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Foreword 

You all have heard the story of four blind men 
who were asked to examine an elephant. The 
one touching the legs said that it was the trunk 
of a tree. The other, who held the elephant's 
trunk in his hands, was certain that it was a 
rubber hose. The third one felt the sharp bristles 
of the tail and pronounced it to be a bottlebrush. 
The fourth, who was touching the large ears, 
thought them to be fans. Thus all four descrip­
tions were truthful but none identified the animal. 

Clinical spinal instability is like an elephant. 
Even though we know its manifestations, still 
we do not fully understand it. An engineer 
thinks of it as a mechanical structure that has 
become mechanically unstable. An orthopaedic 
surgeon has a different viewpoint. She or he 
thinks of it as a mechanical structure that has 
lost its ability to maintain the normal physio­
logical pa ttems of motion, resulting in clinical 
symptoms of pain and/or neurological dysfunc­
tion. A physical therapist may diagnose the 
problem as the deficiency in the muscular part 
of the spinal stabilizing system. While a more 
severe condition may require complete elimin­
ation of motion at the sight of injury or dysfunc­
tion by fusion surgery, the lesser instability may 
be suitably treated with muscle alterations 
leading to decreased spinal motion. The human 
spine is a remarkable structure, performing 
seemingly conflicting functions: carrying large 
spinal loads, allowing motions in multiple planes 
between body parts, and protecting the delicate 
spinal cord and nerve roots. Mechanical stability, 
both static and dynamic, is needed to perform 
these fundamental functions. As the os teo­
ligamentous spine can carry only a fraction of 

the actual loads to which the spine is subjected 
in daily living, the importance of the spinal 
muscles and their control becomes obvious. 

The authors of this book have produced a text 
that focuses on the spinal muscles, specifically 
on their potential to stabilize the spinal column. 
There is significant biomechanical literature 
describing the role of various anatomical com­
ponents on the stability of the spinal column, 
but this is not the case for the muscles. The 
studies about the role of muscles on spinal 
stability are few. There are inherent difficulties 
in studying the biomechanical role of muscles in 
vivo. The authors have made significant research 
contributions in this field. In this text, they not 
only present their own and others' research on 
the potential for the spinal muscles and their 
neural control to stabilize the spine, but also 
clearly present the hypothesis of the spinal 
stabilizing system, and, most importantly, their 
clinical experience in helping the low back pain 
patient by using their methodology. 

This text, to my knowledge, is a first of its 
kind that attempts to synthesize the available 
information about the dynamic stabilization 
of the spinal column by spinal musculature, 
especially as it relates to the low back pain 
problem. The book is a well-conceived bridge 
between the basic research and clinical practice. 
It should be of significant interest to physical 
and occupational therapists and other pro­
fessionals who clinically deal with the problems 
of the low back. It may even help better identify 
the animal of clinical instability. 

1998 M.M.P 



Preface 

Therapeutic exercise to restore muscle function 
is an integrated part of the body of knowledge 
which constitutes physical therapy. In the past it 
may have been said that therapeutic exercise to 
restore muscle function in back pain sufferers 
was more of an art, where treatment was given 
on a trial and error basis with no clear under­
standing of why some exercises seemed more 
effective than others. The approach to therapeutic 
exercise for low back pain described in this book 
evolved from an early idea, gained from research 
and treatment in physical therapy, that some 
muscles have a primary function for support 
and protection of joints. This idea was expanded 
into a new way of thinking about exercise to 
prevent low back pain recurring or indeed 
occurring in the first place. 

While research is the cornerstone for a greater 
understanding of therapeutic exercise, initially 
the primary challenge was devising the relevant 
research questions that would unlock the 
mysteries of the problems in the muscles of back 
pain patients. The key to the new discoveries 
has been the close link between clinicians and 
researchers in an upward spiral of discovery 
with one step ventured by innovative clinical 
work, the next by innovative scientific dis­
coveries. As each cycle repeated itself, the 
knowledge base gradually grew. This process 
has developed from the mutual recognition by 
clinicians and researchers of each other's par­
ticular talents. 

This spiral of discovery has brought together 
the work of many astute clinicians and inno­
vative scientists. The result is the development 

of a new type of exercise for the management of 
low back pain sufferers, which is presented in 
this book. Spinal segmental stabilization is an 
innovative method of delivering therapeutic 
exercise to the patient. In many ways it is the 
antithesis to traditional exercise methods such as 
strength and endurance training, which have 
formed the basis for the therapeutic exercise for 
musculoskeletal conditions for so long. Spinal 
segmental stabilization is designed to specifically 
improve the underlying joint stabilization rather 
than training functional movement and hoping 
joint control improves concurrently. 

Changing traditional thinking about the 
exercise treatment of a common problem such as 
back pain is always difficult. The enormous 
challenge to effect change was the stimulus that 
led to the writing of this text and allowed us to 
present our ideas for evaluation. Only time will 
tell if a change in thinking does occur and if this 
book does fulfil its role in developing physical 
therapy treatments and in fostering and 
stimulating further research. 

The discovery of motor control problems in 
back pain patients and the subsequent develop­
ments of new measures of these muscle problems 
have given the opportunity to effect change in 
another way. In an era where accountability is 
important, physical therapists must embrace the 
concept that it is not enough that patients 
believe they are improving with treatment. The 
way in which they have benefited from physical 
therapy should be measurable by objective tests 
that assess the way physical treatment is 
changing their physical condition. Tests that 
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reflect change as a result of therapeutic exercise 
to enhance joint stabilization have not been 
available. This book includes the first of these 
measures, with the hope that further research 
and clinical endeavours will see them evolve as 
standard procedures acknowledged by the 
physical therapy and medical professions as 
being appropriate and relevant for evaluating 
their patients' progress. 

Technology is playing an increasingly import­
ant role in both the treatment and assessment of 
the deep muscles. While it is essential that the 
physical therapy profession improve their under­
standing of the skeletal muscle system and 
embraces highly technical equipment such as 
real time ultrasound imaging, it is also vital 
that these skills are introduced appropriately. 
Modalities such as real time ultrasound should 
not be seen as a substitute for high levels of 
clinical skill but rather should be introduced as 
an adjunct to physical treatment modalities. 

What is the future? Now that the function of 
the deep muscles have been discovered and 
specific exercises devised to target them in 
rehabilitation, one vital question remains. In 
some circumstances, can less specific exercises 
also change the motor control problems in back 
pain patients? While we do not believe this is so, 
it remains an important research question for 
physical therapists as well as for many other 
health care professionals and is the focus of our 
continuing research efforts. 

As four good friends we have enjoyed this 
voyage of discovery and look forward to working 
together for many years to come in developing 
and furthering our knowledge of Spinal segmental 
stabiliza tian. 

1998 CR. 
G.]. 

P.H. 
].H. 
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The reason for change 

It is well known that the lifetime incidence of 
low back pain is extraordinarily high, but those 
who incur the majority of the cost, both person­
ally and financially, are the persons who suffer 
recurrent and persistent or chronic pain. Mani­
pulative or manual therapy is one of the funda­
mental treatment methods used by physical 
therapists, osteopaths, chiropractors and manual 
medicine practitioners in the management of 
low back pain. There is evidence that mani­
pulative therapy can be effective for the relief of 
pain and restoration of motion in the short 
term,14,192,304 but this therapy has not met the 
challenge of lessening persistent and recurrent 
episodes of low back pain. This was also our 
clinical experience and, in addition, general back 
exercises appeared to have equal limitations for 
the goal of controlling pain and preventing 
recurrent or persistent episodes of pain.194 

Stabilization programmes attracted our interest, 
with their aims of using the muscle system to 
protect spinal joint structures from further 
repetitive micro trauma, recurrent pain and de­
generative change.181,288,292,293 Our research 
experience with the knee musculature suggested 
to us that the exercises in many of the stabil­
ization programmes were not specific enough. 
Studies of the normal knee indicated that some 
muscles were controlling and supporting joint 
position, while other muscles were more 
concerned with producing joint movement.279 In 
the pathological knee, it was found that the 
muscles controlling and supporting the position 
of the joint were those which were pre­
dominantly dysfunctional. While addressing 

3 



4 INTRODUCTION 

issues such as neutral joint postures and muscle 
co-contraction for joint support, low back 
stabilization programmes did not focus on those 
muscles most likely to protect individual spinal 
joints and did not consider that deficits may be 
present in particular muscles and not in others. 

This book describes specific stabilizing exercises 
that are based on the impairment found in 
particular muscles of back pain patients, and a 
method of exercise which will ensure their func­
tional return. This new direction in therapeutic 
exercise for spinal joint stabilization has been 
developed over several years, its development 
involving clinical problem solving and technical 
skills as well as basic and applied scientific 
research. It was initially through studying how 
the muscles could provide lumbar segmental 
stabilization that insight was gained into the 
type of therapeutic exercise that may be beneficial 
for supporting the spinal joints, controlling pain 
and preventing recurrent bouts of low back pain. 

The biomechanical research by Panjabi262-264 
and others introduced a new framework for a 
more comprehensive interpretation and under­
standing of spinal stabilization, clinical instability 
and its relationship to back pain. Rather than 
limiting the definition of instability to an osseo­
ligamentous insufficiency resulting in abnormally 
large and pathological intersegmental displace­
ments, spinal stabilization is viewed as the 
composite function of three systems, the osseo­
ligamentous system, the muscle system and the 
neural control system. This model highlights the 
important role of muscles, especially the small 
intrinsic muscles of the spine, as well as their 
neural control for segmental stabilization. Break­
down in either the muscles themselves or in the 
manner in which their activity is controlled and 
regulated, as well as inadequacies in the passive 
osseoligamentous structures, can constitute a 
spinal stabilization problem, which can cause or 
perpetuate low ba.ck pain. 

The link between spinal stabiliza tion and low 
back pain raised important issues in relation to 
stabilization exercises: 

• What muscles were most important for spinal 
segmental support? 

• Were these muscles operating in their sup­
porting role in back pain patients? 

• Could dysfunctional muscles be retrained to 
regain their supporting role? 

• Could muscles be trained to compensate for 
impaired passive support? 

In overviewing the stabilizing role of the 
trunk and back muscles our attention became 
focused on muscles which controlled the lumbar 
and lumbosacral joints rather than on muscles 
which span the spine from the thorax to pelvis. 
It was considered that muscles such as the 
lumbar multifidus, transversus abdominis, and 
possibly also parts of the obliquus internus 
abdominis, would most likely function to stabilize 
the segments of the lumbar spine. In order to 
check if these muscles were functioning in low 
back pain patients, it was necessary to devise 
specific muscle tests. 

Drawing in of the abdominal wall is a 
manoeuvre that has been described by Kendall 
& McCreary180 as one that activates the oblique 
abdominal muscles. While some contraction of 
the oblique muscles would be expected, Strohl et 
al,325 Lac6te et al202 and, later, DeTroyer et al83 
described the action of 'pulling the belly in' as 
one in which the transversus abdominis pre­
dominated. We adopted the motor skill of 
drawing in the abdominal wall as the test of the 
function of the deep abdominal muscles. Per­
formance of tasks such as a sit-up provides 
indications of the strength and endurance of the 
entire abdominal muscle group but does not 
indicate the specific function of the transversus 
abdominis. An air-filled pressure device (pressure 
biofeedback unit) was developed to meet the 
challenge of gaining some quantification of this 
deep muscle action.176,281,283 A clinical test to 
assess the action of the segmental lumbar multi­
fidus became another challenge. Lumbar exten­
sion tests the entire erector spinae muscle group 
(including thoracic portions), but does not give 
an indication of the local function of its 
segmentally arranged fascicles,230 An isometric 
test was devised which involved the action of 
slowly activating the muscle under the guidance 
of the therapist'S fingers. The feature of this test 



was that a co-contraction of the deep abdomi­
nals was observed. It was reasoned that the 
observation of this deep muscle interaction had 
potentially considerable functional significance, 
as the co-contraction of these muscles on each 
side of the spine would be able to increase the 
stiffness of the lumbar segments without inter­
fering with trunk movement. 

The development of specific tests to target the 
stabilization function of particular muscles for 
the clinical situation was a considerable step 
forward. It introduced, for the first time, tests 
that addressed a previously uninvestigated 
muscle function, and which could be added to 
the current musculoskeletal assessment of low 
back pain patients. Clinical use of these tests of 
transversus abdominis and lumbar multifidus 
muscle function quickly indicated that patients 
with back pain had difficulties in performance 
that are not so evident in persons who have 
never suffered from back pain. In an early pilot 
trial, a clinician with experience of the clinical 
test of transversus abdominis used the pressure 
biofeedback unit to assess a group of non-back­
pain subjects and a group of back pain patients 
in a single-blind manner.282 This pilot study lent 
support to clinical observations, and revealed 
that only 10% of those with a history of low back 
pain could perform the transversus abdominis 
test, compared with 82% of the non-Iow-back­
pain subjects. Interestingly, the test result 
appeared to be independent of age or gender. 
This pilot study gave some preliminary evidence 
that the presence of transversus abdominis 
dysfunction might discriminate between those 
persons with and those without a history of low 
back pain. 

The exercise skills involved in these clinical 
tests became the basis of our specific exercise 
programmes for improving spinal segmental 
stiffness. Clinically, improvement in the ability 
to perform and hold the deep muscle co­
contraction was found to be closely linked to 
patients' reports of reduction in pain levels, 
expressions that the back felt safer and the 
ability of patients to control their back pain. The 
development of an exercise programme that 
seemed to assist most back pain patients led to 
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the formation of two research streams. One 
involved clinical trials to investigate the efficacy 
of the specific exercise approach. The other 
involved mechanism studies addressing the 
issues of how these particular deep muscles 
stabilized the spine, as well as determining the 
precise nature of the muscle dysfunction in back 
pain patients. 

Two prospective, randomized, controlled 
clinical trials were conducted independently of 
our group on chronic low back pain patients to 
investigate the efficacy of this specific exercise 
programme.257,259 Patient groups in each trial 
had a diagnosed pathology of clinical instability, 
the first study group with radiological evidence 
of spondylolysis and spondylolisthesis and the 
second without any bony defect. These trials 
demonstrated that the 10-week specific exercise 
programme significantly decreased pain and 
increased functional ability in the treatment 
groups. There was virtually no change in pain or 
function in the control groups, who received 
conventional conservative treatments, including 
exercise such as swimming, gym work and sit­
ups. With respect to the long-term effect of the 
specific exercise, the trial group of patients with 
spondylolysis and spondylolisthesis were shown 
to have maintained their improvement at the 30-
month follow-up. Follow-up of the second 
patient group is in progress. It could be argued 
that the sustained pain relief and the increased 
functional levels achieved by tl1e specific 
exercise group could indicate that the particular 
muscles capable of controlling the lumbar 
segment had been trained to compensate for the 
impaired passive joint structures. 

Further information on the mechanisms of 
how the specific exercise training affects back 
pain, disability and recurrence rate has been 
gained from another randomized, controlled, 
clinical trial which examined first-episode acute 
unilateral low back pain patients.136 These back 
pain patients had no demonstrable bony 
pathology on a plain radiograph but, irrespective 
of the nature of the onset of their back pain, all 
demonstrated a reduction in the cross-sectional 
area of the lumbar multifidus at the segment 
and side of pain on ultrasound imaging. This 
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reduction in size is consistent with pain and 
reflex inhibition of the segmental muscle. The 
treatment group undertook the specific exercise 
training involving co-contraction of transversus 
abdominis and lumbar multifidus over a 4-week 
period. These patients demonstrated an increase 
in cross-sectional area of the affected multifidus, 
its cross-sectional area returning to equal that of 
the non-symptomatic side. The control group 
who did not receive the specific exercise but 
who had medical management only and were 
encouraged to resume normal activity, did not 
demonstrate any improvement in the cross­
sectional areas of their impaired segmental 
multifidus muscle over the 4-week period. Most 
importantly, it was shown that the exercise 
group who were able to restore their lumbar 
multifidus size had a significantly lower 
recurrence rate of low back pain episodes 
compared with the control group in the year 
following initial injury.133,137 This study demon­
strated that the specific exercise technique could 
change an impaired muscle. With the positive 
long-term outcome of the treatment group, it 
seems that the multifidus muscle (and probably 
transversus abdominis, although not measured) 
had been retrained to contribute again to joint 
support. 

While the main focus of these clinical trials 
was to demonstrate the efficacy of the specific 
exercise treatment compared with other types of 
conservative management, they contributed to 
knowledge of how the exercise could have 
resulted in beneficial effects in the back pain 
patients. Nevertheless, more detailed studies 
were required, especially of the transversus 
abdominis and the oblique abdominal muscles, 
in order to determine the exact nature of the 
problem in these muscles in low back pain 
patients. Equally, it was necessary to study how 
an exercise which is so specific (i.e. exercising 
some muscles without their synergists working) 
could affect and alleviate the muscle impairments. 

The answers to these questions are emerging 
largely from the research being done by Hodges 
and others. A fundamental discovery was that 
the muscle dysfunction in low back pain was a 
problem in motor control in the deep muscles 

related to segmental joint stabilization. Normally, 
in its spinal supporting role, the transversus 
abdominis appears to be controlled indepen­
dently of the other abdominal muscles. Its action 
is closely linked to that of the diaphragm and 
pelvic floor muscles, and appears to affect spinal 
support through its attachments to the thora­
columbar fascia and its close links to the 
development of intra-abdominal pressure. Its 
contraction with the deep fibres of lumbar 
multifidus during normal function, of which we 
have preliminary clinical and laboratory 
evidence, has allowed us to put forward a case 
for these muscles forming a deep abdominal 
corset controlling the lumbo pelvic joints during 
dynamic and static functional tasks. This pattern 
of motor control is lost in low back pain patients. 
Future studies on transversus abdominis using 
various experimental paradigms will undoubtedly 
shed more light on these motor control problems. 

The studies completed to date within these 
two areas of research have given us confidence 
to suggest that these specific exercises are 
essential in the treatment of low back pain to 
gain long-term pain relief for this common 
musculoskeletal complaint. The research has 
allowed us to refine and modify our original 
exercise strategies in line with the findings of 
motor control deficits in key muscles for 
stabilization. The exercise strategies described 
aim to give clinicians methods to help patients 
relearn a motor skill required for joint support 
with the objective of re-establishing effective 
automatic motor patterns. 

This book presents the basic and clinical 
science on which the exercises for the motor 
control deficits were developed, and describes in 
detail a new evidence-based treatment approach 
to the problem of low back pain. Knowledge of 
the mechanisms of function and dysfunction has 
also guided the development of assessment 
techniques for the motor control deficits in the 
deep muscles. These emerging methods of 
invasive laboratory tests, as well as non-invasive 
clinical assessments of motor control problems, 
are presented. These are likely to rapidly advance 
our knowledge of the neural control mechan­
isms involved in the stabilization of the spine. In 



addition, the development of non-invasive 
clinical tests has led to the recognition of the 
often individual nature of each patient's motor 
control problems. This has guided more efficient 
and optimal methods of retraining the motor 
patterns required for joint support. These non-
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invasive measures have laid the foundation for a 
problem-solving process in therapeutic exercise 
for spinal segmental stabilization. Therapeutic 
exercise thus not only becomes a clinical skill 
but also moves towards becoming a more 
exacting clinical science. 
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segmental stabilizing system of the spine. 



THIS PAGE INTENTIONALLY LEFT BLANK



CHAPTER CONTENTS 

Spinal stabilization 12 

Muscle function in spinal segmental 
stabilization 14 
The concept of muscles designed for spinal 

segmental support 14 
The functional significance of the local muscle 

system 15 
Limitations of the global system in supporting the 

spinal segment 16 

Clinical application 17 
Minimizing forces applied to the lumbar spine 17 
The presence of an operational deep local muscle 

system 18 

Conclusions 19 

Back pain and 
lumbopelvic stabilization: 
the case for the local 
muscle system 

Stabilization of the lumbar spine is a complex 
issue. The study of biomechanical and neuro­
physiological models in relation to spinal stability 
has developed as a major research focus in the 
continuing search towards understanding the 
factors that contribute to, and the treatment of, 
low back pain. This chapter explores a link 
between back pain and lumbopelvic stabilization 
and considers the role of the muscles concerned 
with spinal stabilization. Through such attention, 
some of the directions of therapeutic exercise for 
the treatment of the low back pain patient are 
established. 

The maintenance of spinal stability encompasses 
three main elements: the passive support of the 
osseoligamentous structures, the support of 
the muscle system, and control of the muscle 
system by the central nervous system. Two 
interrelated parameters of spinal stability need 
to be considered due to the multisegmental 
nature of the lumbar spine. The first parameter 
is control of spinal orientation, which relates to 
the maintenance of the overall posture of the 
spine against imposed forces and compressive 
loading. The second is control of the inter­
segmental relationship at the local level (i.e. 
lumbar segmental contro!), irrespective of 
changes in the overall orientation of the spine. 
Efficient stability of the spine is dependent on 
the integrity of both levels of support.106 The two 
parameters are interdependent and yet have 
independent characteristics for their united pur­
pose of the control and protection of the lumbar 
spine and neural elements during daily function. 
Strategies for control of spinal orientation are 

1 1  



12 THE SCIENTIFIC BASIS 

linked to the direction and distribution of the 
external forces acting on the spine?3 Control of 
the lumbar segment and maintenance of a stable 
relationship between adjacent vertebrae is more 
complex. Each lumbar motion segment has six 
degrees of freedom, with rotations and trans­
lations occurring around three mutually perpen­
dicular axes,351 presenting a system with poten­
tially a large amount of redundancy that requires 
control to allow effective function.183 It would 
seem that it is the challenge to control the inter­
segmental relationship or, in other words, to 
maintain sufficient intervertebral stiffness33 for 
normal pain-free ftmction, which is one of the 
key issues in the production and perpetuation, 
and thus the management, of mechanical low 
back pain. 

SPINAL STABILIZATION 

In the clinical sense spinal stability and, con­
versely, spinal instability are terms and 
conditions that have led to considerable debate 
among the medical and bioengineering 
fra ternities.18,33,36,102,106,108,272 Difficulties lie, parti-
cularly in vivo, in gaining a definition of 
instability that would indicate a relationship to a 
pain state and that would generate a method of 
quantification to demonstrate its presence. As a 
consequence, there is currently neither a 'gold­
standard definition of clinical instability nor a 
gold-standard measure.37 

Panjabi262 introduced an innovative model of 
the spinal stabilization system which serves as 
an appropriate model for understanding the 
entity of spinal stability and instability and fits 
the clinical paradigm for the assessment and 
treatment of the muscle dysfunction in the low 
back pain patient. The model incorporates a 
passive subsystem, an active subsystem and a 
neural control subsystem (Fig. 2.1). The passive 
subsystem incorporates the osseous and articular 
structures and the spinal ligaments, and their 
control of segmental movement, not only at end 
of range, but particularly around the neutral 
joint position. While being integral components 
of the spinal stabilization system, the spinal 
ligaments offer most restraint towards the end 

CONTROL SUBSYSTEM 
Neural 

PASSIVE SUBSYSTEM 
Spinal column 

SPINAL 
STABILITY 

ACTIVE SUBSYSTEM 
Spinal muscles 

Figure 2. 1 The three systems that contribute to active 
spinal stabilization. (Adapted from Panjabi262.) 

of the range of movement, but do not provide 
substantial support in neutral joint postures. The 
active subsystem refers to the force-generating 
capacity of the muscles themselves, which 
provides the mechanical ability to stabilize the 
spinal segment. The control of these muscles for 
the requirement of spinal support is described as 
the neural control subsystem. This model 
recognizes that muscles need to be programmed, 
in response to feedback (e.g. from sensory cues 
from ligaments), in order to adjust to any con­
dition at any point in time so that the appro­
priate muscles are activated to the appropriate 
level. Based on this model, Panjabi262 contends 
that the three subsystems are interdependent 
components of the spinal stabilization system 
with one capable of compensating for deficits in 
another. Back pain can occur as a consequence 
of deficits in control of the spinal segment when 
abnormally large segmental motions cause 
compression or stretch on neural structures or 
abnormal deformation of ligaments and pain­
sensitive structures.263 These deficits may poten­
tially be caused by a dysfunction in any of the 
three systems, which cannot be compensated for 
by the other systems. 

What constitutes instability at the segmental 
level has been a point of debate, and it has been 
variously defined as a loss of joint stiffness,lo6,272 
an increase in mobility and abnormal spinal 



motion,103 and changes in the ratios of segmental 
rotations and translations.35o Traditionally, 
instability has been more aligned with the 
presence of abnormal motion at the end-point of 
the range, even though instability has long been 
associated with degenerative disease where the 
segment may exhibit lesser total motion. In con­
trast, Panjabi's262 hypothesis identifies control of 
intersegmental motion around the neutral zone 
as a major parameter of spinal instability 
involved in the mechanism of clinical instability. 
The load-deformation behaviour of the spinal 
segment is non-linear and is highly flexible in 
the vicinity of the neutral position. This is the 
region known as the neutral zone262 (Fig. 2.2). 
Motion occurs in this region of the physiological 
intervertebral motion against minimal internal 
resistance, with the ligamentous structures 
providing restraint in the elastic zone to limit 
end range of motion. The neutral zone presents 
a specific problem to the spinal stability mechan­
ism, and there is evidence supporting its 
contribution to clinical instability. Injuring the 
spine in vitro by dividing ligaments or the disc 
or removing the posterior spinal elements 
results in potentially multidirectional instabilities 
and an increase in both the neutral zone and 
physiological range of motion?,265 In a study 
subjecting porcine cervical spines to high-speed 
trauma, the neutral zone was found to increase 
to a greater extent than the range of motion, and 

LOAD 

t 
Range of motion 

Flexion 

Extension 

Figure 2.2 Schematic representation of the load­
deformation behaviour of the spinal segment highlighting the 
region known as the neutral zone. (Reproduced with 
permission from Panjabi.264) 
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also to be the first indicator of the onset of 
injury?60 In a pivotal study which suggests a 
link between excessive neutral zone motion and 
pain, the effect of external fixation of the cervical 
segment was evaluated. This technique is used 
clinically to evaluate the effect of fixation on the 
likely control of spinal pain as a prognostic 
indicator for treatment by spinal fusion. When 
the technique was applied to cadaveric cervical 
spine specimens, the motion parameter that 
decreased the most was the neutral zone (71 %, 
compared to a 38% decrease in the total range of 
motion).262 This evidence of the sensitivity of 
and increase in the neutral zone relating to 
spinal instability has led to a new definition of 
clinical instability: 

Clinical instability: A significant decrease in the capacity of 
the stabilizing system of the spine to maintain the 
intervertebraL neutral zones within physioLogicaL Limits 
which results in pain and disability. (Panjabi,262 p. 394). 

While the concept of the neutral zone was 
developed from studying passive structures, it is 
the contribution of active muscle contraction or 
muscle tone in relation to the control of the 
neutral zone that links this theory to the real-life 
situation. The ligaments and other passive struc­
tures can only provide support towards the end 
of the range. Instability within this broader 
definition, which encompasses three interrelated 
systems, may therefore relate also to insufficiency 
of the muscle system.263 Decreased muscle stiff­
ness resulting from fatigue, degenerative changes 
or injury may lead to spinal instability.lo6 
Furthermore, damage to spinal structures may 
result from insufficient muscle control to 
maintain stability at either or both levels of 
spinal postural control and or control at the 
intersegmental leve1.106 Conversely, the muscle 
system also has the potential to compensate for 
instability by increasing the stiffness of the 
lumbar spine and decreasing the size of the 
neutral zone.54,106,263 

This link between muscle function and spinal 
stiffness and the neutral zone provides the basis 
of the possible conservative management, through 
therapeutic exercise, of spinal instability. To 
investigate this link further, a more detailed 
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understanding of the muscle system (i.e. the 
active subsystem and the neural control system) 
is required. 

MUSCLE FUNCTION IN SPINAL 
SEGMENTAL STABILIZATION 

Muscular stabilization of the spine has always 
been recognized as important in human func­
tion. All skeletal muscles of the trunk and pelvic 
region contribute to some extent to stabilization 
of the spinal joints. Arguments are presented 
here to explain why our focus for rehabilitation 
of low back pain has been on some particular 
muscles of the spine and not others. 

The concept of muscles designed for 
spinal segmental support 

The first suggestion that some muscles sur­
rounding the spine are primarily concerned with 
stability is ascribed to Leonardo Da Vinci.68 In 
describing muscles of the neck, he suggested 
that the more central muscles stabilized the 
spinal segment (i.e. provided intersegmental 
control of the neck). The more lateral muscles 
acted as guy ropes supporting the vertebrae as 
they would the mast of a ship, and were more 
concerned with bending the neck (i.e. the control 
of neck orientation). It has been realized over 
succeeding years that the way in which muscles 
support and stabilize the spine is far more intri­
cate than this simple model. Nevertheless, it is 
pertinent to address this issue of local (central) 
and global (guy ropes) muscles systems towards 
understanding muscle function in relation to the 
stability of the spine. 

Bergmark33 has categorized the trunk muscles 
into local and global muscle systems based on 
their main mechanical roles in stabilization (Box 
2.1). The local muscle system includes deep 
muscles and the deep portions of some muscles 
which have their origin or insertion on the 
lumbar vertebrae. These muscles are capable of 
controlling the stiffness and intervertebral 
relationship of the spinal segments and the 
posture of the lumbar spine. The lumbar multi­
fidus muscle, with its vertebrae to vertebrae 

Box 2.1 Categorization of the lumbar and abdominal 
muscles based on their role in stabilization (after 
Bergmark33) 

Local stabilizing system Global stabilizing system 

• Intertransversarii 
• Interspinales 
• Multifidus 
• Longissimus thoracis 

pars lumborurn 
• Iliocostalis lumborum 

pars lumborum 
• Quadratus lumborum, 

medial fibres 
• Transversus abdominis 
• Obliquus internus 

abdominis (fibre insertion 
into thoracolumbar 
fascia) 

• Longissimus thoracis pars 
thoracis 

• Iliocostalis lumborum pars 
thoracis 

• Quadratus lumborum, 
lateral fibres 

• Rectus abdominis 
• Obliquus externus 

abdominis 
• Obliquus intern us 

abdominis 

attachments,230 is a prime example of a muscle of 
the local system. An exception is the psoas 
major, the morphology of which, despite its 
origin on the lumbar vertebrae, indicates that it 
is designed to act exclusively on the hip.4o In the 
abdominal group, Bergmark33 suggests that the 
posterior fibres of the obliquus internus 
abdominis, which insert into the thoracolumbar 
fascia, form part of the local system. The 
significance of this insertion is uncertain, as 
Bogduk & Macintosh38 found that the number of 
fibres arising from the thoracolumbar fascia 
varied considerably in their specimen sample 
and were absent entirely in some cases. The 
deepest muscle, the transversus abdominis, with 
its direct attachments to the lumbar vertebrae 
through the thoracolumbar fascia and the 
decussations with its opposite in the midline, 
can also be considered a local muscle of the 
abdominal muscle group. 

The global muscle system encompasses the 
large, more superficial muscles of the trunk, and 
includes the obliquus internus abdominis and 
obliquus externus abdominis, the rectus 
abdominis, the lateral fibres of the quadratus 
lurnborum and portions of the erector spinae 
(see Box 2.1). These muscles are not only 
involved in moving the spine, but are also 
responsible for transferring load directly 
between the thoracic cage and the pelvis. The 



main function of the global muscles is to balance 
the external loads applied to the trunk so that 
the residual forces transferred to the lumbar 
spine can be 'handled' by the local muscles.33 In 
this way the large variations in external loads 
that occur with normal daily function are 
accommodated by the global muscles so that the 
resulting load on the lumbar spine and its 
segments is continually minimized. Variations 
in load are thus kept small and manageable for 
the local system. In recent years there has been a 
focus on the local muscle system in studies con­
cerned with aetiological factors in chronic low 
back pain. 

The functional significance of the 
local muscle system 

The function of the local, deep muscles of the 
lumbar spine in stabilization has been high­
lighted in Panja bi' S262,263 hypothesis of clinical 
instability, which emphasizes the concept of 
control of neutral zone motion. Anatomically, 
the deep muscles of the local system are capable 
of making a major contribution to spinal stability, 
being closer to the centre of rotation of the spinal 
segments and, with their shorter muscle lengths, 
they are ideal for controlling intersegmental 
motion.265 The deep muscles of the lumbar spine 
have varying architecture for their control of 
segmental movement. The smaller intersegmental 
muscles, such as the intertransversarii and inter­
spinales, may not predominate as mechanical 
stabilizers but have a proprioceptive role 
instead.37,68 Overlapping multisegmental muscles 
linking adjacent lumbar vertebrae and the 
sacrum, such as the lumbar multifidus, have the 
capacity to, and have been shown to be efficient 
in stabilizing the spinal segment.68 Additional 
evidence suggests that transversus abdominis 
also contributes to this function of segmental 
stability (see Ch. 4) 

Further progress in understanding the 
aetiology of low back pain and the vital role of 
the local muscles in spinal stabilization has also 
come from the biomechanical study by 
Cholewicki & McGill. 54 In an attempt to quantify 
the mechanical stability of the spine during 

BACK PAIN AND LUMBOPELVIC STABILIZATION 15 

various functional tasks, they developed a bio­
mechanical in vivo model (electromyography 
assisted). The model incorporated anatomical 
analysis, calculation of external loads, passive 
tissue forces and muscle forces. Notably, the 
influence of muscle stiffness, a critical component 
of the stability function of muscles, was 
included in the model. The results and con­
clusions drawn from this study confirmed the 
proposed relationship between the local and 
global stabilizing systems.33 While the large 
muscles linking the pelvis to the rib cage 
provided a significant amount of stiffness to the 
spinal column, activity of the local muscle 
system, which crosses one or more spinal 
segments, was found to be vital in providing 
stability of the spinal segments. Even when 
forces generated by the large global muscles 
were substantial, the spine was unstable if there 
was no activity in the local muscle system. A 
small increase in the level of activity of the 
muscles of the local system could prevent spinal 
instability. 

Cholewicki & McGill54 considered that their 
model supported the hypothesis of the neutral 
zone and spinal stability.262,263 Increases in 
aberrant or uncontrolled neutral zone motion 
could be countered by increases in activity of the 
local muscle system. These muscles, they 
believe, could be dysfunctional in back pain 
patients. The local muscles may not be able to 
maintain prolonged or sustained muscle con­
traction in order to protect continuously any 
unstable spinal segments, which could leave the 
low back pain patient vulnerable to persistent 
strain and pain. Other authors agree. Marras & 
Mirka234 recognized that, while larger postural 
(global) muscles have a significant trunk­
supporting role, the smaller muscles surround­
ing the spine are likely to make an important 
contribution to stability during 'motor generation 
and trwlk control'. 

Many of the traditional studies investigating 
spinal injury and back pain have modelled the 
situation where tissue tolerance has been 
exceeded in high-demand activities such as 
heavy lifting. Cholewicki & McGill's54 model not 
only highlighted the prime role of local muscles 
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in spinal stabilization at high loads, it also 
pointed to the importance of the local system in 
providing spinal support during low-load 
activities requiring only low muscle forces. Light 
tasks, such as reaching or moving while sitting 
or standing, do not require or recruit a large 
contribution from the strong global muscles. 
Nevertheless, the muscles of the local system are 
needed for safe function at the segmental level. 
Persons with or without a history of low back 
pain who may lack control of their deep local 
muscles could have poor segmental support 
during light activities (see Ch. 7). The authors 
proposed that repeated micro trauma to the 
same tissues over time due to a lack of deep 
muscle control will eventually lead to sufficient 
damage to trigger nociceptors and lead to low 
back pain. This proposal fits well with the 
clinical histories heard from many low back pain 
patients, and could be an explanation of how 
back injury could be precipitated or perpetuated 
by light functional activities. It also has signifi­
cant implications for those interested in 
preventing first time or recurrent low back 
injuries. 

Limitations of the global system in 
supporting the spinal segment 

While there is no doubt that the large global 
muscles surrounding the spine are vital to trunk 
postural and spinal support and control, the 
global system has limitations in providing spinal 
segmental support. This can provide a further 
indirect argument for the importance of the local 
muscles and for their rehabilitation in the low 
back pain patient. 

Control of shear forces 

It appears that it may be in controlling shear 
forces at the spinal segment that the global 
muscle system has its severest limitations. In a 
biomechanical study of the back extensors, 
Macintosh et al229 demonstrated that small 
changes in flexion of the trunk resulted in large 
changes in shear forces at the lumbar spine. 
Their study did not address the issue of which 

muscles were likely to help counteract such 
shear forces. In an attempt to understand the 
way in which the trunk muscles control shear 
loading, Raschke & Chaffin275 studied muscle 
recruitment in the lumbopelvic muscles (erector 
spinae, latissimus dorsi, obliquus externus 
abdominis, rectus abdominis, gluteus maximus 
and rectus femoris) using surface electro­
myography. These global muscles did not 
respond to induced shear loading of the spine. 
The authors believe that it is likely that the 
muscles of the deeper local system, which could 
not be measured using surface electro­
myography, were actively supporting the spine 
during such spinal loading. 

A sin1ilar situation may exist in the sacra-iliac 
joints. Snijders et al,31 2 from their work on 
biomechanical modelling of the sacro-iliac joints, 
describe how muscles, combined with ligaments 
and fascia, are used to protect the sacra-iliac 
joints against shearing forces. The compression 
force required to control shear forces is, to a 
large extent, provided by the large global 
muscles working in discrete synergies (e.g. the 
contraction of gluteus maximus with the 
diagonally opposed latissimus dorsi).345.346 How­
ever, there is another system that is also 
operating to protect the sacra-iliac joints from 
shear loading.312 This is provided by the archi­
tecture of the pelvis combined with the action 
of deep local muscles. The horizontal forces 
produced by the transversus abdominis and 
obliquus intern us abdominis across the iliac 
crests compress and stabilize the sacro-iliac 
joints. The pelvic arch mechanism is also depen­
dent on the action of the coccygeus and 
piriformis, in addition to the sacrotuberous 
and sacrospinal ligaments. The significant 
contribution of parts of the erector spinae 
muscles attached to the sacrum (e.g. the lumbar 
multifidus) is also recognized in this model. 
Thus the deep local muscles play an import­
ant role in the stabilization of the sacra-iliac 
joints. Of particular interest will be future 
studies that address the relative contribution of 
the local and global muscle systems in the 
protection of the sacra-iliac joints in a variety of 
functional tasks. 



Excessive spina/loading 

The contribution of the muscles of the global 
system to lumbar segmental stability in every­
day situations is also limited by potential 
problems associated with the amounts of muscle 
activity and co-contractions necessarily generated 
by these large postural muscle groups. These 
problems can include excessive loads on spinal 
structures from unnecessarily high muscle 
forces and an abnormal rigidity of the trunk 
from over co-contraction of too many or the 
incorrect muscles. 138,257,281 Increased levels of co­
contraction of the global muscles of the trunk is 
associated with increased compression and 
spinal loading.205,244,33o While increased co­
contraction is expected during lifting activities 
and with increased trunk acceleration,234 excess­
ively high levels of co-contraction of the global 
muscles have been detected in patients who 
develop low back pain compared with normal 
pain-free subjects (W.s. Marras, personal 
communication, 1994). Excessive global muscle 
co-contraction during light functional tasks may 
even be indicative of inappropriate trunk muscle 
control in back pain patients.1 38)57 These clinical 
findings support the hypothesis of Cholewicki et 
al,56 who studied the stabilizing function of the 
trunk flexors and extensors around a neutral 
spine posture. Their hypothesis was that a 
dysfunction in the passive stabilizing system 
may be indicated by increased levels of trunk 
muscle co-activation. This hypothesis challenges 
many current exercise programmes for low back 
pain that incorporate high levels of trunk muscle 
co-activation. These may in fact exacerbate the 
patient's muscle problem. 

A challenge to spina/loading 

Actions of individual global muscles may 
actually challenge spinal support. For example, 
Bergmark33 considers that muscles linking the 
pelvis to the lower limb (e.g. psoas major) and 
the pelvis to the upper limb (e.g. latissimus 
dorsi) fall into this category. Lumbar segmental 
stability must be maintained in spite of the 
action of these muscles in functional movement. 
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In a similar manner, Snijders et aim demon­
strated that the rectus abdominis and iliopsoas 
produce unfavourable forces for the stability of 
the sacro-iliac joints. Any overactivity and 
tightness in any of these muscles in back pain 
patients163 could pose a problem in the rehabili­
tation of lumbar segmental stability. 

CLINICAL APPLICATION 

It is well recognized that the osseoligamentous 
spine is inherently unstable,69 and that in vivo it 
requires a combination of muscle forces and 
muscle stiffness (with different combinations of 
muscles) to make it a secure and stable 
structure.1 06 From anatomical and biomechanical 
studies some guidelines can be gained for 
the principles of management for enhancing the 
stabilizing role of the muscle system of the 
lumbopelvic region. Such principles can help in 
devising appropriate preventive and rehabili­
tative exercises for low back pain patients. 

Basically, there are two broad approaches for 
improving the spinal-protection role of the 
muscles which can be gleaned from anatomical 
and biomechanical studies on lumbopelvic 
stabilization. The first utilizes the principle of 
minimizing forces applied to the lumbar spine 
during functional activities. The second is to 
ensure that the deep local muscle system is 
operating to stabilize the individual spinal 
segments. 

Minimizing forces applied to the 
lumbar spine 

There are several different ways to minimize the 
forces applied to the lumbar spine during 
everyday and work-related activities. The study 
and practice of ergonomics has increased know­
ledge and helped to establish suitable working 
postures, lifting techniques and furniture design 
which are essential in decreasing joint forces 
potentially harmful to spinal structures. Although 
not specifically addressed here, the value in 
addressing ergonomic principles in protecting 
the spine from injury cannot be overstated. 
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The other principle involved in reducing 
forces placed on the lumbar spine deals with 
strength and endurance training of the global 
muscles to enhance their torque-producing role 
during high-level functions such as heavy 
lifting. If the global muscles can cope with the 
level of external load required by an individual 
in their everyday activity this will ensure that 
the forces transferred to the spine itself are kept 
to as low and as manageable a level as possible. 
These forces can then be handled by the local 
muscle system. 

However, global muscle function can cause 
potentially harmful effects if there is overactivity 
in certain muscles of this system. Methods of 
treatment aimed at decreasing any unnecessary 
activity in these muscles will assist in minimizing 
harmful forces. Logically this could only be 
safely pursued if the protective function of the 
deep local muscles was being re-established at 
the same time. 

The presence of an operational deep 
local muscle system 

It is possible that, even if the global muscle 
system is working appropriately, the local system 
may not be operating well enough to control 
intersegmental motion106 (Fig. 2.3). A deficit in 
segmental control while global muscle activity 
was near maximal was uniquely captured in 
vivo in a lifting study done by Cholewicki & 
McGilP3 Indirect evidence of an active global 
system operating with a poor local system may 
be gained from the study of patients with low 
back pain associated with spondylolysis and 
spondylolisthesis done by O'Sullivan et al.257 
Subjects in the control group who performed 
general strength training exercises, such as 
swimming, gym work and sit-ups, failed to 
show any decrease in symptoms or increase in 
functional ability with this work for the global 
muscles. This was in contrast to the reduction in 
low back pain and increase in functional ability 
demonstrated by the experimental group who 
trained their local muscle system. This study 
highlights the importance of specifically 
addressing the local muscle system as the other 

Figure 2.3 A diagrammatic representation of a lack of 
spinal intersegmental control. (Adapted from Gardner-Morse 
et aI106.) 

broad approach to enhancing muscular stabil­
ization of the spine. 

It has been realized from the more recent 
biomechanical studies that the local muscle 
system is important in providing support and 
control to the individual vertebral segments 
whether functional tasks are light (walking) or 
heavy (lifting) in nature. The picture emerging is 
of local muscles being required to contract 
continually, at low levels, no matter what func­
tional activity is being w1dertaken. The functional 
supportive role of these muscles may not 
depend only on the development of force in the 
muscle, but also on the neuromuscular control 
and coordination of that force. Panjabi,262,263 in 
his model of spinal stabilization, stresses that the 
neural control of these supporting muscles will 
be closely linked with development of appro­
priate tension. Poor stabilization will ensue if 
the forces developed are 'too small, too large, 
too early or too late'. Gardner-Morse et al106 also 
acknowledge that, while various programmes 
for the prevention of injury and rehabilitation 
have been aimed at minimizing spinal forces, 



the possible 'destabilizing effects of poor neuro­
muscular coordination' have not been taken into 
account. Thus the local muscle system and its 
control have been brought forward as possibly 
the most important factor in providing continuous 
spinal support. For these reasons it can be 
argued that specific testing and training of these 
muscles are required for patients with low back 
pain. 

