118, 125, 134

movement analysis, 42–3

movement development, 23, 34

stenosis, 205

stiffness, 205–6, 235, 345

therapeutic approach, 297–365

walking, 144

see also thorax/thoracic spine

sporting activities, 271–72

squat lifting, 126

squat tests, 307–8, 309, 310

squatting, 267

exercise therapy, 357–71

stability challenging, 355

stability-mobility relationship, 30–1, 49–50, 59–60,

353, 362–3

stability muscles see tonic muscles

stabilization exercises, 348

stabilizer muscles, 46, 59–60
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defective antigravity control, 167, 169, 170

extensor pattern influence, 184

flexor pattern influence, 182

movement testing, 298, 304–7

pelvic crossed syndromes, 225, 230–41

reduced weight shift control, 192, 193–4

spatial control of the pelvis, 105–6, 172–3

symptom modification, 344–5

startle reaction, 14, 266

static posture, 39–41, 84

stepping reaction, 22

stepping reflex, 14

stepping strategy, postural equilibrium, 86

sternocleidomastoid (SCM), 252, 301

sternum, 136, 138

stiffness, 205–7, 235, 271, 345

stoop lifting, 126

stork (Gillet; kinetic) test, 105

stratification (layer) syndrome, 186, 187, 239, 255–6

strength

functional restoration rehabilitation model, 347–8

muscle, 43–4, 45–6, 274

strength training, 274

stress, 269–8

belted torso syndrome, 257

dysfunctional breathing patterns, 199

neuromuscular responses, 82–3, 159, 160

quality of movement, 195–6

stress urinary incontinence (SUI), 180–1, 247

stretching, 271, 354, 360–71

hip and thigh muscle tightness, 290, 292, 361

subjective examination, 299

superficial muscle systems, 62

see also systemic global muscle system

supine activities

extensor pattern influence, 185

flexor pattern influence, 183

supine lying

manual therapy, 336, 342

movement testing, 298, 309–19

support base see base of support (BOS)

supportive reflexes, 15–16, 28

symmetrical tonic neck reflex (STNR), 17

sympathetic nervous system, 284

symptom provocation, 218

synergist muscles, 46, 62–3

synergy, muscles, 46

lower pelvic unit, 110–12, 122, 128, 170–1

pelvic floor, 108–10

systemic global muscle system (SGMS), 62, 64, 65, 66, 68

altered qualities in dysfunction, 155, 156

breathing, 89

central cinch patterns, 244
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effort response, 84

hamstrings, 288
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pain effects, 158