This line of thought regarding neuromuscular 
control and local muscle function encourages 
practitioners to particularly note the patient's 
mechanism of injury. The history of onset of low 
back pain may give the practitioner some insight 
into the origin of muscle problems as well as 
insight into the challenges likely to be faced in 
rehabilitation. Insidious onset low back pain or 
onset associated with a trivial incident is more 
likely to be linked to gradual tissue breakdown 
that has occurred over a period of time. The 
term coined by Gardner-Morse et a1106 for this 
type of back pain is 'self-injury', where the spine 
has not been adequately 'self-stabilized'. Inherent 
poor muscle control in the local muscle system, 
as well as decreased strength and endurance of 
the global system, could play a pivotal role in 
the development of such back pain over time. 
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The antithesis to this situation is one where 
direct overload to the muscles or substantial 
trauma to the spine has precipitated an acute 
injury. While this trauma would result in reflex 
muscle inhibition, inherent long-standing prob­
lems of the local and global system in their 
spinal supporting role may not be present in 
these patients. 

CONCLUSIONS 

• A link can be established between dys­
function in the local muscle system and 
mechanical low back pain. 

• The control of spinal stability is highly depen­
dent on the muscle system, most particularly 
the deep local muscles of the lumbopelvic 
area. 

• Segmental control by the deep local muscle 
system for spinal support has been linked to 
both high- and low-load functional activities. 

• A problem in neuromuscular control of the 
local muscles by the nervous system has been 
suggested as one of the most important 
factors in the development or perpetuation of 
'clinical instability' and symptoms of low 
back pain. 
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Traditional views of the 
function of the muscles 
of the local stabilizing 
system of the spine 

It is pertinent to review what has been studied 
in relation to the function of the individual muscles 
of the local stabilizing system of the spine. This 
will lay the foundation for new knowledge on 
the role of the transversus abdominis in the 
stability of the spine (see Ch. 4) as well as give 
an appreciation of the potential significance of 
dysfunction found clinically and in research in 
the lumbar multifidus and transversus abdominis 
in low back pain patients (see Ch. 5). Discussion 
of the muscles' function is preceded by a brief 
review of their anatomy. 

MUSCLES OF THE LUMBAR 
REGION 

The muscles of the lumbar region that contribute 
to the local stabilizing system of the spine are: 

• Intersegmental muscles: 
- intertransversarii 
- interspinales. 

• Lumbar muscles: 
- lumbar multifidus 
- longissimus thoracis pars lumborum 
- iliocostalis lumborum pars lumborum. 

• Quadratus lumborum (medial fibres) . 

INTERSEGMENTAL MUSCLES 

The intertransversarii and interspinales are small 
segmental muscles connecting the transverse 
processes and spinous processes, respectively, of 
two adjacent lumbar vertebrae.37 Their small 
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size and location close to the centre of rotation 
of the segment indicate that they would have 
little torque-producing capability. They have a 
segmental nerve supply,41 and Bogduk37 
suggests that these muscles may have a pre­
dominant proprioceptive role. As such they 
could influence kinesthetic sense in the lumbar 
region and, therefore, affect patterns of muscle 
activity. At this time, it is not possible to under­
take an evaluation of this functional role, and 
therefore detection of any impairment in their 
function in low back pain patients is, likewise, 
not possible. 

THE LUMBAR MUSCLES 

Anatomy 

Lumbar multifidus. This is the most medial of the 
lumbar muscles, and of the three lumbar muscles 
has the unique arrangement of predominantly 
vertebra-to-vertebra attachments within the 
lumbar and between the lumbar and sacral 
vertebrae.23o The muscle has five separate bands, 
each consisting of a series of fascicles which stem 
from spinous processes and laminae of the lumbar 
vertebrae (Fig 3.1a). In each band the deepest 
and shortest fascicle arises from the vertebral 
lamina. The lamina fibres insert into the mamillary 
processes of the vertebra two levels caudad with 
the L5 fibres inserting onto an area of the sacrum 
above the first dorsal sacral foramen. The other 
fascicles arise from the spinous process and are 
longer than the laminar fibres.23o Each lumbar 
vertebra gives rise to one group of fascicles which 
overlap those of the other levels. The fascicles 
from a given spinous process insert onto mamillary 
processes of the lumbar or sacral vertebrae 
three, four or five levels inferiorly. The longest 
fascicles, from Ll, L2 and L3, have some attach­
ment to the posterior superior iliac spine (Fig. 
3.1b). Some of the deepest multifidus fibres attach 
to the capsules of the zygapophyseal joints.209,23o 
The lumbar zygapophyseal joints are covered by 
the multifidus on all sides, except ventrally where 
the joints are in direct contact with the liga­
mentum flavum.209 The attachment of the lumbar 
multifidus to the zygapophyseal joint capsules 

keeps the capsule taut and free from impinge­
ment between the articular cartilages.209,23o 

Longissimus thoracis pars lumborum. This lies 
lateral to the lumbar multifidus and consists of 
five fascicles which arise from the medial end of 
the transverse processes and connect the lumbar 
vertebrae to the ilium (Fig. 3.2). The fascicle 
from L5 inserts onto the medial aspect of the 
posterior inferior iliac spine, while the fascicles 
from Ll-L4 form tendons at their caudal end 
which converge like a common tendon to form 
the lumbar intermuscular aponeurosis. This 
attaches to a narrow area on the ilium lateral to 
the insertion of the L5 fascicle.37 

Iliocostalis lumborum pars lumborum. This is the 
most lateral of the lumbar back muscle group. It 
has four fascicles which arise from the tips of 
the transverse processes of LI-L4, and an area 
extending on to the middle layer of the thora­
columbar fascia.37 The four fascicles insert onto 
the iliac crest, with the L4 fascicle deepest and 
the Ll fascicle most dorsal (Fig. 3.3). There is no 

(a) 

Figure 3.1 The fascicles of the lumbar multifidus. 
(a) Anatomical dissection of the five fascicles. 



(i) (ii) 

(iv) (v) 

(b) 
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(iii) 

(vi) 

Figure 3.1 (Cont'd) (b) i: the laminar fibres at every level; ii-vi: the longer fascicles from the caudal edge 
and tubercles of the spinous processes at levels L 1 -L5. (Reproduced with permission from Bogduk,37 
p. 1 06.) 

muscle fascicle of the iliocostalis lumborum 
from L5 to the ilium in the adult. Any muscle 
fibr.es present at birth are replaced by collagen 
during growth and maturation to help form the 
iliolumbar ligament.37 

Function 

The back muscles are primarily extensors of the 
spine when acting bilaterally, but the lumbar 
longissimus and iliocostalis can also assist in 
lateral flexion when acting unilaterally. None of 
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Figure 3.2 Longissimus thoracis pars lumborum. 
(Reproduced with permission from Bogduk,37 p. 1 09.) 

the muscles are primary contributors to axial 
rotation, but activity in this movement may 
reflect their stabilizing counter to the flexion 
moment produced by the oblique abdominals.37,227 
In trunk flexion, the multifidus and lumbar 
longissimus and iliocostalis control the anterior 
rotation and anterior translation. On return to 
upright, the multifidus induces posterior sagittal 
rotation, assisted by the lumbar erector spinae 
which also control the posterior sagittal 
translation.37 Nevertheless it is the thoracic com­
ponents of the erector spinae which produce the 
majority of torque to extend the thoracic cage on 
the pelvis. The multifidus contributes only 20% 
of the total extensor moment calculated at the 
L4 and L5 vertebral levels; the lumbar erector 
spinae contributes 30%, while the thoracic com­
ponents of the erector spinae contribute 50%.39 
Even though the multifidus is the largest muscle 
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Figure 3.3 Iliocostalis lumborum pars lumborum. 
(Reproduced with permission from Bogduk,37 p. 1 1 1 . ) 

at the lumbosacral junction, it is at a mechanical 
disadvantage to produce extension of the thoracic 
cage on the pelvis. 

All three of the lumbar muscles contribute to 
the support and control of the orientation of the 
lumbar spine and the support or stabilization of 
the lumbar segments. The importance of their 
supporting function may be reflected in the 
distribution of muscle fibre type. In contrast to 
most human muscles, which have a relatively 
even type I and type II fibre distribution, several 
autopsy studies have revealed that the lumbar 
multifidus and the lumbar and thoracic com­
ponents of the erector spinae muscles have a 
high proportion of type I fibres.94,168,170,172,311,333 



These paravertebral muscles are also charac­
terized by a large type I fibre cross-sectional area 
relative to other human extremity muscles and 
abdominal muscles (with the exception of the 
transversus abdominis).170 The presence of both 
a larger percentage of type I fibres and a larger 
type I fibre size compared to type II fast twitch 
fibres supports the hypothesized tonic role of 
these muscles. The proportion of type I fibres in 
the thoracic erector spinae muscles has been 
reported to be as high as 70%,311 while that in 
the lumbar erector spinae muscles varies in the 
range 58_69%.94,170,239,311 When comparing the 
composition of the multifidus with the lumbar 
erector spinae muscles, a higher percentage of 
type I fibres, in the vicinity of 8-13% has been 
reported in the multifidus compared with the 
lumbar longissimus.311,343 The exception was in 
the study by Jorgensen et al,170 who found 
similar percentages of type I fibres in the 
multifidus and the lumbar longissimus. 

The histochemical composition, capillarization 
and muscle enzyme activities of the lumbar 
multifidus and lumbar longissimus and iliocostalis 
muscles have been studied in ViVO.170 Multifidus 
muscle fibres have a large capillary network, 
with approximately four to five capillaries in 
contact with each muscle cell. The concentration 
of oxidative enzymes in all lumbar muscles is 
large and the endurance capacity high. This 
histochemical composition of the paravertebral 
muscles, with a high composition of type I 
fibres, indicates the tonic holding function, and 
thus supportive function, of these muscles. 

Our particular concern with regard to the low 
back pain patient is the ability to rehabilitate the 
muscles that have the greatest potential to 
provide and substitute active support to the 
individual spinal segment which, from injury, 
has some passive insufficiency. What will be 
argued here, on the basis of morphological and 
biomechanical studies as well as studies moni­
toring the activity of the back muscles, is that the 
lumbar multifidus has better capabilities for seg­
mental support and control and lesser capabilities 
for torque production. The lumbar longissimus 
and iliocostalis, on the other hand, have better 
capabilities for torque production and control of 
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spinal orientation but may not have as much 
specificity for function for one vertebral segment 
as does the lumbar multifidus. Furthermore, the 
more consistent activity of the lumbar multifidus 
in low-load functional activities may reflect its 
supporting function. 

Morphology 

The unique segmental arrangement of the multi­
fidus fascicles in the lumbar region indicates 
that it has the capacity for fine control of move­
ments of individual lumbar vertebrae. This is 
reflected in its segmental innervation. Each fascicle 
of the lumbar multifidus and the zygapophyseal 
joint of that level is innervated by the medial 
branch of the dorsal ramus.37,209,230 Each nerve 
innervates only the fascicles that arise from the 
spinous process or lamina of the vertebra with 
the same segmental number as the nerve/30 
illustrating the direct relationship between a 
particular segment and its multifidus muscle. 
This suggests that the segmental multifidus can 
adjust or control a particular segment to match 
the applied 10ad.23 The lumbar longissimus and 
iliocostalis do not show this tight segmental 
nerve-muscle relationship, suggesting a slightly 
more general relationship to the spinal segments. 
The lumbar longissimus is supplied by the inter­
mediate branches of the LI-L4 dorsal rami, which 
form an intersegmental plexus in the muscle, 
although its fibres from L5 are innervated by the 
corresponding nerve.41 The lumbar portion of 
iliocostalis is supplied by the lateral divisions 
of the Ll-L4 dorsal rami, which run caudally, 
dorsally and laterally through the muscle.41 

The cross-sectional anatomy of the lumbar 
spine is shown in Figure 3.4. What is of interest 
in the cross-sectional area of the lumbar back 
muscles is that multifidus muscle bulk increases 
on progression caudally from L2 to S1.1O,87 The 
multifidus is the largest muscle spanning the 
lumbosacral junction.23o In contrast, the cross­
sectional area of the lumbar longissimus and 
iliocostalis decreases on progression caudally. 
The large size of the multifidus muscle at the 
lumbosacral junction, when compared with the 
adjacent lumbar erector spinae muscles, also 
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Figure 3.4 Cross-sectional anatomy of the lumbar spine. (a) Cadaveric transverse section. 
(b) Schematic drawing of a transverse section showing the multifidus and the lumbar erector muscles 
(separated by an intermuscular septum), other muscles surrounding the. spine and the layers of the 
thoracolumbar fascia (posterior, middle and anterior). L, lamina; SP, spinous process; TP, transverse 
process; VB, vertebral body. (Reproduced with permission from Porterfield & DeRosa,273 p. 56.) 



suggests that it is the muscle most capable of 
providing support at this level. Notably, it is the 
L4-L5 and L5-S1 segments that have the highest 
incidence of pathology in low back pain. The 
multifidus has a close relationship to the zyga­
pophyseal joints,230 and by controlling the sliding 
movement of the zygapophyseal joints in the 
craniocaudal direction it controls the distri­
bution of stresses and loading on the vertebral 
triad. It is considered that the multifidus is the 
only muscle the primary function of which is to 
protect the vertebral triad.209 

Biomechanical factors 

Several studies have investigated the lumbar 
muscles' capacity to increase the spinal seg­
mental stiffness and, in particular, the control of 
neutral zone motion in line with Panjabi's262,263 
hypothesis of clinical instability. Studies have 
been done on various combinations of muscles 
to investigate their influence on these parameters. 
Kaigle et aIm developed an in vivo animal 
model of lumbar segmental instability. Passive 
stabilizing structures (disc, zygapophyseal joints 
and ligaments) were transected and the effects 
of active musculature on spinal kinematics were 
examined in 33 pigs. Muscles surrounding the 
spine, including the multifidus, the lumbar por­
tions of erector spinae, quadratus lumborum 
and psoas major and minor, were examined. The 
injured segments were subjected to muscle stimu­
lation using wire electrodes. Results showed that 
increased, combined muscle activation stabilized 
the injured motion segment by reducing aberrant 
patterns of motion in the neutral zone. 

Goel et al110 used a combined finite-element and 
optimization approach to study the effects of the 
actions of the interspinales and intertrans­
versarii, the lumbar multifidus and the quad­
ratus lumborum. The introduction of muscle 
forces led to a decrease in displacements in the 
sagittal plane, anteroposterior translation and 
anterior rotation. It was shown that these 
muscles imparted stability to the ligamentous 
system. The load bearing of the zygapophyseal 
joints was found to increase, indicating that 
these joints play a significant role in transmitting 
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loads in a normal intact spine. Muscle dys­
function (simulated by decreasing the computed 
force in the muscles) destabilized the motion 
segment. This led to a shift of loads to the disc 
and ligaments and decreased the role of the 
zygapophyseal joints in transmitting loads.109 

Panjabi}65 in an in vitro study of intact and 
sequentially injured fresh lumbar spinal units, 
again more specifically simulated the effect of 
intersegmental muscle forces on spinal instability. 
Simulated forces represented the multifidus 
(deep, shorter fascicles), interspinales and rotatores 
muscles. The segments were subjected to three­
dimensional loads with increasing muscle forces. 
This study and the one by Goel et al110 therefore 
examined the effect of the segmental muscles 
without the influence of the larger lumbar 
longissimus and iliocostalis. Panjabi et al265 con­
cluded from their results that the intersegmental 
nature of the deep multifidus fibres gave a tremen­
dous advantage to the neuromuscular system for 
controlling the stability of the lumbar segment. 

Wilke et al354 investigated the influence of five 
different muscle groups on the monosegmental 
motion of the L4-L5 segment. The muscles exam­
ined were the multifidus (caudal and cranial direc­
tions), lumbar longissimus, lumbar iliocostalis 
and psoas major. Seven human lumbosacral 
spines were tested on a spine tester that allowed 
simulation of muscle forces. The combined 
muscle action of the muscles tested was found to 
decrease the total range of motion and neutral 
zone motion of the L4-L5 segment. The total 
neutral zone motion in flexion and extension 
was decreased by 83%. In lateral flexion, the 
total range of motion was decreased by 55% and 
the neutral zone by 76%. Under axial rotation 
the total range was reduced by 35%, but there 
was no significant change in neutral zone motion. 
Muscle forces were found to stiffen the motion 
segment. The strongest influence was created by 
the lumbar multifidus, which was responsible 
for more than two-thirds of the increase in 
segmental stiffness. The multifidus action was 
responsible for a significant decrease in the range 
of motion of all movements except rotation. These 
results supported those obtained by Steffen et 
al,317 who in another in vitro study also found 
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that the influence of lumbar multifidus decreased 
the neutral zone in flexion and extension. 

The lateral stabilizing potential of the lumbar 
intersegmental and polysegmental muscles has 
also been investigated by Crisco & Panjabi.68 
They found that the polysegmental fascicles of 
multifidus and lumbar longissmus and ilio­
costalis fascicles were more efficient in this 
direction than were the short deep multifidus 
fascicles and intertransversarii and interspinales 
muscles. It can be surmised that the role of the 
multifidus in lumbar spine stabilization is 
complex. The multifidus is capable of control­
ling the neutral zone in the sagittal plane with 
its deeper, intersegmental fibres, but requires 
the assistance of the lumbar longissimus and 
iliocostalis in the lumbar muscles' contribution 
to the control of neutral zone motion in the 
frontal plane. 

The deep multifidus fibres in particular are 
placed close to the centres of rotation of spinal 
movements and connect adjacent vertebrae at 
appropriate angles. McGill21 9 confirmed the role 
of lumbar multifidus in a three-dimensional study 
of lumbar spine mechanics, and concluded that 
the unchanging geometry of the multifidus 
through a range of postures indicates that the 
purpose of this muscle is to finely adjust 
vertebrae with small movements rather than to 
fUl1Ction as a prime mover. The results of this 
study showed that the multifidus could function 
in this way in any physiological posture. 

Muscles enhance spinal stability by increasing 
the stiffness of the spinal segment. It has already 
been shown that the multifidus acts to stiffen the 
motion segment.354 From a mechanical per­
spective, the bending stiffness of the spine will 
also be influenced by other factors. One struc­
ture that can contribute to lumbar stabilization 
by increasing the bending stiffness of the spine 
is the thoracolumbar fascia. The thoracolumbar 
fascia constrains the radial expansion of the three 
lumbar back muscles.23 It has been proposed 
that contraction of these muscles exerts a pushing 
force on the fascia.91 The influence of the multi­
fidus and the lumbar longissimus and ilicocostalis 
on the thoracolumbar fascia was investigated by 
Gracovetsky et al117 using a mathematical model. 

It was proposed that, because the thoracolumbar 
fascia surrounded the back muscles, it could 
serve to brace these muscles. The authors called 
this the 'hydraulic amplifier mechanism'. These 
forces may result in increased lumbar spine stiff­
ness and contribute to lumbar stabilization. 

Control of shear forces 

Shear forces are those that cause two vertebrae 
to slide with respect to one another.37 During 
flexion of the lumbar spine, a forward or anterior 
shear is exerted on the intervertebral joint. Par­
ticular attention has been given to these shear 
forces, which are induced by bending and lifting 
tasks.55,273 The control of anterior shear forces is 
essential for the protection of the intervertebral 
joint, especially at the lower lumbar levels where 
these fcrces are greatest. This control is provided 
not only by the passive elements and articular 
configuration of the vertebral column, but also 
by the muscle system. 

Traditionally, the lumbar extensor muscles 
have been assigned this role. When contracting 
bilaterally, the lumbar longissimus and the lum­
bar iliocostalis can draw their vertebra of origin 
posteriorly, and hence oppose the anterior shear. 
On the other hand, contraction of the multifidus 
fascicles produces posterior sagittal rotation of 
the vertebra of origin rather than posterior 
translation. I t  is likely that during activities such 
as forward bending and lifting the induced forces 
are controlled by the lumbar erector spinae 
muscles and the multifidus together. 

However, the control of shear forces appears 
to be a far more complex issue. A model of back 
muscles which mapped the actions of individual 
fascicles40 showed tha t on maximal exertion 
shear forces can be induced by these muscles. 
From L1 to L4 the net result was a posterior 
shear force. However, at the L5 level the net 
balance was an anterior shear force. This would 
suggest that various muscles in addition to the 
back extensors may be involved in the control of 
anterior shear forces during lifting and bending 
tasks. Interestingly, Farfan92 proposed that 
anterior shear forces were resisted more by the 
zygapophyseal joints, with countering forces in 



the reverse direction being provided by the 
abdominal musculature. 

The back muscles in posture and movement 

It is possible that there are different primary 
functions for the different fascicles of multifidus. 
The longer fascicles, which originate from the 
spinous processes, have a mechanical advantage 
over the shorter, deeper fibres. The longer 
fascicles may contribute more to extensor torque, 
while the shorter deeper fibres, which have little 
leverage for torque production, may be more 
involved in a tonic stabilizing role. There is 
evidence to suggest this from electromyographic 
studies, where tonic activation of the deeper 
fibres has been examined during the mainten­
ance of upright postures and during active trunk 
movements. Electromyographic analysis has 
allowed the function of the multifidus to be 
studied in vivo. Many classic studies have been 
performed using in-dwelling electrodes to access 
the activation of the deeper fascicles, which are 
likely to be involved in a stabilizing role. A tonic 
or almost continuous level of activation of the 
multifidus has been demonstrated in many of 
these studies of upright postures and primary 
active movements. 

There is evidence that the multifidus muscle is 
continuously active in upright postures, com­
pared with relaxed recumbent positions. Along 
with the lumbar longissimus and iliocostalis, the 
multifidus provides antigravity support to the 
spine with almost continuous activity.2o In fact, 
the multifidus is probably active in all anti­
gravity activity.85,248,339 In the standing position, 
slight to moderate activity of the multifidus has 
been demonstrated,85,169,339 exemplifying its tonic 
postural role. Furthermore, the multifidus is 
tonically active during walking.248 

Results of studies performed in the sitting 
position have varied. It has been reported that 
the multifidus was inactive in relaxed sitting as 
well as when subjects were instructed to 'sit 
upright' .339 In contrast, Donisch & Basmajian85 
reported that the multifidus was active in straight 
unsupported sitting, in accordance with its 
proposed tonic antigravity function. The differ-
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ence in results between the two studies may 
relate to the way in which subjects assumed an 
upright sitting posture, and this becomes an 
important point in the clinical re-education of 
upright postural position. 

Activation of the multifidus has been exam­
ined in forward trunk flexion and extension 
from the flexed position, trunk extension in the 
prone position and trunk rotation. An argument 
can be presented that the function of this activity 
appears to include primarily one of stabilization. 
As the spine bends forward from the standing 
position, there is an increase in multifidus 
activity.97,248,27Q,339 At a certain point during 
flexion, the activity of the back muscles ceases; 
this is known as the 'critical point' .97,1 85,186,248 It 
has been demonstrated that the electromyo­
graphic activity of the lumbar erector spinae 
ceases at about 90% of lumbar spine flexion. The 
critical point for the multifidus is not such a 
characteristic feature as it is for the erector 
spinae muscles. Although a decrease in activity 
is evident, in contrast to electromyograms of the 
lumbar longissimus and iliocostalis, those of the 
multifidus show silence infrequently.339 

Extension of the trunk from the flexed pos­
ition predictably evokes high levels of multifidus 
activity.85,97,248,27o Marked activity of the multi-
fidus also occurs when the trunk is extended or 
hyperextended in the prone position.85,169,27o,339 
Even though, as has been mentioned, activity in 
the multifidus is marked in extension, the 
majority of the actual trunk extension torque 
(80% at the L4 and L5 vertebral levels) is 
provided by the thoracic components of the 
erector spinae muscles. 39 The multifidus has 
been shown to be active bilaterally in both ipsi­
lateral and contralateral rotation of the trunk in 
sitting and standing.85,169,248,27o For this reason, it 
has been suggested that, during rotation, the 
multifidus acts as a stabilizer rather than as a 
prime mover.339 

As a general observation in movement studies, 
Donisch & Basmajian85 reported that activity of 
the multifidus was related to its proposed action 
for only 50% of the time. Pauly270 also showed 
almost continuous activity during the majority 
of the different directional activities tested. These 
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findings can be interpreted as evidence for a 
stabilizing role of the multifidus rather than 
a primary role in torque production only. 

Summary 

The lumbar multifidus, lumbar longissimus and 
iliocostalis play an important role in lumbar 
spine stability. Due to its unique morphology 
and segmental innervation, the multifidus would 
appear to be a muscle well suited to this role of 
segmental support and control. Biomechanical 
research has confirmed this important role. The 
biomechanical study by Wilke et aV54 which 
included both the multifidus and the erector 
spinae muscles in the model, found that the 
multifidus had the strongest influence on lumbar 
segmental stability. The morphology of the 
multifidus, our clinical findings of a dysfunction 
in the segmental multifidus,139 and later work 
such as that by Wilke et ae54 provide a basis for 
focusing specifically on the lumbar multifidus in 
low back pain patients. 

QUADRATUS LUMBORUM 
(MEDIAL FIBRES) 

The quadratus lumborum consists of several 
laminae and is enclosed by the anterior and 
middle layers of the thoracolumbar fascia37,355 
(Fig. 3.4b) . The medial portion of the muscle 
runs from the ilium to the anterior surface of the 
transverse processes of the lumbar vertebrae, 
and other fibres travel from the transverse pro­
cesses to anchor onto the twelfth rib. The lateral 
portion of the muscle, which belongs to the 
global system, spans the lumbar area, attaching 
on the lateral ilium to insert into the twelfth rib 
without attachment to any vertebrae. The lateral 
fibres produce primarily a lateral bending moment. 
The medial portion, while unlikely to make a 
substantial contribution to lateral flexion,37 is 
capable of providing segmental stability via its 
segmental attachments.221 

Studies investigating the pattern of activation 
of the quadratus lumborum in functional tasks 
have been limited, because the depth of this 
muscle means that invasive electromyographic 

techniques are required.12,22l In addition, needle 
insertion for fine-wire electromyography is both 
unpleasant and painful due to the thickness of 
the fascia surrounding the muscle (Hodges PW, 
Comerford M, Richardson CA, unpublished 
observations 1995). In two recent studies, which 
did use fine-wire electromyography, recordings 
were made from a rnidportion of the muscle, but 
there was no clear indication of whether activity 
was recorded from the lateral or medial portion 
of the muscle. McGill et al22l provided evidence 
that the quadratus lumborum plays a significant 
role in the stability of the spine. Muscle activity 
was measured during a symmetrical bucket­
holding task. Activity increased with increasing 
spinal compression provided through pro­
gressive axial loading. Further evidence for the 
general stabilizing role of the quadratus 
lumborum was provided by Andersson et al,12 
who found that, unlike the erector spinae,18S 
there was no electrical silence of the muscle in 
full forward flexion. 

While the results of these two studies support 
the thesis for a stabilizing role for the quadratus 
lumborum, we regard this muscle as a global 
stabilizing muscle, capable of controlling the 
external loads placed on the spine. Interestingly, 
in back pain patients, overactivity, tightness and 
trigger points are often reported by clinicians.163,33S 
Treatment is focused on decreasing activity in 
the quadratus lumborum rather than increasing 
it with exercise. The medial portion of the 
quadratus lumborum may in the future be 
shown to be functionally separate to the lateral 
part of the muscle and contribute directly to the 
segmental support of the spine. 

MUSCLES OF THE ABDOMINAL 
WALL 

The muscles of the abdominal wall that con­
tribute to the local stabilizing system of the 
spine are: 

• Transversus abdominis 
• Obliquus internus abdominis. 



TRANSVERSUS ABDOMINIS 

Anatomy 

The transversus abdominis, the deepest of the 
abdominal muscles, arises from the thoraco­
lumbar fascia between the iliac crest and the 
twelfth rib at the lateral raphe, the internal 
aspects of the lower six costal cartilages, where 
it interdigitates with the diaphragm, the lateral 
third of the inguinal ligament and the anterior 
two-thirds of the inner lip of the iliac crest (Fig. 
3.5). The medial attachment of the muscle is a 
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complex and variable bilaminar aponeurosis. 
The lower fibres arise from the inguinal liga­
ment and pass down and medially, blending 
with fibres of the obliquus intenms abdominis 
to form the conjoint tendon, which attaches to 
the pubic crest behind the superficial inguinal 
ring. The remaining fibres pass transversely and 
medially to the midline, where they decussate 
and blend with the linea alba.155,355 Above the 
umbilicus, the aponeurotic fibres of transversus 
abdominis pass either upward or downward 
and pass posterior to the rectus abdominis 

Intercostales 
externi 

Intercostales 

--+�I\- Thoraco­
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lumbar 
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Figure 3.5 The transversus abdominis. (Reproduced with permission from Williams et al,355 
p. 599.) 
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(a) (b) 

Figure 3.6 The transversus abdominis anterior 
attachment. There are two layers of the aponeurosis. (a) The 
superomedial fibres on the right are continuous with the 
inferomedial fibres on the left. (b) The completed pattern of 
the two layers. (Adapted from Askar,19 p. 31 8.) 

(Fig. 3.6). The down-turned fibres attach to the 
upturned fibres of the opposite transversus 
abdominis or the posterior lamina of the contra­
lateral obliquus internus abdominis aponeurosis. 
In contrast, below the umbilicus both layers are 
inclined downwards, with the anterior portion 
passing in front of the rectus abdominis and 
the posterior portion passing behind.19.287 
Proceeding from the umbilicus to the pubic 
crest, the fibres of the posterior layer are pro­
gressively transferred to pass anterior to the 
rectus abdominis.287 Due to the decussation in 
the midline, the transversus abdominis can be 
considered to be a digastric muscle, attaching to 
either the contralateral transversus abdominis or 
the obliquus intenms abdominis.19.287 

The posterior attachment of the transversus 
abdominis to the lumbar vertebrae is via the 
thoracolumbar fascia. The thoracolumbar fascia 
is composed of three layers that are fused at 
the lateral border of the erector spinae, i.e. the 
lateral raphe. The anterior layer arises from 
the anterior surface of the transverse process 
of the lumbar vertebrae and passes as a thin 
fibrous layer over the anterior surface of 
quadratus lumborum.38 The middle layer is a 
thick strong aponeurotic structure passing 
transversely from the length and tips of the 
lumbar transverse processes and intertransverse 

ligaments in a divergent manner.329 The fibres 
arising from Ll -L2 attach to the twelfth rib, 
while those fibres below this level and extend­
ing to the iliac crest give rise to the trans­
versus abdominis (the origin of the obliquus 
internus abdominis is variable)?8 The superficial 
fibres of the middle layer attach to the deep 
lamina of posterior layer at the lateral raphe, 
forming the sheath around the erector spinae 
muscles.329 

The posterior layer is composed of two clearly 
defined laminae, which attach to the thoracic 
and lumbar spinous processes and the inter­
spinous and supraspinous ligaments38.329 (Fig. 
3.7). The superficial lamina has a caudomedial 
orientation, forming the aponeurosis of latissimus 
dorsi and serratus posterior inferior, consisting 
of four main portions: the lowest group of fibres 
attaches by short fibres to the iliac crest; moving 
medially, the next fibres are angled at 20-30° 

below horizontal attaching to the L5 and sacral 
levels; the third group is deflected medially at 
the lateral border of erector spinae to 20-30° 

below horizontal, attaching to L3-L5; and 
the final portion covers the erector spinae.38 
Some fibres of the superficial lamina also attach 
to the gluteus maximus and obliquus externus 
abdominis.345 Below L4, the fibres cross to the 
contralateral side and attach to the sacrum, iliac 
crest and posterior superior iliac spine.345 

In contrast, the deep lamina of the posterior 
layer has a caudolateral orientation passing 
from the spinous process and interspinous 
ligament at a 20-30° angle below horizontal. The 
fibres from L4-S1 attach directly to the iliac crest 
and the posterior superior iliac spine. Above this 
level the deep lamina covers the erector spinae 
muscles, attaching to the middle layer at the 
lateral raphe. The fibres arising from T12-L2 are 
sparse and angled at 15-40° below the hori­
zontal. The fibres of the deep lamina are fused 
with those of the superficial lamina in the sacral 
region and are continuous with the sacro­
tuberous ligament. 345 

The transversus abdominis is innervated by 
the anterior primary rami of the lower six 
thoracic spinal nerves (T7-12) and first lumbar 
spinal nerve (Ll ) .155.355 
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Figure 3.7 Thoracolumbar fascia. The superficial (a) and deep (b) lamina of the posterior layer. The superficial lamina can be 
divided into four major components, as described in the text. Both laminae have an extensive attachment to the lateral raphe 
(LR), which also serves as an attachment for the transversus abdominis (ta) and the obliquus internus abdominis (io). ES, 
erector spinae. (Reproduced with permission from Bogduk,37 pp. 1 1 6-1 1 7.)  

Function 
When the transversus abdominis contracts bilat­
erally it produces a drawing in of the abdominal 
wall, resulting in an increased pressure within 
the abdominal cavity64 and an increase in ten­
sion in the thoracolumbar fascia.329 As a result 
of these actions the transversus abdominis has 
been suggested to contribute to both supporting 
and torque-producing roles. These include con­
trol of the abdominal contents, contributions to 
respiration, the production of trunk extension 
(to maintain the stability of the spine against 
external forces causing the spine to flex) and the 
production of trunk rotation. Whether this 
muscle contracts unilaterally and what bio­
mechanical effect such a contraction has, are 
subject to debate. 

Contribution to the support of the abdominal 

contents 

One fw1Ction attributed to the abdominal muscles 
is support of the abdominal contents. Due to the 
circumferential arrangement of transversus 
abdominis, this muscle is considered to have the 

most appropriate mechanical efficiency to per­
form this role. 83 Concurrently, activity of trans­
versus abdominis325 and the other abdominal 
muscles48.49,96 is commonly reported in standing. 
However, this activity can be abolished easily 
with minor adjustment to posture or voluntary 
effort.5,48,1 45 Changes in magnitude of activity 
with changes in position are consistent with 
the role of this activity in visceral support. The 
activity of transversus abdominis and the other 
abdominal muscles is absent in the supine 
position,47,81 ,1 12 but increases as the head is tilted 
up to 45° or down to 45°, with greater activity in 
the dependent portion of the abdomen where 
the hydrostatic pressure exerted by the abdomi­
nal contents on the abdominal wall is greatest.81 
An additional benefit of this activity of the 
abdominal muscles is the reduction of the res­
piratory volume to below functional residual 
capacity.Sl 

Contribution to respiration 

Electromyograms of the abdominal muscles 
recorded during quiet breathing show that these 
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muscles are activated towards the end of expi­
ration once ventilation has increased.47,83,96,112,325 
Contraction of the abdominal muscles con­
tributes to the regulation of the length of the 
diaphragm}l end-expiratory lung volume1 31 and 
expiratory airflow.5 With voluntary increases in 
expiratory force (e.g. expiration below the func­
tional residual capacity and forced expiration 
against a closed glottis), all the abdominal 
muscles contract in concert.83,1 1 2  However, when 
the ventilation is increased involuntarily, by 
rebreathing CO2 or with provision of an inspira-

, tory load, the transversus abdominis is recruited 
at lower levels of ventilation than the obliquus 
externus abdominis or rectus abdominis.1 ,83,347 
This contraction of the transversus abdominis 
results in increased inspiratory efficiency by 
increasing the length of the diaphragm, and 
permits elastic recoil of the thoracic cavity to 
contribute to the initiation of inspiration.1 31,237 

Contribution to production of intra-abdominal 

pressure 

Although each of the abdominal muscles may 
flatten the abdominal wall and compress the 
abdominal viscera,1 78,355 the circumferential 
arrangement of the transversus abdominis 
allows this muscle to have the greatest efficiency 
in increasing intra-abdominal pressure (IAP).83 
This is particularly important when flexion of 
the trunk is to be avoided,26 which would occur 
if the other flexing abdominal muscles were 
active. In agreement, several recent reports have 
identified a strong relationship (compared with 
the other abdominal muscles) between the 
electromyographic activity of the transversus 
abdominis and the lAP on isokinetic lifting and 
lowering,67 trunk extension,64 and inertial loading 
of trunk movement.62 

Contribution to trunk rotation 

Debate exists about whether a unilateral contrac­
tion of the transversus abdominis may produce 
axial trunk rotation. Although DeTroyer et al83 
reported little or no activity of the transversus 
abdominis with resisted rotation in sitting, 

Cresswell et al64 recorded activity of the trans­
versus abdominis on the side rotated towards or 
bilateral activity, with the greatest activity in the 
ipsilateral side. Similar findings were obtained 
by Hemborg (personal communication, 1997) 

using surgically implanted fine-wire electro­
myography. However, recent studies have 
indicated that the activation of the transversus 
abdominis is not altered by changes in rotational 
demands in association with a postural per­
turbation produced by limb movement.147,1 48 

It was suggested by Cresswell et al64 that the 
contribution of the transversus abdominis to 
spinal stability may be its ability to control 
rotation produced by inequalities in the activation 
of the oblique abdominal muscles. In an 
additional study by Cresswell et al,63 subjects 
underwent a training programme of resisted 
trunk rotation. At the end of training some 
changes in the rate of development of lAP were 
identified in functional tasks. What this change 
means functionally and whether it was due to 
changes in the transversus abdominis is as yet 
unclear. 

The biomechanical mechanism through which 
the transversus abdominis may contribute to 
rotation is unclear, but it may relate to the 
decussation and attachment of the transversus 
abdominis to the contralateral obliquus internus 
abdominis, and to the oblique orientation of the 
aponeurotic layers of the medial attachment of 
transversus abdominis.1 9,355 In addition, a recent 
study has proposed that the transversus abdominis 
may make a minor contribution to trunk flexion 
and rotation via its attachment on the linea 
semilunaris. 220 Finally, the transversus abdominis 
may not produce rotation but may restrict 
rotation or return the spine to neutral rotation 
from a rotated position by tensioning the lateral 
attachment of the thoracolumbar fascia (see 
Ch. 4). This issue has not been resolved. 

Contribution to control of trunk flexion loading 

One function of the transversus abdominis that 
has been discussed for many years, although not 
directly in relation to the transversus abdominis, 
is the possible contribution of increased lAP and 



tension in the thoracolumbar fascia to the pro­
duction of an extension movement of the 
trunk.90,116,121 More recent evidence suggests that 
this may not be the case. It is important to 
review this literature in order to provide a basis 
for the contemporary views of the contribution 
of the transversus abdominis to spinal stability, 
as outlined in Chapter 4. 

Observations of lumbar extension produced 
by bilateral lateral tension of the thoracolumbar 
fascia in cadavers90 and theoretical evaluations 
of thoracolumbar fascia anatomy91 have led to 
the proposal that the transversus abdominis could 
produce an extensor torque due to the oblique 
orientation of the fibres of the fascia. The tension 
of the thoracolumbar fascia can be maintained 
by contraction of the abdominal muscles.92 The 
transversus abdominis is likely to have the greatest 
influence on the tension of the thoracolumbar 
fascia due to its extensive attachment. The attach­
ment of the transversus abdominis to the entire 
lateral raphe allows this muscle to exert tension 
on the middle and posterior layers of the thora­
columbar fascia in the middle and lower regions 
of the fascia?8 I n  contrast, the attachment of the 
posterior fibres of the obliquus internus abdominis 
is restricted to the portion of the lateral raphe 
connected to the L3-LS spinous processes.38 When 
the fibres of the obliquus intenms abdominis are 
tractioned, no visible displacement of the deep 
lamina of the posterior layer is produced.34s 

It has been suggested that the orientation of 
the fibres of the posterior layer of the thoraco­
lumbar fascia may assist in the production of an 
extensor moment by converting lateral tension 
to longitudinal tension (Fig. 3.8)11 6,11 7 At any 
point along the lateral raphe there is a fibre of 
the superficial lamina passing caudomedially 
and a fibre of the deep lamina passing caudo­
laterally towards the spine, these forming a 
series of triangles, each sub tending two levels.ll 6  
Due to the obliquity of the attachment, the force 
exerted at the basal angle would h ave a hori­
zontal and a vertical vector. With bilateral tension, 
the sum of the horizontal vectors is zero, while 
the vertical vectors produce opposite movement 
approximating the spinous processes (or pre­
venting separation of the spinous processes) and 
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Figure 3.8 The mechanics of the thoracolumbar fascia. 
From any point in the lateral raphe (LR), lateral tension in the 
posterior layer of thoracolumbar fascia is transmitted upwards 
through the deep lamina of the posterior layer, and downwards 
through the superficial layer. Because of the obliquity of these 
lines of tension, a small downward vector is generated at the 
midline attachment of the deep lamina, and a small upward 
vector is generated at the midline attachment of the superficial 
lamina. These mutually opposite vectors tend to approximate 
or oppose the separation of the L2 and L4, and L3 and L5 
spinous processes. Lateral tension on the fascia can be 
exerted by the transversus abdominis (TA), and to a lesser 
extent by the few fibres of the internal oblique muscle when 
they attach to the lateral raphe. (Reproduced with permission 
from Bogduk,37 p. 1 23.) 

resulting in trunk extension.1 16,11 7 This provides 
a mechanism for the transversus abdominis 
contraction to contribute directly to extension. 

Gracovetsky and colleagues 116 believed the 
angulation of the fibres was in the range 1 2-60° 

from the h orizontal (depending on the angle of 
trunk flexion), and calculated that the mechan­
ism may produce a gain from lateral tension to 
longitudinal tension of approximately 5 : 1 ,  con­
tributing significantly to trunk extension. Three 
studies h ave since been done to evaluate this 
theoretical model, and indicated a much less sig­
nificant contribution.223,228,329 Macintosh et af28 
calculated the potential contribution of this 
mechanism to extension production using data 
derived from anatomical dissections, and identified 
the true orientation of the fibres of the posterior 
layer to be 30° to the horizontal (increasing to 
40° with trunk flexion).38 Assuming that the cross-
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sectional area of the transversus abdominis is 
2 mm x 70 mm, this mechanism could contribute 
3.9 Nm to the extensor moment, or 5.9 Nm with 
the spine in full flexion. This contribution would 
be only 2% of the maximum extensor moment 
produced by the back muscles (i.e. 250-280 Nm).115 

Furthermore, in a separate study, McGill & 
Norman223 calculated the contribution of the ten­
sion in the thoracolumbar fascia to trunk extension 
to be negligible (less than 4%) compared with 
the force required to maintain a load in the 
hands. Tesh and colleagues329 reported a gain of 
0.42 for the conversion of lateral tension to 
longitudinal tension in full flexion with a fibre 
orientation of 1 5° to the horizontal. When ten­
sion of the thoracolumbar fascia was produced 
in a cadaver, no approximation of the spinous 
processes was observed. Clearly the potential for 
lateral tension of the thoracolumbar fascia pro­
duced by contraction of the abdominal muscles 
to produce spinal extension is minimal. A final 
concern regarding the contribution of the abdo­
minal muscles to lumbar extension is the absence 
of attachment of the fibres of the thoracolumbar 
fascia originating from the abdominal muscles 
to the sacrum.38 This makes it difficult to justify 
an extensor mechanism that is unable to transmit 
forces to the pelvis.223 However, the small amount 
of compression produced by this mechanism 
may contribute to the control of shearing forces. 

Alternatively, changes in lAP have been 
associated with control of spinal flexion forces. 
Early estimations of compressive loads on the 
spine resulting from trunk extensor muscle 
activity during lifting, identified loads in excess 
of the physiological limit of intervertebral discs.26 
On this basis it was concluded that an additional 
mechanism must contribute to the production of 
an extensor moment. It was considered that the 
abdominal cavity could function as a pressurized 
'balloon' in front of the spine acting to separate 
the diaphragm and pelvic floor and thus pro­
duce a trunk extensor moment (Fig. 3.9).26,1 21 ,248 
Since this mechanism was considered to have a 
larger moment arm than the trunk extensor 
muscles, the resultant disc compression would 
be less.26,332,337 It has been calculated mathemat­
ically that the load on the extensor muscles 

Figure 3.9 The contribution of intra-abdominal pressure to 
the production of an extensor movement by exerting a 
distracting force between the diaphragm and pelvic floor. 
(Adapted from Bartel ink,26 p. 722.) 

could be reduced by 1 2-20% as a result of this 
mechanism.332 Consistent with this, a decrease in 
extensor muscle activity as a result of increased 
lAP has been reported.226,349 

In support of this hypothesis, increased lAP 
has been associated with lifting, running and 
walkini6,121 ,1 99 and prior to jwnping.62,125 Further-
more, the magnitude of the lAP has been found 
to be linearly related to the magnitude of static 
flexion moments. 26,73-75, 119, 129,232,233,249 However, 
many studies of dynamic loading have failed to 
find a relationship.233,302,337 Yet, a linear relation­
ship has been identified in dynamic lifting and 
lowering.67 Furthermore, increases in lAP are also 
associated with trunk extension loading, which 
is contradictory to the initial hypothesis, l l 9 

Several factors have been outlined in the litera­
ture that further question the trunk extensor role 
of the lAP; namely, the concurrent flexor torque 
produced by the rectus abdominis, obliquus 
externus abdominis and obliquus internus 
abdominis, the surface area of the diaphragm 
through which the abdominal pressure can act, 
and the magnitude of pressure required to 
produce an effective extensor moment. 

Early mathematical evaluation of the potential 
trunk extensor moment produced by the dev-



elopment of lAP failed to include the concurrent 
flexion moment produced by the rectus 
abdominis, obliquus extern us abdominis and 
obliquus interIms abdominis.332 Addition of the 
flexor moment to biomechanical models (as 
suggested by McGill et aJ222 and Floyd & 
Silver96) has been shown to decrease the poten­
tial extensor moment produced by the pressurized 
abdominal cavity, thus increasing the require­
ment for extensor muscle activity to overcome 
the flexor torque, and resulting in an increase in 
spinal compression rather than a decrease.29,197,222 
Consistent with this, Nachemson et al2S1 reported 
an increase in intradiscal pressure with increased 
lAP with a valsalva manoeuvre. However, the 
muscle pattern involved in the performance of a 
valsalva is different to that involved with trunk 
lifting,l21 thus bringing into question the relevance 
of this finding. In addition, the studies done by 
McGill & Norman222 neglect the possible signi­
ficant contribution of the transversus abdominis 
to the development of lAP. As the transversus 
abdominis does not have a trunk flexor moment, 
the compromise of the trunk extensor moment is 
likely to be reduced. The failure of trunk flexor 
training to increase the lAP production in lifting 
and valsalva manoeuvres provides further evi­
dence that the contribution of the trunk-flexing 
abdominal muscles to lAP development is 
limited. 1 29 

The potential for lAP to produce trunk exten­
sion is further compromised when realistic 
values of the moment arm for the action of the 
abdominal pressure on the spine and surface 
area of the diaphragm (compared with previous 
studies, see McGill & Norman222) are used in bio­
mechanical models.222,224 When realistic estimates 
of these parameters are used, McGill and 
Norman calculated only a minor contribution of 
increased lAP to the production of trunk exten­
sion, even with the potential contradictory trunk 
flexion moment of the abdominal muscles 
removed from the analysis. This has been 
supported in vitro in a study that simulated the 
effect of lAP on the diaphragm and pelvic floor 
by using balloons inserted into the abdominal 
cavity of a cadaver; no significant extensor 
moment was observed.329 
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On theoretical grounds it has been calculated 
that in order to lift a 100-kg load, the lAP 
required would exceed 250 mmHg which, if sus­
tained, would occlude the aorta and restrict 
blood flow to the viscera and lower limbs.13o 
Furthermore, the maximum capacity of abdomi­
nal muscles is 60-50 psi (0.4-1 .0 MPa),93 which is 
insufficient to produce the level of hoop tension 
required to generate such pressure. Although 
pressures of up to 200 rnrnHg have been 
recorded,249 the pressure rarely exceeds 
1 00 mmHg in normal function.77 High pressures 
can be sustained for brief periods, and have 
been reported in several studies.26,76 The peak 
pressure is generally associated with the peak 
trunk acceleration at the initiation of trunk 
movement, suggesting that the lAP may be 
involved in the preparation for acceleration of 
the trunk.23,129,22S,233,336 A more recent study 
failed to find a relationship between the lAP and 
acceleration; however, in that study the lAP was 
developed in advance of torque production, and 
the period between the development of lAP and 
trunk torque production increased as the velocity 
increased.23s This finding suggests that the lAP 
may act as a preparatory action to stiffen the 
spine prior to rapid trunk extension. However, a 
recent modelling study has suggested that large 
lAPs produced under high-force conditions, 
such as weight-lifting, may produce an extensor 
torque?l 

In addition, we have evidence from recent 
studies investigating the control of the trunk 
against forces acting to challenge the spine 
resulting from limb movement, that the timing 
and magnitude of increase in the lAP is not 
consistent with the demand for control of trunk 
flexion and the activity of the abdominal 
muscles in all tasks.l44 From the evidence 
presented it is likely that the development of 
lAP may contribute to the production of a small 
extensor moment, although the magnitude of 
this remains to be established. Finally, a recent 
modelling study has re-evaluated the efficacy of 
the lAP mechanism on the basis of new 
measurements of factors such as the surface area 
of the diaphragm, and has indicated that an 
extensor moment can be developed even at low 
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Figure 3.1 0 The attachments and fibre orientation of the obliquus internus abdominis. 
(Reproduced with permission from Williams et al,355 p. 598.) 

levels of pressure when pressurization is per­
formed by transversly oriented muscle fibres 
(i.e. the transversus abdominis).71 Thus debate 
continues regarding the extent of the contri­
bution of this action of the transversus abdominis 
to the control of flexion moments. 

Summary 

In summary, many functions have been attri­
buted to the transversus abdominis. Although 
there has been much debate regarding the 
possible contributions of the lAP and thoraco­
lumbar fascia tension to the control of trunk 



flexion loading, the evidence seems to suggest 
that this is unlikely to be significant. There is 
more recent evidence of other possible contri­
butions of the transversus abdominis to spinal 
control, specifically to the control of spinal stiff­
ness and intersegmental control. These aspects 
will be discussed in Chapter 4. Obviously, what­
ever the transversus abdominis does for spinal 
stability, this function must be integrated with 
the role of this muscle in respiration and support 
of the abdominal contents. 

OBuauus INTERNUS ABDOMINIS 

The obliquus inten1Us abdominis forms the 
middle layer of the lateral abdominal wall, with 
a muscular attachment to the lateral two-thirds 
of the inguinal ligament, the anterior two-thirds 
of the iliac crest and the lateral raphe of the 
thoracolumbar fascia in a band 2-3 cm wide, 
attaching to fibres of the deep lamina arising 
from the L3 spinous process38,355 (Fig. 3.10). The 
posterior iliac fibres pass superiorly to attach to 
the inferior border of the lower three or four ribs 
and are continuous with the internal intercostal 
muscles. The fibres from the inguinal ligament 
run inferomedially to attach to the pubic crest as 
the conjoint tendon with transversus abdominis. 
The intermediate fibres diverge from the origin, 
ending in a bilaminar aponeurosis with the 
upper fibres of the aponeurosis attaching to the 
outer surface of the seventh to ninth costal 
cartilages. The lower fibres of this intermediate 
region pass horizontally in parallel with the 
fibres of transversus abdominis.155,355 The anterior 
layer of the obliquus internus abdominis 
aponeurosis passes superomedially towards the 
linea alba and lies anterior to the rectus 
abdominis. The position of the obliquus internus 
abdominis aponeurosis relative to that of 
obliquus externus abdominis varies depending 
on its position relative to the umbilicus.287 The 
posterior layer of the fascia passes posterior to 
the rectus abdominis and has a similar arrange­
ment to that of the transversus abdominis. The 
anterior fibres are continuous with the contra­
lateral obliquus externus abdominis, while the 
posterior fibres are continuous with the trans-
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versus abdominis.1 9,287 The innervation is identical 
to that of the transversus abdominis. 

Similar to the transversus abdominis, the 
obliquus internus abdominis contributes to the 
support of the abdominal viscera and the produc­
tion of IAP.5 However, due to the fibre orien­
tation this will be coupled with the production of 
a trunk flexion moment,224,355 unless there is 
concurrent activation of the trunk extensors.96 
Cresswell et al64 failed to find a consistent 
relationship between obliquus internus abdominis 
activity and lAP development. Due to the oblique 
fibre orientation, the obliquus internus abdominis 
produces ipsilateral rotation in conjunction 
with the contralateral obliquus externus 
abdominis.64,269,355 Bilateral activity during rota­
tion has been reported.49 Bilateral contraction of 
the obliquus internus abdominis produces flexion 
of the spine96,355 and contributes to fixation of the 
pelvis during leg movements.96 Unilateral 
contraction results in lateral flexion.49 

Although the obliquus intern us abdominis has 
been generally categorized as a global muscle in 
relation to spinal stability, some portions of the 
muscle appear to function with the transversus 
abdominis in the local support of the lumbopelvic 
region. Bergmark33 recognized that the posterior 
fibres of the obliquus internus abdominis 
inserting into the lateral raphe of the thoraco­
lumbar fascia render this muscle capable of 
acting as part of the local support system of the 
lumbar spine. It shares this function with the 
transversus abdominis, which has a major attach­
ment to the lumbar fascia. It should be noted, 
however, that this attachment to the thoraco­
lumbar fascia is not present in all people38 and 
thus may not contribute to segmental stability 
in these people. It may be speculated that the 
lower horizontal fibres of the obliquus internus 
abdominis could augment the action of the 
transversus abdominis in its role of supporting 
the sacro-iliac joints (see Ch. 2). 

CONCLUSIONS 

A review of the muscles of the local stabilizing 
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system of the spine has determined that, of the 
lumbar muscles, the multifidus is that most 
closely linked to spinal segmental support. For 
the abdominal wall, the transversus abdominis 
emerges as a key local muscle. It is possible that 
some portion of the obliquus internus abdominis 

works with the transversus abdominis in its 
supporting function. Recognition of these key 
muscles, together with clinical findings in back 
pain patients, has helped focus our research on 
the status of the deep muscles of the local 
system in back pain patients. 
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A new perspective on the 
stabilization role of the 
transversus abdominis 

Although it has generally been accepted that the 
abdominal muscles may contribute to the stability 
of the trunk, the contribution of the transversus 
abdominis to this function has been largely 
ignored in the literature. This has been due 
primarily to difficulties in understanding how 
this muscle, with its transversely arranged 
muscle fibres, may contribute to spinal control. 
However, recent laboratory evidence has high­
lighted the specific contribution of this muscle to 
spinal stability and provided a basis for clinical 
observations. 

Increasing evidence was arising from our 
clinical observations that changes in the function 
of transversus abdominis were present in people 
with low back pain (see Ch. 1 ) .  In addition to the 
clinical evidence, interest was developing in 
Sweden, where a research group headed by 
Cresswell was evaluating intra-abdominal 
pressure (lAP). They discovered that none of the 
superficial abdominal muscles could account for 
the lAP changes, leading them to evaluate the 
function of the transversus abdominis. Through 
the development of ultrasound-guided needle 
insertion techniques by Andersson et al, 11 

DeTroyer et al83 and Goldman,112 it became 
practical to confidently record electromyograms 
from the transversus abdominis. Using this 
technique, two series of studies were begun: one 
by Cresswell, Thorstensson and colleagues at 
the Karolinska Institute, Stockholm; and one by 
ourselves.140 These studies used both trunk 
movement and perturbations (challenges) to 
trunk stability to evaluate how the muscles of 
the trunk contribute to spinal control and 
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whether the transversus abdominis was 
important in this mechanism. 

In this chapter, the new evidence for the 
contribution of transversus abdominis to spinal 
stability is reviewed. This is followed by a dis­
cussion of the potential mechanism through 
which the transversus abdominis may contri­
bute to stabilization of the spine. 

CONTRIBUTION OF THE 
TRANSVERSUS ABDOMINIS TO 
SPINAL STABILITY: NEW EVIDENCE 

Activation during static trunk 
efforts 

In their initial experiment, Cresswell and 
colleagues66 had identified an increase in lAP 
with both isometric flexion and extension of the 
trunk. Obviously this could not be accounted for 
by superficial abdominal muscle activity, since 
no activity was recorded in these muscles 
during trunk extension. This intriguing finding 
prompted these authors to evaluate the trans­
versus abdominis in order to identify the muscle 
responsible for lAP generation. When trunk 
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Figure 4,1 Recordings of intra-abdominal pressure (lAP) 
and abdominal (rectus abdominis (RA), obliquus externus 
abdominis (OE), obliquus internus abdominis (01) and 
transversus abdominis (TrA)) and erector spinae (ES) 
electromyographic activity, showing activation of the TrA 
(and, to some extent, the 01) during both maximal isometric 
trunk flexion (a) and maximal isometric trunk extension (b) in 
a representative subject. Note the direction specific 
activation of the other abdominal muscles and the erector 
spinae. (Reproduced with permission from Cresswell et al,64 
p. 41 3.) 

movements were repeated with fine-wire 
electromyographic recordings of the abdominal 
muscles, it was found that the transversus 
abdominis was active with both movement 
directions64 (Fig. 4.1). Thus an explanation could 
be found for the lAP increase in trunk flexion 
and extension. But what was the explanation for 
the activity in this muscle? The authors pro­
posed that transversus abdominis might be 
active to contribute to the stabilization of the 
lumbar spine either through the contribution to 
lAP generation or through the control of 
rotation. However, these results suggest only 
the function of transversus abdominis in a static 
situation. It was important to evaluate the 
response of the transversus abdominis with 
dynamic movement. 

Activation during trunk movements 

In the next series of studies, Cresswell and 
colleagues investigated the response of the 
abdominal muscles in a dynamic situation,64 In 
the first instance they evaluated movement of 
the trunk between flexion and extension in 
standing, On the basis of the previous investi­
gation it was predicted that the transversus 
abdominis could be active with both move­
ments. As expected, the flexing abdominal 
muscles, obliquus externus abdominis, obliquus 
intenms abdominis and rectus abdominis, were 
found to be active in a phasic manner to 
contribute from the extension to the flexion 
phase of the movement. However, the trans­
versus abdominis was active throughout the 
movement in both directions (Fig . . 4.2). Once 
again the control of the transversus abdominis 
was related to the production of lAP, and the 
authors considered the results to suggest that 
the transversus abdominis may be contributing 
to stabilization of the lumbar spine. 

Similar relationships between the lAP and 
transversus abdominis production and activation 
of the transversus abdominis, irrespective of 
movement direction, were identified with studies 
of lifting and lowering67 and with movement of 
the trunk against inertial loading.62 These studies 



evaluated both dynamic and static functions 
involving the trunk, and suggested that the 
transversus abdominis performs a unique 
function not shared by the other abdominal 
muscles. 
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Figure 4.2 Mean recordings of intra-abdominal pressure 
(lAP) and abdominal (rectus abdominis (RA), obliquus 
externus abdominis (OE), obliquus internus abdominis (01) 
and transversus abdominis (TrA)) and erector spinae (ES) 
electromyographic activity during four consecutive trunk 
oscillations between flexion and extension. Note the 
constant (but variable) activation of the TrA and the direction 
specific activation of the other trunk muscles. (Reproduced 
with permission from Cresswell et al,64 p. 41 4.) 
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Activation with trunk loading 

Another means of evaluating the contribution of 
the trunk to spinal stability is to evaluate the 
response of the trunk muscles to perturbation. 
This method allows identification of the strategy 
used by the central nervous system (CNS) to 
protect the spine. Cresswell et al65 chose to use 
this principle by adding a load to the trunk. A 
harness, to which a weight could be attached 
ventrally or dorsally to force the trunk into 
flexion or extension, respectively, was placed 
over the shoulder of subjects. When a load was 
added to the trunk to cause flexion forces, the 
authors identified a short-latency activation of 
the erector spinae muscles. However, before the 
erector spinae was active, the transversus 
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Figure 4.3 Rectified and smoothed electromyographic 
recordings of the abdominal (rectus abdominis (RA). 
obliquus extern us abdominis (OE), obliquus internus 
abdominis (01) and transversus abdominis (TrA)) and 

lAP 

01 

OE 

erector spinae (ES) muscles during unexpected front-loading 
(by the addition of a weight anteriorly to a harness placed 
over the shoulders) (a) and during self-initiated front-loading 
(b). The vertical lines indicate the onset of the perturbation. 
In (a) note the rapid onset of electromyographic activity of all 
muscles, with TrA being the first muscle to be active. In (b) 
the onset of activation of several of the muscles precedes 
the onset of the perturbation, although TrA is again the first 
muscle active, in a feedforward manner. (Reproduced with 
permission from Cresswell et al,65 p. 339.) 
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abdominis was already active, with a latency of 
less than 30 ms (Fig. 4.3a). Similarly, with 
w1expected dorsal loading there was a short­
latency activation of the flexing abdominal 
muscles, but once again the transversus 
abdorninis was the first muscle to be active. The 
authors again proposed that the transversus 
abdominis may be fw1ctioning to stabilize the 
lumbar spine. 

Cresswell et al added a final paradigm to this 
study. They allowed the subjects to release the 
weight that would load their trunk themselves. 
Thus, subjects had the ability to make pre­
dictions about the time and magnitude of the 
perturbation. When subjects did this, they chose 
to prepare themselves by initiating contraction 
of the trunk muscles prior to loading, yet the 
transversus abdominis was the first muscle 
active (Fig. 4.3b). The latency between the onset 

of activity of the transversus abdominis and 
loading was approximately 1 00 ms, making it 
difficult to rule out voluntary preparation. 
Nevertheless, the results provide important 
information about the potential for pre­
programmed activation of the transversus 
abdominis to prepare the spine for perturbation. 

Pre-programmed activation and limb 
movement 

In order to determine whether pre-programmed 
activation of the transversus abdominis is an 
automatic component of the strategy used by the 
CNS to control spinal stability, it was necessary 
to identify an experimental model that removed 
the possibility of voluntary preparation. One 
such method of challenging the stability of the 
trunk is to move a limb. When a limb is moved, 

�/� OE 

01 � --- �-----------------
AC 

Figure 4.4 (a) Technique for the insertion of a fine-wire electrode into the abdominal muscles, using ultrasound imaging to 
guide electrode placement. (b) Ultrasound image of the abdominal wall demonstrating visualization of the needle tip. The 
muscle layers can be clearly identified by the bright white echo of the fascia separating the muscle layers. (c) The abdominal 
wall: S, skin; ST, subcutaneous tissue; OE, obliquus externus abdominis; 01, obliquus internus abdominis; TrA, transversus 
abdominis; AC, abdominal contents. In this case, the needle tip (NT) is located in the muscle belly of the 01. 

(b) 
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reactive moments are imposed on the trunk, 
acting equal and opposite to those producing 
the movement.42,158,363 With shoulder flexion, for 
example, the spine is caused to flex and rotate 
ipsilaterally as a result of inertial coupling 
between the segments.42,144 In addition, there is a 
displacement of the centre of mass as a result of 
the reactive moments and the changed geometry 
of the body. Thus limb movement provides a 
method of challenging the stability of the spine 
in a way in which the CNS has exact infor­
mation of when the perturbation will occur and 
how large the perturbation will be, as a result of 
years of movement practice. As early as 1967 
Belen'kii et al32 found that the electromyographic 
activity of the muscles of the leg changes in the 
period immediately preceding the onset of 
electromyographic activity of the muscle 
producing the movement. This pattern of leg 
muscle activity produces a postural response 
that begins before the movement, in order to 
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reduce the effect of the movement. The para­
meters of this feedforward postural muscle 
activity have been investigated in detail by 
many research groups.42,59,lQQ,158,363 

We predicted that if it is sufficiently important 
that trunk stability is controlled, then perhaps 
the CNS would activate one or several muscles 
of the trunk prior to the muscle responsible for 
limb movement. On the basis of the findings of 
Cresswell et al,65 we predicted that the trans­
versus abdominis would be involved in this 
response. 

In our initial investigation we evaluated the 
abdominal muscles using fine-wire electro­
myography (EMG) electrodes inserted under the 
guidance of real-time ultrasound imaging148 
(Fig. 4.4). Subjects performed unilateral shoulder 
movement while recordings were taken from 
the opposite side of the trunk. As predicted, a 
feedforward response of the trunk muscles 
was identified. Furthermore, the transversus 
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Figure 4.5 Electromyographic activity of the abdominal (rectus abdominis (RA), obliquus externus abdominis (OE), obliquus 
internus abdominis (01) and transversus abdominis (TrA)), superficial multifidus (MF) and deltoid muscles for shoulder flexion, 
abduction and extension in a representative subject. The time of alignment of the traces at the onset of electromyographic 
activity of the deltoid is noted, and the onset of activity of the TrA is shown by the dashed line. Note the onset of activity of the 
TrA prior to that of the deltoid and the other trunk muscles, and the consistent period between the onset of activity of the TrA 
and deltoid. Also note the change in sequence of activity onset of the RA, EO, 10 and MF as a function of limb-movement 
direction. (Reproduced with permission from Hodges & Richardson,'48 p. 364.) 
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Figure 4.6 Electromyographic activity of the abdominal (rectus abdominis (RA), obliquus externus abdominis (OE), obliquus 
internus abdominis (01) and transversus abdominis (TrA)). superficial multifidus (MF) and deltoid muscles rectified and 
averaged over 1 0  repetitions of shoulder flexion at three different speeds of movement: fast (- 3000/s), natural (- 1 500/s) and 
slow (- 300/s). The time of alignment of the traces is the onset of deltoid activity at zero; the onset of activity of the TrA is 
shown. The figure demonstrates the delay in the onset of activity of each of the trunk muscles relative to that of the deltoid with 
natural compared to fast movement, and the absence of trunk muscle activity with slow movement. ES, erector spinae. 
(Reproduced with permission from Hodges & Richardson, 149 p. 1224.) 

abdominis was the first of the trunk muscles 
active, irrespective of the direction of the move­
ment of the limb or the direction of the forces 
acting on the spine (Fig. 4.5). This finding 
provides further evidence that the transversus 
abdominis contributes to the control of spinal 
stability. 

To confirm that the activation of the trans­
versus abdominis is linked with the control of 
reactive moments produced by limb movement 
and not due to some other factor, two exper­
iments were undertaken. In the first experiment 
subjects were requested to move their arm at 
different speeds: fast, natural and s1ow.149 Since 
the reactive forces are dependent on the mass 
and acceleration of the limb, it was expected that 
with very slow movements the perturbation at 
the spine would be minimal. The results indi-

cated that the transversus abdominis was active 
in a feedforward manner with fast and natural 
movements but was not active with slow 
movements (Fig. 4.6). In the second study (P.W. 
Hodges and S.c. Gandevia, unpublished results, 
1996), subjects performed movement of the 
shoulder, elbow, wrist and thumb. The trans­
versus abdominis was active only with elbow 
and shoulder movement. These two findings 
indicate that the contraction of the transversus 
abdominis is dependent on the magnitude of the 
reactive forces, and that this feedforward activity 
is linked with the control of spinal stability. 

In one further study we asked subjects to 
move a leg.147 The leg is of larger mass than the 
arm and is in close proximity to the lumbar 
spine; therefore, greater forces would be trans­
mitted to the spine with movement of this type. 



THE ROLE OF THE TRANSVERSUS ABDOMINIS 47 

O;
r
�t �n:et k ,Jvt\ O;

r
�t ���et 

A �AA �V'" I' �v�vr. O;
:
;t �n�et J �. RF � TFL � 

::� ::� 
GM � 
:� 

: .. . ,L I� , : .1.I.i.j , ... if> I� . �.-".J �V'\rJV' 1 ,.MJIJ " 
OE 

�1 - Yy� 
OE �: I 

OE �: I 

' I ' 
RA ' I RA I 

1 �:, )I'�_ . • A.I 
RA ��VW" 'W�"1 1 L .JlJ : I ' I  

� MF � MF MF �� 
Flexion Abduction 

100 ms 

Extension 

Figure 4.7 Mean electromyographic activity of the abdominal (rectus abdominis (RA), obliquus externus abdominis (OE). 
obliquus internus abdominis (01) and transversus abdominis (TrA)). superficial multifidus (MF) muscles and the prime movers 
of hip flexion (rectus femoris (RF)), abduction (tensor fascia latae (TFL)) and extension (gluteus maximus (GM)) averaged over 
1 0 repetitions for hip flexion, abduction and extension. The time of alignment of the traces at the onset of activity of the prime 
mover is noted, and the onset of activity of the TrA is shown. The figure demonstrates the onset of activity of the TrA prior to 
that of the prime mover and the other trunk muscles. (Reproduced with permission from Hodges & Richardson,147 p. 139.) 

Whereas the transversus abdominis was active 
approximately 30 ms before the prime mover of 
the shoulder, this period increased to 110 ms 
with leg movement (Fig. 4.7). This finding pro­
vides further support for the proposal that the 
transversus abdominis is active in the control of 
spinal stability. 

Activation with variation of the 
direction of the force acting on the 
spine 

From basic biomechanics it can be expected that, 
when limb movement is performed in different 
directions, the direction of the forces acting on 
the spine will likewise vary. It was shown that 
the transversus abdominis was the first trunk 
muscle to become active with limb movement. It 
was important to determine whether this 
occurred with different directions of force acting 
on the spine. To test this we completed three 
electromyographic studies evaluating trunk 
muscle activity and trunk movement. In the first 

study we confirmed that the onset of activity of 
the transversus abdominis was exactly the same 
with movement in each directionl48 (Fig. 4.8). In 
contrast, the onset of activity of the superficial 
muscles varied between movement directions. 
We interpreted this change in activity onset of 
the other trunk muscles as an attempt by the 
eNS to control the specific directions of the 
force. With shoulder flexion the early activation 
of the erector spinae was consistent with the 
requirement to control the reactive flexion 
movement expected to occur at the trunk. In 
shoulder extension, the early flexing abdominal 
activity of the rectus abdominis, obliquus 
externus abdominis and internus abdominis was 
consistent with the requirement to control the 
expected extending trunk reactive movement. 
These changes in the onset of activity of the 
superficial muscles are consistent with the 
findings of others.l7,100,363 The failure of the trans­
versus abdominis to vary between movement 
directions provided initial insight into the 
possible contribution of this muscle to the 
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Figure 4.8 Mean time of onset of electromyographic 
activity of the abdominal (rectus abdominis (RA), obliquus 
externus abdominis (OE), obliquus internus abdominis (01) 
and transversus abdominis (TrA)) and superficial multifidus 
(MF) muscles relative to the onset of deltoid activity for all 
subjects (n = 15) for shoulder flexion, abduction and 
extension. All bars are aligned to the onset of deltoid activity 
at zero. The end of each bar indicates the group mean time 
of onset of the activity of the muscles of the trunk. Standard 
errors of the mean are indicated. Note the significantly 
different onsets in activity of 01, OE, RA and MF between 
movement directions and the non-significant variation in the 
latency between the onset of deltoid and TrA activities.' 
p < 0.05. (Reproduced with permission from Hodges & 
Richardson, 1 48 p. 365.) 

generation of non-direction-specific stiffness of 
the spine with no direct contribution to the 
control of reactive forces. However, this needed 
to be confirmed by evaluating the magnitude of 
the electromyographic activity and spinal motion 
to confirm the direction of reactive motion of the 
spine. 

In the second series of studies142,144 we 
investigated the motion between segments of 
the trunk in three dimensions and electro­
myographic magnitude and timing parameters 
with unilateral and bilateral movement of the 
shoulders into flexion, abduction and extension. 
The results of this study confirmed the depen­
dence of electromyographic magnitude and 
timing parameters of the superficial muscle on 
movement direction. In addition, the results 
showed once again a failure of the transversus 
abdominis to change in timing and also magni­
tude between movement directions. The move­
ment analysis data also provided important 
insight into the strategy that the CNS uses to 
control spinal stability. The results confirmed 

that shoulder flexion results in a flexion result­
ant motion at the spine and the converse with 
extension. However, prior to the onset of limb 
movement there is a small but consistent 
preparatory motion of the trunk in the opposite 
direction as a result of the superficial trunk 
muscle activity. This suggests that the CNS 
deals with the perturbation to the trunk by 
producing preparatory spinal motions, and not 
simple rigidification of the spine. This strategy 
has potential benefits for the absorption of forces 
by acting to dampen them. It appears that the 
transversus abdominis acts to stiffen the spine 
and maintain a stable intersegmental orientation 
in a preparatory manner in order to allow the 
action of the more superficial muscles to be 
simplified. 

Tonic activation 

The pattern of response of the trunk muscles 
also provides support for the different roles 
played by the trunk muscles in spinal control. 
Ballistic limb movement is associated with a 
pattern of activation of agonist and antagonist 
muscles known as a triphasic response.'s This 
pattern is typified by a biphasic burst of the 
agonist muscle separated by a single burst of the 
antagonist. Postural muscles are known to 
respond in a similar manner.' 7,100 

It has been shown in several studies, including 
our own,17,144,148 that the superficial muscles 
respond in short phasic bursts that are con­
sistent with the preparatory and resultant spinal 
motions shown to accompany fast limb move­
ment. However, in contrast to the other muscles, 
the transversus abdominis responds in a tonic 
manner in the majority of subjects. Generally, 
what is seen is a large initial burst of transversus 
abdominis activity preceding the prime mover, 
and then a longer duration, continuous, low­
level tonic contraction. In a very recent study we 
have shown that the deep fibres of the multi­
fidus respond in a similar tonic manner (P.W. 
Hodges, A.G. Cresswell and A. Thorstensson, 
unpublished data, 1997). 

The tonic nature of the response of the trans­
versus abdominis provides further indication of 



the supporting role of this muscle, and is 
consistent with both the continuous activation of 
transversus abdominis noted with repetitive 
trunk movement65 and the function of other 
muscles, such as the vastus medialis obliquus 
with knee movement.279 

Independent control from other trunk 
muscles 

From the evaluation of different directions of 
trunk movement64 and limb movement,147,148 it 
can be seen that transversus abdominis func­
tions independently of the other trunk muscles. 
This separation in control by the eNS has 
important implications for the way in which we 
may approach the training of the transversus 
abdominis, and we required further investi­
gation to evaluate more precisely the extent of 
this independent control. To do this we under­
took a study in which the preparation for move­
ment was varied.152 The reasoning behind this 
study was that, since the pattern of response of 
the superficial trunk muscles is dependent on 
the direction of limb movement, the eNS would 
delay the onset of postural muscle contraction 
until the movement direction was known. In 
contrast, since the transversus abdominis acts 
in a similar manner no matter what movement 
is performed, it was predicted that the con­
traction of this muscle might not be altered if 
there is wlcertainty about the exact movement 
to be performed. To vary the preparation for 
movement, subjects were told that they would 
be asked either to flex or to abduct their arm 
with varying amounts of certainty of the required 
movement direction. In some trials subjects 
were given a stimulus which told them the 
correct direction, in some trials they were given 
no information on which movement to expect, 
and in a final group of trials subjects thought 
that they were going to perform one movement 
but were then told to do the other. 

The result of this manipulation of preparation 
was that subjects responded quickly when they 
knew what they were going to do, responded 
more slowly when they were given no warning, 
and more slowly still when they were given 

THE ROLE OF THE TRANSVERSUS ABDOMINIS 49 

'* 
Deltoid 

f--o 
TrA 

..i:::::'.. 10 

EO 

RA 

o 100 200 
Time (ms) 

D Co 
* 

* D Ne 

rrect 

utral 

orrect • Inc 

..c. * 

* 

J:if-o 
* 

300 400 

Figure 4.9 Reaction time (mean and SEM) of the 
abdominal (rectus abdominis (RA), obliquus externus 
abdominis (OE), obliquus internus abdominis (01) and 
transversus abdominis) (TrA)) and deltoid muscles from a 
visual stimulus to the onset of electromyographic activity of 
each muscle with varying levels of preparation for movement 
(correct, neutral and incorrect). It can be seen that the 
reaction times of all muscles except the TrA are increased 
as the level of preparation is decreased. This suggests a 
different control strategy for the TrA compared with the other 
abdominal muscles. 'p < 0.05. (Adapted with permission 
from Hodges & Richardson.'50) 

incorrect preparatory information. As predicted, 
when the reaction time for movement was 
delayed, the onset of activation of the superficial 
muscles was similarly delayed. This suggests 
that the eNS waited until it knew what move­
ment to perform before it initiated contraction of 
the direction-specific postural muscles (Fig. 4.9). 
In contrast, the activation of the transversus 
abdominis was not influenced by changes in 
preparation and responded with the same 
reaction time in all conditions. In other words, 
the transversus abdominis was initiated as soon 
as the subjects knew they would move. Thus, 
the response of transversus abdominis appears 
to be a much more basic response with less 
information processing requirements than the 
other superficial muscles. This finding corrob­
orates the earlier findings suggesting that a 
separate control system is used by the eNS to 
control contraction of the transversus abdominis. 

Activation and afferent input 

The eNS can only make predictions about the 
expected outcome from limb movement in terms 
of forces acting on the spine. It was important to 
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determine whether the simple early response of 
the transversus abdominis could be altered if the 
outcome from the movement was different from 
that which would normally be expected. To test 
this we performed an experiment where subjects 
moved the shoulder rapidly into flexion, as we 
had done before. However, in a small number of 
trials an external load was unexpectedly applied 
to the arm to cause a deceleration and further 
perturbation to the spine.143 The results of this 
study confirmed that the pre-programmed 
response of transversus a bdominis and the other 
trunk muscles is responsive to afferent feedback 
and can respond quickly (within 30 ms) after the 
onset of the perturbation to counter the challenge 
to spinal stability. This finding confirms that the 
transversus abdominis is responsive to afferent 
stimuli, indicating changes in stability require­
ment of the spine. It also provides evidence of a 
continually changing stability system of the 
spine. 

Contraction and mechanical 
response 

All the trunk-movement and trunk-loading 
experiments undertaken by Cresswell and 
colleagues62-65 measured a mechanical response 
of the transversus abdominis in the form of an 
increase in lAP, a necessary consequence of 
transversus abdominis activity. In addition, lAP 
changes were the most consistently related to 
activation of the transversus abdominis, as 
compared with other superficial muscles. How­
ever, it was uncertain whether the early trans­
versus abdominis response identified with limb 
movement was sufficient to produce a mechanical 
response that could contribute to control of 
spinal stability. To assess this we undertook a 
study where the lAP and intrathoracic pressure 
were measured using a nasogastric tube attached 
with pressure-sensitive respiratory balloons.145 
When subjects performed rapid shoulder flexion, 
the pre-programmed early activity of the trans­
versus abdominis was sufficient to produce an 
increased pressure in the abdomen tha t preceded 
the onset of limb movement (Fig. 4.10), thus 
strengthening the evidence for a contribution of 

the transversus abdominis to spinal stability. 
However, the transversus abdominis is only one 
of the muscles surrounding the abdominal 
cavity. The diaphragm and pelvic floor muscles 
also contribute to the pressurization of the 
abdomen, forming the ceiling and floor of the 
abdominal capsule. Whether these muscles also 
contribute to postural control is an important 
question. 

The diaphragm and trunk stability 

For many years scientists have searched 
for evidence suggesting a contribution of 
the diaphragm to postural control. These 
studies have involved the use of decerebrate 
animal preparations in an attempt to stimulate 
postural responses involving neck movements 
and simulation of thoracic afferents?9,238 No 
such study has been successful in finding a 
response. 

We evaluated the contribution of the dia­
phragm to postural control, using the limb 
movement model we had used previously.141 In 
this study, the electromyographic activity of the 
diaphragm was measured using a monopolar 
needle electrode inserted into the costal dia­
phragm via the seventh intercostal space. A 
silver chloride coated band around a nasogastric 
tube (that also measures lAP and intra-thoracic 
pressure) was used to measure the electro­
myographic activity of the crural portion of the 
diaphragm transoesophageally. The activity of 
the transversus abdominis was also recorded. 
When subjects performed shoulder flexion, we 
found that both portions of the diaphragm 
contracted 30 ms prior to the deltoid (Fig. 4.10), 
i.e. at exactly the same time as contraction of the 
transversus abdominis. Importantly, this occurred 
during both inspiratory and expiratory phases 
of respiration, 

The results provide evidence that the dia­
phragm does contribute to spinal control and 
may do so by assisting with pressurization and 
control of displacement of the abdominal 
contents, allowing the transversus abdominis to 
increase tension in the thoracolumbar fascia or 
to generate lAP. It is easy to see how this system 
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Figure 4.10 Representative single recordings of the electromyographic activity of the costal 
diaphragm and deltoid, rib-cage motion, intra-abdominal pressure (Pga), intrathoracic pressure 
(Poes) and transdiaphragmatic pressure (Pdi) with rapid shoulder flexion occurring during 
inspiration (a) and expiration (b). The onset of diaphragm activity and the initiation of movement of 
the limb are denoted by the dashed lines, and the onset of deltoid activity is denoted by the dotted 
line. The time-scale is identical in the left- and right-hand panels. The figure demonstrates the 
onset of increase in Pga and Pdi prior to the initiation of movement of the limb, thus providing 
evidence that the feedforward contraction of the TrA and the diaphragm is associated with a 
mechanical response that precedes the onset of movement. The figure also shows the onset of an 
increase in costal diaphragm activity prior to that of the deltoid, providing evidence of a 
contribution of the diaphragm to the preparatory spinal stability mechanism. (Reproduced with 
permission from Hodges et ai, 141 p. 542.) 

may function with short-duration postural tasks, 
but it is unknown how the diaphragm may 
contribute when the postural demand is sus­
tained and the diaphragm must combine the 
roles of respiration and stability control. This is 
an area of ongoing research, but must involve 
eccentric/ concentric phases of activation of the 

diaphragm. Several studies have investigated 
this function in patients who have undergone 
high spinal cord transection, and have provided 
supportive findings.309,31o Recent evidence sug­
gests that diaphragm activity may be associated 
with voluntary contraction of the transversus 
abdominis by drawing in the abdominal wall.s 
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Figure 4.11 Representative raw electromyogram of each of the abdominal muscles and the superficial multifidus 
during the performance of a submaximal pelvic floor contraction in supine crook lying. Contractions were performed in 
three conditions: anterior (anterior pelvic tilt with padding placed under the lumbar curve to maintain the position); 
neutral (with the spine and pelvis in a neutral position); posterior (posterior pelvic tilt with padding under the sacrum to 
maintain the position). Note the relatively isolated activity in the transversus abdominis with pelvic floor muscle 
contraction in the neutral position, and the additional activation of other abdominal muscles in the anterior and 
posterior conditions. 

The pelvic floor muscles and trunk 
stability 

The muscles of the pelvic floor form the floor of 
the abdomjnal capsule and are an integral part 
of the muscular mechanism of abdominal 
pressurization. Preliminary investigations of the 
contribution of the pelvic floor muscles to the 
feedforward spinal stability mechanism have 
been undertaken. Results from EMG recordings 
of the pubococcygeus indicated similar onsets of 

activity as for the diaphragm and transversus 
abdominis (P.W. Hodges, c.A. Richardson and 
KK Sapsford, unpublished data, 1 996). In 
addition, electromyographic studies done by 
Hemborg et a1130 have shown activation of the 
pelvic floor muscles in lifting tasks. 

In two additional studies, we investigated the 
interaction between the muscles of the pelvic 
floor and the abdominal muscles.298,299 In the 
first study, subjects were asked to perform 



maximal contractions of the pelvic floor while 
the electromyographic activity of the abdominal 
muscles was monitored using fine-wire 
electrodes.298 When subjects performed the 
pelvic floor contractions, activation of the trans­
versus abdominis increased significantly. In 
some subjects this was selective (Fig. 4.11 ), while 
in others there was also an increase in the activ­
ation of the other abdominal muscles. Interest­
ingly, the contribution of the other abdominal 
muscles could be changed by changing the 
degree of the pelvic tilt and spinal curvature. In 
the converse experiment, the electromyographic 
activity of the pubococcygeus while abdominal 
muscle contractions were performed was inves­
tigated using fine-wire electrodes inserted 
through the vaginal wall.299 Activation of the 
abdominal muscles resulted in an increased 
activation of pubococcygeus. Both of these 
investigations provide further evidence of a 
close neurophysiological association between 
these two muscles and suggest that similar 
centres in the eNS may be involved in the 
activation of these muscles. 

Respiration and spinal stability 

Since the transversus abdominis is a respiratory 
muscle, there is potential conflict between the 
roles of this muscle in controlling expiration and 
spinal stability. It was important to evaluate 
how these two separate functions could occur 
concurrently. Previous investigations of the 
intercostal muscles provide evidence of modifi­
cations of postural activity on the basis of 
respiratory demand.286 To evaluate this we 
asked subjects to move their arm at random 
points throughout the respiratory cycle and with 
different breathing conditions: quiet breathing, 
forced expiration and with inspiratory loading.145 
The latter two conditions were included because 
transversus abdominis normally only contri­
butes to respiration when expiration is increased 
voluntarily by forcing expiration or involuntarily 
by breathing in against an inspiratory load.83 

In relaxed breathing, no differences in the 
transversus abdominis onset timing were identi­
fied between phases of respiration (Fig. 4.12). 
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This finding suggests that the transversus 
abdominis can contribute equally well to spinal 
stability in any respiratory phase. However, 
when respiratory demand was increased, the 
transversus abdominis responded earlier in 
expiration than in inspiration (see Fig. 4.12).  A 
similar change was noted for the rectus abdominis 
and obliquus externus abdominis. 

There are two possible explanations for this 
finding. The first possibility relates to the 
influence of the respiratory drive to the abdomi­
nal muscles from the pontine and medullary 
respiratory centres. Although not yet shown in 
humans, there is evidence from cat research that 
respiratory motor neurons (including those of 
the abdominal muscles) are under the influence 
of a continuously varying level of excitability 
from a descending drive known as central respir­
atory drive potentials.99,246,303 This descending 
drive causes expiratory motor neurons to be more 
excitable in expiration than inspiration. The 
earlier activation of the transversus abdominis 
with expiration could be explained by the 
increased excitability of its motor neuron pool in 
this respiratory phase. 

Alternatively, the changes in timing may 
relate to the pre-existing levels of abdominal 
pressure. In inspiration, there is diaphragm 
descent and pressurization of the abdomen,13o 
particularly when there is an inspiratory load. In 
contrast, during expiration the diaphragm is 
relaxed and abdominal pressure is low. Thus, 
during inspiration contraction of the transversus 
abdominis is required less and in expiration it is 
required more; hence the change in postural 
timing to accommodate this. 

To test which hypothesis could explain our 
results, subjects performed a shoulder movement 
during the performance of a forced expiration 
against a closed glottis (valsalva). In this condition 
the pressure in the abdomen is increased and the 
neural drive to the motor neuron pool is already 
increased. Thus, if changes in the neural drive 
explain the findings of the respiratory study, 
then the transversus abdominis should be active 
earlier in the valsalva condition. However, if 
pre-existing abdominal pressurization provides 
the explanation then activation of the transversus 
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Figure 4.12 Mean electromyographic activity of the transversus abdominis (TrA) and deltoid averaged over five 
repetitions for rapid shoulder flexion performed during four different phases of the respiratory cycle (end-expiration, 
mid-inspiration, end-inspiration, mid-expiration) with (A) relaxed breathing, (B) breathing against an inspiratory load, 
and (C) with forced expiration. For averaging, trials were aligned to the onset of deltoid activity, which is denoted by 
the solid line. The onset of TrA in each condition is marked by an arrow and a dashed line. It can be seen that the 
respiratory phase has no influence on the timing of feedforward contraction of the TrA with quiet respiration, but is 
affected by phase in the other two conditions, which resulted in increased abdominal activity during the expiratory 
phase. (Reproduced with permission from Hodges et al,145 p. 757.) 

abdominis should be delayed. We found that the 
activity of the transversus abdominis was in fact 
delayed, thus supporting the proposal that trans­
versus abdominis activation is dependent on the 
pre-existing pressurization of the abdominal cavity. 

Summary 

From all the studies described above it is be­
coming apparent that the transversus abdominis 
does contribute to spinal stability. Yet it appears 
to contribute to the control of non-direction­
specific generation of spinal stiffness and inter­
segmental control of the lumbar spine rather 
than the control of direction-specific forces. 
Perhaps most interestingly, the transversus 
abdominis appears to be controlled independently 
of the other trunk muscles. Studies are continuing 
in order to investigate further the control of the 
transversus abdominis by the CNS. How the 

transversus abdominis may contribute to spinal 
control is the topic of the remainder of this chapter. 

CONTRIBUTION OF THE 
TRANSVERSUS ABDOMINIS TO 
SPINAL STABILITY: POSSIBLE 
MECHANISMS 

Although the contribution of the transversus 
abdominis (via its role in the production of 
fascial tension and increased lAP) to the pro­
duction of a trunk extensor moment is question­
able (see Ch. 3), this muscle may be involved in 
the control of spinal stiffness and the inter­
segmental relationship. Any contribution that 
the transversus abdominis makes to the control 
of spinal stability must involve either its contri­
bution to the generation of pressure in the 
abdominal cavity or tension in the thoraco­
lumbar fascia. Below we discuss each of the 



hypothesized mechanisms through which the 
transversus abdominis can influence spinal stiff­
ness through its contribution to pressure and 
fascial tension. 