pelvic crossed syndromes, 240

pelvic tilt, 116

superficial muscle slings, 121, 178

thoracic dysfunction, 204

walking, 144

systemic local muscle system (SLMS), 62–5, 66–8

altered qualities in dysfunction, 155, 156

central cinch patterns, 240, 244

exercise therapy, 351–55

flexor/extensor imbalance, 186–7

lower pelvic unit, 110–12

pain effects, 158

pelvic crossed syndromes, 240

pelvic tilt, 116

shoulder crossed syndrome, 251

spinal stability
body cylinder, 95

breathing, 88–9

intra-abdominal pressure mechanism, 87–8

thorax, 133–4
T
tail bone see coccyx

tensile stresses, spine, 78–9

tensor fascia lata (TFL), 301, 303

therapeutic algorithm, 298–9

therapeutic approach, 297–363

adjustments to ADLs, 298, 345–6

assessment, 298, 299–345
movement testing, 298, 303–24

observation, 298

passive testing/treatment, 298, 322–4

exercise therapy, 298, 346, 347–63

home exercise programs, 298, 346–7

integrated, 343–7

manual, 298, 324–44

symptom modification, 298, 344–5

therapeutic misadventure, 274–5

thigh muscle tightness, 290–92, 317–18

Thomas test, 317–18

thoracic spine see thorax/thoracic spine

thoracolumbar fascia, 80, 142

thoracolumbar junction (T10/11/12/L1), 78, 132–3

central cinch patterns, 241–42, 245, 247

lateral shift patterns, 247–8

layer syndrome, 255

manual therapy, 333–7
384
myofascial geometry, 134–8

pelvic crossed syndromes, 219, 221–20, 224, 225, 226,

229, 233

shoulder crossed syndrome, 248, 252, 253

spinal stability, 94, 95, 134

thoracic dysfunction, 202–4, 206

thorax/thoracic spine, 131–7, 141

abdominal muscle group role, 122, 123, 125

autonomic nervous system, 284

axial rotation defects, 190, 225, 231

belted torso syndrome, 258–71

blocks and hinges, 205

central cinch patterns, 241–42, 243

cervical spine and, 141

dome, 200–1, 206, 321, 323, 337–8

dysfunction, 199–204

dysfunctional breathing patterns, 197, 226

flexor/extensor imbalance, 187

junctional regions see cervicothoracic junction;

thoracolumbar junction

manual therapy at cervicothoracic junction, 339

movement testing, 308, 309–20, 316–17, 319, 321

movements, 75

pelvic crossed syndromes, 219–21, 224, 225–6,

229, 233, 242

sagittal pelvic tilt, 116–17

shoulder crossed syndrome, 249–8, 251, 252, 253–4

shoulder girdle and, 137, 138, 253–4

spinal stability, 93, 94, 95

stiffness, 207

symptom modification, 345

walking, 144

tonic attitudinal postural reflexes, 16–18, 28

tonic labyrinthine reflex (TLR), 17, 28

tonic muscles (postural muscles), 56–7, 60, 65

torsion, sacral, 98–9

torsion stresses, spine, 79

torso, 73–144

axial spine, 73–96

cervical spine, 131, 141

development, 13–14, 20–2

dysfunction see torso dysfunction

head, 131, 141

muscle classification, 62–8, 186

pelvis, 96–130, 141–4

shoulder girdle, 131, 137–41, 142, 144, 189–90

thorax, 131–7, 142

upper-lower body role reversal, 208

torso dysfunction

axial rotation defects, 188–91

belted torso syndrome, 256–71

central cinch patterns, 240–45

flexor/extensor patterns, 186–8, 224

layer syndrome, 255–6
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see also pelvic crossed syndromes

shoulder crossed syndrome, 248–55

training, physical, 273–4

transversus abdominis, 122–3

breathing, 89

core control, 121, 122

exercise therapy, 349

functional classification, 59, 63, 64, 66–7

hip bone (innominate) movements, 101

intra-abdominal pressure mechanism, 87–8

layer syndrome, 255

pelvic tilt, 117

spinal stability, 125

therapeutic misadventure, 275

trapezius, 137, 140, 142

trauma, 267

Trendelenberg sign, 105

trunk see torso; torso dysfunction

two-joint muscles, 50, 65

see also global muscles; systemic global muscle system

Type I and II muscle fibers, 55, 56, 60, 64
U
upper limb movement

axial rotation defects, 189–90

belted torso syndrome, 258

flexor pattern influence, 183

shoulder crossed syndrome, 251, 253

shoulder girdle, 137–8, 139, 140, 189–90, 253

testing, 306, 307, 319

upper-lower body role reversal, 208

walking, 144, 189–90
V
vertebrae

functional spinal units, 74–5, 282, 283

loading, 79, 80
movements of axial spine, 75–6

thoracic dysfunction, 202

thoracic spine, 131–3

vertical generalization rule, 154
W
walking, 144

axial rotation defects, 189–90

defective pelvic control, 173

iliopsoas muscles, 119

pelvic crossed syndromes, 225–6, 231–32

pelvic motion, 95, 106, 144

walking reflex, 14

weakness, muscle, 44–5

weight bearing

exercise therapy, 356

four point kneeling, 183, 185, 358

lateral spinal movements, 191

weight shift

development, 29, 33, 34

exercise therapy, 354

iliopsoas muscles, 118–19

movement testing, 308

reduced control, 191–4

work-related back pain, 270
Y
yield and push patterns

developmental, 32

exercise therapy, 356

yoga, 272–3, 351
Z
zygapophysial joints see facet (zygapophysial) joints
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