Conversion of the abdomen and 
spine to a rigid cylinder 

Development of a pressurized visceral cavity 
through increasing lAP maintains the hoop-like 
geometry of the abdominal muscles (particularly 
the transversus abdominis).91,116 This combined 
action of transversus abdominis contraction and 
lAP converts the abdomen and spine into a rigid 
cylinder. The mechanical properties of a cylinder 
result in a stiffer structure than the multi­
segmented column of the ligamentous 

. 222 224 249 I dd"  I . 
spme. " n a lhon, t 1e pressurIzed hoop-
like geometry of abdominal muscles increases 
the potential for la teral tension of the trans­
versus abdominis to support the spine, in a 
similar manner to guy wires supporting the 
mast of a sailing ship.222 Finally, several authors 
consider that the lAP may contribute to a 
posterior force, which increases the tension of 
the thoracolumbar fascia.118,223 

In order to evaluate these hypotheses, the 
biomechanical interaction between the IAP and 
the thoracolumbar fascia tension requires con­
sideration. A force balance exists between the 
lAP and the tensile force in the circumferential 
abdominal wall,13o which can be described by 
LaPlace's law: 

T = PR 

where T is the tension developed in the hoop 
(abdominal tension), R is the radius of the arc or 
circle, and P is the pressure developed (lAP)? 
Therefore, 

Transversus abdominis hoop tension = 

IAP x Abdominal radius 

This means that the increased lAP may be 
produced either by increased tension in the 
abdominal wall or by a reduction in the radius 
of the curvature of the abdominal wall, dia­
phragm or pelvic floor. The estimated tension 
calculated using the above equation is only 
sufficient if the container is perfectly cylindrical 
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and the ends of the cylinder are closed.31 There­
fore, this equation can only provide an 
approximation of the non-uniformly cylindrical 
abdominal wall.276 Furthermore, LaPlace's law 
relates to non-contractile hoops, and therefore 
the relationship is not perfect for a muscular 
hoop where the magnitude of muscle force 
varies with the velocity of contraction, the type 
of contraction (e.g. isometric, eccentric, concentric) 
and the length-tension relationship. 

Despite these limitations, the equation can be 
used to estimate both the tension in the wall 
generated by the pressure and, conversely, the 
pressure generated by active tension in the 
muscle wall. The pressure is exerted equally in 
all directions, and wherever the abdominal 
contents meet a solid boundary the pressure 
exerts a force at the boundary243 that contributes 
to the distending force and abdominal wall 
tension.276 Obviously, the tension in the abdomi­
nal wall may be increased by an increase in the 
lAP (as long as the radius does not decrease) or 
an increase in the radius (as long as the pressure 
is not reduced). Therefore, the development of 
lAP enables the abdominal muscles to contract 
without collapsing into the viscera.178,222 Minimal 
tension will be developed if the radius of the 
abdominal wall reduces concurrently with 
abdominal muscle contraction. Since the abdomi­
nal contents are relatively incompressible this 
would occur through displacement of the 
abdominal contents into the thoracic cavity as a 
result of a relaxed diaphragm. Clearly, co­
contraction of the diaphragm and pelvic floor 
would be beneficial. However, contraction of the 
transversus abdominis against the gravitational 
stretch of the abdominal viscera allows some 
tension to be developed in the thoracolumbar 
fascia, irrespective of the lAP. 

Restriction of intersegmental motion 

The transversus abdominis may also contribute 
to the control of intersegmental motion via 
production of lateral tension in the thoraco­
lumbar fascia. By increasing the lateral tension 
in the thoracolumbar fascia, which acts on the 
transverse and spinous processes of the lumbar 
vertebrae, the transversus abdominis may limit 
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Figure 4.13 Control of intersegmental motion via lateral 
tension in the thoracolumbar fascia. Motion of the vertebrae 
is associated with changes in the length of the fascia (right). 
This motion can be restrained by preventing the lengthening 
of the fascia. As the tensile stress in the fascia is increased, 
the amount of rotation and translation can be limited. 

translation and rotation of the vertebrae.148 
When the joint movement occurs, the thoraco­
lumbar fascia and transversus abdominis 
complex must increase in length to allow 
movement. Thus, when the thoracolumbar fascia 
is slack a certain degree of motion is allowed in 
all directions. As the tensile stress in the 
thoracolumbar fascia is increased the amount of 
rotation and translation is limited (Fig. 4.13). As 
the tensile stress increases to infinity, the 
available motion will reduce to zero. Through 
this mechanism the tension developed in the 
thoracolumbar fascia may limit the motion of 
the vertebrae in all directions. The result of this 
mechanism is a reduction in the size of the 
neutral zone, which will be optimal if the 
position of the transversus abdominis is 
stabilized. If tension is developed only in one 
side, then displacement may occur; however, if 
equal tension is developed in both sides, the 
motion will be restrained. 

This mechanism of lumbar stability has not 
been previously addressed in the literature, and 
requires further biomechanical evaluation. How­
ever, a similar model has been suggested by 
McGill & Norman.224 Their model involves the 
contraction of each of the abdominal muscles 
exerting lateral and anteroposterior forces acting 
as guy ropes for the spine. These authors con­
sidered that the tension developed would 
increase the stability and prevent buckling of the 
spine. Furthermore, when tension is applied to 

the thoracolumbar fascia in cadavers by inflating 
a balloon in the abdomen, no movement occurS.329 
This supports the proposal that tensioning the 
thoracolumbar fascia may increase the stiffness 
of the spine rather than produce motion. In 
order for tension to be developed in the thoraco­
lumbar fascia, the shortening of the transversus 
abdominis needs to be restrained. This requires 
containment of the abdominal contents by 
contraction of the diaphragm. 

Intersegmental compression 

In Chapter 3 it was argued that tensioning of the 
obliquely oriented fibres of the thoracolumbar 
fascia is unlikely to contribute significantly to 
the production of trunk extension. However, the 
conversion of lateral tension to longitudinal 
tension via contraction of the transversus 
abdominis pulling laterally on the basal angle of 
the triangle formed by the oblique fascial 
fibres116,117 is likely to produce sufficient approxi­
mating force (2% of the effective extensor 
torque228) to generate mild compression between 
vertebral segments. The effect of this mild 
compression would be control of the shear 
forces between segments. 

Tesh and colleagues329 proposed a further 
mechanism by which tension of the thoraco­
lumbar fascia may produce a trunk extensor 
moment. These authors suggest that lateral 
tension of the fascia may produce a posteriorly 
directed vector acting on the interspinous 
ligament due to the posterolateral orientation of 
the fibres of the posterior layer arising from the 
midline structures. This was proposed to 
produce approximation of the spinous pro­
cesses. It was estimated theoretically that the 
force produced by this mechanism would 
produce a gain of 0.22-0.64 units longitudinal 
force for each unit of lateral force. However, the 
posterior component of the force disappears as 
the spine is flexed.329 

Control of spinal stiffness in the 
coronal plane 

The thoracolumbar fascia has also been sug­
gested to contribute to the control of coronal 



plane motion via the convergence of the fibres of 
the middle layer of the fascia onto the transverse 
processes of the lumbar vertebrae.329 It was 
proposed that approximation of the transverse 
processes would occur in a similar manner to 
that proposed for the production of trunk exten­
sion involving conversion of a lateral force into a 
longitudinal force (Fig. 4.14) (see Ch. 3). The 
vertical vector producing an approximation of 
the transverse processes has a large mechanical 
advantage due to the distance from the centre of 
rotation of the lateral flexion. Bilateral con­
traction of the transversus abdominis would 
result in a greater lateral flexion force on the 
convex side of the spine due to the larger angle 
of the fibres relative to the horizontaJ.329 

The ability of this mechanism to control the 
spine in the coronal plane was assessed by 
placing cadavers in a laterally flexed position 
and measuring the force required to maintain 
this position as the tension in the fascia was 

Figure 4.14 Stabilization of the lumbar spine in the coronal 
plane via tension in the middle layer of the thoracolumbar 
fascia. The oblique orientation of the fibres of the middle 
layer allows lateral tension of the fascia to produce a vertical 
vector acting to approximate the adjacent vertebrae. When 
the spine is laterally flexed the magnitude of the resultant 
vertical vector is greater on the convex side, potentially 
contributing to the return of the spine to the neutral position. 
(Adapted from Tesh et al,329 p. 504.) 
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increased by inflating a balloon in the 
abdominal cavity?29 The balloon was prevented 
from exerting pressure against the diaphragm 
and pelvic floor, which would simulate an 
increase in lAP. The maximum lateral flexion 
moment acting to straighten the spine as a result 
of this procedure was 14.5 Nm. Therefore, up to 
40% of trunk stability in the coronal plane may 
be produced by tension of the middle layer of 
the thoracolumbar fascia.329 

lAP and the function of the spine as 
an arch 

Several authors have considered the possibility 
that a posteriorly directed force on the spine 
resulting from the increase in lAP may stiffen 
the lumbar spine.33 Aspden21,22,23 suggested that 
the combined action of the posteriorly directed 
force and the arch-like geometry of the lumbar 
spine may produce a compressive effect on the 
convex side of the spine, resulting in increased 
stiffness (Fig. 4.15). This possible mechanism of 
spinal stability has stimulated considerable 
discussion in the literature. Several reports have 
been published questioning the capability of the 
spine to act in this manner on the basis of flaws 
in Aspden's original calculations.4 However, it is 

Figure 4.15 Proposed contribution of intra-abdominal 
pressure to spinal stability by providing a compressive stress 
on the convex surface of the lumbar lordosis, which has a 
stiffening effect on the arch-like structure of the spine. 
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likely that this mechanism may make some 
contribution to spinal stiffness. 

Stiffness of the abdominal contents 
and control of intersegmental motion 

When the lAP is increased the stiffness of the 
abdominal contents is also increased. It has been 
suggested that increased abdominal stiffness 
may assist in maintaining the alignment of the 
intervertebral joints by minimizing or eliminating 
small movements between adjacent vertebrae by 
a hydraulic effect.222 How much this mechanism 
contributes to spinal stiffness is unknown. 

Rotatory control of intersegmental 
motion 

A final potential contribution of contraction of 
transversus abdominis to the stabilization of the 
trunk is the potential for this muscle to produce 
rotation.64 Cresswell et al64 considered that the 
transversus abdominis may compensate for 
unequal levels of activation of the right and left 
obliquus externus abdominis and intern us and 
rectus abdominis. Although the mechanism 
through which the transversely oriented fibres 
of the transversus abdominis can produce 
rotation is not obvious, it is possible that this 
muscle may contribute to the control of rotation 
via its attachment to the contralateral oblique 
muscles or via oblique fascial attachments to 
the linea alba. Alternatively, the transversus 
abdominis may contribute to rotation from a 
rotated position by increasing tension in the 
thoracolumbar fascia (see Fig. 4.13) .  Further 
investigation of the contribution of the trans­
versus abdominis to the production of rotation 
is required in order to assess the viability of this 
proposed mechanism. 

Control of stability of the sacro-iliac 
joint 

As outlined in Chapter 2, the mechanism of 
stability of the sacro-iliac joint is dependent on 
compression between the ilia and the sacrum 
(i.e. force closure) in addition to the shape of the 
joint surfaces (i.e. form closure).312 Due to the 

S � 
- - - - - - - - - - - - - - - - - - - - - - - - � 

'"'�..... 2 
.... "" 

....... ::: .... ..... 
.... -

- .... 
.... 

.... 

7 

Figure 4.16 Cross-section of the pelvis at the level of the 
sacra-iliac joints. The application of force by the transversus 
abdominis and oblique abdominal muscles (Fo), in 
combination with stiff dorsal sacra-iliac ligaments ( Fi), 
compresses the sacroiliac joints (Fj). Because the lever arms 
of the muscle and ligament force are different, the joint 
reaction force is much greater than the muscle force. 
( 1 )  Sacrum; (2) iliac bone; (3) joint cartilage; (4) joint space; 
(5) ventral sacra-iliac ligament; (6) interosseous sacra-iliac 
ligaments; (7) dorsal sacra-iliac ligaments. (Reproduced with 
permission from Snijders et al,312 p. 423.) 

anterior attachment of the transversus abdominis 
(and the obliquus intenms abdominis) to the 
iliac crest, this muscle is ideally placed to act on 
the ilia to produce compression of the sacro-iliac 
joints anteriorly. Due to the lever arm of the ilia, 
the force generated by the transversus abdominis 
is amplified by a factor of 4 (Fig. 4.1 6), thus 
contributing effectively to the stability mechan­
ism of this joint.312 

The obliquus internus abdominis and 
local spinal stability 

The contribution of the obliquus internus 
abdominis to the local stability mechanism has 
been relatively ignored in this section. However, 
some similarities between the transversus 
abdominis and the obliquus internus abdominis 
have been identified in specific experimental 
situations. For example, the obliquus internus 
abdominis is active in a feedforward manner 
with certain directions of movement in a limb­
movement task.148 However, a separate control 
of the obliquus internus abdominis has not been 
identified as it has for the transversus 
abdominis.152 The mechanism by which the 



obliquus internus abdominis may contribute to 
stability relates to the posterior attachment of 
this muscle to the lower lumbar section of the 
thoracolumbar fascia in some people.38 Thus, 
any mechanism by which the transversus 
abdominis contributes to stability via tensioning 
of the thoracolumbar fascia may be assisted by 
the obliquus internus abdominis at the lower 
lumbar levels. 

Summary 

From this review it should be apparent that 
many possibilities exist for a contribution of 
contraction of the transversus abdominis to the 
generation of stiffness of the lumbar spine and 
the control of intersegmental motion. Each 
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mechanism is consistent with the findings of 
direction insensitivity highlighted in the studies 
presented in the first section of this chapter. The 
amount that each mechanism contributes to 
spinal stability is as yet unknown. However, 
several research groups are currently investi­
gating the potential of each mechanism to 
maintain spinal stability. Further information 
should be forthcoming. An important factor of 
many of the mechanisms is the possibility for 
contraction of the lumbar multifidus to contri­
bute to tensioning of the posterior layer of the 
thoracolumbar fascia, since it is contained with­
in the sheath formed by the fascia. This shared 
function of the transversus abdominis and 
lumbar multifidus has interesting implications 
for the optimal functioning of the spinal stability 
system. 
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Local muscle 
dysfunction in low back 
pain 

The transversus abdominis and lumbar multi­
fidus were studied in more detail in back pain 
patients in an attempt to decipher the clinical 
evidence and to demonstrate more clearly the 
nature of the problem which develops in these 
muscles. Other researchers were also beginning 
to investigate the dysfunctions present in these 
muscles in low back pain patients.258 The 
research on the local muscle system provided 
the foundation for new treatment methods to 
reverse the dysfunction in these muscles in back 
pain patients. 

DYSFUNCTION OF THE 
TRANSVERSUS ABDOMINIS 

Changes in motor control 

The new knowledge of the normal function of 
the transversus abdominis and its contribution 
to spinal segmental stabilization strengthened 
the assumptions made from our clinical tests 
tha t transversus a bdominis function was poor in 
patients with low back pain. The methods 
developed to evaluate the normal function of the 
transversus abdominis provided a way to evalu­
ate closely the function of this muscle in people 
with low back pain. This chapter reviews these 
studies. The findings provide a basis for many 
aspects of the approach to rehabilitation of the 
deep, local muscle system. 

Delayed activation 

Previously, in a group of people with no history 
of low back pain we had identified that con-

61 
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Figure 5.1 (a) Averaged electromyographic activity of the abdominal (rectus abdominis (RA), obliquus externus abdominis 
(OE), obliquus internus abdominis (01) and transversus abdominis (TrA)), superficial multifidus (MF) and deltoid (anterior (AD), 
middle (MD) and posterior (PO) ) muscles of a representative low back pain subject with shoulder flexion, abduction and extension. 
(b) Mean (± SO) time of onset of electromyographic activity of each trunk muscle averaged across all low back pain (LBP) 
subjects (n = 15). The time of alignment of the data at the onset of activity of the deltoid is at zero. This figure demonstrates the 
delayed contraction of the TrA with shoulder movement in each direction, and delayed activation of the other trunk muscles 
only with specific directions of shoulder movement. (Reproduced with permission from Hodges & Richardson,146 pp. 2645-2646.) 



traction of the transversus abdominis preceded 
the onset of contraction of the muscle producing 
movement of either the arml48 or leg.147 The 
experimental model developed in these studies 
provided the basis to investigate the control of 
the spine in people with low back pain in an 
automatic way (i.e. free from conscious volition). 
We set out to identify whether any changes 
occurred in this anticipatory contraction in 
people with a history of low back pain. Subjects 
included in this study and those reported in the 
following sections were selected on the basis of 
clinical criteria due to the difficulty in identify­
ing a homogeneous group on the basis of specific 
pathological diagnosis. Most importantly, the 
patients had to have had pain for at least 1 8  
months, to have had time off work, t o  have 
sought medical or allied health intervention and 
to be in a period with relatively minimal or no 
pain at the time of testing. The procedure was 
identical to that outlined previously (see eh. 4), 
with electromyographic (EMG) recordings made 
from the deep abdominal muscles with fine-wire 
in-dwelling electrodes. In the first study, sub-
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jects performed movement of the arm into 
flexion, abduction and extension in response to a 
light. The most obvious deficit in the subjects 
with low back pain was the significant delay of 
between 50-450 ms in the onset of contraction of 
the transversus abdominis (Fig. 5. 1). Thus, 
contraction of the transversus abdominis was 
absent from the pre-movement period, failing to 
prepare the spine for the perturbation resulting 
from limb movement. Since the task only lasted 
approximately 200 ms, in many trials the con­
traction of the transversus abdominis occurred 
after the movement was completed. In every 
trial the contraction of the transversus abdominis 
failed to occur prior to that of the deltoid (the 
muscle responsible for initiation of limb move­
ment). This change could not be explained by 
the reduction in limb movement velocity, since 
movement was performed at the same speed by 
both groups. 

The delay in the onset of activity of the 
transversus abdominis, as shown by EMG, was 
apparent for movement in all directions and, 
notably, there was also a large increase in the 
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Figure 5.2 Raw electromyographic activity of the abdominal (rectus abdominis (RA), obliquus externus abdominis (OE), 
obliquus internus abdominis (01) and transversus abdominis (TrA)), superficial multifidus (MF) muscles and the prime 
movers of hip flexion (rectus femoris (RF)). abduction (tensor fascia latae (TFL)) and extension (gluteus maximus (GM)) 
with hip flexion, abduction and extension performed by a patient with low back pain. The onset of activity of the prime 
mover of the limb is denoted by a line and TrA is denoted by a fine dashed line. This figure demonstrates delayed onset of 
the TrA, occurring after that of the prime mover. (Reproduced with permission from Hodges & Richardson,15o pp 46-56.) 
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variability of the response of the transversus 
abdominis, with large variation between sub­
jects and between trials within a subject. The 
change in timing was not confined to the 
transversus abdominis. Delayed onset of activity 
was also identified for the obliquus internus 
abdominis, obliquus externus abdominis and 
rectus abdominis, although this only occurred 
with specific directions of limb movement. 

When the same study was performed, but for 
movement of the leg, an identical change in 
anticipatory trunk muscle activity was identified 
by EMG.1SO Movement of the leg in all directions 
was associated with delayed contraction of the 
transversus abdominis (Fig. 5.2). Although acti­
vation of this muscle preceded the prime mover 
of the leg by a mean of 110 ms in people with no 
history of low back pain, when people with a 
history of low back pain performed the move­
ment the onset of activity of the transversus 
abdominis followed that of the prime mover by 
up to several hundred milliseconds. The potential 
mechanism and effect of this delay will be 
discussed later. 

Direction-specific contraction 

In patients with low back pain the onset of 
activity of the transversus abdominis is delayed 
with movement of a limb in all directions. In 
normal function, the transversus abdominis 
contracts with an identical period prior to the 
prime mover of the limb, with movement in all 
directions, suggesting that it is not responsive to 
changes in the direction of reactive forces acting 
on the spine. It was important to evaluate 
whether the same occurred in people with low 
back pain.146 In contrast to the control group, 
it did not (Fig. 5.3). The contraction of the 
transversus abdominis was delayed by a greater 
period in shoulder flexion than the other move­
ment directions. In other words, the transversus 
abdominis began to respond in a similar manner 
to the other abdominal muscles which control 
direction-specific forces acting on the spine. 
Since the transversus abdominis is unable to 
control direction-specific forces, the reason for 
this change is unclear. All other trunk muscles 
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Figure 5.3 Low back pain subject group mean (open 
boxes) and individual subject data Uoined dots} for times of 
onset of electromyographic activity of each of the trunk 
muscles relative to the onset of deltoid with shoulder flexion 
(F), abduction (A) and extension (E). Time of alignment is 
the onset of deltoid activity at zero (denoted by the dashed 
line). The individual muscle is shown in the upper right 
corner. Note the significantly earlier onset of the transversus 
abdominis (TrA) with shoulder extension, which is in contrast 
to the control group (see Fig. 4.8) and the differences in time 
of onset of activity of the other trunk muscles consistent with 
the control group . •  p < 0.01. 10, obliquus internus abdominis; 
EO, obliquus externus abdominis; MF, multifidus; RA, rectus 
abdominis. (Reproduced with permission from Hodges & 
Richardson,146 p. 2645.) 

evalua ted showed identical direction-specific 
activation patterns as had been identified for 
subjects without low back pain (controls). Once 
again the transversus abdominis was the muscle 
most affected in people with low back pain. The 
change in control has further implications for 
the understanding of the mechanism of contrac­
tion of the transversus abdominis. 



Phasic contraction 

An additional observation in the low back pain 
subjects that was not evaluated specifically in 
the reported data was the pattern of activity, as 
seen on EMG, of the trunk muscles. Observation 
of the raw EMG traces demonstrated an interest­
ing finding. In contrast to the tonic postural 
response of the transversus abdominis in the 
control group, this muscle appeared to respond 
in distinct phasic bursts in low back pain 
subjects.146 When shoulder flexion was per­
formed the transversus abdominis responded in 
a single short-duration burst, along with the 
flexing abdominal muscles. In shoulder exten­
sion the transversus abdominis responded with 
two distinct bursts, once again in phase and 
similar to those of the flexing abdominal 
muscles. This change in burst pattern provides 
further indication of a change in control strategy 
employed by the central nervous system (CNS) 
to control activation of the transversus abdominis, 
and highlights the loss of tonic or isometric 
function of the transversus abdominis in low 
back pain. A similar loss of tonic function was 
highlighted previously in the vastus medialis 
oblique in a group of people with patellofemoral 
pain.277,278 

Loss of independent control 

With the evidence that the motor control of the 
transversus abdominis is altered in people with 
low back pain (i.e. there is a change in direction­
specific contro!), we then investigated the extent 
of these changes in more detail. This involved a 
similar methodology to that described previously 
for normal subjects, where the preparatory set of 
the subject was varied by providing correct, 
neutral or incorrect preparatory information to 
the subjects. As was seen in the previous 
study,151 the control subjects displayed a delay 
in reaction time of the deltoid with decreasing 
preparation, which was accompanied by a delay 
in rectus abdominis, obliquus externus abdorninis 
and obliquus internus abdominis reaction time, 
but not in that of the transversus abdominis.152 
However, the low back pain subjects responded 
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Figure 5.4 Reaction time (mean + SEM) of the abdominal 
(rectus abdominis (RA), obliquus extern us abdominis (OE), 
obliquus internus abdominis (01) and transversus abdominis 
(TrA)) and deltoid muscles from a visual stimulus to the 
onset of electromyographic activity of each muscle with 
varying levels of preparation for movement (correct, neutral 
and incorrect) for a group of subjects (n = 14) with a history 
of low back pain. It can be seen that the reaction times of all 
muscles, notably including the TrA, are increased as the 
level of preparation is decreased, thus suggesting that the 
separate control of the TrA is lost in people with low back 
pain . •  p < 0.05. (Adapted from Hodges & Richardson.151) 

in a different manner. The postural contraction 
of the rectus abdominis, obliquus externus 
abdominis and obliquus interIms abdominis 
was delayed along with deltoid, as had been 
seen for the control subjects (Fig. 5.4). However, 
the onset of activity of the transversus abdominis 
was also delayed, along with deltoid. This sug­
gests that, unlike the control subjects, the CNS of 
low back pain subjects waited until it knew what 
movement would be performed before it initiated 
contraction of the transversus abdominis. Thus, 
the central mechanism of transversus abdominis 
contraction was changed. This finding suggests 
that people with low back pain have changes in 
their postural motor control, and independent 
control of the transversus abdominis is lost. 

Failure to respond in natural-speed 
movements 

In a final study we evaluated whether the thres­
hold for activation of the transversus abdominis 
was modified in people with low back pain 
(Hodges & Richardson, unpublished results). In 
subjects without low back pain (controls) we had 
identified that anticipatory transversus abdominis 



66 THE SCIENTIFIC BASIS 

A B 

� 100 100 
� � 
>- 80 80 () 
c 
Q) 
:::J 

60 o Fast 0- 60 
� o Neutral 
Q) 

40 40 • Slow rn 
c 
0 
c. 

� 
rn 20 

I I 
20 

U �. 
Q) 

a: I -1 0 0 
TrA 01 OE RA MF TrA 01 OE RA MF 

Figure 5.5 Frequency of trials in which a response of each of the abdominal 
(rectus abdominis (RA), obliquus externus abdominis (OE), obliquus internus 
abdominis (01) and transversus abdominis (TrA)) and superficial multifidus 
(MF) muscles was present with movement of the upper limb at each of three 
different speeds of limb movement: fast (- 3000/s), natural (- 1500/s), slow 
(- 300/s), for controls (A) and patients with a history of low back pain (8). It 
can be seen that the frequency of response of all the abdominal muscles is 
reduced in the natural speed condition for the subjects with low back pain, 
thus suggesting that the threshold speed for trunk muscle activation is 
increased when people have low back pain. (Hodges & Richardson, 
unpublished results.) 

activity occurred with movement at natural 
(- 1500/ s) and fast (- 3000/ s) speeds but not 
with movement slower than 300/ s. This sug­
gested that the transversus abdominis responds 
when the reactive forces resulting from limb 
movement reach a certain threshold. When an 
identical study was undertaken on people with 
low back pain it was identified that a response 
of the transversus abdominis was only recorded 
when movement was performed at the fast 
speed (Fig. 5.5). In other words, the threshold 
for activation of the transversus abdominis had 
been increased in the low back pain patients. A 
similar change in threshold for activation was 
identified for the obliquus externus abdominis, 
rectus abdominis and obliquus internus 
abdominis. Whether this response results from 
changes in kinesthetic information from the joint 
structures, failed perception of the stability 
requirement or some other factors, is unknown. 

Mechanism, relevance and timing 

There are three questions for which we have no 
definite answers and which require further 
investigation. First, does the delay in trans­
versus abdominis activation occur before or 

after the onset of low back pain? Second, why 
does the timing of transversus abdominis activity 
and the strategy used by the CNS to control this 
muscle change in people with low back pain? 
Finally, what does the change in timing of trans­
versus abdominis activity mean to the spine? 
These questions will be addressed individually. 

Whether the change in transversus abdominis 
timing precedes the onset of low back pain or 
follows it is an important question. On the basis 
of the previous studies done by US140 and 
Cresswell and colleagues,64 which suggested a 
critical role of the transversus abdominis in 
spinal stability, it would seem possible that 
delayed transversus abdominis activation with 
arm movement may leave the spine unprotected 
from the reactive forces resulting from the 
movement. Although other types of movement 
have not, as yet, been evaluated, it would seem 
likely that the identified delay might be 
associated with other body movements. Failure 
of the spine's protective mechanism would have 
the potential to lead to development of micro­
trauma of joint structures due to uncontrolled 
movement. This could, hypothetically, occur as 
a back pain mechanism. However, it is clear that 
many cases of low back pain could not be 



attributed to such a mechanism, particularly 
those of traumatic origin. Obviously, longi­
tudinal studies are required to provide evidence 
of a potential predisposition to back pain. The 
implications from such findings are particularly 
significant for prevention and screening. 

The question of mechanism is also difficult to 
answer, and many studies need to be done to 
evaluate this question. However, there are some 
clues from the literature and from the specific 
changes' we have identified. The only other 
studies that have successfully identified a similar 
delay in the onset of activity of postural muscles 
in association with rapid limb movement have 
been the evaluation of people with eNS dis­
orders such as lesions of the frontal lobe261 and 
Parkinson's disease,zo3,289 The potential for 
dysfunction of the eNS to explain the mechan­
ism of the delay in activation of the transversus 
abdominis and the other abdominal muscles 
seems likely from the results of the limb­
movement studies. Other studies have identified 
a relationship between low back pain and 
changes in eNS parameters, including a loss of 
the biphasic pattern of contraction of the super­
ficial multifidus when catching a load anteriorly.l84 
In addition, other electromyographic studies 
have reported asymmetry61 or abnormal levels36o 
of activity of the paraspinal muscles, which has 
been attributed to a 'faulty neuromotor control 
pattern,.84 A separate group of studies has 
proposed that the development of low back pain 
may be associated with excessive erector spinae 
muscle activity in response to unexpected load­
ing of the trunk;204,236 however, no subjects with 
low back pain have been assessed. 

Studies of the behaviour of the eNS have 
identified changes in upper limb reaction 
time,214,327,342 changes in the control of the 
position of the centre of gravity relative to the 
base of support46 and changes in other parameters 
such as muscle tone and coordination.162 A final 
group of studies has addressed the relationship 
between vestibular deficits and trunk muscle 
function, identifying an association between 
vestibular deficits and idiopathic scoliosis132 and 
delayed onset of activity of the rectus abdominis 
following support surface perturbation.9,183 A 
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further study linked changes in temporal para­
meters of the response of the gastrocnemius in a 
stepping task with the combined influence of 
vestibular deficits and low back pain.l04 Thus 
evidence is available to support a link between 
changes in control of movement by the eNS and 
low back pain. 

Other factors may also produce deviations in 
the timing of onset of muscle contraction, such 
as a delay in postural muscle activity onset 
resulting from decreased limb-movement 
velocity.158,207 Since the limb-movement velocity 
was comparable between groups, it is unlikely 
that this explains the present findings.146 Another 
possible factor that may cause changes in the 
timing of muscle activity is reflex inhibition. 
Reflex inhibition produces a decreased acti­
vation level of the motor neuron pool,322 and 
may cause delayed muscle activation as a result 
of the increased time taken by the motor 
neurons to reach the threshold for activation. 
Several factors resulting from musculoskeletal 
trauma and associated with low back pain have 
been linked with reflex inhibition. These include 
joint effusion/8,322 pain,318 ligament stretch89 and 
capsular compression.89 Such circumstances may 
influence the timing of activation of trunk 
muscles by lowering the excitability of the motor 
neuron pool. Fatigue126 and postural variation206 
have also been suggested to influence the 
excitability of the motor neuron pool. However, 
it is unlikely that the changes in the directional 
specificity of the response could be explained by 
this mechanism. In addition, the innervation of 
the transversus abdominis by the T7-T12 spinal 
nerve makes this proposal unlikely, as the 
mechanism of reflex inhibition acts through a 
single segment of the spinal cord322 and the 
structures most commonly involved in the low 
back pain pathology are at the L4-LS and LS-Sl 
levels. The possibility of a long loop pain 
inhibitory mechanism320 cannot be disregarded. 
Finally, the difference in magnitude of the delay 
in activation of the transversus abdominis 
identified between flexion and extension cannot 
be explained by this mechanism, since the 
influence of reflex inhibition would not be dif­
ferent between limb movement directions. 
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Another dysfunction that results in changes in 
the time of onset of contraction is a reduction in 
the conduction velocity of the motor neuron. 
Kleinrensink and colleagues187 identified a delay 
in the reaction time of the peroneal nerve 
following ankle sprain, suggesting that injury to 
the nerve occurs in conjunction with the sprain 
producing the change. However, a reduced 
nerve conduction velocity in the peripheral 
nerve cannot explain the identified direction­
specific differences in the transversus abdominis 
delay. In summary, it appears that the most 
likely explanation for the delay in activation of 
the transversus abdominis is changes in the 
motor control of this muscle. The implications 
this has for patient management are presented 
in Chapter 6. 

The third question relates to the consequence 
of the delayed transversus abdominis activation 
for the spine. As mentioned above, theoretically 
the failure of transversus abdominis activation 
would leave the spine unprotected from the 
perturbation. Consequently, the spine is left 
unprotected, and it must be considered what 
structure has taken over the function of the 
transversus abdominis. Are other muscles trying 
to substitute for the function of the transversus 
abdominis? On the basis of muscle architecture 
and attachments it can be seen that no muscle, 
other than the lumbar multifidus, could effec­
tively take over some of the function of the 
transversus abdominis. Alternatively, increased 
stress is placed on the passive support struc­
tures. Repeated micro trauma of joint structures 
has been linked to back pain.91 No studies have 
been completed to address the issue of the 
mechanical consequences. However, with the 
advent of techniques for direct measurement of 
intervertebral motion, this type of evaluation 
will be possible and is essential. 

Summary 

It appears that the most significant and con­
sistent change in the anterior trunk muscles in 
people with low back pain is that of the trans­
versus abdominis. Importantly, the evidence 
suggests that the problem is not an issue of 

strength or endurance but one of motor control. 
Surprisingly, the change in transversus abdominis 
control appears to occur irrespective of the 
specific pathology. Thus, regardless of the 
specific spinal structure that is involved in 
provoking the back pain, the changes in the 
transversus abdominis seem to be consistent. 
This question needs further investigation. The 
evidence for the changes in the way the muscle 
is controlled by the CNS is considerable and has 
important implications for the approach to 
management of the dysfunction. Obviously, 
limb movement is only one situation. It is likely 
that the change in transversus abdominis timing 
we have identified is only one aspect of the 
dysfunction in this muscle, and further 
investigations of other movements and types of 
perturbation are ongoing in our present research. 
In addition, further studies are required to 
validate further the relationship between the 
volitional clinical test of the transversus abdominis 
and transversus abdominis timing. Some 
attempt has been made to do this, and is out­
lined in Chapter 8. 

DYSFUNCTION OF THE MULTIFIDUS 

There is evidence of dysfunction in the para­
spinal muscles in low back pain patients, and 
this has been detected through measures of 
muscle activation, fatiguability, muscle compo­
sition and muscle size and consistency. The back 
extensors as a group can become dysfunctional 
in low back pain patients, but particular 
attention here will be given to the lumbar multi­
fidus muscle. 

Muscle activation 

Several general investigations of activation of 
the paraspinal muscles using surface EMG have 
discriminated low back pain patients from 
asymptomatic controls51,114 by demonstrating 
differing patterns of activation between the 
groups with various tasks.256,314 Sihvonen et al307 
studied the lumbar multifidus muscle more 
specifically and used EMG with surface and 
fine-wire electrodes to examine activation at the 



L4 and L5 vertebral levels in 87 low back pain 
patients and 25 asymptomatic subjects during 
forward flexion and the return to the upright 
position. In addition to EMG, Sihvonen et al307 
further examined low back pain patients using 
plain and mobility radiographs to measure the 
mobility between lumbar vertebrae during trunk 
flexion. The activity levels in the segmental 
multifidus were different in the two groups. 
General EMG results of the raw intramuscular 
activity in low back pain subjects showed that 
during lumbar extension there was decreased 
activity in both segments studied when compared 
with controls. In the 28 of 87 patients with 
segmental instability, defined as a greater than 
4 mm sliding between lumbar vertebrae during 
flexion on full-sized radiographs, the EMG 
results were different at different segments. 
There was less activity at the unstable level 
during concentric back activity, suggesting 
decreased muscular protection at the hyper­
mobile level, the opposite of what is logically 
required. 

Fatiguability 

Fatiguability infers potentially inadequate 
muscular support over extended periods of 
time. There is evidence that fatigue of paraspinal 
muscles is more prevalent in low back pain 
patients than in control subjects. Fatigue can be 
defined in mechanical terms as the point at 
which a contraction can no longer be maintained 
at a certain level (isometric fatigue) or when 
repetitive work can no longer be sustained at a 
certain output (dynamic fatigue).13 Fatigue 
studies which have been performed on spinal 
muscles can be divided into mechanical studies 
and EMG studies. 

Differences between low back pain patients 
and asymptomatic controls have been detected 
using a mechanical method of testing the 
isometric endurance of the trunk extensors as a 
group.l71,2S4 While no differences were detected 
in the trunk extensor strength between low back 
pain patients and controls, low back pain 
patients were shown to have significantly less 
endurance than control subjects, indicating 
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greater fatiguability. Such studies have a dis­
advantage in that they do not permit specific 
investigations of particular muscles within the 
back extensor group. The use of power spectral 
analysis of muscle activity as measured using 
EMG with multiple electrode placements has 
allowed assessment of individual paraspinal 
muscles. 

In studies induding the specific examination 
of the lumbar multifidus in low back pain 
patients and control subjects, differences between 
the fatigue rates of this muscle have been 
detected using power spectral analysis of 
electromyographic activity. Biedermann et al34 
examined the multifidus and ilicostalis lumborum 
in patients with chronic low back pain and 
demonstrated that it was the multifidus that 
demonstrated the greater fatigue rates in the low 
back pain patients compared to normal control 
subjects. Roy et al290 also compared subjects with 
a history of chronic low back pain with asymp­
tomatic control subjects, and again showed that 
the multifidus muscles of the patients demon­
strated significantly higher fatigue rates than did 
the controls. They extended their studies and 
investigated high-performance athletes (male 
rowers). The fatigue rates correctly identified all 
control subjects and 93% of the subjects with 
low back pain.291 As an aside from a rehabili­
tation perspective, it is pertinent to note that in 
these elite and highly trained athletes, local 
muscle dysfunction of the multifidus was present 
despite rigorous general training regimes. This 
supports the use of a different exercise approach 
to address this dysfunction in the multifidus. 

Composition 

Studies based on examination of changes in type 
I and type II muscle fibres in low back pain 
patients have been conducted in order to 
provide insight into paraspinal muscle dys­
function. The two main parameters of multifidus 
muscle composition which have been examined 
in low back pain patients are changes in muscle 
fibre size and muscle fibre internal structure. 

Several biopsy studies of the lumbar multi­
fidus muscle have been conducted on low back 
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pain patients undergoing lumbar surgery. 
Selective atrophy of type II muscle fibres has 
been shown,94,98,172,239,274,365 but the significance of 
this atrophy to low back pain is unclear as it has 
also been reported in cadaveric specimens who 
in life had no history of lumbar disorders.239,274 
Changes in the internal structure of type I fibres 
of the multifidus muscle have been demon­
strated in low back pain patients, although it 
appears that the size of these fibres remains 
generally unaffected.24,98,179,239.274,365 The fibres 
have been described as core-targetoid and moth­
eaten in appearance, and these internal struc­
tural changes are considered abnormal for 
healthy muscle.239 Changes in the internal struc­
ture of type I fibres occur quickly. They have 
been demonstrated in biopsy specimens of sub­
jects with a symptom duration of only 3 weeks 
(range 3 weeks to 1 year).98 

The long-term sequelae of type II muscle fibre 
atrophy and type I internal structural changes of 
the multifidus have been determined in a recent 
study of low back pain surgery patients.274 
Muscle biopsy specimens were obtained from 
patients at operation for lumbar disc herniation 
and after a postoperative follow-up period of 
5 years. Patients from the study were divided 
into two groups (positive or negative outcome) 
on the basis of their functional handicap at the 
5-year follow-up. Biopsy specimens collected at 
operation from all subjects showed evidence of 
type II muscle fibre atrophy and type I fibre 
internal structural changes. At follow-up, results 
showed that no significant changes in atrophy 
were found in either patient group. In contrast, 
changes in the internal structure of type I muscle 
fibres showed a dramatically different result. 
Moth-eaten and core-targetoid fibres were seen 
in the initial multifidus biopsy samples of all 
patients. In the positive-outcome group, the 
presence of both these internal structure abnor­
malities decreased. In contrast, the negative­
outcome group showed a marked increase in the 
frequency of these abnormalities, the increase 
being the greatest in moth-eaten fibres (the 
percentage of moth-eaten fibres increased from 
2.7% to 16.7%). 

The results of this study indicated for the first 

time that pathological structural changes in the 
multifidus muscle found at long-term follow-up 
correlated well with the long-term clinical out­
come. Functional recovery after disc surgery 
was associated with curtailment of structural 
abnormalities in the multifidus muscle, especially 
in the type I muscle fibres. These findings 
highlight the potential clinical importance of 
dysfunction in this muscle. It seems that the 
pathological changes seen originally at initial 
biopsy could be reversed by adequate surgical 
and physical therapy management. 

Size and consistency 

Dysfunction of the lumbar muscles in low back 
pain patients has also been demonstrated using 
imaging modalities that allow assessment of 
muscle size or cross-sectional area and muscle 
consistency. Atrophy in terms of decreased size 
of the paraspinal muscles has been demon­
strated using imaging techniques, including 
computed tomography (CT) scanning, magnetic 
resonance imaging (MRI) and ultrasound 
imaging. In addition, muscle density can also be 
assessed with CT scanning and MRI. Decreased 
muscle density, which can be a sign of muscle 
atrophy, is caused by fatty infiltration (increased 
fat/muscle fibre ratio) or actual fatty replace­
ment of fibres.201,24o The majority of imaging 
studies on low back pain patients have measured 
these aspects for both the multifidus and the 
lumbar erector spinae muscles together as a 
lumbar paraspinal group. A few studies have 
investigated the multifidus in isolation from the 
other lumbar muscles. 

The paraspinal muscles 
Several studies have provided evidence of 
paraspinal muscle atrophy in patients with 
chronic low back pain or in patients post­
operatively.6,58,159,240,267,328 In most instances this 
has been ascribed primarily to disuse and 
deconditioning.58,159,240,267,328 Two studies have 
examined the paraspinal muscles of low back 
pain patients in more detail and have shown dif­
ferences between sides and vertebral levels.6,201 
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(a) (b) 

Figure 5.6 Computed tomography scans taken from the L5 to S1 level: (a) before surgery, when 
disc protrusion facet arthrosis and lateral stenosis at this level was noted; (b) after left 
hemilaminectomy was performed, showing multifidus muscle atrophy at the corresponding 
vertebral level (L5-S1). (Reproduced with permission from Sihvonen et al,306 p. 578.) 

In an examination of postoperative patients, 
Laasonen201 showed that, when atrophy was 
partial, it always included atrophy of the medial 
portion of the multifidus. In unilateral cases, 
paraspinal muscles were shown to be 10-30% 
smaller on the affected side than on the un­
affected side. Fatty degeneration of the para­
spinal muscles was also evident. A positive 
relationship between the fat content of the 
paras pinal muscles at the lumbosacral junction 
and results of a disability index was demon­
strated in chronic low back pain and lumbar 
postoperative patients.6 This relationship between 
fat content and disability was not demonstrated 
at other vertebral levels, thus highlighting the 
fact that investigation of muscle atrophy in low 
back pain patients must be directed to several 
vertebral levels if the relevant changes are to be 
discovered. 

The multifidus muscle 
Two groups have investigated the effects of low 
back pain on the multifidus muscle size specifi­
cally, using imaging modalities. One studied 
postoperative patients,306 and the other acute 
and subacute low back pain patients.136.139 

The direct effects of lumbar surgery (iatrogenic 
trauma) on the lumbar multifidus muscle was 
examined by Sihvonen et a1.306 They demon-

strated that, in some cases, lumbar surgery for 
spinal stenosis and/ or disc herniation could lead 
to severe changes in the multifidus muscle (Fig. 
5.6). Two groups of subjects were studied: those 
with a poor outcome and those with a good out­
come from surgery. It was found that patients 
could have similar outcomes in surgical terms 
via successful nerve decompression and absence 
of stenotic regrowth. Nevertheless, they could 
have different functional recoveries. A variable 
related to poor outcomes was multifidus muscle 
atrophy, which was more prevalent in patients 
with the poorer postoperative outcomes. 

We have investigated the lumbar multifidus 
in patients with acute low back pain using real­
time ultrasound imaging. In the first study, the 
cross-sectional area of the multifidus was 
measured in 26 patients with first-episode acute 
unilateral low back pain of a mean duration of 
approximately 2 weeks, and 51 normal subjects. 
In low back pain patients the muscle on both 
sides was measured at all vertebral levels from 
the second lumbar to the first sacral vertebra.139 
In the 51 normals the cross-sectional area was 
measured at L4, and in 10 subjects measure­
ments were made from L2-L5. Marked side-to­
side asymmetry of the cross-sectional area of the 
multifidus was found in the low back pain 
patients but not in the normal, non-back-pain 
subjects (Fig. 5.7). The smaller muscle was found 



72 THE SCIENTIFIC BASIS 

(a) 

(b) 

(c) 

(d) 

L 

(e) 

Figure 5.7 (a) Sonographic appearance of the multifidus 
(axial image) at the level of the fifth vertebra in a normal 
subject. (b) The multifidus muscle (MULT) is bordered by the 
vertebral lamina/zygapophyseal joint (L) inferiorly, the 
spinous process (SP) medially, fascia, fat and skin 
superiorly, and the fascia between the multifidus and the 
lumbar longissimus and iliocostalis (F) laterally. The 
brightness seen at the interior border of the multifidus is 
reflection (R) of sound waves from the vertebral lamina and 
zygapophyseal joints. Acoustic shadowing is seen inferior to 
this landmark, as the ultrasound waves are unable to 
penetrate the bone. (c) Sonographic appearance of the 
multifidus (axial image) at the level of the fifth vertebra in a 
patient with unilateral left-sided low back pain. (d) In this 
image the borders of the multifidus have been traced to 
demonstrate the asymmetry. The multifidus on the left 
(symptomatic) side is 4.78 cm2, while the larger multifidus on 
the right side is 6.57 cm2. This represents a decrease on the 
left side of 27%. (e) Note the decreased size of the left 
multifidus in comparison with the right side. Labels are as in 
(b). 
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Figure 5.8 Between-side differences in multifidus cross-sectional area in low back pain 
patients (n = 26) who showed greater asymmetry than the normal subjects (n = 51). The 
degree of asymmetry was significantly different between the two groups (p < 0.001). 
(Reproduced with permission from Hides et al,'39 p. 169.) 

i 
Smaller 
muscle 

at the symptomatic segment, was on the side 
ipsilateral to symptoms, and was confined pre­
dominantly to that one vertebral level. The 
magnitude of the between-side difference was 
31 ± 8%. In normal subjects this was 3 ± 4%. This 

difference in asymmetry is illustrated for patients 
at the level of symptoms and at L4 for all the 
normal subjects in Figure 5.8. Such a comparison 
between the two groups is considered valid 
since the degree of asymmetry in normal sub-
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jects was similar at all  vertebral levels. The 
changes occurred quickly. One subject was 
measured within 24 h of injury and displayed 
the asymmetry. Therefore a likely explanation 
for the mechanism is inhibition of the segmental 
multifidus. 

Following on from the findings from the 
initial study, a randomized clinical trial was 
conducted. The aim of this research was to 
monitor if the multifidus muscle recovered 
spontaneously over time and to evaluate any 
effect of specific rehabilitation of this segmental 
dysfunction. Thirty-nine subjects with acute 
first-episode unilateral low back pain demon­
strating unilateral segmental inhibition of the 
multifidus muscle participated in this clinical 
trial.136 Patients were randomly allocated to a 
control (non-active treatment) or treatment 
group. Outcome measures for both groups 
included weekly assessments of pain, disability, 
range of motion and measurement of multifidus 
cross-sectional area over the 4-week intervention 
period. Patients were reassessed at 10 weeks and 
35 subjects were interviewed at 1 year to 
establish long-term low back pain recurrence 
rates. Three-year follow-up data are currently 
being evaluated. 

The decrease in multifidus size was localized 
to specific vertebral levels (Fig. 5.9). Subjects in 
the treatment group performed specific localized 
multifidus exercises (see eh. 9) aimed at restoring 
the stabilization function of this muscle. Low 
back pain subsided in virtually all subjects, 
regardless of group (Fig. S.l Oa, b), and there 
were no differences in disability scores (Fig. 
S.I Oc) between the two groups at 4 weeks. The 
measures most commonly used in low back pain 
outcome trials demonstrated a return to normal 
function in 4 weeks, reflecting the well-known 
natural recovery of an acute episode of low back 
pain. 

In the back pain group who underwent 
standard medical management (control group) 
the reduced size of the multifidus in the 
symptomatic side notably remained almost 
unchanged over the 4-week period of the trial 
(Fig. 5. 1 1). In these control subjects, multifidus 
muscle recovery was not spontaneous with the 
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Figure 5.9 Ultrasound imaging results showing the 
between-side percentage difference in multifidus cross­
sectional area (CSA) for vertebral levels L2-S1 in 34 
patients who demonstrated multifidus asymmetry at the L5 
vertebral level. Note the greatest difference in cross­
sectional area between sides at the affected vertebral level 
(L5) with minimal asymmetry between sides demonstrated at 
the other lumbar vertebral levels. (Reproduced with 
permission from Hides et al,'36 p. 2767.) 

relief of pain. In contrast, the exercise 
intervention resulted in restoration of the 
multifidus cross-sectional area within the 4-
week treatment period. Therefore, despite relief 
of pain and general muscle use in returning to 
normal activity levels, patients in the control 
group still displayed decreased multifidus 
muscle size at 4 weeks which persisted to the 10-
week follow-up. Long-term results showed that 
only 30% of subjects from the intervention 
group suffered recurrences of low back pain 
compared with 80% of subjects from the control 
group.1330137 It could be suggested that the 
persistence of the segmental multifidus muscle 
inhibition, still evident in the control group at 
the 10-week follow-up, exposed the injured 
segment to decreased muscle support and a 
predisposition to further injury. 

This study highlights the importance of 
identifying and measuring the specific dys­
functions in the muscle system which are 
directly associated with the pain or injury. 
Possession of this knowledge directed very 
specific treatment to the dysfunctional muscle 
and provided a direct measure of the impair-
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ment on which to evaluate the effectiveness of 
the rehabilitation approach. The other commonly 
used outcome assessments (pain, range of motion 
and disability assessments) do not seem to relate 
to the recurrence rate of symptoms in the first 
year following the initial injury. 

The results of this study also build on the 
understanding of the possible causes of the 
decreased multifidus size in acute low back pain 
patients. The possibilities include reflex inhibi­
tion, pain inhibition and disuse atrophy (see eh. 
6). The rapidity of onset and localized distri­
bution of the decrease in muscle size suggest 
that disuse atrophy was not the cause. The most 
likely mechanism is reflex inhibition, as in our 
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Figure 5.1 0 Pain and disability scores obtained for 
patients in group 1 (control group) and group 2 (specific 
exercise group) for the baseline measurement (week 0) and 
at weeks 1 -4  of the study. (a) There was no significant 
difference at any time between pain scores obtained using 
visual analogue scales for the two groups. (b) There was no 
significant difference between pain scores on the total pain 
rating index (PRI) of the McGill Pain Questionnaire. (c) 
There was no sigificant difference in disability scores (RMQ) 
obtained on the Rowland Morris Disability Index. 
(Reproduced with permission from Hides et al,136 p. 2765.) 

study the indirect effects of inhibition (decreased 
muscle size) were seen even after resolution of 
pain in the control group subjects.136 Similar 
findings have been documented in muscles of 
peripheral joints, such as the knee,l64,322,324 where 
persistence of reflex inhibition was demon­
strated well beyond resolution of painful and 
disabling symptoms.198,296,322 Examination of the 
possible mechanism for the selective inhibition 
of the multifidus at the affected level is 
intriguing. It is the sensory innervation of the 
injured joint or structure which is the crucial 
element in reflex inhibition. Based on the 
sensory innervation of the knee, almost any 
muscle of the lower limb could potentially be 
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Figure 5.1 1 Ultrasound imaging results showing multifidus 
muscle recovery for patients in group 1 (control group) and 
group 2 (exercise group) for the baseline measure (week 0), 
weeks 1 -4 of the study and the 1 0-week follow-up 
examination. Muscle size is presented as the difference 
between sides (expressed as a percentage) in cross­
sectional area (CSA) at the most affected vertebral level. 
(Reproduced with permission from Hides et ai, 136 p. 2767.) 

affected by reflex inhibition after knee injury.182 
However, it has been suggested that input from 
the joint is processed and modulated in the 
spinal cord to produce an effect in specific 
muscles which act on the joint in question. In the 
case of the knee this is the quadriceps. A similar 
effect appears to occur in acute low back pain. 

The parts of the multifidus crossing the affected 
segmental level seem to be the specific parts of 
the muscle which are affected by reflex 
inhibition. Further research to gain an under­
standing of the possible mechanisms behind this 
finding of decreased multifidus cross-sectional 
area at the segmental level of symptoms is 
important to further guide appropriate rehabili­
tation of the segmental multifidus. 

Summary 

There is a significant body of evidence that 
illustrates that the lumbar multifidus muscle is 
adversely affected in low back pain patients and 
dysfunction occurs with the first episode of back 
pain. As the multifidus muscle provides local 
segmental stability of the lumbar spine in normal 
function, dysfunction of the multifidus could be 
assumed to have substantial adverse effects in 
low back pain patients. Evidence of long-term 
sequelae has already been provided in post­
surgery patients. Dysfunction of the multifidus 
has been demonstrated in low back pain patients 
in the areas of multifidus activation, fatiguability, 
muscle composition and muscle size and con­
sistency. Information pertaining to the specific 
nature of dysfunction of the multifidus muscle 
in low back pain patients has provided a basis 
for the development of effective rehabilitation 
programmes. 
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Successful treatments usually provide the direction 

for scientific investigations. Equally, new principles 

of treatment can also evolve from a research 

process. Careful search and enquiry into previous 

ideas of the pathogenesis of low back pain and its 

treatment and, most importantly, critical evaluation 

of the presentation of impairments in patients with 

low back pain have been used to develop the new 

treatment approach. This approach will always be 

under constant review with modifications 

undertaken in line with new basis science and 

clinical research findings. 
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General considerations 
in motor control and joint 
stabilization: the basis of 
assessment and exercise 
techniques 

In Section 2 we presented some of the physio­
logical and biomechanical research which has 
indicated that it is the stabilizing function of 
muscles necessary for spinal segmental control 
that is a relevant and primary problem linked 
to low back pain. For this information to be use­
ful, it has to be applied to clinical practice. To be 
efficacious, exercise methods must be able to 
address the normal functional role of muscle 
and the physiological dysfunction associated 
with the pain state. There are evidence-based 
exercise methods for increasing the strength or 
endurance capacity of a muscle. However, exer­
cise that directly addresses problems in the 
stability function of muscles is a far more 
complex issue. 

Joint stabilization involves an intricate inter­
relationship and precise control between several 
muscles acting on the joint to protect it during 
functional movement. Relatively little is known 
about how individual muscles contribute to joint 
stabilization. Kornecki195 acknowledges that the 
stability function of muscles has been neglected 
in general scientific research concerned with 
human movement. This omission has been seen 
in research into energy systems as well as that 
considering the contribution of individual groups 
of muscles to the production of a movement 
task. Therefore, at the present time, principles 
and methods to re-educate a muscle in its stabil­
ization function have not been as rigorously 
studied, and the principles that should be 
followed are not universally agreed upon. 

Even though research in the area of principles 
of therapeutic exercise for joint stabilization is 

79 
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sparse, an understanding of what is already 
known about muscle control and joint stabil­
ization from other regions of the body will assist 
in the gradual development of the most effective 
and efficient testing and training techniques to 
improve spinal segmental joint stabilization. 
This chapter focuses on the muscle control 
involved in normal joint stabilization, as well as 
the changes in muscle control that occur with 
joint pathology, injury or improper use of the 
muscle. In investigating the links between motor 
control and active joint stabilization, the clinical 
relevance of each aspect of motor function 
linked to stability is addressed. 

MUSCLES THAT MOVE MORE THAN 
ONE JOINT 

Skeletal muscles can be categorized as mono­
articular, biarticular or multijoint muscles. Their 
capacity to provide stabilization for individual 
joints differs in each category and this has impli­
cations for exercise design for rehabilitation. 

Muscles crossing one joint only and classified 
as monoarticular muscles have close associ­
ations with joint stabilization. This is reflected in 
their anatomical attachments. They may lie 
within a large synergistic group of muscles, but 
their individual contraction affects only one joint 
or, in the case of the spine, one region. Examples 
of such muscles are the vasti at the knee and the 
gluteus medius at the hip. The anatomical 
arrangement of these muscles enhances their 
joint stabilization role. They are often pennate, 
with extensive fascial attachments, a design 
linked to controlling large joint forces rather 
than controlling large ranges of movement.355 
They are responsible primarily for one action of 
the joint, i.e. they control one specific joint 
movement. In most cases their action is ideal for 
antigravity function; they control the movement 
of the joint when it comes under the influence of 
gravity. 

In contrast, muscles capable of moving and to 
some degree supporting several joints at the 
same time have functional qualities that render 
them less able to provide individual joint sup-

port. Such multijoint muscles of the global 
system usually form part of a synergistic 
functional group of muscles. They are capable of 
influencing more than one joint or, in the case of 
the spine, more than one region (e.g. the thoracic 
and lumbar spines) simultaneously. Examples 
of such muscles in the appendicular skeleton 
include the rectus femoris acting on the hip and 
knee, the tensor fasciae latae executing various 
movements of the hip as well as the knee, and 
the latissimus dorsi, which is involved in both 
scapular and shoulder movements. In the spine, 
muscles include the thoracic erector spinae, the 
tendons of which in the main span the lumbar 
area to insert into the ilium and sacrum and, 
anteriorly, the rectus abdominis. Both groups 
influence thoracic and lumbar movement 
simultaneously. 

In general, multijoint muscles are anatomically 
designed for complex movement function 
involving several areas of the body?40 Their 
long, usually fusiform, shape together with their 
location, which is often remote from the joints 
they act upon, make them less suitable for 
stabilization and control of individual joints and 
more suitable for controlling large ranges of 
movement.355 Their action is movement depen­
dent, and is considered to be linked to the skill 
component of the task.340 Multijoint muscles 
provide an efficient muscle system for com­
pleting a functional task. They are readily acti­
vated in movement patterns,245 most particularly 
it seems in ballistic, skilled movement.279 
Clinically, multijoint muscles are more likely to 
become overactive and tight.163 

In studying the stability role of muscles, the 
interrelationship between muscles controlling 
one joint and the often used and efficient multi­
joint muscles needs to be considered. These two 
functionally different types of muscle usually lie 
within the same functional muscle group. For 
stability and joint support, muscles that control 
one joint or region only should be closely 
monitored to ensure they are functioning well. 
The often overactive multijoint muscles should 
be observed to ensure they are not substituting 
for the work of those muscles that are more 
ideal for providing joint support. (See Box 6.1.) 



Box 6.1 Clinical relevance of the type of muscles 

• Direct the testing and exercise procedures for active 
joint stability specifically to muscles capable of 
providing efficient support. 

• Avoid substitution by the muscles which can move 
more than one joint or one area of the spine. 

MUSCLES SPECIALIZED FOR A 
JOINT STABILIZATION ROLE 

There is evidence that some muscles, rather than 
contributing to movement of a joint system, are 
designed for joint stabilization. These muscles 
are those described by Bergmark33 as local 
muscles. A good example is the vastus medialis 
obliquus of the knee. It was considered an 
extensor of the knee, but the anatomical and 
electromyographic studies performed by Lieb & 
Perry210,211 confirmed its role, not as a knee 
extensor, but as a muscle designed to control 
and support the patella during knee movement. 
With reference to the trunk, McGill219 provided 
evidence that the deep fibres of the lumbar 
multifidus undergo only minimal changes in 
length throughout the range of motion. This is 
due to their close proximity to the centre of 
rotation of the lumbar joints and suggests that 
this specific component of the back muscles 
contributes minimally to the production of 
motion. In addition, due to the transverse orien­
tation of the muscle fibres of the transversus 
abdominis, biomechanically it cannot contribute 
to extension, flexion or lateral flexion of the 
spine, although it has been argued by some to 
contribute to some extent to trunk rotation.64 
Thus the transversus abdominis and lumbar 
multifidps, like the vastus medialis obliquus of 
the knee, have primary roles that do not include 
the production of motion. 

Thus it can be argued that local stability 
muscles do not usually take part in the move­
ment of the underlying joint, but rather directly 
support it while movement is occurring. These 
local stability muscles are usually deep and 
located close to the joint. They often have 
extensive attachments to the passive joint struc-
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tures, including the joint capsule. While such 
muscles may only be able to generate small 
forces, their short length compared to the larger 
torque-producing muscles make them ideal for 
increasing joint stiffness, and hence for providing 
extrinsic mechanical stability to the joint they 
span. Examples of muscles involved in stabil­
ization of the peripheral joints include: the 
muscles of the rotator cuff in the shoulder, 
which act like dynamic ligaments to control 
humeral head position/o the vastus medialis 
obliquus at the knee, which controls patellar 
position/10,211 and the posterior portion of 
gluteus medius in the hip, which controls the 
femoral head in the acetabulum.ll3 In the spine, 
muscles such as the deep longus capitus, longus 
colli, semispinalis cervicus and segmental 
multifidus are well designed to provide stability 
to the cervical spinal segments,57,241,344,356 while 
the lumbar multifidus and transversus abdominis 
are capable of controlling joint stiffness in the 
lumbar region (see Chs 3 and 4). 

Functionally, the nervous system could be 
expected continuously to modulate activity in 
these muscles in order to control joint position, 
irrespective of the direction of movement. In this 
way such muscles could provide concentrated 
joint support while, independently, the larger 
torque-producing muscles control the acceleration 
and braking movements of the joint. 

Initial evidence tha t this is the case has come 
from our research into fast ballistic repetitive 
movements of the knee.279 During rapid flexion 
and extension of the knee in a simulated 
minimal weight environment, the multijoint 
muscles (rectus femoris and hamstrings) 
controlled the acceleration and deceleration of 
the lower leg during the knee movements. In 
contrast, the vastus medialis obliquus was 
activated continuously during both flexion and 
extension phases of movement (Fig. 6.1). This 
continuous non-phase-dependent activation of 
the vastus medialis obliquus suggests that this 
muscle is performing the role of stabilization of 
the patella and not movement production. 
Cresswell et al64 also observed continuous acti­
vation of transversus abdominis during repeti­
tive flexion-extension movements of the trunk 
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Figure 6.1 Electromyograms from the quadriceps and 
hamstring muscles during rapid flexion and extension 
movements of the knee. Note the continuous activation of 
the vastus medialis obliquus during the rapidly reversing 
knee movement. (Reproduced with permission from 
Richardson & Bullock,279 p. 56.) 

in the standing position (Fig. 6.2). Since the 
activation of the transversus abdominis was not 
linked to joint movement, it led these researchers 
to postulate a possible spinal stability role for 
this muscle. This stability role of the transversus 
abdominis is explained in more detail in 
Chapter 4. 

This evidence supports the proposal that the 
deep muscles of the local system play a signifi­
cant role in joint support and control during 
movement. This being the case, exercise training 
for improving joint stabilization should include 
methods to ensure that these muscles are 
capable of maintaining their activation during 
joint movement. (See Box 6.2.) 

LINKS BETWEEN JOINT 
STABILIZATION, MUSCLE STI F FNESS 
AND KINESTHETIC SENSE 

Control of the continuous muscle recruitment 
for joint stability depends not only on the pre-
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Figure 6.2 Electromyograms from the abdominal and back 
extensor muscles during trunk flexion and extension. Note 
the continuous activation of the transversus abdominis 
during the reversing trunk movements. ES, erector spinae; 
lAP, intraabdominal pressure; OE, obliquus externus 
abdominis; 01, obliquus internus abdominis; RA, rectus 
abdominis; TrA, transversus abdominis. (Reproduced with 
permission from Cresswell et al,G4 p. 414.) 

programmed motor patterns from the cortex, 
but also on the state of the feedback system 
emanating from the kinesthetic input. The feed­
back system is complex and relates to the 
receptors within the muscle, which provide 
continuous information to the central nervous 
system (CNS) on the length and tension being 



Box 6.2 Clinical relevance of muscles specialized for 
a joint stabilization role 

• Testing and exercise procedures should include a 
method of recognizing if the local stability muscles 
are capable of supporting the joint structures . 

• The procedure must include an assessment of the 
continuous muscle activity required for joint support 
for normal function. 

generated in the muscle (for a review see 
McCloskelI6). A highly sensitive and accurate 
information system is required to ensure the 
control needed to achieve joint support during 
functional joint movement. 

Muscles behave in a similar way to a spring. 
They resist deformation which results from 
internal or external joint loading and tend to 
return to their original position following 
lengthening. 'Muscle stiffness', which is a 
quality reflecting the ratio of force change to 
length change in the muscle,165,166 is a term used 
to describe the spring-like qualities of the 
muscle. Thus when a muscle has high stiffness, 
increased force is required to cause lengthening 
of the muscle. 

Johansson et al165,166 have undertaken much of 
the neurophysiological research linking muscle 
stiffness to joint stability. They describe muscle 
stiffness as having two components: intrinsic 
and reflex-mediated stiffness. Intrinsic stiffness 
refers to the viscoelastic properties in the muscle 
and the existing bonds between the actin and 
myosin. Reflex-mediated stiffness depends on 
the excitability of the motor neuron pool which, 
in turn, is dependent on the primary spindle 
afferents set by the degree of stretch of the 
muscle and the activity of the fusimotor 
neurons .. Muscle stiffness is very closely related 
to the sensitivity of the proprioceptive sensory 
organs contained within the muscle itself. 

High muscle stiffness in muscles surrounding 
a joint has been considered a very desirable 
feature to ensure good stabilization. Recently, 
descriptions of muscle stiffness have appeared 
in the biomechanical54 and the neurophysiological 
literature,I65,166 with suggestions that muscle stiff­
ness is one of the most critical variables in joint 
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stabilization, with low muscle stiffness generally 
linked to poor joint stabilization. Muscle stiffness 
is considered the function of muscle that is most 
closely related to joint protection and support, 
rather than the property of muscle strength or 
endurance. In the development of an in vivo bio­
mechanical model of lumbar stability, Cholewicki 
& McGill54 added muscle stiffness coefficients to 
their lumbar stability biomechanical model in 
order to gain more insight into muscle function 
associated with lumbar stabilization. 

Several features of muscle stiffness can be 
used as the basis for understanding how muscles 
contribute to joint stabilization. The generation 
of stiffness in a muscle is linked to the activation 
of the tonic (postural and slow twitch) motor 
units (for a review see Burke & Edgerton45). The 
primary muscle afferents potently influence the 
small y motor neurons projecting to the slow 
twitch fibres.167 Antigravity muscles have a large 
proportion of y (fusimotor) representation at the 
cortex level,122 suggesting that fusimotor activity 
is a particular feature of muscles controlling the 
bony skeleton when under the influence of 
gravitational forces. 

The role of muscle stiffness and feedback 
systems for stabilization, especially under high, 
unexpected loading of the joint, has always been 
a matter of debate. Protective reflexes have been 
shown to be too slow to prevent joint injury.271 
Nevertheless, Johansson et al165,166 view the 
contribution of the spindle system and its fusi­
motor support more positively. They consider 
that there is a state of changeable, continuously 
regulated, muscle stiffness at the time of the 
displacement or trauma which can contribute to 
joint protection in unexpected loading of the 
joint. In the knee joint, a link has been established 
between receptors found in the ligaments of the 
joint and muscle stiffness166 (Fig. 6.3). The 
sensory properties of the ligament have been 
shown to be related to the y (fusimotor) spindle 
system, which in turn can determine both muscle 
stiffness and coordination as well as movement 
and position sense. The y system appears to be 
the key feature of muscle stiffness. Decreased y 
support to a muscle may therefore be closely 
linked to poor joint stabilization. 
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Figure 6.3 Mechanisms by which ligaments may 
contribute to the regulation of joint stability and 
proprioception. (Reproduced with permission from 
Johansson et al,l66 p. 174.) 

It is possible that the sensory properties of 
structures within the joints could be modified by 
the contraction of the local stability muscles. 
Besides providing mechanical stability to the 
joint, local stability muscles could also contri­
bute to the sensory feedback mechanisms associ­
ated with the joint structures themselves, i.e. the 
joint capsules and ligaments. Contraction of 
these muscles can be associated with a tighten­
ing of these passive joint structures and thus 
indirectly influence their ability to detect move­
ment. In a study involving the shoulder move­
ment, tightening of the joint structures with 
active muscle contraction was found to increase 
the proprioceptive acuity of the joint.35 

This knowledge of the feedback motor control 
mechanisms and their link to joint stabilization 
provides the evidence base to address muscle 
stiffness and proprioception when investigating 
muscle function associated with joint stabilization. 
As the tonic motor units of a muscle are linked 
to these factors, their contribution to the func­
tion of a muscle likewise needs to be considered. 
Tonic motor units are involved in tonic continuous 
low-load activation of the muscle.45 This is in 
contrast to the strength (high load) capabilities 

Box 6.3 Clinical relevance of muscle stiffness and 
kinesthetic sense 

Testing and exercise procedures for active joint 
stabilization should include: 

• An emphasis on enhancing muscle stiffness and 
kinesthetic sensation. 

• Tonic continuous low-load activation of the muscle. 
• A focus on inner (shortened) range of muscle length. 

of muscle function, which are linked to the 
phasic (fast twitch) motor units. This emphasis 
on low-load continuous muscle activation to 
enhance the ability of a muscle to stabilize joints 
is strengthened by recent evidence that maxi­
mum stiffness can occur at relatively low levels 
of maximum voluntary contraction due to the 
multiple factors contributing to muscle stiffness 
(i.e. intrinsic factors).l54 In addition, it could be 
argued that it is the muscle contraction in its 
shortened range of muscle length which is the 
most critical in establishing the sensitivity and 
optimal functional capacity of the sensory feed­
back system of the muscle.284 A shortened 
muscle requires increased sensitivity of its 
spindle system, via y or fusimotor support, to 
maintain the shortened length. 122 (See Box 6.3.) 

JOINT STABILIZATION THROUGH 
CO-CONTRACTION AND CO­
ACTIVATION O F  MUSCLE GROUPS 

The link between co-contraction of muscle groups, 
usually involving the muscles on opposite sides 
of the joint, remains a contentious issue in 
relation to control of active joint stabilization. 
Arguments have been put forward in support 
of co-contraction in active joint stabilization, 
while others link co-contraction with rigidity, 
inefficiencies of muscle function and greater 
energy expenditure. A review of these issues is 
relevant when attempting to define the type of 
exercises that will enhance joint support. 

Many consider that muscle co-contraction 
provides the biomechanical forces for added 
joint stability and joint protection,72,218 especially 
in midrange, or neutral, joint positions where 



the ligaments and passive joint structures are 
more lax and hence passive restraint is 
minima1.263 As a negative feature, co-contraction 
of muscle groups on each side of a joint has also 
been linked to greater energy expenditure and 
inefficiencies in muscle function during 
movement.361 Nevertheless, the functional benefits 
of co-contraction need to be assessed, and these 
have been nominated as protection of the joint 
from unexpected loads, maximlzmg joint 
congruency, equalizing pressure distribution 
over articular surfaces, centring the joint, and 
stress absorption (for a review see Damiano72). 
The research done by Snyder-Mackler et a1313 
adds to the case for a link between co­
contraction and joint stability. Stability of the 
knee during gait was enhanced through electrical 
stimulation given in a co-contraction pattern 
rather than to an agonist muscle group alone. 

One pertinent consideration when studying 
co-contraction is that all muscles of a synergistic 
group may not contract as a single functional 
entity. The larger global muscles of a group may 
exhibit phasic patterns during movement, while 
deeper muscles or parts of a muscle closer to the 
joint may be involved in co-contraction patterns. 
Supporting evidence for this pattern comes from 
research on the knee joint. In studies on fast 
repetitive knee movement, we were able to 
demonstrate that the phasic patterns of the 
hamstrings and rectus femoris were combined 
with co-contraction between the vastus medialis 
obliquus and hamstrings in one phase of the 
movement and the vastus medialis oblique and 
rectus femoris in the other phase of the move­
ment.279 In addition, the deep popliteus muscle 
in the posterior part of the knee is known to be 
active during weight-bearing activities of the 
lower limb, especially walking up hills}7 result­
ing in its co-contraction with the vasti on the 
anterior side of the joint during such activities. 
This co-contraction strategy may control the 
rotatory stability of the knee during weight­
bearing tasks. Both our clinical and basic science 
research is providing preliminary evidence that 
there is sustained co-contraction of the trans­
versus abdominis and the deep fibres of the 
lumbar multifidus while the global muscles act 
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phasically to control trunk movement. Further 
research is required on movement tasks to study 
the extent of the co-contraction between indivi­
dual muscles within and between groups for 
joint support during functional movement tasks. 
However, such research needs to include all 
muscle synergists, both local and global muscles, 
to gain true insight into the muscle patterns for 
joint and regional stability. 

There is a large volume of research that 
recognizes that the neural control of stabilization 
includes the programming of muscles on each 
side of the joint to stabilize it and protect it from 
injury. However, the manner in which the 
nervous system controls co-contraction is still a 
matter of debate. Nielson & Kagamihara255 sug­
gest that co-contraction relies on a specific pro­
gramme which decreases reciprocal inhibition 
and allows the two antagonistic muscles to 
increase their activity at the same time. In 
addition, regulation of antagonistic activity in 
co-contraction has been suggested to be linked 
to feedback 100ps308 and to the cerebellum.128 

Co-contraction exercises 

There are several issues concerning muscle co­
contraction which need to be considered when 
planning therapeutic exercise to enhance joint 
control and stabilization. (See Box 6.4.). 

Inadequacy of unidirectional strength training 

Unidirectional strength training of the agonist 
muscles can reduce co-contraction of the 
antagonist muscles. This was well demonstrated 
by Carolan & Catarelli,50 who isometrically 
trained the quadriceps muscles over an 8-week 
period and found a significant decrease in co­
contraction of the hamstrings during this time. 
This could be considered a serious situation, as 
it may compromise joint stability and predispose 
some population groups, such as athletes, to an 
increased risk of injury. Likewise, Baratta et al25 
also showed that the antagonist of a hyper­
trophied agonist muscle becomes markedly 
inhibited. Unidirectional strength training is not 
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advisable for patients who require the control of 
joint stabilization through muscle co-contraction. 

Control of joint position 

Co-contraction is enhanced with a focus on joint 
position rather than the control of force at the 
joint. This was confirmed by De Serres & 
Milner80 in their study of muscle behaviour 
using the wrist as the model. Co-contraction also 
increased with unstable environments. Further­
more, an increase in the level of muscle co­
contraction occurred with tasks that required a 
high degree of precision and control.72 This 
occurred when there was a need for precise 
control of muscular tension or limb position, as 
well as during slow positioning tasks. 

Closed- or open-chain exercise 

Muscle protection of a joint is needed in both 
open-chain exercise, where the distal segment 
moves on a fixed proximal segment, and closed­
chain exercise, where the proximal segment 
moves on a fixed distal segment. Nevertheless, 
using the knee as a model, Lutz et af15 
established closed-chain exercises as a superior 
method to open-chain exercise to increase co­
contraction of muscles surrounding a joint as 
well as to decrease the shear forces at the joint. 
This is supported by the previous findings in the 
knee of the potential harmful effects on stability 
of unidirectional strength training, which is 
open-chain exercise.25 

While co-contraction is a pattern of muscle 
activation which appears closely linked to joint 
control in movement, there are some warnings. 
Excessively high levels of muscle co-contraction 
may produce harmful levels of joint compressive 
forces,205,244,330 which could result in joint injury 
rather than providing joint protection. In addition, 
continuous use of inappropriately high levels of 
muscle co-contraction may compromise freedom 
of movement and cause rigidity. For this reason, 
co-contraction exercises may need to be directed 
to the local muscles specialized for a joint sup­
porting role rather than employing and focusing 
on general high-load co-contraction exercises. 

Box 6.4 Clinical relevance of co-contraction and co­
activation of muscle groups 

Testing procedures and exercise for active joint 
stabilization should: 

• include co-contraction exercises 
• avoid unidirectional (open kinetic chain) high strength 

training . 
• use slow controlled closed kinetic chain exercises 
• focus on joint position rather than the control of force 
• use unstable environments (e.g. a balance board) 
• use slow positioning tasks which require precision 

and control 
• include exercise in neutral joint positions 
• use only low force levels for training 
• not overtrain co-contraction of the large torque­

producing muscle (otherwise stability may be gained 
while compromising freedom of movement). 

This would be in line with the many functional 
situations where the local muscles will work 
with the agonist torque-producing muscles to 
provide joint protection and support through co­
contraction stra tegies. 

FAST BALLISTIC MOVEMENT AND 
JOINT STABILIZATION 

Logically, the muscle function that is required 
for fast ballistic movement is the antithesis of 
that required for stabilization and support of 
joints, but this has not been easy to demonstrate 
in controlled research studies. Some evidence of 
the relationship between fast movement and joint 
stabilization has come from studies involving fast 
movements of the knee, the ankle and the trunk. 

We studied, initially in normal subjects, high­
speed repeated flexion-extension movements of 
the knee with the load of the lower leg reduced 
to zero with the aid of a specially designed 
spring attachment277,278 (Fig. 6.4). This exercise 
design was chosen because it was the antithesis 
to that which a physical therapist would use in 
stabilization training following a knee injury. As 
is well known, most successful rehabilitation for 
the quadriceps muscle involves slow, controlled, 
often isometric, weight-bearing exercise. The 
focus is on tasks for quadriceps control of knee 
position.217 Fast ballistic movement, while quite 



Figure 6.4 The exercise model used a spring attachment 
to reduce the load of the lower leg to zero during the high­
speed ballistic task. 

functional, is the opposite. A novel, seemingly 
reverse exercise design was studied via a very 
high-speed, non-loaded exercise that is con­
sidered to be inappropriate for re-education. 
This exercise design was chosen to shed some 
light on the possible reasons why ballistic train­
ing is not suitable and why physical therapists 
were intuitively prescribing the opposite for 
their patients. The results vindicated the non-use 
of high-speed exercise in early rehabilitation of 
the quadriceps following knee injury. We 
revealed that increasing the speed of knee 
flexion and extension, while leading to a signifi­
cant increase in the levels of activity in rectus 
femoris and hamstrings (the multijoint muscles), 
had no impact with respect to increasing the 
relative activity levels or work in the vasti. There 
was no relative change in activity of the vastus 
medialis obliquus and vastus lateralis, the 
muscles which control one joint only and are 
responsible for stability and support in weight 
bearing (Fig. 6.5). In addition, these muscles 
displayed a continuous tonic activity to varying 
degrees during the phasic on / off activity of the 
multijoint muscles consistent with a role of 
control. As an aside, this finding supports 
Rood' s 111 original classifica tion of muscles into 
two joint mobilizers responsible for skilled move­
ment, especially in non-weight-bearing, and one 
joint stabilizer responsible for stabilization. 

/lVS 
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Figure 6.5 With ballistic exercise, note the relative 
increase in activity of the rectus femoris and hamstrings 
(multijoint muscles) when electromyographic activity was 
measured over three movement cycles. (Reproduced �ith 
permission from Richardson & Bullock,279 p. 55.) 

Historically, Rood's classification has been used 
by physical therapists in exercise design. 

Evidence that fast ballistic movement acti­
vates multijoint muscles preferentially to a 
greater extent than the one-joint muscles has 
also been demonstrated in studies of the lower 
leg and ankle joint. Increasing the speed of 
exercise training for the ankle plantar flexors 
with252 and without weight bearing231 led to 
improved ftmction of the multijoint gastrocnemius 
muscle, but this was combined with a significant 
loss in the isometric muscle force, which could 
be generated by soleus, the monoarticular 
muscle. It is hypothesized that this change in 
soleus may, over time, be detrimental to the 
muscle support of the ankle joint, even though 
the skill involved in rapid plantar flexion was 
improving with the exercise training. Some 
evidence exists in the trunk of the possible 
effects of exercising at fast rates. Thorstensson 
et al334 found an increase in rectus abdominis 
activity relative to the obliques in increasing 
speed of trw1k flexion, providing some support 
for the generic nature of the reaction of the 
muscle system to ballistic training. 

The muscle actions involved in fast ballistic 
movements tend to favour the multijoint muscles. 
Notably, increased activation of the multijoint, 
skill muscles occurs in conjunction with reduced 
activation of muscles which control one joint 
only, the muscles more likely to contribute to 
joint stabilization. (See Box 6.5.) 
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Box 6.5 Clinical relevance of fast ballistic movement 

Training for active joint stabilization should: 

• avoid fast ballistic exercise during the early training 
periods 

• be implemented with caution at a late stage if 
required 

• involve close monitoring of the effect on local 
stabilizing muscles of introducing ballistic exercise. 

MUSCLE CONTROL AND JOINT PAIN 
AND PATHOLOGY 

The muscle control necessary for joint stability is 
also affected by pain and joint pathology. Pain 
and reflex inhibition resulting from injury or 
pathology, in addition to a change in the sensory 
input to the muscles from damaged ligaments 
and capsules, can influence the ability of muscles 
to support and protect the joint. Inhibition, it 
will be argued, affects the tonic motor units 
(slow twitch fibre) in the muscles, which then 
become more phasic (fast twitch) in nature, com­
promising their supporting function. These factors 
need to be addressed when designing rehabili­
tation exercise to improve joint stabilization. 

Pain and reflex inhibition 

In order to study the muscle function associated 
with a painful joint problem, we used the same 
experimental model which we used to study 
muscle control in fast movements of the knee in 
normal subjects.277,279 The subjects were patients 
with patellar pain diagnosed medically as 
chrondromalacia patellae. With the high-speed 
flexion and extension, no differences from 
normal subjects were found in the multijoint 
knee flexors or extensors in their control of knee 
movement. However, the vasti displayed marked 
changes in function in these patients. Instead of 
the tonic (continuous) muscle activity during the 
phasic, on/off, activity of the multijoint muscles 
(See Fig. 6.1), the vastus medialis obliquus 
changed to work in an erratic phasic pattern 
similar to that seen in the multijoint muscles. 
This revealed that the patellar problem was 

linked with a failure of tonic control of the 
vastus medialis obliquus, but there was no 
change in function displayed in the multijoint 
muscles. In addition, the vasti increased their 
total activity (over three movement cycles) as 
the speed of the knee movement increased. This 
was not observed in the normal asymptomatic 
subjects,279 where no change in vasti activity 
occurred as the speed of the movement increased 
(see Fig. 6.5). Therefore, in an impaired state, it 
can be suggested that patellar support is lost 
and the vasti, instead of working tonically, were 
acting in a more phasic manner, responding to 
the increases in the speed of knee movement. 
This change in the monoarticular knee extensors 
to a dysfunctional, more phasic pattern in the 
absence of any change in the function of the 
multi-joint muscles in symptomatic subjects 
warrants a closer examination of the effect of pain 
and injury on the two different muscle synergists. 
The findings of loss of tonic support to a more 
phasic pattern of muscle contraction is discussed 
in detail for transversus abdominis in Chapter 5. 

Pain inhibition and reflex inhibition are both 
important phenomena that can have potent and 
long-lasting effects on the muscles which protect 
and control the joints. It is generally well 
recognized that musculoskeletal pain is associated 
with protective muscle spasm. Nevertheless, 
Lund et al212 point out that pain often results in 
reduced levels of activity in the agonist muscle, 
with small increases in levels of activity in the 
antagonist. Reflex inhibition of a muscle has 
been defined as the situation that occurs when 
sensory stimuli impede the voluntary activation 
of a muscle.250 To differentiate between pain 
inhibition and reflex inhibition, it has been 
proposed that inhibition because of pain, or fear 
of pain, should not be considered as reflex 
inhibition, which is believed to be painless.319 

Reflex inhibition is elicited by abnormal 
afferent information from a damaged joint, 
resulting in decreased motor drive to muscle 
groups acting across the joint.l60 Reflex inhibi­
tion causes weakness directly and may also 
contribute to muscle atrophy. The joint involved 
is then predisposed to further damage.322,323 This 
atrophy may occur rapidly.318 Reflex inhibition 



is reported to hamper a motor neuron activity in 
the anterior horn of the spinal cord,319 but animal 
studies suggest this inhibition is linked with the 
y motor neuron system in inflamed joints.127 

The sensory pathway involved in reflex 
inhibition involves joint afferents and articular 
nerves, terminating in the spinal cord. The 
mechanosensitivity of articular afferents is 
increased when joints are inflamed.301 The 
pathways from joint afferents have extensive 
projections in the spinal cord.6o Animal research 
has shown that the sensory input from the knee 
joint is conveyed to interneurons, motor neurons 
and supraspinal structures, including the 
cerebral cortex and the cerebellum. 

The sensory pathways involved in reflex inhi­
bition are complex. Research has been conducted 
on animals (mainly cats) to investigate the 
resultant motor reflexes.28,86,89,105,120,157,213 Reflexes 
in limb muscles and reflex discharges in motor 
neurons can be elicited by either electrical 
stimulation of articular nerves or activation of 
receptors in the joint capsule or the joint ligaments 
(either directly or by pressure applied by inflation 
of the joint). Motor reflexes may be considered 
as a feedback mechanism from the joint back to 
the joint, since sensory information arising in the 
joint may influence the motor output to the 
muscles that move and stabilize the joint.301 

Most research concerning patterns of muscles 
wasting in reflex inhibition has been conducted 
at the knee joint. Evidence of patterns of motor 
responses has been provided by the classic 
study of Ekholm et al,89 which involved stimu­
lation of joint receptors by pinching of the joint 
capsule. This led to inhibition of knee extensors 
and facilitation of knee flexors. These results 
have been used to explain the common finding 
of isolated wasting of the quadriceps with ham­
string sparing in knee joint injuries. Further­
more, studies which induced joint inflammation 
have shown that the response to inflammation 
was a pronounced and prolonged increase in a 

motor neuron excitability in the flexor 
muscles.127,362 These studies have demonstrated 
sensory stimuli that can exert potent effects on 
motor neuron excitability to a different extent in 
different muscle groups. 
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Even more specific changes have been docu­
mented. A rapid change in cross-sectional area 
of the lumbar multifidus at a segmental level 
was detected with ultrasound imaging in acute 
back pain patients. Hides et al136 have argued 
that this change is linked to reflex inhibition (see 
Ch. 5). There has been an abundance of research 
performed on the quadriceps muscle. Studies con­
ducted on human knee joints using experimen­
tally induced effusions to stimulate joint receptors 
have shown inhibition of the vastus medialis 
muscle at lower magnitudes of effusion than the 
other vasti muscles.182,316 Similar findings, 
evaluated using EMG, have been reported by 
Wise et al357 in patients with patellofemoral pain 
syndromes. It has been reported that the rectus 
femoris muscle is the component of the 
quadriceps muscle group least affected by 
inhibition following injury.318,359 This provides 
some explanation for the findings of Richardson 
& Bullock277,278 where chondromalacia patients 
performed high-speed knee movement, and no 
changes were detected in the multijoint knee 
flexors or extensors. These research studies have 
provided evidence that reflex inhibition is likely 
to affect some muscles more than others. The 
multijoint muscles appear to be less inhibited 
than the monoarticular muscles. 

Further evidence comes from biopsy studies. 
Biopsy analysis has been used in an attempt to 
determine the relative effects of reflex inhibition 
on different muscle fibre types. Susceptibility of 
type I muscle fibres to reflex inhibition following 
injury has been proposed as a possible 
mechanism.123 Changes in knee muscles 
(antigravity muscles undergo more severe 
atrophy than flexors) have also been demon­
strated in immobilization studies. The explanation 
for preferential atrophy of the vastus medialis 
muscle has been based on the finding that this 
muscle contains more type I fibres than other 
components of the quadriceps, making it the most 
vulnerable to immobilization-induced atrophy.16 
Muscles that function as antigravity muscles 
cross a single joint and contain a relatively large 
proportion of slow fibres are most vulnerable to 
atrophy due to immobilization.16 This may well 
also be the case in reflex inhibition. 
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Studies conducted on the muscles of the 
cervical spine support the hypothesis that 
inhibition predominantly affects the tonic motor 
units (slow twitch fibre). A changing pattern of 
fibre type was demonstrated in patients with 
chronic neck pain of various pathological 
origins.338,348 There was a transition in neck 
muscle fibre type with time in all muscles and 
the direction always proceeded from type I slow 
twitch fibres to type I I  fast twitch fibres. The 
changes did not reverse spontaneously, even 
with cessation of pain, and were independent of 
age, gender, type of pathology or the presence 
or not of any neurological deficit. 

Clinical trials performed on human subjects 
highlight the devastating effects of pain and 
reflex inhibition. Severe muscle inhibition, 
demonstrated by a decrease in the maximal 
voluntary activation of the quadriceps of 50-70%, 
has been demonstrated within hours in humans 
using meniscectomy as a mode1.322,323 Further­
more, the magnitude and duration of reflex 
inhibition following injury is unexpectedly high. 
In the study by Stokes & Young,322,323 quadriceps 
inhibition became more pronounced over the 
first 24 h (80%) and at 3-4 days after surgery was 
still very severe (70-80%). Even 1 0-15 days 
postoperatively there was still 35-40% inhi­
bition. This occurred despite the fact that 
patients were discharged from hospital, were 
experiencing minimal or no pain and were fully 
weight bearing. Other investigations have sup­
ported these findings with regard to the 
persistence of reflex inhibition.198,296 

Ligament damage can affect sensory input to 
the muscles surrounding the joint and also to 
muscles more remote from the joint. A link has 
been found between damage to the cruciate 
ligaments in the knee and the fusimotor support 
to the surrounding muscles.165,166 Injury to 
passive joint structures could be expected to 
affect both muscle stiffness and and muscle 
proprioception. This link between joint injury 
and proprioceptive deficits in the muscles needs 
exploration in future studies. 

In addition to the muscles surrounding the 
injured joint, the muscles controlling more 
proximal joints need to be considered. Problems 

Box 6.6 Clinical relevance of joint pain and pathology 

Testing procedures and exercise for active joint 
stabilization should: 

• respect and employ measures to decrease pain and 
swelling as quickly as possible in order to minimize 
the effects of pain/reflex inhibition on the muscle 

• focus on exercise to increase tonic activity and 
holding ability especially in the agonist muscle ' 

• focus on restoring the proprioceptive role of the 
muscles surrounding the injured joint 

• not allow multijoint muscles to substitute for their 
single-joint synergists, as multijoint muscles are less 
affected in joint injury 

• consider stabilization of the more proximal joints 
even when injury occurs more distally. 

have been found in activation of the gluteus 
maximus in patients with recurrent ankle liga­
ment injuries.44 This study emphasizes the need 
to assess and treat stabilization problems of 
more proximal joints, even when the joint injury 
has occurred more distally. (See Box 6.6.) 

LOSS O F  MUSCLE CONTROL AND 
DECREASED ANTIGRAVITY 
FUNCTION 

Loss of the stabilization function of muscles is 
not only associated with pain and reflex inhi­
bition, but can also occur in circumstances of 
normal function. Loss of muscle control has 
been linked to a reduced neural input to muscles 
as a result of a reduction in their antigravity 
supporting role. Single-joint muscles are able to 
control joint position and are ideal for the 
stabilization and support of that joint. However, 
there are several reasons why the antigravity 
monoarticular muscles of a joint would be sub­
jected to decreased neural input due to decreased 
use (Fig. 6.6). There are many studies which 
provide evidence that with decreased use or lack 
of use the tonic (slow twitch) fibres in the 
antigravity monoarticular muscle lose their 
characteristics and gradually change to resemble 
fast twitch (phasic) muscle fibres. 16,88,95,200,352,364 

While most of these studies have been per­
formed on animal models, a study by Zetterberg 
et al364 demonstrated similar changes in humans 
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Figure 6.6 Reasons for decreased neural input to 
antigravity muscles. 

where the fibre composition of the antigravity 
musculature changed with reduced postural 
load. These researchers examined the back 
muscles in adolescents with scoliosis. They 
found an increased proportion of tonic (slow 
twitch) fibres on the convex side of the spine 
taking postural load and a decreased proportion 
of these fibres on the concave side of the 
scoliotic spine taking reduced postural load. 
This study provides evidence that muscles can 
change over time in response to a reduced 
postural load. A reduction in proportion of the 
slow twitch fibres in a muscle is likely to reduce 
the tonic qualities of its function (i.e. those 
which permit the muscle to work continuously 
at low levels of its maximum voluntary contrac­
tion), rather than affect the phasic (fast twitch) 
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Box 6.7 Clinical relevance of loss of muscle control 
and antigravity function 

Testing procedures and exercise for active joint 
stabilization should: 

• include low-load exercise (30-40% maximum 
voluntary contraction) to emphasize tonic continuous 
activity (slow twitch motor units), especially in the 
antigravity musculature 

• change postures and movement patterns to increase 
the load taken by the monoarticular antigravity 
muscle in comparison to the multijoint synergists. 

muscle function, which is involved in high-load 
and high-speed activities. (See Box 6.7.) 

CONCLUSIONS 

The various aspects of motor control as they 
apply to the stabilization of joints have been 
reviewed. While stabilization training has 
always been a major part of the conservative 
management of painful musculoskeletal con­
ditions, there have been few ways of assessing 
stability muscle function in the clinical setting. 
In developing an understanding of some of the 
motor control issues relating to joint stabil­
ization, some features of clinical relevance have 
been highlighted which will guide clinical 
assessment and treatment approaches. 
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Overview of the 
principles of clinical 
management of the deep 
muscle system for 
segmental stabilization 

Evidence has been presented of distinct motor 
control problems in the deep muscles of the 
local system of the trunk and lumbopelvic 
region in patients with low back pain (see Ch. 5). 

In addition, there is research indicating that 
retraining with a specific exercise strategy can 
positively influence the recovery of the muscle 
in acute low back pain136 and result in a better 
reduction in pain levels and improved func­
tional levels in patients with chronic back pain 
associated with a radiological diagnosis of 
spondylolysis and spondylolisthesis2s7. 

The specific exercise strategy for segmental 
stabilization was developed from several sources. 
These included: the potential biomechanical 
effects of a co-contraction of the local muscles; 
general considerations of motor control and joint 
stabilization; the responses of the muscle system 
to training in the clinical situation; and clinical 
and laboratory evidence of motor control prob­
lems in the local muscles in low back pain 
patients. The specific exercise technique that we 
have developed has several special features. 
Some of these are similar to those found in many 
commonly used stabilization programmes (see 
Box 7.1), while others are unique, new and 
research based. The co-contraction exercise is 
best described as a specific motor skill. Persons 
with no history of low back pain can usually 
perform it quite well, but back pain patients 
usually experience great difficulty in attempting 
the skill. Such a motor skill is rehabilitated 
through a motor relearning process rather than 
through conventional exercise for increasing the 
strength and endurance of muscles. 
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Box 7.1 The features of the specific exercise 
techniques 

Features in common with some other stabilization 
programmes: 
• Rehabilitation of motor control aspects of muscle 

function 
• Neutral spine postures 
• Low level continuous tonic contractions. 
• Co-contraction of trunk muscles (which would include 

the transversus abdominis and lumbar multifidus). 

Additional features of this specific exercise approach: 
• Precise co-contraction of the transversus abdominis 

and multifidus independently of the global muscles. 
• Utilization of methods of decreasing global muscle 

activation to allow training of the deep muscle co­
contraction. 

• Utilization of new facilitation strategies to achieve the 
deep muscle co-contraction. 

• The selection of a particular treatment strategy is 
based directly on the assessment of the presenting 
impairment in the individual low back pain patient. 
Treatment will vary from patient to patient. 

• The selection of treatments is continually being 
refined as their effectiveness is quantified objectively. 

THE CONCEPT OF THE SPECIFIC 
EXERCISE STRATEGY 

The concept of the exercise strategy was based 
historically on gaining a co-contraction of the 
key local muscles, the transversus abdominis 
and the lumbar multifidus. The aim was to effect 
local spinal segmental support either by the 
action of these muscles in increasing tension in 
the thoracolumbar fascia and increasing the 
intra-abdominal pressure (lAP), or through their 
direct attachment to the lumbar vertebrae. The 
exercise is an isometric contraction of the trans­
versus abdominis elicited by drawing in the 
abdominal wall202 combined with an isometric 
contraction of the segmental levels of the lumbar 
multifidus. Biomechanically it would be bene­
ficial for these muscles to co-contract, and there 
is clinical and preliminary experimental evidence 
that this occurs. In the clinic it is observed that a 
normal cognitive contraction of the transversus 
abdominis is accompanied by a contraction of 
the lumbar multifidus and, conversely, a normal 
cognitive contraction of the lumbar multifidus is 
accompanied by a contraction of the transversus 

Figure 7.1 Diagrammatic representation of the muscle 
contraction of 'drawing in' of the abdominal wall with an 
isometric contraction of the lumbar multifidus. The 
interrelationship and the interaction between these two 
muscles and the fascial system can be appreciated, and the 
diagram illustrates how they can work together to give spinal 
support. 

abdominis. We propose that there is a very 
specific and specialized relationship between 
these two muscles, and it is their combined 
effect which is required in rehabilitation. The 
stabilizing effect of the co-contraction is 
depicted conceptually in Figure 7.1. This muscle 
co-contraction can be likened to activating a 
deep muscle corset to support the spinal seg­
ments and lumbopelvic region. 

Other essential features of the exercise are the 
level and type of muscle co-contraction. Several 
factors dictate that the contraction be a low 
level, tonic, continuous contraction less than 
30-40% of maximum voluntary contraction 
(MVC), with no rapid, phasic contractions (see 
Ch. 6). Research using electromyography (EMG) 
with fine-wire electrodes currently being under­
taken in our laboratory has indicated that the co­
contraction exercise does activate the trans­
versus abdominis at relatively low levels in 
normal subjects. The exercise is isometric, with a 
slow and gradual development of tension to 
bring the muscles into their shortened range. 
The isometric nature of the exercise meets the 
functional characteristics of these muscles, as 



they demonstrate minimal length changes in 
different spinal positions and movements (see 
Ch. 3). The deep muscle co-contraction must be 
performed without substitution from larger 
torque-producing muscles spanning the region 
(e.g. the rectus abdominis, obliquus externus 
abdominis and thoracic portions of the erector 
spinae), which we have observed clinically to 
become overactive in low back pain patients (see 
Ch.9). 

Two other muscle groups are activated in 
synergy with the transversus abdominis and 
lumbar multifidus during the action of drawing 
in the abdominal wall. Initial data from motor 
control studies of trunk muscle activity in a 
stabilization model141 have linked the timing of 
the activity of the transversus abdominis and the 
diaphragm. In addition, preliminary studies on 
the pelvic floor muscles have indicated that 
these muscles co-activate with the transversus 
abdominis (see Ch. 4). Thus, conceptually, the 
transversus abdominis forms the walls of a 
cylinder while the muscles of the pelvic floor 
and diaphragm form its base and lid, respect­
ively (Fig. 7.2). This co-activation of the trans­
versus abdominis and the muscles of the pelvic 

_ Transversus abdominis _ 
and multifidus 

t Pelvic floor 

Abdominal cavity 

Figure 7.2 The functional unit of local stabilization: a 
stylized drawing of the transversus abdominis, diaphragm 
and lumbar multifidus and pelvic floor. 
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floor and diaphragm is likely to act to maintain 
the lAP at a critical level, thus allowing con­
traction of the transversus abdominis to affect 
spinal support (see Ch. 4). There is some initial 
evidence that these four muscles act in synergy 
to provide a spinal support mechanism. Never­
theless, further research is required to confirm 
the relationship between these muscles. 

It may be possible to gain some indication of 
ideal diaphragm activity during the specific co­
contraction exercise. Historically it always 
appeared necessary for the patient to be able to 
breathe normally during the performance of the 
exercise strategy. New knowledge of the dia­
phragm's stabilization role may provide an 
explanation of the relevance of this normal 
breathing pattern. Any problem in re-establishing 
a normal breathing pattern with the contraction 
of the transversus abdominis and multifidus 
may indicate that the dual role of the diaphragm 
of contributing to trunk stabilization while 
controlling breathing patterns may have been 
interrupted in the back pain patient. More 
research is needed to investigate this important 
relationship. Nonetheless, the interaction of the 
muscles is used in facilitation strategies for 
management of the deep muscle dysfunction. 

When considering overall spinal support, the 
local muscles can be considered as an inner 
corset or inner sleeve of musculofascial support. 
The outer sleeve comprises the global muscles 
and their fascial attachments. The inner sleeve is 
distinct from and independent of the outer 
sleeve, both anatomically and functionally (Fig. 
7.3). Motor control studies on the action of the 

Control tension 
of outer 

musculo-fascial 
unit 

Figure 7.3 A conceptual model of training for stabilization 
of the lumbopelvic region. The inner layer is trained to provide 
segmental stabilization, while the outer sleeve is trained to 
provide a more general lumbopelvic stability function. 



96 APPLYING SCIENCE TO PRACTICE 

Box 7.2 Essential elements of the specific exercise 
strategy 

• The focus is on the local muscles, the transversus 
abdominis and the segmental levels of the lumbar 
multifidus. 

• Low load, tonic isometric contractions. 
• Contraction of the pelvic floor muscles forms part of 

the motor skill test of drawing in the abdominal wall. 
• The patient must be able to breathe normally during 

the abdominal drawing in action. 
• Maintain specificity of deep muscle action 

independent of the global muscles. 

transversus abdominis have further clarified the 
concept of an exercise which focuses on the co­
activation of four muscles of the inner sleeve as 
a functional unit. The transversus abdominis 
acts independently of the other abdominals, 
thus inferring it has a separate control system. 
This gives a strong rationale for training the 
inner muscle sleeve independently of the global 
muscles. By its nature, the specific deep muscle 
co-contraction exercise could be regarded as a 
specific motor skill because it involves the 
accomplishment of a motor task with precision52 
and without the involvement of the global muscles 
of the outer sleeve of support. (See Box 7.2.) 

RELEARNING THE MOTOR SKILL 

Motor control problems in back pain 
patients 

Problems in motor control of the transversus 
abdominis have been clearly demonstrated in 
terms of delayed timing of onset as well as a 
lack of continuous contraction during phasic 
activation of the main trunk torque producers 
(see Ch. 5). These studies have confirmed that 
the deficit is directly related to how this muscle 
controls the spine during movement. An argu­
ment for the presence of a motor control deficit 
in the segmental levels of lumbar multifidus 
muscle comes from indirect evidence at this time. 
This indirect evidence is based on the successful 
treatment of tills deep muscle dysfunction,136,257,259 
where the therapeutic strategies used were 
consistent with those used to reverse problems 

of motor control. The treatment strategy 
involved repeatedly practising the specific 
motor skill of drawing in the abdomen with a 
swelling of the segmental multifidus without 
contraction of the global muscle system. No 
general strength or endurance training of trunk 
flexors or extensors was involved in the treat­
ment programme. The motor skill which was 
practised with high repetition changed the size 
of the inhibited levels of the multifidus in acute 
back pain patients quite quickly, in some 
patients within a week.136 With this time frame, 
it can be surmised that the exercise effect was 
not related to muscle hypertrophy,247 but perhaps 
to neurally related events in the muscle which 
re-established its size as well as its control of the 
associated lumbar segments. 

Specificity of the motor skill linked to 
deep stabilizing function 

From the evidence that the primary problem in 
the deep muscles relates to their motor control 
and not to factors such as strength, it is pro­
posed that the abdominal drawing in action, 
with its clinically observed associated lumbar 
multifidus activation, becomes the specialized 
motor skill which is linked to the stabilization 
capacity of these deep muscles. When evalu­
ating people with and without low back pain 
performing a clinical test of transversus abdominis 
activation and a limb-movement task, we have 
shown that back pain patients with demon­
strable motor control deficits in the transversus 
abdominis cannot successfully perform the 
abdominal drawing in action, whereas those 
without back pain who had no delay in trans­
versus abdominis activation could readily acti­
vate the muscle.153 Therefore, the abdominal 
drawing in action with its associated lumbar 
multifidus activation becomes the ultimate skill 
which needs to be learned in rehabilitation to 
ensure that the local muscles can perform their 
spinal support role. Notably, these muscles 
appear to be the only muscles capable of 
providing support at the lumbar segmental 
level. The other trunk muscles, which lack direct 
attachment to the lumbar segments, cannot 



substitute to perform this particular task. This 
reinforces the need for specific muscle assess­
ment and training for motor control problems 
related to joint stabilization. The situation is 
completely different for most functional move­
ment tasks where several different muscles are 
capable of achieving the same results. In such 
cases, a focus on specificity of individual muscle 
actions is not required for achieving a good 
functional outcome. 

A precise motor skill without error 

Confirmation of the need for the relearning 
strategy to be completed very precisely, without 
error, has come from the motor control studies 
performed on chronic low back pain patients 
(See Ch. 5). In a dysfunctional state, the trans­
versus abdominis changes its role from one of 
support, for which it is designed anatomically, 
biomechanically and physiologically, to one of 
trunk movement. Instead of continuously 
modulated activity, independent of the other 
abdominal muscles, the transversus abdominis 
behaves in a manner similar to the other 
abdominal muscles and works with trunk 
flexors. Therefore the exercise techniques for re­
establishing its role as a deep stability muscle of 
the lumbar spine must, of necessity, be very 
precise. They must be able to change the 
impaired motor control where the transversus 
abdominis works with all abdominal wall 
muscles to return it to the state where it func­
tions completely separately from the other 
abdominal muscles. 

Analysis of learning a precise motor skill 

The princ:iples involved in relearning a specific 
motor skill are very different to those for strength 
and endurance training. Charman52 defines 
improvement in skill as being 'inversely pro­
portional' to the amount of unnecessary muscle 
activity that occurs during its performance. In 
context, improvement in the abdominal 
drawing-in action by the local muscles can be 
rated by decreasing global muscle activity. The 
point is reached as the skill is perfected where 
no unwanted muscle activity occurs, i.e. the 
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Relearning the motor skill 
of deep muscle co-contraction 

Increase activation of 
the local muscles 

Decrease unwanted 
overactivity of the 

global muscles 

Improve the perception 
of the skill 

Improve precision 
of the skill 

Repeated practice 
of the skill 

Progression to 
functional upright tasks 

Figure 7.4 The elements of relearning the motor skill. 
(Based on Kottke et a1.196) 

global muscles do not contribute to the task. 
These principles are at the very heart of learning 
a skill and, therefore, form the basis of the 
exercise programme to re-establish segmental 
stability of the spine. The essential elements of 
learning a new skill are outlined in Figure 7.4. 

The principles were first documented by Kottke 
et al196 and have been applied in varying fields 
of practice by a number of other researchers and 
clinicians.2.305 

These principles for relearning a motor skill 
were utilized by Hides et al136 and O'Sullivan et 
a1257,259 in their clinical trials of efficacy of this 
specific exercise approach for segmental stabil­
ization training. They used the methods of 
gaining the perception of the skill and repeated 
practice to achieve their successful outcomes 
and fulfil their aim to rehabilitate the develop­
ment of the motor skill linked to deep muscle 
co-contraction. Initial evidence that skill training 
can change an automatic pattern of abdominal 
muscle activity in response to an unilateral arm-
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raising task has been reported by O'Sullivan et 
aI/59 in addition to our preliminary results of 
three patients with low back pain. These latter 
patients were evaluated using EMG with fine­
wire electrodes before and after implementation 
of training of the transversus abdominis using 
the approach defined here. They were shown to 
attain earlier contraction of the transversus 
abdominis in the limb-movement task (see Ch. 
4) following treatment (G.A. Jull & Q. Scott, 
unpublished data 1998). 

THE APPROACH TO CLINICAL 
TESTING 

The clinical test of the deep muscle co-contraction 
is not performed in a functional upright position 
but in prone lying. The relationship between the 
wanted and unwanted muscle activity in 
perfecting a motor skill helps clarify why the 
clinical motor skill test of abdominal drawing in, 
in the prone position (see Ch. 8), has proven to 
be successful in identifying and checking the 
action of the transversus abdominis and lumbar 
multifidus. The prone position allows a more 
focused testing procedure by decreasing the 
need to use the larger global abdominal muscles 
to hold body position, as would occur in upright 
positions. In the prone position, activation of the 
transversus abdominis, by drawing in the abdo­
minal wall without movement of the spine or 
pelvis, should be achieved with minimal acti­
vation of the global muscles that link the rib 
cage and the pelvis when its independent motor 
control is operating effectively. In the low back 
pain patient, monitoring of the levels of unwanted 
muscle activity can also be a feature of the test. 

The requirements of the clinical motor skill 
test to hold a tonic, smoothly generated, isometric 
contraction without phasic, jerky contractions is 
also warranted in the light of another feature of 
the motor control problems found in the trans­
versus abdominis of back pain patients. Back 
pain patients demonstrated phasic activity with 
arm movement instead of the normal tonic 
activity. A slowly generated 10-s hold should 
test this aspect of motor control (see Ch. 6). In 
relation to therapeutics, Hides et al136 in their 

clinical trial used an isometric (tonic) hold of the 
segmental lumbar multifidus to restore its cross­
sectional area following its inhibition with an 
acute episode of back pain. Recovery did not 
occur with the resumption of normal activities 
in the control group, despite resolution of the 
pain. O'Sullivan et a1257,259 used similar isometric 
holding exercises in their successful treatment of 
patients with low back pain associated with 
segmental instability. 

Recently, more detailed observations in our 
clinical laboratory are providing preliminary 
evidence that drawing in of the abdominal wall 
in normal subjects usually results in the auto­
matic activation of the lumbar multifidus. In 
addition, the relationship between activation of 
the pelvic floor and the activation of the trans­
versus abdominis has been readily observed (see 
Ch. 9). The observed co-activation of the trans­
versus abdominis and lumbar multifidus may 
well represent the way in which these muscles 
are controlled to provide lumbopelvic support 
during movement, and is a key factor in the 
clinical tests and their interpretation. For example, 
subjects who, while attempting the drawing-in 
test, do not co-activate the multifidus, or those 
achieving the multifidus activation test without 
co-activation of the transversus abdominis, 
could be demonstrating a significant deficit in 
one aspect of motor control. More research is 
required to verify these observations. 

REHABILITATION APPROACH 

To provide joint stabilization, the nervous 
system needs to plan to recruit as well as main­
tain control of the motor units within the large 
numbers of muscles capable of influencing 
lumbopelvic position. For segmental control, it 
is the way the motor units of the local and deep 
system of muscles are recruited and their acti­
vation continuously modulated which is the 
essence of the rehabilitation process. The motor­
control deficit in the activation patterns is patient 
specific, often complex and likely to involve 
problems in both the feedback and feedforward 
mechanisms of motor control. 



Rehabilitation takes place in three distinct 
stages: formal motor skill training; gradual 
incorporation of skill into light functional tasks; 
and progression to heavy-load functional tasks. 
In this way, rehabilitation of the muscle system 
proceeds from control at the segmental level to 
control of the entire lumbopelvic region and 
trunk during the performance of functional 
tasks. At all stages of rehabilitation other treat­
ments also need to be directed towards elimin­
ating the' influences of pain or reflex inhibition 
on muscle function. 

Formal motor skill training 

Restoration of the motor skill of a drawing in of 
the abdominal wall with an isometric contrac­
tion of the lumbar multifidus is a consistent 
central point of the rehabilitation programme. 
Formal training of this motor skill to activate 
the deep muscles in their supporting role is 
approached by following the established prin­
ciples for skill acquisition and relearning of a 
motor skill (see Fig. 7.4). Key components 
include the development of the perception of the 
skill and improving the precision. This is fol­
lowed by the precise repetition of that skill in 
order for it to become automatically incorporated 
into normal function. Progression from this 
formal training stage is commensurate with 
cognitive control of this motor skill, which needs 
to be tested clinically in the prone test with some 
quantification from the pressure biofeedback 
unit (see Ch. 8). 

Development of the perception of the specific 
contraction of the local muscles 

There are several reasons why it is essential for a 
back pain patient to develop the correct per­
ception of, and achieve, the isolated muscle 
actions inherent in the motor skill of drawing in 
the abdominal wall as well as to learn the feeling 
of a tonic holding contraction of the deep local 
muscle system. These reasons are directly related 
to the research evidence of the nature of the 
motor control deficits in the deep muscles. As 
described previously, the transversus abdominis 
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has a separate control system. It is activated 
prior to the other trunk muscles involved in 
general trunk postural control and its pre­
programmed activity is not direction specific 
(see Ch. 4). The opposite occurs in back pain 
patients (see Ch. 5). The muscle becomes 
controlled with postural control and becomes 
direction specific, behaving as if it were part of 
the global muscle system of the abdominal wall. 
It loses its functional identification to prepare 
the spinal segment for loads and forces imposed 
by general activities. A focus on training the 
specific motor skill by isolating the contraction 
as much as possible from the other abdominal 
muscles aims to restore normal motor com­
mands for the muscle (cognitively in the first 
instance). The need to focus or isolate the con­
traction of the lumbar multifidus to a segmental 
level relates to its primary segmental site of 
dysfunction 136,139 as well as its functional dif­
ferentiation from the other trunk extensors37 and 
the segmental lack of response to general activity 
of the trunk extensors in normal activity.136 In 
addition to an ability to isolate the deep muscle 
contraction, it is necessary for the patient to be 
able to perceive slow continuous muscle activity 
as the deep muscles lose their ability to hold 
tonically in back pain patients. 

In management, different patients will respond 
to different strategies in the relearning process 
to achieve the motor skill of deep muscle co­
activation. The clinician must be prepared to try 
different strategies, often in combination, until 
one which works for the individual patient is 
found. The following are suggestions that can be 
tried to enhance the patient's perception of the 
deep muscle motor skill: 

• Focus on one particular muscle (of the local 
system) at a time. 

• Try different instructions, visual cues or 
mental imagery. 

• Try different postures and positions. 
• Use various forms of facilitation and feedback 

techniques to increase deep muscle activation. 
• Use various techniques (including feedback) 

to decrease overactivity of the global muscles 
during the deep muscle isolation exercises. 
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Precise repetition of the correct isolated holding 
action of the deep muscles in a co-activation 

pattern 

Repeated practice of the correct motor skill of 
abdominal drawing in with lumbar multifidus 
activation is vital for learning and for training 
the deep muscle co-activation. In addition, the 
focus on continuous holding is commensurate 
with the type of muscle contraction required for 
stabilization. Lack of this tonic function is a 
problem in the deep muscles of low back pain 
patients, and training of this continuous holding 
contraction has been linked to successful 
management of both acute and chronic low back 
pain patients.136,257,259 

Repetitions are performed precisely using the 
focus, the cues, the positions and other tech­
niques found successful in isolating the deep 
muscle action. This will likely be different for 
each individual patient. It is essential that the 
therapist provides appropriate instruction and 
cues to ensure that the patient will practise the 
skill correctly at home. Motivation to practise 
the motor skill as many times as possible is the 
key to this part of the rehabilitation. Progression 
to more functional tasks can be begun once the 
assessment has demonstrated that the motor 
skill has been learned. 

Integration into dynamic function 

The exercise approach integrating deep muscle 
co-contraction into dynamic function proceeds 
through two stages: incorporation of the motor 
skill into light functional tasks, and incorporation 
of the skill into heavy loaded tasks. The use of 
light functional tasks in the first instance allows 
deep muscle support to be trained during acti­
vities where the global muscles are moving the 
lumbopelvic region. In contrast, heavy activities 
require all trunk muscles (local and global) to 
contract simultaneously in order to brace and 
stabilize the torso to resist the external loads, 
and require a different type of functional 
training. 

It is necessary to have ways to ensure that 
deep muscle action is being maintained duri11g 

the integration of the motor skill into dynamic 
function. Methods include: 

• Instruct the patient to activate the co­
contraction cognitively during all exercise 
tasks. 

• Formally retest the co-contraction at regular 
intervals. 

• Indirectly assess the transversus abdominis 
contraction by observing the abdominal wall. 
The abdominal wall should remain flat with 
no protrusion or bulging (particularly of the 
lower abdomen) during any exercise.242 

• Indirectly assess multifidus function through 
observing the patient's ability to maintain 
the normal lumbosacral curve during any 
exercise.22 

Incorporation of motor skill into light functional 
tasks 

This stage involves continued practice of the 
motor skill in low-load tasks during which 
relaxed breathing can continue normally with­
out breath-holding. The progression to training 
in light functional tasks continues a focus on the 
rehabilitation of the motor control of the deep 
trunk muscles in concert with their stability 
synergists, the diaphragm and the pelvic floor. 
It is in these light-load activities, especially in 
neutral postures, that. the lumbar segments 
particularly require the support of the local 
muscle system.54 Therefore, this training phase 
starts in the neutral lumbopelvic postural 
positions where maximum local muscle acti­
vation is required to control spinal position. 
Varying tasks are gradually added which 
increasingly challenge the function of the deep 
muscle system. 

Control of neutral lumbopelvic postures 

A variety of activities is used for training the 
holding of the deep muscles in functional acti­
vities. In the first instance, assuming and hold­
ing good upright sitting and standing postures 
with the lumbopelvic region in a neutral posture 
and with co-activation of the deep muscles is a 
potent, patient-convenient and functionally 



relevant training regime. Turning, reaching and 
leaning slightly away from the neutral positions, 
all with normal relaxed breathing patterns, 
further challenge control of the deep muscle 
system.124 The ability to maintain the control of 
the spinal posi tion under low levels of leg load 
can also be trained.176,294,295 

The efficiency of the methods chosen to improve 
transversus abdominis and lumbar multifidus 
activation and holding capacity should be 
continually checked in the formal prone test 
using pressure biofeedback. Assessment in 
these functional tasks by means of observation 
and palpation only does not give a reliable 
indication of the in1provement in deep muscle 
capacity. 

Lumbopelvic control during trunk movements 

Walking offers an excellent functional activity to 
challenge and advance the training of the motor 
skill of holding the deep muscle co-activation for 
segmental support and control. It requires quite 
complex motor planning. Walking is a phasic, 
repetitive, low-load activity which provides a 
situation that requires the patient to maintain 
tonic control of the local muscles in an environ­
ment requiring phasic on/off activation from 
the larger global trunk muscles. Precision and a 
good perception of the contraction is required 
by the patient, who activates the deep muscle 
system either by holding the gentle abdominal 
drawing-in action or through activating and 
holding a pelvic floor muscle contraction while 
breathing normally. This type of functional 
activity would likely optimize the stabilizing 
capabilities of the deep muscles. Training can be 
advanced by increasing the length of time for 
which the patient holds the contraction and 
increasing the speed of walking. Notably, the 
phasic on/off patterns of trunk muscle activity 
are the antithesis of the continuous tonic activity 
required of the deep local muscle system in its 
supporting role (see Ch. 6). Again, assurance 
that ilie training is beneficial and not detri­
mental to the deep muscle system is gained by 
repeatedly assessing the patient's performance 
in the prone position. 
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Lumbopelvic control in aggravating postures 

The deep muscle co-contraction is also trained in 
spinal postural positions which normally aggra­
vate the patient's pain, and in postures where 
patients report that their backs feel vulnerable 
and likely to 'give' .257 Patients can train in the 
static aggravating posture, such as sitting, or in 
other upright functional activities, such as walk­
ing. They may also formally train to maintain 
the co-contraction while moving their trunk 
through movement directions that usually 
aggravate their pain. 

Incorporation of skill into heavy-load 
functional tasks 

Everyday function incorporates coping with 
activities involving higher external loads, as in 
lifting and carrying, as well as in activities such 
as stepping down or jumping in which the local 
and global systems of both the trunk and lower 
limbs work together to minimize impact loading 
to the spine. Therapeutic exercise in higher load 
activities can be advanced with two different 
treatment aims in mind. 

With the first aim, exercise focuses on 
ensuring that the deep local muscles remain the 
functional stabilizers of the lumbopelvic region 
even when higher load activities are attempted. 
The more general stabilization training pro­
grammes still maintain neutral lumbopelvic 
postures and train more general trunk muscle 
co-contraction on both stable and unstable 
surfaces. The focus of these exercises is on 
control of spinal position rather than the resist­
ance force.101,176,188,288,293-295,353 It is still important 
to emphasize the action of the transversus. 
abdominis and lumbar multifidus during such 
activities. It is of interest that Thompson331 has 
calculated that the transversus abdominis is the 
abdominal muscle which is exposed to the most 
stress loading during lifting activities. 

The second aim relates to assessing and 
treating any dysfunction in the muscles of the 
global system. Strength, endurance and 
coordination are required in the larger muscles 
of the lower limb, pelvis and trunk to cope with 
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impact loading inherent in daily activities. In 
addition, any overactivity and restrictions caused 
by the multijoint muscles in the lumbopelvic hip 
complex163,173 may need to be addressed in the 
total therapeutic exercise programme. 

As a general statement, progression to higher 
load activities could begin as soon as the healing 
of the injured tissue allows, providing that this 
high-level training does not compromise the 
specific motor relearning programme for the 
transversus abdominis and lumbar multifidus. 
As an example, if global muscles such as the 
obliquus externus abdominis are found to be 
overactive in tests of the specific motor skill of 
deep muscle co-activation and techniques to 
decrease their activity are being employed in the 
motor skill reeducation, then it would certainly 
be unwise to begin the progression to higher 
load training. Such training focuses on the 
global muscle system and could reinforce, or 
even increase, the patient's deep muscle motor 
control problems. 

At every stage of the rehabilitation it is 
necessary to come back to the formal test of the 
deep muscle motor skill to ensure that the co­
activation is maintaining or improving its level 
of activation and tonic holding capacity. During 
the progression to heavy functional loading of 
the trunk, it is also essential to monitor improve­
ments and to guide progression of these stages. 
Sophisticated apparatus is available to measure 
trunk muscle strength and endurance in each 
plane of motion,268 and functional lifting capacity 
assessments are also well documented.161 How-

ever, formal measures of improvement in general 
trunk stability capacity as a result of the more 
general stabilization training programmes are 
not as well documented, as trunk co-contraction 
is not an easy function to measure. One way of 
gaining an assessment is through the use of the 
leg-loading tests with pressure biofeedback (see 
Ch.8). 

Rehabilitation has progressed from new 
concepts of retraining the deep muscles to 
incorporation of these concepts into normal 
function. The essence of the treatment is that the 
supporting function of the deep muscles, work­
ing in co-contraction to control segmental move­
ment, is restored. Increasing general trunk stiff­
ness through increased co-contraction of the global 
muscles, which could encourage some trunk 
rigidity, is not considered a reasonable aim of 
treatment unless deep muscle function has been 
severely compromised. There are differences 
between segmental stability provided by the 
transversus abdominis and lumbar multifidus 
and lumbar rigidity provided by strong contrac­
tion of the global muscles. The transversus 
abdominis and lumbar multifidus offer control 
segmentally and allow trunk movement to occur 
in a controlled manner. In contrast, the global 
muscles restrict motion of the spine, promoting 
function of the trunk as a single entity. Normal 
function of the spine relies on controlled motion 
of the lumbar segments and not general 
restriction of motion. In Section 4 the details of 
the new assessment and treatment approach for 
low back pain patients are explained. 
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A high level of skill is required to effectively 

rehabilitate the motor control changes present in 

low back pain patients. In addition, skill is required 

to effectively communicate 'spinal segmental 

training' to a patient and a considerable amount of 

practice required for the therapist to achieve the 

necessary level of competence. For this reason the 

description of the exercise approach is presented 

here in considerable detail. Therapists need to 

take time to develop their problem solving and 

assessment skills of the motor control problems in 

back pain patients. Success in treatment is always 

closely aligned to the diagnostic and therapeutic 

skills of the practitioner. 
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Clinical testing of the 
local muscles: practical 
examination of motor 
skill 

The use of evidence-based treatments is the call 
of the decade and the practice for the 21st 
century. With this new insight into the muscle 
problems associated with low back pain, assess­
ment and measurement of the impairment must 
take priority. While invasive methods of verify­
ing motor control problems in the deep muscle 
exist (see Ch. 5), there is an immediate priority 
to investigate non-invasive clinically applicable 
measures of motor control deficits. Developing 
clinically feasible measurements for this aspect 
of muscle function is an essential challenge to 
physiotherapists. Beckerman et a130 highlight the 
challenges of measurement development in their 
recent review of the efficacy of physiotherapy 
treatments and the inherent problems found in 
most published clinical research studies. These 
authors emphasize that evaluation is the key to 
proving efficacy of treatments. However, they 
also acknowledge that there is a lack of physical 
outcome parameters that are valid, precise, 
sensitive and clinically relevant. 

It must be acknowledged that measurement of 
motor-control problems will always present 
difficulties in both the clinic and in research, in 
comparison to such measures as strength and 
endurance of muscle groups. Additional chal­
lenges present in low back pain patients. The 
muscles exhibiting the deficits are those which 
lie deep in the body and close to the spine. Their 
location means that their contraction cannot be 
viewed from the surface of the body. The 
muscles are not involved in movement of the 
bony skeleton, and traditional muscle testing 
procedures such as manual muscle testing, 

105 
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which rely on movement of the skeletal lever 
system, do not apply. While it will be a signifi­
cant length of time before the non-invasive 
assessments of the motor control deficits in deep 
muscles have reached gold standards, some 
progress has been made. 

Traditional muscle-function measures of 
strength and endurance of muscle groups or 
cardiovascular endurance routinely involve a 
period of practice in which the motor skills are 
learnt and the body systems adjust to the task. 
The measures become reliable and repeatable as 
the learning phase is replaced quite quickly with 
a 'levelling out' of the performance. Standard 
levels can then be readily quantified. Improve­
ment in the performance of these muscle func­
tions takes time. The body systems need 
adequate stimulus and time to demonstrate a 
change in the measures. 

A far more difficult task is presented when 

Clinical 
measures 

(direct treatment) 

Rehabilitation centre 
Visual stimuli 

Invasive 'automatic' assessments 

Physical therapy practice 

� 
Drawing in test 

developing measurements of a motor skill such 
as the isometric, continuous low level contraction 
of the local muscles, which is performed 
independently of any contribution from the 
global muscles. The measurement must further 
cope with a confounding variable of possible 
unwanted overactivity in these global muscles. 
In contrast to the measurements of strength or 
endurance of muscle groups, issues of repeat­
ability and reliability become quite challenging 
factors in cases of disordered motor control. For 
example, during the learning phase, improve­
ment can occur immediately and the measures 
change on repeated assessments if the patient 
develops the perception of the isolated contrac­
tion quickly. Other patients with possibly more 
severe deficits may take days or even weeks to 
understand and learn the perception of the 
contraction. Such patients can often be identified 
on the factor of variability which disturbs the 

Physical therapy practice/Rehabilitation centre 

� � Drawing in test � :: � � Level of leg loading 

Non-invasive volitional assessments 

Level of leg loading 

Non-invasive volitional assessments 

Screening tests 

Physical therapy practice, health care workers, 
g=ort'� � 

Level of leg loading 
Non-invasive volitional assessments 

Figure 8. 1 The three-tier model for assessing deep muscle dysfunction. AD, anterior deltoid; OE, obliquus extern us 
abdominis; 01, obliquus internus abdominis; RA, rectus abdominis; TrA, transversus abdominis. 



traditional model of baseline repeatability. This 
poses challenges and difficulties for measure­
ment which, to a large extent, are being over­
come through the clinical research currently 
being undertaken in our laboratory. 

MODEL OF ASSESSMENT 

A three-tier model of assessment is proposed at 
the present time to assess the degree of motor 
control deficit in the local muscle system of the 
lumbopelvic region (Fig. 8.1). This model is 
tiered in degrees of sophistication of the assess­
ment and, accordingly, the depth, type and 
detail of information that can be derived. In 
parallel, the complexity of the measure used 
increases from first to third tier: screening tests, 
clinical assessments and diagnostic assessments. 

The first tier is a simple measure and is 
comparatively crude. It is a non-invasive 
volitional test and is based on the clinical assess­
ment of the abdominal drawing-in action while 
controlling lumbopelvic posture during pro­
gressive leg loading. The use of the pressure 
biofeedback unit provides some quantification 
for this test (see the Appendix to this chapter for 
a description of the biofeedback unit). This test 
provides a means of assessing whether or not 
the deep muscles are working with the contrac­
tion of the global muscles, but does not measure 
specific details of the motor control deficits. As 
such, it is suitable as a screening measure and is 
useful not only for physical therapists but also 
for general use by healthcare workers or exercise 
trainers in workplaces and gymnasiums or for 
individual home use. As back pain is a very 
common and costly condition, this level of test­
ing may potentially be important with respect to 
the prevention and management of non­
complex low back pain. Research is needed to 
validate these testing methods when performed 
by personnel who are unfamiliar with the motor 
control problems of the deep muscles and their 
treatment. 

The second-tier clinical assessments are 
detailed non-invasive volitional tests that have 
been devised to give an indication of the normal 
function of the deep muscles. Use is made not 
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only of the pressure biofeedback, but also of 
electromyographic biofeedback and observation 
of the body contours and breathing patterns in 
order to detect the deficits in deep muscle acti­
vation. These assessments require the clinical 
knowledge and skill of a physical therapist 
and are used to direct treatment strategies (see 
Ch. 9). 

The third tier includes two potentially diag­
nostic assessment measures of deep muscle 
function. One uses electromyography (EMG) 
with fine-wire electrodes inserted into the deep 
muscles in order to measure directly the degree 
of motor-control deficit in a reaction time task. 
This measure does not rely on patient volition 
and is being developed from the research model 
described in Chapters 4 and 5. The second 
measure is a non-invasive volitional assessment 
using a combination of ultrasound imaging, 
measures from a pressure sensor and surface 
EMG. This measure is currently being developed 
not only for diagnosing the motor control deficits 
in the deep muscles but also to direct and evaluate 
more precisely the re-education strategies. 

In this book, emphasis is placed on the 
second-tier clinical assessments for the recog­
nition of the deficits in the transversus abdominis 
and lumbar multifidus. A detailed description of 
the leg-loading tests used to assess control of 
lumbopelvic posture is also included. These are 
used in clinical assessments, and also form the 
basis of the screening tests. 

CLINICAL ASSESSMENT 

The clinical assessment of the deep muscle co­
contraction involves: the abdominal drawing-in 
test, the segmental multifidus test and the leg­
loading test. The transversus abdominis and the 
lumbar multifidus are tested separately initially, 
as one or the other, or both, may demonstrate 
impairments in low back pain patients. 

Testing the tranversus abdominis: 
the abdominal drawing-in test 

The prone abdominal drawing-in test measures 
a level of motor skill competence, i.e. it measures 
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Figure 8.2 The action of transversus abdominis: (a) the relaxed abdominal wall; (b) the drawn-in abdominal wall. The ultrasound images are of a transverse 
section of the abdominal wall. The shape and width of the transversus abdominis (TrA) can be seen to change on contraction (the width has increased (H)), with 
little change in the obliquus externus abdominis (OE) and obliquus internus abdominis (01). AC, abdominal contents; L, lateral; M, medial; S, skin; ST, 
subcutaneous tissue. 

. 

... 
0 
CIO 

--i 
I m 
(') 
r 

Z 
0 
» 
r 

» 
-U 
-U 
:0 
0 
» 
(') 
I 



the ability of the patient to use the correct 
muscles (mainly the transversus abdominis and 
lumbar multifidus) in response to the command 
'Draw in your abdominal wall without moving 
your spine or pelvis and hold for 10 s while 
breatrung normally'. There is also the require­
ment to perform this action without the 
contraction of the global muscles. 

Teachingthe action in preparation for the test 

Principle. The motor skill under examination 
is not a familiar task to the patient, and teaching 
the action well is an integral part of the 
assessment procedure. The action of the trans­
versus abdominis is to draw in the abdominal 
wall and narrow the waist. Thus the principle 
underlying the teaching of the contraction is to 
instruct the patient to draw in the abdominal 
wall in a way which produces contraction of the 
transversus abdominis in isolation from the 
other abdominal muscles. The most successful 
way to achieve this is to instruct the patient to 
concentrate on the lower part of the abdomen. 
Additional recent evidence suggests that the 
lower portion of the transversus abdominis 
may be the part most essential for spinal 
stabilization.144 

The drawing in of the lower abdomen is 
illustrated in Figure 8.2. The ultrasound images 
of the anterolateral aspect of abdominal wall just 
superior to the iliac crest show the muscle at rest 
and following the performance of drawing in of 
the lower abdomen. Note the increase in width 
of the transversus abdominis, and the minimal 
change in the obliquus externus abdominis and 
internus. An important feature of this view of 
the transversus abdominis is its circular, corset­
like shape when it is contracted, drawing in the 
waist. 

Describing the task. Due to the precision 
required for the accurate performance of the test 
of transversus abdominis function, it is essential 
for the patient to have a good picture of the 
muscle together with a knowledge of the 
required contraction. A description of the basic 
anatomy of the muscle, an illustration of the 
muscle (Fig. 8.3) and the movement required are 
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Figure 8.3 In preparation for the test, an explanation of the 
anatomy of the transversus abdominis assists the patient in 
understanding the direction of the muscle contraction. 

helpful tools. A good analogy to use in teaching 
is to describe the transversus abdominis as the 
patient's own natural deep muscle 'corset' that 
surrounds the abdomen in the same way as an 
external corset. When it contracts it draws in to 
tighten like an external corset to protect the back 
from injury. Instruction about the basic anatomy 
of the other abdominal muscles (the rectus 
abdominis, obliquus externus abdominis and 
internus abdominis) also highlights the differ­
ence between the transversus abdominis and 
other abdominal muscles, and assists the patient 
to make the distinction between movement of 
the trunk and abdominal drawing in. These 
muscles run from the pelvis to the rib cage 
without attachment to the lumbar vertebrae. The 
patient should understand that the job of the 
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more superficial abdominal muscles is to work 
to tilt the pelvis and move the trunk, whereas 
the transversus abdominis narrows the abdomi­
nal wall to act like a corset and support the 
spine without producing movement. 

Together with this description of anatomy and 
function, emphasis should be placed on the need 
for precision rather than effort. Many patients 
will find it difficult to understand the import­
ance of isolation rather than strength. This can 
be overcome by drawing from research and 
describing the importance of the timing of the 
contraction of this muscle. In normal function it 
contracts prior to the other trunk muscles to 
help prepare the spinal joints for the forces of 
the activity, whereas in people with low back 
pain contraction is delayed. An explanation can 
be given of the deleterious effects on the injured 
and painful lumbar segment if the muscle 
contracts too late, regardless of how strong it is, 
or if the muscle carU10t hold in a continuous 
manner during function. A description of the 
problems can help the patient to appreciate 
what is being achieved by testing in this 
manner. 

Instruction. Instruction of the contraction 
involves a description of drawing up and in of 
the lower part of the abdomen towards the spine 
without movement of the trunk or pelvis, thus 

allowing the transversus abdominis to contract 
by itself without substitution by the other 
abdominal muscles. Additional assistance can be 
provided by the clinician placing his or her 
hands on their own abdomen and demonstra ting 
the movement of the lower abdomen towards 
the spine. Demonstration of the action by the 
clinician with movement of their own abdomen 
is helpful. In the initial stages it is best to 
instruct the patient in the basics rather than to 
focus on trying to avoid or indeed correct all the 
possible substitution strategies (see eh. 9). This 
approach also allows for a more standard testing 
protocol. These basics are to avoid movement of 
the trunk and pelvis, to keep the spine in a 
steady position and to avoid deep inspiration to 
simulate the abdominal wall movement. 

The four-point kneeling position is an easy 
position in which to teach the patient the action 
in the first instance prior to formal testing (Fig. 
8.4). This position permits increased awareness 
of the abdominal wall due to the gravitational 
stretch on the muscles, and allows complete 
relaxation of the abdominal wall, which is diffi­
cult in other positions such as standing.83 In 
four-point kneeling with a relaxed abdomen the 
transversus abdominis is more in its lengthened 
position, which increases the range of muscle 
movement during the contraction, which in turn 

Figure 8.4 Teaching the test action in the four-point kneeling position: (a) with the abdomen relaxed; (b) following the 
abdominal drawing-in action. Note the elevation of the lower abdominal wall. 



increases the patient's awareness of the task 
being performed. Finally, the load of the 
abdominal contents and the length of the muscle 
in this position may increase the sensitivity of 
the stretch receptors, making it easier to contract 
the muscle. As a clinical note, while four-point 
kneeling is a good position for initial teaching of 
the action, it may not be a suitable treatment 
position for patients who have problems relaxing 
their abdominal wall and exhibit overactivity in 
their global muscles. 

The first step is to ensure that the subject is 
relaxed in the four-point kneeling position. The 
hips should be over the knees and the shoulders 
directly over the hands, with the elbows relaxed 
and not forced into extension. The spine should 
be in a neutral position, although correction of 
the spinal position should be uncomplicated at 
this stage so that the patient can concentrate on 
the abdominal contraction. It is important to 
instruct the patient to relax the abdomen. The 
action performed is a drawing up and in of the 
lower abdomen with the instruction to take a 
relaxed breath in and out and then, without 
breathing in, draw the abdomen up towards the 
spine without taking a breath. It is essential to 
dissociate breathing from the performance of the 
contraction since the patient may simulate the 
abdominal movement simply by reducing the 
pressure in the thorax, drawing the diaphragm 
up and the abdominal wall in, in the same 
manner as when a person breathes in to squeeze 
through a narrow space. The contraction must 
be performed in a slow and controlled manner, 
and this should be emphasized from the 
beginning. Any motion of the spine and pelvis 
should be discouraged as soon as it is observed, 
as the test relies on a steady spine position. 

Once the contraction has been achieved the 
patient should commence breathing in a slow 
and controlled manner, holding the contraction 
for 10 s. If it is difficult for a patient to breathe in 
this manner, and he or she substitutes rapid and 
shallow upper chest breathing, it should be 
noted, as this gives an indication that the patient 
may not be able to do the formal test correctly. 
At the completion of the task the contraction 
should be released in a slow and controlled 
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manner. Patients should perform the task 
several times to achieve sufficient proficiency of 
the contraction to allow accurate objective 
testing. However, the clinician should bear in 
mind that fatigue has a significant influence on 
the contraction of the transversus abdominis. 
Fatigue can generally be identified as either 
deterioration in performance, increased substi­
tution or tremor. Occasionally, patients will 
become frustrated because the task they are 
being asked to perform seems impossible due to 
the required precision. The clinician should be 
aware of this and be understanding, allowing 
the patient sufficient time to absorb the infor­
mation. Finally, the clinician should emphasize 
again that the test is one of control and 
precision, not strength. 

The formal test 

Once the action is understood by the patient, the 
formal test is conducted in prone lying, using a 
pressure biofeedback unit (see Appendix) to 
obtain a measurement of the ability of the 
patient to perform this abdominal isolation test 
(Fig. 8.5). Isolated contraction of the transversus 
abdominis is more difficult in the prone posi­
tion, because this position eliminates some of the 
stimuli present in the four-point kneeling posi­
tion. This helps to distinguish between people 

Figure 8.5 The abdominal drawing-in test in the prone 
position. (Note: The arm is flexed so that the position of the 
biofeedback unit can be seen.) 
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Figure 8.6 The pressure changes seen using the biofeedback unit and ultrasound images (transverse section of the 
anterolateral abdominal wall) recorded during the clinical abdominal drawing-in test. (a) At rest before the test; the baseline 
pressure is 70 mmHg. (b) On correct performance of the abdominal drawing-in action. The pressure reduces by 6-10 mmHg. 
The contraction of the transversus abdominis (TrA) can be seen on the ultrasound image. Note the corset-like appearance and 
the tensioning on the fascia medially (*) . On contraction, the width of the TrA increases. (c) On incorrect performance of the 
abdominal drawing-in action, the pressure is increased slightly. The ultrasound image shows contraction of all the muscles of 
the abdominal wall simultaneously. The obliquus externus abdominis (OE), obliquus internus abdominis (01), have contracted 
together and each has increased in depth (H). There is no corset action of the TrA. AC, abdominal contents; L, lateral; M, 
medial; S, skin; ST, subcutaneous tissue. 

who can perform the test poorly and those who 
can perform it well. The patient lies prone with 
the arms by the side, and the pressure bio­
feedback unit is placed under the abdomen with 
the navel in the centre and the distal edge of the 
pad in line with the right and left anterior 
superior iliac spines. The pressure pad is 
inflated to 70 mmHg and allowed to stabilize. 
This pressure has been identified to be that 
which inflates the pad sufficiently to detect 
changes in position of the abdominal wall but is 
comfortable and does not press into the abdomi­
nal contents. At rest, small deviations of the 
indicator on the pressure dial will be evident 
with abdominal movement during normal 
respiration, and thus it is essential to identify the 

point about which the level fluctuates. 
The muscle contraction in the formal test of 

the motor skill is identical to that performed in 
the four-point kneeling position, although the 
emphasis in instruction may be changed to 
drawing in the abdomen to support the weight 
of the abdominal contents off the pad. The 
instructions are again to breathe in and out and 
then, without breathing in, to slowly draw in the 
abdomen so that it lifts up off the pad, keeping 
the spinal position steady. Deep inspiration is to 
be avoided, as is any movement of the pelvis 
and trunk. Once the contraction has been 
achieved the patient should recommence 
relaxed normal breathing. The test action can be 
repeated until the clinician is confident that the 
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contraction is being performed as optimally as 
possible by the patient. Once satisfied, the action 
is repeated and the pressure change noted. The 
patient is required to hold the contraction for 
10 s. The procedure can be repeated up to 
10 times to test the endurance of the muscles. 

Test results. The pressure biofeedback unit 
provides important information about the 
relationship between the local and global muscles 
of the anterior abdominal wall. A successful 
performance of the test reduces the pressure by 
6-10 mmHg. This pressure change indicates that 
the patient is able to contract the transversus 
abdominis into its shortened range, indepen­
dently of the other abdominal muscles (Fig. 
8.6a,b,c). If the patient can successfully reduce 
the pressure in this test, then the holding 
capacity of the contraction is tested through 
repetition of 10-s holds up to a maximum of 
10 repeats. 

In this stage of testing, it is essential to ensure 
that the patient has not simply tilted the pelvis 
or flexed the spine to reduce the pressure, which 
would give a false-positive test response. A drop 
of less than 2 mmHg, no change in pressure or 
an increase in pressure is a poor result, and 
indicates that the patient is unable to contract 
the transversus abdominis into its shortened 
range independently of the other abdominal 
muscles. The failure to drop the pressure by the 
required amount may relate to one of two 
factors: the inability to activate the transversus 
abdominis to a sufficient level; or the contraction 
of the global muscles, which act to flatten (rather 
than narrow) the waist due to their longitudinal 
attachment from the pelvis to the rib cage, in 
conjunction with the transversus abdominis. A 
pressure increase often occurs if the patient is 
substituting for the contraction of transversus 
abdominis by contraction of the rectus abdominis 
or obliquus externus abdominis. The latter are 
superficial muscles and, as they contract, they 
push on the pad (see Fig. 8.6c) .  EMG surface 
electrodes can be placed on the likely overactive 
global muscles (i.e. the obliquus externus 
abdominis or rectus abdominis) to give an 
additional means of quantifying their over­
activity. The full analysis of the poor test result 

acts as a basis for selecting the most suitable 
treatment strategies, and is described fully in 
Chapter 9. 

Note on testing. Many people with low back 
pain will find it very difficult to gain a per­
ception of the required contraction and will 
demonstrate a poor test result. Some people 
with no history of low back pain may also have 
difficulty in gaining this perception and may 
need some degree of skill training to perform 
the contraction, although this will always be 
much less than that required by back pain 
sufferers. This fact emphasizes two points: the 
need for a good level of clinical skill in order to 
teach the person, and the need to employ some 
facilitation strategies in the initial phases of 
teaching. 

It may be impractical to perform the test in the 
prone position in obese patients, in those with 
impaired lumbar spine mobility or patients with 
significant respiratory disease. In these cases, the 
abdominal drawing-in action can be assessed in 
either supine lying or by observation of the 
abdominal wall in four-point kneeling, standing 
or supported standing. Nevertheless, it must be 
realized that these visual assessments do not 
give reliable information about the performance 
of the transversus abdominis. 

Relationship between low back pain and the test 

Several studies have been undertaken to evalu­
ate whether the ability to perform the clinical 
test of transversus abdominis function can 
identify people with low back pain. The first of 
these involved the assessment of 37 people 
presenting to a medical practice for problems 
other than low back pain.282 Fifty-four percent of 
the subjects had a history of low back pain. The 
examiners were blinded to the presentation of 
the subjects. Subjects undertook the abdominal 
drawing-in test in the prone position, and the 
examiner recorded any pressure reduction. Using 
the criterion that a drop of less than 6 mmHg or 
an increase in pressure indicates poor trans­
versus abdominis activation, the examiners 
could correctly classify 90% of subjects as having 
a history of low back pain. 



The second study involved the assessment by 
a blinded examiner of a group of eight low back 
pain patients and 14 control subjects with no 
history of low back pain.175 In this study the 
ability to reduce the pressure was noted, and 
EMG recordings were made of the rectus 
abdominis, obliquus externus abdominis and 
obliquus internus abdomirtis. Again a significant 
difference was found between the groups in 
terms of their ability to reduce pressure in the 
sensor (subjects with low back pain were 
essentially unable to do so). The reasons for this 
difference in pressure change were difficult to 
determine in this study. The patients with low 
back pain did have significantly greater use of 
the lower portion of their rectus abdominis, with 
no change in the oblique muscles. Unfortunately, 
the transversus abdominis, the muscle responsible 
for drawing in the abdominal wall, was not 
assessed. However, this study does draw our 
attention to the level of operator skill required in 
assessments, as well as the need for future 
studies to include fine-wire EMG to measure the 
contraction of the transversus abdominis. 

Relationship between clinical and laboratory 

tests 

An important question is whether the delayed 
contraction of the transversus abdominis in 
people with low back pain, as determined in 
laboratory motor control studies, is related to 
the clinical tests of the ability to perform an 
isolated contraction of this muscle. This question 
was assessed in a study in which subjects with 
and without low back pain were assessed using 
the clinical test and by evaluation of the timing 
of onset of contraction of the transversus 
abdominis in a limb-movement task.IS 3 In this 
study subjects were classified into poor function, 
good function and intermediate groups on the 
basis of their ability to reduce pressure and the 
time of onset of electromyographic activity. 
Although the measures were not correlated, 
there was good agreement between those sub­
jects with a poor ability to decrease the pressure 
and those with a delay in transversus abdominis 
contraction, and between subjects who could 
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decrease the pressure and those who had early 
activation of transversus abdominis. Thus, the 
quality of motor control of the transversus 
abdominis, which can be measured directly only 
by using indwelling electrodes (which are not 
readily available in clinical practice), can be 
estimated indirectly from the performance shown 
in the clinical assessments. 

Testing the segmental lumbar 
multifidus 

Screening assessments of the segmental lumbar 
multifidus are difficult for unskilled testers, as 
they rely on sensitive palpation. However, the 
experienced clinician can make a clinical judge­
ment through palpation of the muscle contrac­
tion at the segmental level. The clinical assess­
ment of the lumbar multifidus is conducted in 
the prone position, as in the abdominal 
drawing-in test. While it would be expected that 
the lumbar multifidus would contract together 
with the transversus abdominis in the prone 
position test, specific commands and techniques 
are used to better focus the concentration of the 
clinician and patient on the lumbar multifidus, 
in order to test its activation and tortic holding 
ability separately at each segmental level. 

Assessment of the lumbar multifidus begins 
with palpation of the muscle at each segment, 
with the patient relaxed and in the prone posi­
tion (Fig. 8.7). The muscle is palpated adjacent to 
the spinous process and a side-to-side comparison 

Figure 8.7 Palpation for muscle consistency at adjacent 
vertebral levels. 
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is made at each lumbar level; in addition, a 
comparison is made of the segments above and 
below. The clinician feels for any loss in muscle 
consistency at the segment; this is in line with 
the segmental inhibition at the symptomatic 
segment detected by Hides et al1 36 in their study 
of acute/subacute low back pain patients. 

Like the test of the transversus abdominis, the 
test of the isolated activation of the lumbar 
multifidus at the segmental level can be con­
sidered as a specific motor skill. As indicated, 
the prone position test is used to measure a level 
of motor-skill competence. This test measures 
the ability of the patient to use the correct 
muscles (mainly the multifidus, with trans­
versus abdominis) in response to the command 
'Gently swell out your muscles under my 
fingers without moving your spine or pelvis. 
Hold the contraction while breathing normally'. 
There is no focus by the subject on the indivi­
dual muscle actions, only on the tester's fingers 
gently compressing the muscle at a local 
segmental level and the instruction to swell out 
without spinal or pelvic movement. A variety of 
hand positions can be used to perform the test. 
The clinician can use the thumbs, the index or 
middle fingers of each hand, or the thumb and 
index fingers of one hand to palpate each 
segmental level. The fingers are gently but 
firmly sunk into the muscle belly in preparation 
for the test (Fig. 8.8). As for the test of the 

Figure 8.8 Palpation for the contraction of the right and left 
muscles at each lumbar segment of the lumbar multifidus. 

transversus abdominis, the subject is asked to 
breathe in, then out, and to hold the breath out. 
The patient is instructed to gently and slowly 
swell out the muscle into the fingers, and to then 
resume normal breathing. The clinician concen­
trates on feeling for a deep development of 
tension in the muscle, which indicates the acti­
vation of multifidus at that segment. The 
patient's ability to hold the contraction indicates 
the muscle's tonic holding capacity. An inability 
to activate the segmental multifidus is indicated 
by palpating no or little muscle tension develop­
ment under the fingers. A rapid and superficial 
development of tension is lmsatisfactory, and 
indicates that either the patient is using only the 
superficial fibres in an extension action or the 
clinician is palpating the stiffness in the long 
tendons of the thoracic portion of erector spinae, 
which traverse the area. The action of these 
muscles instead of lumbar multifidus may also 
be observed directly by changes in the shape of 
the muscle bellies in the thoracic region. Alter­
natively, the amolmt of unnecessary muscle 
activity in these global muscles during the 
testing manoeuvre can be monitored using 
EMG. The other common strategy that the 
patient may use to simulate the correct action is 
a backward pelvic tilt, in an attempt to push the 
muscle back into the clinician's fingers. 

The clinical assessment of the segmental 
lumbar multifidus is therefore made by the 
tester palpating the multifidus activation at each 
lumbar level, including whether a controlled 
tonic hold can be achieved. More objective 
evidence can be obtained through the use of 
real-time ultrasound imaging as the patient 
attempts the testing manoeuvre.1 36 The depth of 
the multifidus changes during the isometric 
holding contraction, and this can be viewed 
using real-time ultrasound images. Figure 8.9 
illustrates a longitudinal section of the multi­
fidus at the L5 level when in a relaxed state (Fig. 
8.9a) and when the muscle has contracted 
isometrically (Fig. 8.9b). An increase in depth of 
the muscle can be observed; this is the contrac­
tion measured by palpation of the segmental 
levels of the multifidus by the clinician. 
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Figure 8.9 Ultrasound images of the lumbar multifidus in longitudinal section: (a) relaxed state; (b) after isometric contraction. 
The line AB represents the depth of the muscle from its superior aspect to the superior aspect of the L4-L5 zygapophyseal 
joint. In the relaxed state (a) this is 2.37 cm; on contraction (b), this depth increases to 2.73 cm. S, skin; ST subcutaneous 
tissue. The multifidus fibres run in the direction of the arrow (H). 

Relationship between clinical tests and other 

measures 

Real-time ultrasound imaging has been used to 
confirm both the palpation and activation tests 
for the multifidus. Imaging has been conducted 
formally for acute/subacute patients1 36,1 39 and 
also informally in our research clinic. In acute/ 
subacute low back pain patients, the changes in 
the muscle are specific to the affected vertebral 
level and to the symptomatic side in unilateral 
cases.136, 1 39 This localized response in the multi­
fidus has been demonstrated using real-time 
ultrasound imaging and confirmed using mag-

netic resonance imaging (MRI).l 34 Furthermore, 
in 26 patients with acute/subacute low back 
pain, joints were examined manually to deter­
mine if the most affected vertebral level (as 
assessed by a blinded examiner) corresponded 
with the location of the changes in size of the 
multifidus. The results of the two independent 
tests corresponded in 24 of 26 casesY9 The 
palpation test may be more difficult to perform 
in chronic low back pain patients, in whom 
changes such as disuse atrophy, fatty infiltration 
of muscle fibres, fibrosis and scar tissue may be 
present in the multifidus. 
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Real-time ultrasound imaging has been used 
to obtain objective evidence of the muscle 
contraction involved in the lumbar multifidus 
activation test. 136 The change in depth of the 
multifidus muscle, which the clinician palpates 
as a deep tensioning in the muscle, can be seen 
in the parasagittal section of the multifidus. The 
change in depth of the muscle from the relaxed 
to the contracted state can be seen in Figure 8.9. 

Various patterns are emerging in the nature of 
multifidus muscle dysfunction in different 
patient groups, which we have been able to view 
using real-time ultrasound imaging. Acute low 
back pain patients commonly seem unable to 
activate the multifidus at the affected vertebral 
level. Chronic low back pain patients, on the 
other hand, exhibit different patterns. Some are 
unable to activate the multifidus, while others 
may perform quick, phasic contractions that are 
poorly controlled. Often there is a predominance 
of activity in the superficial fibres of the multi­
fidus. With practice, the palpation test can be 
used by the clinician to detect these differences. 

Testing the control of lumbopelvic 
posture 

We chose and developed a test model of leg 
loading in supine lying to quantify the ability of 
the trunk muscles to control lumbopelvic 
posture.176 The test examines the ability of the 
trunk muscles to hold the lumbopelvic region in 
a steady position during progressive levels of 
leg loading, and were based on those reported 
by Sahrmann,z94,295 A key element of these tests 
is the precontraction of the deep muscles via a 
drawing in of the abdominal wall in preparation 
for the load and maintaining a neutral lumbar 
spine position (i.e. no posterior pelvic tilt) . The 
measurement is conducted with the subject in 
the supine crook lying position, as this permits 
monitoring of the stable or unstable lumbopelvic 
position with the applied leg load without 
extraneous movement variables arising from 
body sway and balance. 

The pressure biofeedback is an essential 
element of the test for it is placed under the 
lumbar spine to detect movement of the lumbo-

pelvic region (see Appendix). The pressure 
biofeedback assesses where movement away 
from neutral occurs. For example, posterior 
pelvic tilt is reflected by an increasing pressure 
from the baseline pressure. Arching or extension 
of the lumbar spine and/ or anterior pelvic tilt is 
reflected in a decrease in pressure from baseline. 
When the leg-load test emphasizes a rotatory 
bias, the bag is positioned longitudinally just 
lateral to the lumbar spine; if leg-loading is 
directed more in the sagittal plane, the bag is 
placed across the lumbar spine, with its base at 
the S2 level.174, 176,280,358 Infla tion of the bag to a 
pressure of 40 mmHg after the patient has been 
positioned in supine crook lying, has been found 
clinically to be appropriate to fill the space 
between the irregularly shaped surface of the 
lumbar spine and the firm testing surface, but 
not to pre displace the lumbar spine from its 
natural resting position. 

In addition to the use of a pressure bio­
feedback unit to monitor and give immediate 
feedback of any loss of lumbopelvic position 
during the test, the shape of the abdominal wall 
is observed. An important feature of the test of 
lumbopelvic control is that the abdominal 
drawing-in action is performed first, prior to 
adding leg loading, and must be held (keeping 
the abdomen flat) throughout the entire test. 
This is a reflection of the ability of the trans­
versus abdominis to hold in the abdominal 
contents as well as support and secure the 
lumbopelvic region. 

The tests of lumbopelvic control can be 
graded from very low-load tests of short lever 
leg loading (Fig. 8.10) to higher load tests 
involving monitoring of lumbopelvic control 
through a leg-extension task. The patient is 
asked to watch the reading on the pressure 
gauge from the outset of the test. The pressure 
in the unit will rise slightly when the patient 
pre contracts the deep muscles with an abdomi­
nal drawing-in action. The patient is asked to 
maintain this pressure reading during the test 
procedure, reflecting a steady position of the 
lumbopelvic region, and to keep the abdomen 
flat. It should be noted that the patient is not 
instructed to perform a backward tilt of the 



Figure 8.10 Low rotatory loads are used to test the control 
of lumbopelvic posture. Loads are imparted by requesting 
the patient to abduct and externally rotate one hip while the 
leg remains supported on the testing surface. 

pelvis, which is commonly associated with leg­
loading exercises, but rather to control the 
neutral position of the lurnbopelvic region 
throughout the test. Leg load is added in­
crementally (Fig. 8.11). When the leg load 
exceeds the muscle capacity, the pressure 
registered on the gauge changes (either up or 
down, depending on the side of the spine on 
which the load has been placed or, if placed 
across the lower back, depending on whether 
the patient has moved into anterior or posterior 
pelvic tilt). Simultaneously, it will be observed 
that the patient can no longer keep the abdomen 
drawn in, and the abdominal wall bulges. When 
the leg load is at a manageable level, the trans­
versus abdominis and lumbar multifidus do not 
contract in isolation during the tests, but all the 
abdominal muscles are activated together (to 
varying degrees) to control the stability of the 
lumbopelvic region. The low-load tests provide 
a more sensitive assessment of trunk muscle 
supporting capacity, as they better target the 
regional muscles. In higher load tests, muscles of 
adjacent and more remote areas are often 
recruited in response to the higher loads. These 
latter tests are more applicable in the later stages 
of a rehabilitation programme of a patient 
whose occupation or recreational activity requires 
strength in general trunk muscle support for 
high-load functional activities. 
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Some research has been undertaken to evalu­
ate this clinical

' 
test. Wohlfahrt et al358 used the 

leg-loading test in the supine lying position to 
test its relationship to the abdominal curl-up 
exercise. The research was conducted on army 
personnel who regularly perform high repeti­
tions of curl-ups for their fitness assessment. The 
results revealed that those personnel who 
normally performed the repetitive curl-ups at a 
high rate scored significantly lower on the level 
of leg loading than did those who normally 
repeated the curl-up exercises at a slower rate. 
This indicated that high levels of lumbopelvic 
stabilization were not concomitant with the fast 
curl-up exercise. The results also suggested that 
a separate test was required to gain insight into 
the muscle supporting capacity of the lumbo­
pelvic region, which was not reflected in the 
performance of a set number of curl-ups. 

In another study, we investigated the control 
of lumbopelvic posture where the leg-loading 
tests were undertaken under two conditions: 
automatic control of lumbopelvic position under 
load, and control of the lumbopelvic position 
when subjects precontracted their deep trunk 
muscles by means of an abdominal drawing-in 
action.176 A pressure sensor was used to monitor 
movement of the lumbopelvic region and the 
activity in the anterolateral abdominal wall was 
monitored using surface EMG. In the first 
instance, an index of the automatic ability of 
the trunk muscles to stabilize the trunk was 
obtained by noting the change from resting level 
pressure on assumption of a short lever uni­
lateral leg load with the only pre-test instruction 
being to keep the trunk and pressure steady. 
The magnitude of change in pressure gave an 
index of general trunk muscle control. Ideally, 
there should be minimal change in pressure, 
indicating little lumbopelvic movement and a 
good ability of the trunk muscles to support the 
spine. The results between subjects were vari­
able, with some showing little displacement 
while others demonstrated quite marked dis­
placement, as evidenced by the pressure change. 
The test was repeated, but this time subjects 
were asked to precontract the deep trunk 
muscles by means of an abdominal drawing-in 
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(a) 

(b) 

(c) 

action. The difference in magnitude between the 
pressure changes under the two test conditions 
provided an estimate of the effect of presetting 
the abdominal muscles prior to leg loading. 
Subjects who were deemed to have poor control 

Figure 8.11 The progression of leg load in tests of control 
of lumbopelvic posture. (a) Preparation for the test. The 
requirements of the test to keep the pressure as steady as 
possible and the importance of maintaining the deep muscle 
corset action during the test are explained to the patient. The 
patient is positioned in supine crook lying, with the legs 
together, or the legs abducted to emphasize rotatory control .  
The pressure sensor is positioned longitudinally on the side 
of the spine and inflated to 40 mmHg. The patient watches 
the pressure dial and draws in the abdominal wall. The 
pressure will increase slightly. The patient is instructed to 
keep the pressure level steady throughout the test. (b) Level 
1 :  single leg slide, contralateral leg support. (Left) Leg slide 
with heel support to full extension and return. (Right) 
Unsupported leg slide: the heel is held approximately 5 cm 
from the exercise surface. (c) Level 2: Single leg slide, 
contralateral leg unsupported. (Left) Leg slide with heel 
support to full extension and return. (Right) Unsupported leg 
slide: the heel is held approximately 5 cm from exercise 
surface. 

of their lumbopelvic region (large changes in 
pressure in the first automatic test) significantly 
improved their performance with the pre­
contraction required in the second test. This 
suggested that the automatic function of the 



muscles involved in drawing in the abdominal 
wall were not used to their full capacity. 
Conversely, subjects who showed small pressure 
changes in the automatic test showed virtually 
no change with the conscious preactivation of 
their deep muscles in the second test, suggesting 
that these muscles were functioning adequately 
and automatically. These results also support 
the suggestion that the deep muscles play some 
part in providing rotatory control of the lumbo­
pelvic region (see Ch. 4). 

These tests of lumbopelvic postural control 
permit some quantification in the clinical setting 
of the supporting capacity of muscles, which has 
not been possible previously, and can be used to 
guide trea tment decisions to ensure safe pro­
gression of exercise. In addition, tests of the 
control of lumbopelvic position can be used to 
assess the effectiveness of exercise that focuses 
on the interaction of the local and global muscle 
systems under load (see Ch. 10). 

DEVELOPMENT OF T HE T H REE-TIER 
SYSTEM 

The clinical measures have been developed over 
the past several years from research done in our 
laboratory as well as through clinical practice. 
Such a level of assessment has been directed for 
use by clinicians only as, although some features 
can be quantified, the conduct and interpretation 
of the tests are enhanced by skilled observation 
of the body contours, palpation of deep muscle 
action and analysis of the type of breathing 
patterns, skills that are familiar to physical 
therapists. These tests have their limitations, for 
a number of reasons. On the one hand, there is a 
need for 'user-friendly' screening tests that 
require minimal equipment and minimal operator 
skill for widespread use on large population 
groups in work or sports screening or in gym­
nasiums (see screening tests in Fig. 8.1). At the 
highest level, detailed assessments of motor­
control deficits are required in which the use of 
observation and palpation are minimized, being 
replaced by more objective measurements. Such 
tests are needed for outcome measures for 
research purposes and for a level of diagnosis 
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requiring definitive evidence and quantification 
of the problem. We have called these tests 
diagnostic assessments (see Fig. 8.1). 

Diagnostic assessments 

At present, the most direct diagnostic method of 
measuring motor-control deficits in the trans­
versus abdominis and the final output of seg­
mental levels of the multifidus is assessment by 
EMG using fine-wire electrodes placed within the 
target muscles. This method measures how the 
nervous system controls the contractions of 
the deep muscles, through the use of a reaction 
task involving arm or leg movements in the 
standing position. The temporal patterns of the 
deep muscles give an objective means of assess­
ing whether motor-control deficits are present 
in the deep muscles in back pain patients. 
This method is based on the one described by 
Hodges & Richardson.146,147 While this is an 
invasive assessment, it has the advantage of 
measuring the automatic function of the muscles 
during the specific task, and does not summon 
the variable of patient volition. 

A second diagnostic method, which has the 
advantage of being non-invasive, has been dev­
eloped from the volitional clinical measures. It 
involves assessing the level and type of muscle 
action during the motor skills of drawing in the 
abdominal wall, isometrically contracting the seg­
mental lumbar multifidus and the leg-loading 
tests. By combining the outputs from various 
types of measurement apparatus, more objective 
information is gained about the motor-control 
problems in the low back pain patient. The 
measurement employs the simultaneous use of 
real-time ultrasound imaging, collection of 
analogue data from a pressure biofeedback unit 
connected to a pressure transducer and surface 
EMG (Fig. 8.12). 

In the motor skill of drawing in the abdominal 
wall, the interaction of the abdominal muscle 
layers and the control of the action of the trans­
versus abdominis to contract into its shortened 
range are assessed using ultrasound imaging 
and pressure changes. Simultaneously, the level 
of any unwanted activity in the global muscles 
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Figure 8.1 2  Non-invasive measurement of deep muscle 
activation using ultrasound imaging, pressure and surface 
EMG. (Patent pending, The University of Queensland.) 

during the test manoeuvre is documented using 
surface EMG. The three measures serve to define 
the problem and to provide definitive treatment 
strategies to address the particular problem of 
the individual patient. The combination of real­
time ultrasound imaging and surface EMG is 
used to assess the patient's ability to activate the 
segmental level of the lumbar multifidus in a 
slow, controlled, low level contraction. Ultra­
sound imaging provides the opportunity to 
distinguish noninvasively deep from superficial 
fibre activity within the multifidus muscle. 

While quantifiable diagnostic measures have 
been developed, before they can be adopted for 
general use in diagnosis of motor control prob­
lems in low back pain patients, the results of the 
assessments need to be evaluated with the 
rigour of scientific investigation in order to 
assess their validity and ability to detect differ­
ences between people with and without low 
back pain. The development of these detailed and 
more objective measures seems particularly 
relevant to those problematic patients having 
recurrent or chronic low back pain and who do 
not respond readily to conservative treatment. 
These detailed assessments appear to have the 
capacity to define the deep muscle capacity 
objectively, and also accurately to detect the 
nature and extent of any substitution strategies. 
Provision of such data can guide and direct 

therapeutic exercise treatments more effectively 
and efficiently. 

FUT URE DI RECT IONS 

The clinical outcome of evidence-based practices 
depend on having sensitive and specific 
measures of motor-control problems in back 
pain patients. The invasive tests provide the 
main solution to this problem of measurement. 
However, assessments involving needle insertion, 
while useful for laboratory research, are not 
likely to appeal to the general back pain popu­
lation at this time. The non-invasive assessments 
involve patient volition and, thereby, also have 
limitations. Nevertheless, due to the significance 
of the findings of deficits in the local muscle 
system of low back pain patients, it is essential 
that suitable outcome measures be determined. 
For this reason the various levels of assessment 
described in this chapter are under continual 
development and are being subjected to exten­
sive scrutiny in order to establish their reliability 
and validity to allow their future use in clinical 
research directed towards determining optimal 
treatments for back pain patients as well as 
investigations on the most effective methods of 
back pain prevention. 

APPENDIX: DEVELOPMENT OF 
PRESSU RE BIOFEEDBACK 

During the development of the initial clinical 
tests of stabilization function, it was necessary to 
develop a device that could monitor the position 
(i.e. stable or unstable) of the lumbopelvic region 
during leg-loading tests performed with the 
patient in the supine position. A direct measure 
of the complex three-dimensional motion of the 
lumbopelvic region is not easy, and thus an 
indirect method was developed for clinical 
testing (Stabilizer, Chattanooga South Pacific). 
The pressure biofeedback uni�83 consists of an 
inelastic, three-section air-filled bag, which is 
inflated to fill the space between the target body 
area and a firm surface, and a pressure dial for 
monitoring the pressure in the bag for feedback 



Figure 8.13 The pressure biofeedback unit consists of a 
three-section, inelastic inflatable pad with a pressure pump 
and dial. 

on position (Fig. 8.13). The bag is inflated to an 
appropriate level for the purpose and the 
pressure recorded. Quite simply, movement of 
the body part off the bag results in a decrease in 
pressure, while movement of the body part onto 
the bag results in an increase in pressure. 

The device has come into general use for 
stabilization exercises for all parts of the body. 
Its use in assessing the abdominal drawing-in 
action has, however, become its most important 
use in relation to the treatment of problems of 
the local muscle system in low back pain 
patients. A method was needed to gain some 
quantification of the abdominal drawing-in 
action in the clinic, and the pressure biofeedback 
unit was found to meet this need. As the trans­
versus abdominis produces narrowing of the 
abdominal wall, measurement of the amount of 
movement of the abdomen that can be produced 
provides a method of identifying a patient's 
ability to perform the contraction. To under-
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stand this, it is necessary to consider the orien­
tation of the abdominal muscles. 

The majority of the muscle fibres of the rectus 
abdominis, obliquus externus abdominis and 
obliquus internus abdominis run either vertically 
or obliquely from the pelvis to the rib cage. 
When these muscles contract they can flatten the 
abdominal wall, but do not narrow the waist 
beyond this. In contrast, the fibres of the trans­
versus abdominis are horizontal and can there­
fore produce a concavity of the abdominal wall 
without movement of the spine. Thus when the 
transversus abdominis contracts in isolation, 
concavity of the abdominal wall results, whereas 
substitution by the other abdominal muscles 
simply flattens the abdomen. Measurement of 
the elevation of the abdominal wall from the 
supporting surface, with the patient in the prone 
position, allows identification of both how well 
the transversus abdominis can be contracted and 
whether this action can be performed in isolation. 
The motion is assessed using the pressure bio­
feedback unit. 

The principle underlying the use of the pressure 
biofeedback lmit in this test is that, when the 
unit is placed under the abdomen, it initially 
conforms to the patient's shape. As the patient 
draws in the stomach off the pad, the pressure in 
the pad is reduced. The pressure reduction is 
proportional to the degree to which the patient 
can elevate the abdominal wall. The specific con­
struction of this device has considerable advan­
tages. First, since the material is inelastic it can 
accurately reflect abdominal wall motion without 
distortion. This is assisted by the partitioning of 
the device into three sections, which assists with 
the distribution of the air within the pad. When the 
device is positioned appropriately, the shape of 
the pad permits an evaluation to be made of the 
movement of the abdomen. 
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Analysis and treatment of 
motor-control problems 
in the local muscles of 
the lumbopelvic region 

There are possibly many ways of approaching 
the treatment of motor-control problems in back 
pain patients. The approach described here is 
not based on theoretical concepts alone, but has 
evolved from working with back pain patients 
in the clinical and the laboratory situation. The 
emergence of ultrasound imaging and electro­
myography (EMG) have permitted real-time 
viewing and recording of the activity of all 
muscle layers. This has increased our ability to 
analyse the patterns of muscle usage in the 
standard clinical tests, which also enables treat­
ment strategies to be applied more precisely and 
efficiently. As described previously, treatment 
may consist of three stages: formal motor skill 
training of the deep muscles; incorporation of 
the skill into light functional tasks; and pro­
gression to heavy functional tasks. This chapter 
describes the formal motor skill training. The 
integration of the deep muscle co-contraction 
pattern into dynamic function is described in 
Chapter 10. 

FORMAL SKILL TRAINING 

Clinical examination reveals that low back pain 
patients do not have the motor skill of per­
forming an isometric continuous co-contraction 
of the transversus abdominis and the lumbar 
multifidus independently. of the action of the 
global muscles. The elements for relearning a 
motor skill and for progressing the treatment to 
the integration stage were described in Chapter 
7 (see Fig. 7.4). 

There is a process of clinical problem-solving 
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that is undertaken in preparation for prescribing 
the exercise and facilitation strategies, a process 
that must continue throughout the whole 
rehabilitation period. The individual nature and 
extent of the global muscle overactivity, detected 
as unwanted global muscle activity during 
attempts to perform the skill, directs the selec­
tion of the most expedient treatment for the 
individual patient. 

The clinical presentation of the low back pain 
patient, in terms of muscle dysfunction, seems 
to fall into two basic categories. One group 
presents with lack of control in muscles of the 
local system. Their global muscles are either 
normal or exhibit a lack of strength and endur­
ance. The second group also presents with lack 
of control in muscles of the local system but, in 
contrast, their global muscles do not appear to 
have primary problems in strength or endurance 
(Fig. 9.1). In fact, various muscles of the global 
system appear to be overactive. This is evi­
denced by a marked degree of unwanted activity 
during attempts to perform deep muscle co­
contraction. Clinical practice suggests that 
patients in the second group offer the greater 

Normal or 
underactive 
global 
system 

Overactive 
global 

system TJ;-'""7---T 

Figure 9.1 The two general categories of muscle 
dysfunction in low back pain patients. 

challenge to the therapeutic skills of the prac­
titioner, as these patients appear to have greater 
problems. The relationship between trw'll< muscle 
overactivity, local motor control problems and 
the degree of passive insufficiency in the spinal 
osseo ligamentous system is an important area of 
future research. 

In approaching treatment, the clinician must 
answer two basic questions: 

• Does the patient present with unwanted 
global muscle activity? 

• If so, which muscles are problematic? 

These questions need to be answered in order to 
institute best-practice therapeutic exercise. For 
patients without unwanted overactivity in the 
global muscles, the clinician can simply choose 
the best ways of activating the local muscle 
system. However, in patients with unwanted 
global muscle overactivity, the clinician must 
choose strategies that simultaneously reduce the 
unwanted global muscle activity while activating 
the co-contraction in the local muscles for spinal 
segmental support. To this end, the clinician 
must undertake an additional process to analyse 
the nature and extent of the unwanted global 
muscle activity. Elements of this process for 
recognition of individual presentations is 
described separately and in some detail in this 
text. Once the clinician becomes skilled, the pro­
cess is not time consuming, as the analysis and 
treatment proceed together. 

Signs of unwanted global muscle 
activation 

Careful analytical observation of the trunk 
manoeuvres can give an indication of any 
marked substitution by the global muscles, and 
these observations can be made either during 
the tests or on other occasions of convenience 
where the abdominal wall can be viewed in its 
entirety. The most commonly overactive global 
muscle identified to date which substitutes for 
the transversus abdominis and lumbar multi­
fidus is the obliquus externus abdominis. The 
obliquus intenms abdominis, rectus abdominis 
and thoracic portions of the erector spinae may 



also present problems. The following discussion 
is not exhaustive and the clinician should be 
aware that other unique strategies may present 
ill an illdividual patient and should be corrected. 
Substitution can be detected by observillg 
aberrant trunk movements and contours, by 
palpation and by EMG. 

Spinal movement 

Note: The specijic co-contraction of the transversus 
abdominis and deep portions of the lumbar multifidus 
does not produce spinal movement. 

Contraction of the obliquus externus abdomillis 
and rectus abdominis may produce backward 
pelvic tilting and flexion of the trunk. In the 
prone position test, any observed slight flexion 
of the thoracolumbar and lumbopelvic area 
could be caused by the action of these muscles 
instead of the transversus abdominis. The move­
ment at the thoracolumbar junction is often very 
subtle, and palpating for movement is a useful 
adjunct to observation. In addition, a quite rapid 
reduction ill pressure (as indicated by the 
pressure biofeedback unit; see Appendix, Ch. 8) 

during the test could signal flexion of the spille 
and indicate a domillance in these muscles. 

A slight backward pelvic tilting action can be 
substituted for the correct swelling-out action 
during the isometric test of the segmental 
lumbar multifidus. This is the most common 
substitution seen clinically. The patient attempts 
to push too hard posteriorly, and flexes the 
lumbar spine. Another substitution strategy 
involves a slight anterior pelvic tilt at the lumbo­
sacral jW1Ction. This occurs when the patient 
predominantly uses the more superficial multi­
fidus fibres in the contraction, causing the spille 
to extend. Patients often report this type of con­
traction to be painful. Maximal contraction of 
all the multifidus fascicles in concert with the 
lumbar erector spinae muscles can generate an 
anterior shearing force at the lumbosacral 
junction.39 Even though the contraction is not 
maximal in the test attempt, this substitution 
must be detected. If the patient performs the 
lumbar multifidus contraction incorrectly, too 
vigorously and without co-activation of the 
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transversus abdominis, there is a potential to 
aggravate the patient's pain. 

The rib cage 

Further indications of substitution strategies can 
be gained by observing the movement of the rib 
cage during the abdominal drawing-in action 
with the patient in a standing or supine crook 
lying position. The muscle fibres of the obliquus 
externus abdominis originate from the external 
surface of the lower ribs, unlike those of the 
transversus abdomillis, which originate from the 
internal surface. Contraction of the anteromedial 
fibres of the obliquus externus abdominis pro­
duces a downward and inward movement of the 
rib cage, which is observed as a subtle depression 
in its ventral aspect. 

The abdominal wall 

Observation of the entire abdominal wall during 
the contraction can also give a good indication 
of any predominance of the obliquus externus 
abdominis. When teaching the abdominal 
drawing-in action in the four-point kneeling 
position, in the prone test or in other positions 
such as supine crook lying or standing, domi­
nant activity in the obliquus externus abdominis 
can be observed when movement of the 
abdominal wall is initiated or predominates in 
the upper quadrants rather than the lower 
quadrants below the navel. The formation of a 
transverse fold in the upper abdomen is another 
indication of an overactive obliquus externus 
abdominis, and contraction of the muscle fibres 
at their origin on the rib cage may be observed 
(Fig. 9.2). Another sign that the obliquus externus 
abdominis may be overactive is an increase in 
the lateral diameter of the abdomillal wall 
commensurate with a subtle abdominal bracing 
manoeuvre, and this can be identified by pal­
pation of the lateral abdominal wall bilaterally 
during the performance of the contraction. In 
addition, on palpation, tightness in longitudi­
nally directed fibres in the anterolateral abdo­
men is a common sign of obliquus externus 
abdominis substitution. It can also be useful to 
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(a) __ (b) 

Figure 9.2 (a) Abdomen relaxed. (b) Dominant contraction of the obliquus externus abdominis, indicated by a 
transverse fold or skin crease just superior to the umbilicus. 

palpate over the muscle fibres of the rectus 
abdominis anteriorly during the performance of 
the contraction in order to assess any contri­
bution of this muscle to the drawing-in action, 
which may be subtle. 

Breathing pattern 

We have observed clinically that the breathing 
pa ttern can be altered in chronic low back pain 
patients. The oblique abdomina Is are sometimes 
active during both inspiration and expiration. 
These muscles should normally be relaxed 
during the breathing cycle, except during forced 
expiration.83,145 As a clinical observation, low 
back pain patients find it difficult to activate the 
transversus abdominis in isolation if the oblique 
abdominal muscles are active during the 
breathing cycle. Furthermore, we have also 
observed that some low back pain patients are 

able to draw in their abdominal wall success­
fully, but are then unable to maintain the con­
traction once they try to resume breathing. It 
therefore seems important to try to establish 
a diaphragmatic pattern of breathing and to 
decrease activity in the oblique abdominal 
muscles before attempting to train the patient 
in isolated contraction of the transversus 
abdominis. An altered breathing pattern seems 
to be an indicator of patients who will be more 
difficult to facilitate and train. 

Unwanted activity in the back extensors 

An increase in activity of the thoracic portions of 
the erector spinae, observed in prone lying or 
standing, in either the abdominal drawing-in 
test or in the test of isometric segmental lumbar 
multifidus contraction, can be another sign of 
muscle substitution. The presence of this con-



traction with the obliquus externus abdominis 
and rectus abdominis, or this contraction instead 
of that of the lumbar multifidus, suggests that 
the patient requires or uses this global muscle pat­
tern to maintain the neutral position of the spine, 
instead of the more appropriate use of the deep 
muscle system. 

Summary 

In summary, recognition of physical signs of 
unwanted global muscle activity signals to the 
clinician which postures, movements and instruc­
tions to avoid during the facilitation and training 
of the deep muscle activation. (See Box 9.1.) 

REHABILITATION OF THE MOTOR 
SKILL 

For normal function, the transversus abdominis 
and the deep fibres of the lumbar multifidus 
must be modulated continuously to control the 

Box 9.1 PhYSical signs of unwanted global muscle 
activity 

Aberrant movement 
• Posterior pelvic tilt 
• Flexion of the thoracolumbar junction 
• Rib cage depression 

Contours of the abdominal wall 
• No movement of the lower abdomen 
• Increased lateral diameter of the abdominal wall 
• Visible contraction of the obliquus extern us 

abdominis muscle fibres at their origin 
• Patient unable voluntarily to relax the abdominal wall 

Aberrant breathing patterns 
• Inappropriate activation of the obliquus externus 

abdominis and obliquus internus abdominis during 
the breathing cycle 

• Patient unable to perform diaphragmatic breathing 
pattern 

Unwanted activity of the back extensors 
• Co-activation of the thoracic portions of the erector 

spinae 

Methods of detection 
• Observation 
• Palpation 
• EMG 
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lumbar spinal segments independently of the 
contractions of the global muscles, which pro­
duce the trunk and pelvic movements. The first 
step is to give formal exercises to train the 
patient to contract the deep muscles cognitively, 
and to ensure that the transversus abdominis and 
lumbar multifidus can contract independently of 
the global muscles. To allow the patient to learn 
the correct deep muscle activation skill as 
efficiently as possible, the most suitable instruc­
tions, body positions and techniques of facili­
tation are chosen for the individual patient. 

Instructions and teaching cues 

The patient must be provided with a clear 
explanation of the nature of muscle activity 
required for joint support, the need for particu­
lar muscles to be performing this task and, there­
fore, the precision required in training. Since the 
level of contraction required is minor in com­
parison to the conventional images of exercise 
for strength training or cardiovascular fitness, it 
is necessary continually to impress on the patient 
concepts of motor control and skill training. An 
explanation of the need to change the way the 
brain is using the muscle rather than increasing 
the muscle strength is helpful. A description of 
the effort required in the muscle to support the 
joints (e.g. 10-15% of maximum effort) helps to 
convey the aims of precision and control of 
muscle activity and the need for endurance. 

As a component of the initial teaching phase 
prior to testing, the clinician will have already 
taken time to explain and demonstrate the 
contraction to the patient. The use of diagrams 
and models is effective at this stage. A demon­
stration by the clinician of the correct contrac­
tion of the transversus abdominis and lumbar 
multifidus with the patient observing or pal­
pating the correct action is also very useful. The 
patient then perceives from the outset the subtlety 
and precise nature of the contractions involved. 
The sequence used in the testing procedure is 
still followed in training; i.e. the patient takes in 
a relaxed breath, breathes out gently, ceases 
breathing while he or she attempts to activate 
the deep muscles, and then reswnes a relaxed 
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Box 9.2 Examples of instructions 

Transversus abdominis 
• Slowly d raw in your lower abdomen away from the 

elastic of your pants. 
• Slowly draw in your lower abdomen to support the 

weight of the abdominal contents [prone]. 
• Slowly draw your navel up and in towards your 

backbone. 
• Slowly pull in your abdominal contents to gently 

flatten your stomach below your navel [standing]. 

Lumbar multifidus 
• Gently swell out or contract your muscle against my 

fingers. 

breathing pattern while holding the contraction. 
It is a matter of trial and error to find the instruc­
tion that correctly cues the patient. Some example 
instructions are given in Box 9.2. 

Tactile cues assist in teaching the isometric 
contraction of the lumbar multifidus at the seg­
mental level. This can be provided by the clinician 
or patient (Fig. 9.3). Care should be taken to 
gently but firmly sink the thumb and/ or fingers 
deeply into the muscle bellies adjacent to the 
spinous process in order to facilitate the con­
traction. Accurate feedback on correct perform­
ance can be gained by feeling a deep and slowly 
generated tension developing under the fingers 
as the muscle swells out in response to the 
resistance. Feeling a rapid or superficial contrac­
tion may indicate either contraction of the longer 

(a) 

superficial fibres of the multifidus or tension in 
the tendinous portion of the thoracic erector 
spinae which span the lumbar area. 

Tactile cues for teaching the contraction of 
transversus abdominis are very useful, but are 
more indirect as the muscle is deep and is over­
laid by the obliquus internus abdominis and 
externus. The ideal position for tactile cues is 
anterior and inferior to the anterior superior iliac 
spines and lateral to the rectus abdominis. The 
thumbs or middle three fingers are used to sink 
gently but deeply into the abdominal wall (Fig. 
9.4). Either the clinician or the patient can use 
the technique. This position cues the patient to 
the lower abdomen, and recent evidence sug­
gests that the lower portion of the transversus 
abdominis may be the part most essential for 
spinal stabilization.l44 With a correct contraction 
of the transversus abdominis, the clinician feels 
a slowly developing deep tension in the abdomi­
nal wall (Fig 9.5). With an incorrect action, the 
clinician may find one of three conditions on pal­
pation. There may be no activity. A dominance 
or substitution by the oblique abdominals may 
be palpated via a rapid development of tension 
in the abdominal wall, a superficial muscle con­
traction, or the palpating fingers are pushed out 
of the abdominal wall by a bracing action 
including all the lateral abdominals (Fig 9.5c). 
Another anomaly is palpation of an abnormal 
left/right asymmetry in the contraction of trans­
versus abdominis. 

(b) 

Figure 9.3 Two hand positions for tactile facilitation of the segmental lumbar multifidus. 



Figure 9.4 The hand position for palpation during 
transversus abdominis activation. 

The action of the transversus abdominis can 
be also be mimicked by sucking in the abdomi­
nal wall and reducing the intrathoracic pressure 
without contracting the transversus abdominis. 
When a deep breath is taken by increasing the 
lateral diameter of the rib cage or by increasing 
the upper chest volume through the use of the 
accessory respiratory muscles (e.g. the scalenes 
and sternocleidomastoid), the volume of the 
thorax is increased. This has the potential to 
elevate the diaphragm, in addition to producing 
inward movement of air. The consequence of this 
upward diaphragm movement is inward move­
ment of the abdorninal wall, giving the appearance 
of contraction of transversus abdominis (Fig 9.6). 
Since the abdominal wall movement is performed 
passively, no palpable contraction or tightening 

TREATMENT OF MOTOR-CONTROL PROBLEMS 13 1 

of any muscle of the abdominal wall will be 
perceived. 

Body position 

Due to the orienta tion and mechanics of the 
muscle fibres of the transversus abdominis and, 
in particular, the deep fibres of the mutifidus, 
the actions of these muscles are independent of 
spinal posture and their length-tension relation­
ship is not affected by spinal position.219 This 
means that, with back pain patients, any spinal 
or lumbopelvic posture can be adopted to teach 
and train the muscle contractions in the first 
instance. Various options are available, including 
side lying, supine crook lying, standing, sitting, 
supported high sitting, four-point kneeling, and 
standing or sitting leaning forwards while 
weight bearing through the arms. The choice of 
position is by trial and error. It is based on 
controlling factors which could otherwise be 
detrimental to performance (e.g. unwanted global 
muscle activity) or, conversely, helpful to the 
patient to achieve the local muscle action. Body 
positioning alters the load on the spinal struc­
tures. The patient should be pain-free in the 
position chosen, as pain during the muscle acti­
vation strategy may invoke muscle inhibition. 
Non-weight-bearing positions also take load off 
the global muscles, which is very desirable if 
they are overactive and substituting for the 
action of the deep target muscles. The effects of 
gravity combined with the weight of the abdo­
minal contents, e.g. in side lying, might be use­
ful in providing a stretch stimulus to transversus 
abdominis activation. The position chosen must 
also help promote good and relaxed breathing 
patterns; the reasons for this will become 
evident in subsequent sections. The side lying or 
three-quarters prone position may also be useful 
for the facilitation of the lumbar multifidus. 

Additional methods of facilitation 

When a patient is unable to perform an isolated 
contraction of the transversus abdominis or seg­
mental lumbar multifidus with a simple instruc­
tion of the required action, or if the patient is 
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Figure 9.5 An inside view of the palpatory cues. Ultrasound images of the abdominal wall in transverse section (transducer 
placed anterolaterally). (a) Relaxed abdominal wall. Note the curved skin (S) line due to the convex shape of the transducer. 
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(b) Abdominal wall following performance of the correct drawing-in action (palpation: deep tension in the abdominal wall). On 
contraction of the transversus abdominis (TrA), the muscle increases in depth ( :J:) and tensions the fascia, which attaches to 
rectus abdominis (*) . There is little change in the superficial muscles (obliquus externus abdominis (OE) and obliquus internus 
abdominis (01). On palpation, deep tension is felt in the abdominal wall as the TrA pulls the lower abdomen in. (c) Abdominal 
wall following incorrect performance of d rawing-in action (palpation: pushing out action of the abdominal wall). Note the 
increased depth of the OE, 01 and TrA (H) as the isolated activation of the TrA is lost. The distance from the superior border of 
the OE to the skin is decreased as the patient pushes out (*) . On palpation, the fingers are pushed outwards. AC, abdominal 
contents; L, lateral; M, medial; ST, subcutaneous tissue. 
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Figure 9.6 A substitution strategy for the abdominal drawing-in action. (a) A relaxed abdominal wall. (b) The action 
of the transversus abdominis is mimicked by sucking in the abdominal wall. 

having difficulty controlling a substitution strategy, 
the next step is to facilitate this contraction. The 
key to facilitation of transversus abdominis and 
lumbar multifidus contraction is careful teaching 
of the actions, with specific attention to the 
correction of compensations. If a substitution is 
allowed to persist, then the isolation of trans­
versus abdominis or lumbar multifidus has not 
been achieved, and training of the optimal 
strategy for trunk control will not occur at the 
same rate or with the same success. There are 
several techniques that can be used to assist with 
this isolation and the correction of substitutions. 
These techniques are based on principles of motor 
control and neuromuscular physiology, and rep­
resent the culmination of various research projects 
and clinical expertise. The principle of these 
techniques is essentially to allow the patient to 
achieve the best possible contraction in the early 
stages. As soon as possible, the clinician should 
aim to have the patient gain cognitive control of 
the transversus abdominis and lumbar multifidus 

without needing to rely on any facilitation tech­
nique. Thus, facilitation provides an intermediate 
but essential step in the path to achieving 
cognitive control. As with any manual therapy 
technique, a high level of skill and precision is 
required by the clinician to master these facilita­
tion techniques, and the clinician must be willing 
to practise the techniques in order to gain 
proficiency in their use. 

The patient needs to gain a perception of the 
contraction prior to performing precise repetitions 
of the action. In the beginning, most patients can­
not perceive or appreciate the deep muscle contrac­
tion and require facilitation. While the outcome 
is to facilitate the co-activation of the transversus 
abdominis and lumbar multifidus, strategies 
often focus the patient's attention to particular 
elements of the motor skill for easier learning. 
There are several facilitation techniques that 
have been demonstrated to be useful clinically 
in treating back pain patients. The clinician must 
appreciate that treatment needs to be tailored to 
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Box 9.3 Points of technique 

• The clinician must master the skill of facilitation. 
• The clinician should persist for the independent co­

contraction of the transversus abdominis and lumbar 
multidfidus. 

• The patient should aim for cognitive control without 
relying on facilitation techniques. 

• The treatment should be tailored to the individual 
patient. 

the individual patient in order to find the 
strategy (or strategies) to which the patient best 
responds. (See Box 9.3.) 

Contraction of stability synergists 

It appears that four key muscle groups may work 
in synergy: the transversus abdominis, lumbar 
multifidus, the pelvic floor and diaphragm (see 
Chs 4 and 7). An explanation to patients of the 
cylinder-like effect that these muscles have in 
their supporting role in the lumbopelvic region 
helps them to understand the use and interplay 
of the activation of these muscles in facilitatory 
strategies (see Fig. 7.4, Ch. 7). In fact, any one of 
the four muscles can be used to help facilitate 
another. 

Transversus abdominis and lumbar multifidus. 

The co-activation of the transversus abdominis 
and the lumbar multifidus can be utilized quite 
successfully in facilitation. If the patient cog­
nitively achieves the contraction of either the 
transversus abdominis or the lumbar multifidus 
more readily, then the successful muscle con­
traction can be used to facilitate the other one. 
Very simply, if the patient cannot consciously 
activate the transversus abdominis, then the 
clinician tries to achieve activation through 
facilitation of the lumbar multifidus or, con­
versely, focuses on the activation of transversus 
abdominis to facilitate lumbar multifidus. Logi­
cally, the contraction of the primary muscle must 
be performed well to achieve the desired result. 
For example, a phasic and poorly executed multi­
fidus contraction may result in co-activation of 
the oblique abdominal muscles rather than the 

transversus abdominis. The clinician may need to 
experiment with patient position to find the ideal 
combination for the individual patient. 

Pelvic floor. Use of contraction of the muscles 
of the pelvic floor is one of the most effective 
methods of achieving isolation of the contraction 
of the transversus abdominis. In order for the 
transversus abdominis to contribute to stabiliz­
ation of the spine, it is essential for the con­
traction of the diaphragm and pelvic floor 
muscles to occur concurrently in order to main­
tain the abdominal contents within the abdomi­
nal cavity. Preliminary studies (see Ch. 4) have 
revealed that, when a limb is moved, the con­
traction of the pubococcygeus occurs concur­
rently with that of the transversus abdominis. It 
appears that a link may exist between these two 
muscles. Several researchers have also noted 
that contraction of the abdominal muscles, in 
particular the transversus abdominis, is associ­
ated with contraction of the pelvic floor muscles 
in retraining the pelvic floor muscles for the 
management of urinary stress incontinence.297 
Other clinical evidence is emerging of a relation­
ship between transversus abdominis and the 
pelvic floor. This has arisen from claims from 
patients that their stress incontinence problem 
has reduced following a course of exercises for 
the transversus abdominis and, conversely, people 
managed for stress incontinence reporting a 
reduced incidence of low back pain. The use of 
contraction of the pelvic floor muscles to facili­
tate contraction of the transversus abdominis is 
particularly useful in patients who are having 
difficulty understanding the movement that is 
required to contract the transversus abdominis. 
It is also a primary technique for those who 
cannot relax their obliquus externus abdominis 
in the abdominal drawing-in task. 

Contraction of the pelvic floor can be utilized 
in a number of ways. It can be used either in 
isolation without the addition of a cognitive 
transversus abdominis contraction, or by com­
bining the pelvic floor contraction with a cog­
nitive contraction of the transversus abdominis 
or other facilitation techniques. With the imple­
mentation of this facilitation strategy it is 
important first to teach an effective contraction 



of the pelvic floor muscles. Many methods are 
available to do this, although the principles of 
slow, gentle and low effort of contraction should 
be employed. A clear description of the anatomy 
as a muscular sling between the tail bone and 
the front of the pelvis is essential to assist the 
patient to visualize the contraction. The reader is 
referred to Sapsford et a1297 for a more detailed 
description of methods of achieving contraction 
of the pelvic floor muscles. The clinician is 
advised to use whatever techniques they have 
within their competence and they deem necess­
ary to achieve the correct contraction. 

Supine crook lying or side lying seem to be 
the better positions for initial teaching of the 
pelvic floor contraction, although the strategy 
can certainly be used in standing or sitting. The 
clinician and/or patient gently, but deeply, 
palpates the lower quadrant of the abdomen. 
The sequence used is identical to that described 
before, where the patient takes in a relaxed 
breath, breathes out gently and then draws the 
pelvic floor up slowly and gently. The clinician 
feels for the deep tension developing in the 
abdominal wall as the transversus abdominis 
co-activates with the pelvic floor. A rapidly 
developing or superficial tension in the abdomi­
nal wall usually accompanies a fast or inad­
equate attempt at contraction of the pelvic floor, 
and signals substitution with the global muscles. 
The feedback provided to the patient by self­
palpation of the abdominal wall can be quite 
potent towards their understanding of the 
synergistic muscle facilitation strategy. 

With the aim of this stage of management 
being to train transversus abdominis activation 
in isolation from the other global abdominal 
muscles, activation via the pelvic floor alone is 
often sufficient in the early stages of rehabili­
tation. This is so when the obliquus externus 
abdominis is overactive and any attempt to 
extend the synergistic contraction into the abdo­
men results in this global muscle activity. As 
soon as possible, the patient is taught to con­
sciously extend the contraction up into the lower 
abdomen and draw in the lower abdominal wall. 
Self-monitoring with palpation for the desired 
response in the abdominal wall is essential in 
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the learning process for cognitive control of the 
transversus abdominis. 

Conscious interplay between initiation of a 
pelvic floor contraction followed by a gentle 
reinforcement of the transversus abdominis 
contraction and then back to focus on the pelvic 
floor can increase awareness of both muscles. If 
the patient has trouble achieving a pelvic floor 
contraction, other methods with which the 
clinician is familiar should be tried to assist with 
activation. 

Pelvic floor contraction can also be used to 
teach and facilitate an isometric contraction of 
the segmental multifidus. It is particularly help­
ful when the patient has a poor awareness of the 
multifidus muscle, the lumbar segment as well 
as the desired muscle contraction. Facilitation 
can either be attempted in side or prone lying, 
or standing. It is usually attempted in a non­
weight-bearing position first. While the clinician 
palpates the targeted vertebral level, the patient 
is asked to slowly draw up the pelvic floor. A 
slow and gentle deep tensioning of the multi­
fidus muscle is the desired response. The con­
traction should slowly build in intensity and is 
therefore subtle to detect. If a quick contraction 
is palpated, it is likely that contraction of the 
superficial fibres has occurred. The subject should 
be encouraged to try again with less effort. 

Breathing patterns (diaphragm). The role of 
transversus abdominis in the production of 
expiration can also be utilized to activate this 
muscle. Ideally, the only possible way to achieve 
isolation of the transversus abdominis during 
expiration is to increase the expiratory effort by 
hyperoxic hypercapnia (rebreathing CO2),B3,347 or 
by the provision of an inspiratory load, which 
produces an involuntary increase in expiratory 
airflow.B3 Both produce an involuntary and selec­
tive increase in transversus abdominis activity 
during expiration to increase the expiratory air­
flow. However, in clinical practice it can be 
effective simply to instruct the patient to 'sigh' 
the air out during expiration and to draw up the 
abdomen as they do this. Since all the abdominal 
muscles are commonly activated with voluntary 
increases in expiratory flOW,B3,145 careful assess­
ment is needed to ensure the success of the 



136 THE CLINICAL APPROACH 

technique in achieving an isolated contraction of 
the transversus abdorninis. Future research may 
identify strategies that use the contraction of 
the diaphragm to facilitate directly transversus 
abdominis contraction. 

Patients who overuse the obliquus externus 
abdominis will often increase this substitution 
with expiration. In such patients attention may 
need to be placed first on teaching relaxed 
diaphragmatic breathing. We have observed 
clinically that relaxed breathing can decrease 
global muscle activation, which in turn can allow 
activation of a transversus abdominis contrac­
tion (see p. 138). 

Verbal and visual feedback 

It is vital to provide adequate verbal and visual 
feedback to the patient of their performance. In 
the motor control literature, this principle is 
known as the 'knowledge of performance' and 
'knowledge of results'.300 In patients who have 
had a cerebrovascular accident, it is imperative 
to provide this information because the patient 
has sustained an injury involving the kinesthetic 
sense. Studies have reported reduced kinesthetic 
acuity in people with low back pain,266 which 
may compound learning problems. An added 
complication is that the performance of the 
abdominal drawing-in manoeuvre is not nor­
mally performed by an individual as a separate 
isolated task and is an unfamiliar action. 
Irrespective of whether or not the patient's 
kinesthetic sense has been affected by the back 
injury, provision of enhanced feedback appears 
be a critical factor required to achieve an isolated 
contraction of the transversus abdominis and 
segmental lumbar multifidus. 

Direct visual feedback of the correct deep 
muscle contraction through the use of real-time 
ultrasound imaging is proving to be a very 
effective form of feedback in both teaching and 
learning of the action for the transversus 
abdominis and lumbar multifidus.135,321 Imaging 
the muscles in real time gives a guarantee of the 
success, or otherwise, of a particular facilitation 
strategy. Opportunities exist for real-time ultra­
sound imaging techniques to be developed and 

Figure 9.7 The patient receives real-time feedback of the 
muscles of the anterolateral wall from the visual display unit. 

used for each of the four deep muscles targeted 
in the rehabilitation of lumbopelvic control. 

The contraction of the transversus abdominis 
and any substitution by the obliquus externus 
abdominis or obliquus internus abdominis can 
be observed by placing the transducer over the 
anterolateral abdominal wall to view the three 
muscle layers in transverse section (Fig. 9.7). The 
patient is orientated to the ultrasound image of 
the three muscle layers. The action to be 
observed with a correct transversus abdominis 
contraction is explained as the slow and con­
trolled drawing in of this muscle in its corset­
like action and appearance. This should occur 
with relative relaxation and little movement of 
the obliquus externus abdominis and obliquus 
internus abdominis. Simultaneous contraction of 
the three muscle layers as a single entity should 
not occur. When this does occur, the patient can 
realize his or her poor pattern of control and 
how the transversus abdominis has changed to 
work as a general abdominal muscle and not in 
its specific independent function (see Ch. 5). The 
effectiveness of various facilitation methods can 
be assessed until one which cues the patient 
successfully is observed. Meanwhile, the patient, 
in trying these methods to facilitate transversus 
abdominis activation, watches the real-time 
image of the muscle and palpates their lower 
abdominal wall to learn the correct muscle 
action. In addition their ability to hold the con­
traction can be observed and monitored, as can 



Figure 9.8 The position of the transducer for imaging the 
lumbar mutifidus in the parasagittal plane. 

the time at which the muscle becomes fatigued 
and the isolated contraction is either lost or is 
joined by the contraction of obliquus externus 
abdominis or internus abdominis in substitution. 

A parasagittal section is used for direct obser­
vation of the activation of the lumbar multifidus 
for facilitation purposes.136 The ultrasound trans­
ducer is placed lateral to the spinous processes, 
allowing a longitudinal image of the multifidus, 
including the dysfunctional segment (Fig. 9.8). 

Particular interest should be centred on watching 
the deep fibres of the muscle adjacent to the 
zygapophyseal joints (Fig. 9.9). The patient can 
observe the muscle contraction while consciously 

(a) 
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trying to 'swell out' the muscle at the segmental 
level, or trying to activate the muscle with the 
contraction of the transversus abdominis or the 
pelvic floor. Simultaneously, the patient can pal­
pate the lower abdomen to feel the transversus 
abdominis co-activation. Precise feedback is given, 
which ensures that the patient is activating the 
multifidus at the affected segment. The quality 
of the contraction is appreciated as a slow 
increase in vertical depth of the multifidus, 
including the deep fibres, and the ability to hold 
the contraction can also be monitored as the 
maintenance of this vertical dimension. The use 
of ultrasound imaging as a feedback tool in 
rehabilitation provides a notable advance in the 
rehabilitation of deep muscles, which cannot be 
viewed or palpated with any degree of certainty. 

In practice, other external visual facilita tory 
techniques may be used, including the use of a 
mirror placed obliquely at the side of the patient 
so that he or she can monitor the appearance of 
the abdominal wall for their own practice at 
home. The provision of specific guidelines to the 
patient indicating the external appearance of the 
abdominal wall in their specific substitution 
strategy and how they may recognize this is 
vital. This visual feedback is best accompanied 
by palpation for either the gentle contraction in 
the lower abdomen or for deep tension develop­
ment in the segmental multifidus (Fig. 9.10). 

� D"P � "� \ / L4-5 \ F (b) 

Figure 9.9 (a) Ultrasound image of the multifidus in longitudinal section. (b) Superiorly are the skin (S) and subcutaneous 
tissue (ST). The multifidus fibres run in the direction of the arrow (H). Inferiorly are the zygapophyseal joints L3-L4, L4-LS 
and LS-Sl. The deep fibres of the multifidus are seen surrounding the zygapophyseal joints. Deep, deep multifidus fibres; 
SUP, superficial. 
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Figure 9.10 Visual and tactile feedback for the patient 
when practising the deep muscle co-contraction. 

In some cases, when the patient is performing 
the transversus abdominis or the lumbar multi­
fidus contraction independently of the other trunk 
muscles, they may claim that they feel they are 
doing nothing. This is generally because the con­
traction is subtle, and the normal perception of 
an abdominal muscle contraction, for example, is 
the performance of a trunk movement such as 
a sit-up or posterior pelvic tilt. Verbal reassur­
ance that this is normal and reiteration of the 
functional role of the muscles is always required. 
It also highlights the importance of the patient 
understanding the whole concept of deep muscle 
support and control, and points to the potential 
future more routine use of ultrasound imaging 
in rehabilitation. 

Lumbopelvic position 

Although any of the techniques described above 
may be used in many different body positions, 
the precise position of the lumbopelvic region 
may itself be facilitatory for activation of the 
transversus abdominis or lumbar multifidus. In 
support of this relationship, we have some indi­
cation that pelvic floor muscle contraction can 
successfully isolate the transversus abdominis 
from the other abdominal muscles when the 
lumbar spine is placed in a more neutral 
position298 (see Fig. 4.11, eh. 4). There is a 
consensus that the local muscles are involved in 
segmental support and, therefore, contribute to 

the precise positioning of the lumbosacral curve. 
Thus positioning the spine in a precise neutral 
lumbosacral curve may be successful in assisting 
the patient to achieve a co-contraction of the 
transversus abdominis and lumbar multifidus. 

Teaching the patient to assume an upright 
neutral posture in sitting or standing must be 
done with care and is the essential feature of this 
facilitation strategy.124 The aim is for an upright 
position of the pelvis with restoration of a 
normal lumbosacral lordosis (Fig. 9.l1a). If the 
patient has inadequate range of movement or 
pain with movement in the L4-L5 and L5-S1 
segments, poor kinesthetic sense in their lower 
lumbar joints, poor local muscle control, or 
overactive thoracic portions of the erector spinae 
muscles, then the upright trunk position may be 
achieved by inappropriate extension in the thor­
acolumbar region (Fig. 9.11b). Treatment may 
need to be addressed initially towards reducing 
the pain and restoring segmental movement if 
hypomobility is the problem. To assume the 
upright, neutral postural position, correction 
should be initiated at the pelvis. Often the patient 
has poor awareness and it is usually necessary 
for them to have a tactile cue to locate the lumbo­
sacral junction, and this most simply is their 
thumb or finger. Once in position, the patient 
then focuses on deep muscle activation using 
whichever strategy is most effective, whether 
via abdominal drawing in, activating the pelvic 
floor or isometrically setting the multifidus. 

Direct strategies to decrease overactivity of 

muscles 

Many of the techniques already described incor­
porate body positions or strategies to decrease 
overactivity of global muscles. As mentioned, 
the muscles of primary concern with respect to 
overactivity are the oblique abdominal muscles. 
If the patient has difficulty relaxing these or 
other global muscles and the strategies already 
described are unsuccessful, then the clinician 
can explore other measures to gain relaxation of 
the overactive muscle(s). 

Restoration of normal breathing. We have 
observed clinically that breathing patterns are 



(a) 

(b) 
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Figure 9. 11 The upright neutral posture. (a) Left: relaxed sitting posture. Right: Normal lumbosacral 
position. (b) Left: relaxed sitting position. Right: the upright trunk position is attained through an incorrect 
extension in the thoracolumbar region, which leaves the lumbosacral junction in flexion. 
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sometimes altered in chronic low back pain 
patients. In normal inspiration, the most important 
muscle is the diaphragm. The abdominal muscles 
are not involved. In forced expiration, the abdomi­
nal muscles act both to depress the thoracic cage 
and to elevate the diaphragm by raising the 
intra-abdominal pressure.82 The abdominal 
muscles should only take part in the respiratory 
cycle when expiratory flow is increased; they 
should remain relaxed in normal quiet breathing. 
One recent study has reported activation of 
the transversus abdominis, but not the global 
abdominal muscles, during relaxed breathing.1 

In a small percentage of chronic low back pain 
patients, the activity of obliquus externus 
abdominis has been observed clinically during 
quiet inspiration and expiration. We have also 
observed the use of accessory muscles of inspir­
ation in these patients, and patterns of upper 
chest breathing. The cause of this change in 
breathing pattern is not clear and is an area of 
ongoing research. A method of decreasing the 
activation of the obliquus externus abdominis is 
to teach the patient diaphragmatic breathing 
patterns. The use of positioning (as in post­
operative and respiratory patients) should be 
remembered for patients who are having diffi­
culty in establishing the appropriate relaxed 
breathing pattern. The reader is referred to 
respiratory physical therapy texts for the many 
alternatives.107 As the patient learns to control 
the diaphragm, the muscles of the abdominal 
wall can relax, and co-contraction exercises can 
begin. If the obliquus externus abdomillis is 
active in breathing, it is our experience that it 
will be challenging to facilitate an isolated con­
traction of the deep corset muscles. 

EMG biofeedback. Biofeedback from EMG has 
traditionally been used on the target muscle of 
the rehabilitation exercise to provide evidence 
of its contraction?15 In retraining the transversus 
abdominis, electrodes placed over the lateral 
abdominal wall will detect electro myographic 
activity from all muscles, and therefore provide 
little useful information. Placement of an electrode 
over the triangle formed between the anterior 
superior iliac spine, navel and pubic symphysis 
will detect the activity of both the obliquus 

internus abdominis and the transversus 
abdominis, making this placement unsuitable 
when attempting to train a more isolated 
activation of the transversus abdominis. It also 
appears that EMG is of little value for providing 
feedback for the multifidus contraction. While 
the muscle becomes superficial in the lower 
regions of the lumbar spine, it is the deep fibres 
that are most involved in segmental support. 
Nevertheless, in the training of the deep muscle 
co-contraction, biofeedback from EMG has 
become a most successful adjunct to treatment. 
Instead of being used to monitor the activation 
in contracting muscles, it is used to ensure 
relaxation in the global muscles while training 
the independent activation of the deep muscles. 

The use of biofeedback from EMG has proved 
particularly helpful in assisting patients to relax 
excessive activity and avoid substitution by the 
obliquus externus abdominis and the rectus 
abdominis, as well as the thoracic portions of the 
erector spinae (Fig. 9.12). The most appropriate 
placement for the electrodes for viewing the 
obliquus externus abdominis is in parallel with 
the fibres of this muscle over the anterior end 
of the eighth rib.253 For viewing the rectus 
abdominis, the best position of the electrodes 
is below the navel, 2 cm lateral to the midline. 

Figure 9.12 Placement of the EMG electrode over the 
eighth rib to monitor activity in the obliquus externus 
abdominis. 



With these electrode positions there is minimal 
interference from the adjacent abdominal muscles. 
The biofeedback from EMG can be used in con­
junction with all the other facilitation strategies 
discussed, and is used potently with feedback 
from ultrasound imaging. It is a method that is 
growing in use in the clinical situation due to its 
effectiveness in giving some objectivity to the 
effectiveness of the technique chosen. 

For reasons identical to those described above, 
electrical stimulation is not an option when 
training isolated contraction of the transversus 
abdominis, since other muscles almost always 
overlie it. 

Elevation of the rib cage. Since the action of 
obliquus externus abdominis on the rib cage is 
to draw the ribs downwards and inwards, it can 
be useful to cognitively use the intercostal muscles 
to eleva te the rib cage prior to the performance 
of transversus abdominis contraction in an 
attempt to reduce obliquus externus abdominis 
substitution. To implement this technique, the 
therapist instructs the patient to perform a gentle 
bibasal expansion against either the therapist's 
or their own hands placed laterally on the rib 
cage. Once this has been performed the patient 
then performs a contraction of the transversus 
abdominis, either directly or using one of the 
other facilitation techniques such as pelvic floor 
muscle contraction. It is essential that the therapist 
assesses and ensures that the rib cage elevation 
has been successful in reducing obliquus externus 
abdominis contraction before the transversus 
abdorninis contraction is attempted. If not, another 
technique should be tried. Other techniques of 
assisting the bibasal expansion can be used, such 
as a belt placed around the lower rib cage. An 
alternative technique involves placing the hands 
behind the head with the elbows stretched laterally 
in order to passively elevate the rib cage. The 
emphasis at all times is on the use of minimal 
effort to produce the rib cage elevation, in order 
to avoid activation of the other global muscles. 

Other inhibitory techniques and positions. For 
those skilled in them, there are many different 
techniques within physical therapy practice that 
can be used to decrease overactivity in muscles, 
and notably in this case the obliquus externus 
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abdorninis. Various neurological techniques such 
as proprioceptive neuromuscular facilitation'89 
and Bobath techniques208 provide useful methods 
of addressing the problems of overactive 
muscles. Other techniques such as myofascial 
treatment of the abdominal and lumbar trigger 
pOints335 or deep inhibitory massage may also 
be appropriate to achieve relaxation. Taping 
techniques may also be of use. 

IMPLEMENTATION OF THE 
ACTIVATION STRATEGIES 

Many different techniques are available to assist 
in the facilitation of transversus abdominis and 
lumbar multifidus activation. Those described 
here are by no means all of them, and many 
additional techniques may exist that achieve the 
same goal. The clinician should keep in mind 
that the goal of the procedure is to isolate the 
contraction of the transversus abdominis and 
lumbar multifidus so that the ability of these 
muscles to contract can be improved. The possi­
bilities for facilitation are limited only by the 
creativity of the clinician. When trialling alterna­
tive techniques it is essential to monitor closely 
for the appearance of substitution strategies. It is 
also important to remember that no one tech­
nique works for all people, and the clinician 
must keep aware of what is occurring so that a 
technique is quickly discarded if it is unsuccess­
ful and another technique tried. 

Each of the techniques described can be used 
in combination as well as separately. The clinician 
should be willing to try many different com­
binations until he or she is satisfied that the 
patient has achieved the best contraction. At first 
the clinician may find this time-consuming, but 
with practice and experience it is possible to 
identify patient presentations which suggest that 
a particular technique or combination of tech­
niques may be the most appropriate. Logically, 
the most rapid rate of improvement can be 
expected if the best facilitation technique is 
identified for that patient. 

Once a method has been found which results 
in contraction of the transversus abdorninis and 
lumbar multifidus in relative isolation from the 
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global trunk muscles, the effectiveness of the con­
traction is enhanced by repetition of the contrac­
tion. It is imperative that the patient can undertake 
the facilitation technique independently so that 
it can be practised at home between treatment 
sessions. In this phase of motor relearning, 
repetition is key, and the clinician and patient 
should plan times for practice. Furthermore, for 
motor relearning to be effective, it is imperative 
that the patient is repeating the correct action. 
The initial home programme must be clearly 
taught and documented so that both parties are 
confident that the programme is achievable. It is 
very useful to show patients strategies of self­
detection of substitutions. Self-palpation of the 
abdomen medial to the anterior superior iliac 
crest can be used, with the patient instructed 
to avoid pushing out against their fingers, 
indicating an incorrect pattern of activation. The 
home programme should be tested in full at all 
treatment sessions with respect to the specific 
position, number of repetitions and contraction 
holding times. As soon as possible, the patient 
needs to be taught and be able to achieve the 
deep muscle co-contraction in many different 
postures, particularly standing and sitting (Fig. 
9.13). This makes frequent practice more con­
venient and allows it to be incorporated into 
daily activities without too much disruption to 
lifestyle. Greater convenience of practice increases 
compliance. 

It is essential that clinicians ask themselves 
three central questions before they permit a 
patient to go home to practice. These are: 

• What strategy works best to isolate the con­
traction of the transversus abdominis or 
lumbar multifidus from contraction of the 
global muscles? 

• How can the clinician and patient be sure that 
the correct contraction will be performed at 
home in each practice period? 

• How many contractions can be performed? 
How long can a contraction be held before it is 
lost or another muscle has been substituted? 

One of the main advantages of the patient being 
able to self-assess for substitutions or loss of 
holding is that they can to a certain extent self-

Figure 9.13 As a progression of the exercise programme 
the deep muscle co-contraction is taught in standing. Note 
that biofeedback from EMG is useful for this patient, whose 
oblique abdominals are overactive in this position. 

direct progression by increasing the duration 
and number of contractions as their ability to 
activate the muscles improves. 

It is necessary to assess that the technique 
chosen has successfully changed the ability of 
the patient to perform the muscle contraction. 
While palpation can be used as a cue for the 
activation of the transversus abdominis, it is not 
reliable as a means of quantitative assessment. 
The only means available in the clinical situation 
to be assured that the deep muscle co-contraction 
is improving is to regularly repeat the prone test 
using the pressure biofeedback unit. In the 
initial stages of activation, the deep muscle may 
not be able to generate enough force to draw in 
the abdominal wall to reduce pressure. 

Rechecks at regular intervals should show the 
patient gradually being able to reduce pressure 
by greater magnitudes as the activation and 
quality of contraction improve with the chosen 
exercise strategies. It is important to remember 
that a decrease in substitution by the global 
muscles (i.e. an improvement in pattern) also 



constitutes an improvement in the clinical test, 
especially in the initial stage. 

The length of time of this stage is variable and 
depends on the degree of a patient's motor 
control problems as well as their motivation and 
enthusiasm to practise. In controlled clinical 
trials, it has been demonstrated that this stage 
could be as long as 6-10 weeks in chronic 
patients,257,259 whereas in acute first-episode low 
back pain patients recovery was achieved within 
2-3 weeks.136 (see Box 9.4.) 

TREATMENT OF MOTOR-CONTROL PROBLEMS 143 

Box 9.4 The formal training of the motor skill of deep 
muscle co-contraction 

• Analyse the unwanted global muscle overactivity. 
• Improve the perception of the deep muscle co­

contraction. 
• Select individual strategies to improve the precision 

of the co-contraction. 
• Repeated practice. 
• Control of the skill in functional upright positions. 
• Quantitatively re-evaluate the skill (prone test) 
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Integration into dynamic 
function 

Once the patient can perform a voluntary co­
contraction of the transversus abdominis and 
lumbar multifidus independently of the global 
muscles, and can hold this contraction in any 
position or posture, the aim of treatment is the 
integration of the motor skill into normal static 
and dynamic functional tasks. Progress is made 
by incorporating the motor skill into light func­
tional tasks, with gradual progress to heavy-load 
functional tasks as required by the individual 
patient. It is important to remember that the 
global muscles are essential for controlling 
external loading and spinal orientation (see Ch. 
2), while the local muscles provide segmental 
control. Thus, a main aim of this progression of 
treatment is to teach the patient to overlay 
contraction of the global muscles onto the local 
muscle contraction in a functionally appropriate 
way that does not compromise or promote 
complete substitution for the action of the local 
muscle system. 

INCORPORATION OF THE MOTOR 
SKILL INTO LIGHT FUNCTIONAL 
TASKS 

This stage aims to continue to train the deep 
muscle co-contraction with the added challenge 
of light loads. At this level, the deep muscle co­
contraction is trained in the presence of activity 
of the global muscle system while normal 
breathing patterns are able to be continued. That 
is, activities which may need breath-holding and 
the valsalva manoeuvre as in heavy lifting would 
not be emphasized at this stage of training of the 

145 
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deep muscles. Two functional conditions are 
trained. The first requires the deep muscles to 
maintain their lumbopelvic supporting function 
in static conditions under light load in concert 
with the muscles of the global system, while 
breathing normally. The second requires the 
deep muscles to maintain their lumbopelvic 
supporting function during trunk movement 
around the neutral position, while the muscles 
of the global system are acting phasically (j.e. 
out of concert with the type of contraction being 
performed by the deep local system). Again, 
normal breathing patterns are maintained in 
these conditions. 

A third functional condition requires the per­
formance of the co-contraction in postures or 
during moving to control positions that normally 
aggravate the pain. These represent quite high 
levels of difficulty for training control of the 
deep mucle system. As for the formal motor skill 
training, the emphasis is on precision and con­
trol, as the deep and global muscle systems are 
now being trained in their interdependent and 
independent roles. 

Control of neutral lumbopelvic 
postures 

Patients have now been trained to hold the deep 
muscle contraction in sitting and standing pos­
tures. They now begin to hold this contraction 
and maintain pelvic control, while undertaking 
activities where the upper and lower limbs are 
taking part in functional tasks, for example while 
sitting and working on a computer, reaching for 
documents or driving a car (although, safety 
first!). In many cases, the clinician may find a 
more formal approach to this part of training is 
more beneficial, as it allows the patients to become 
more involved in their progress on a day-to-day 
basis. Future research is required to investigate 
if the effects of formal training are transferred to 
the functional situation. At this time the more 
formal training used involves either low level 
leg-loading exercises in supine lying, or trunk 
inclination tasks, which are usually performed 
in sitting. As both exercises require static trunk 
positions, it is important for the clinician to keep 

in mind the potential problems of trunk rigidity 
if this stage of training is taken to the extreme. 

Leg loading 

In the first instance, the local and global muscle 
systems may be challenged by external loads via 
leg-loading exercises. The exercises described 
here are based on the concept of leg loading for 
lumbopelvic control described by Sahrmann294,295 
and White & Sahrmann.353 Beginning with leg­
loading exercises has several advantages. As 
mentioned, both the local and global systems are 
working synergistically in common in a static 
supporting role. Additionally, the magnitude 
of resistance can be controlled, and successful 
maintenance of control of trunk position can be 
monitored objectively using the pressure bio­
feedback unit, which gives immediate feedback 
of any change in lumbopelvic position. The way 
in which steady pressure readings (on 40 mmHg) 
can be used to indicate lumbopelvic control 
should be explained to the patient (Fig. 10.1). 

For details on the use of the biofeedback unit, 
see the Appendix to Chapter 8. 

Training can proceed from the level formally 
assessed for the individual patient (Ch. 8). Most 
often this means that training begins at very low 
levels of load. One of the most telling factors 
resulting from the objective feedback provided 
by the use of the pressure biofeedback unit is the 
previous tendency for patients to be trained at 

Figure 10.1 The use of the pressure biofeedback unit is 
explained to the patient. 



loads far in excess of that which they could 
control. At this stage, training is restricted to the 
crook lying position and to unilateral leg loading, 
the moving leg maintaining contact with the 
exercise surface in order to lessen the level of 
load to less than leg weight. The other leg 
provides some passive stability and remains 
supported. With the leg moving into abduction 
and external rotation, the patient focuses on 
learning rotatory control of the lumbopelvic 
region (Fig. 10.2), while straightening the leg to 
an extended abduction position adds a sagittal 
plane control component (Fig. 10.3). For both 
directions of loading, the pressure biofeedback 
unit is placed longitudinally adjacent the spine 
in order better to monitor any unwanted trunk 
rotation or extension. Once in position, it is 
inflated to 40 mmHg. 

Figure 10.2 Training rotatory control with light leg load. 

Figure 10.3 Training more complex control with supported 
leg extension or abduction. 
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Exercises are performed with a common pro­
forma. First, the patient draws in the abdominal 
wall in order to consciously activate the trans­
versus abdominis and lumbar multifidus. This 
co-contraction must be held throughout the 
entire leg-loading manoeuvre, while also main­
taining a normal breathing pattern. The leg must 
be moved slowly, with the emphasis being on 
precision and control. The patient only moves 
the leg to positions in which the lumbopelvic 
position can be maintained. Control is defined 
by the two parameters that are monitored in 
formal testing. There should be no change in 
pressure registered on the pressure biofeedback 
unit, as this signals loss of control of lumbo­
pelvic position. The abdominal wall needs to 
remain flat during the entire exercise, as this is 
likely to indicate that the transversus abdominis 
is coping with the imposed load.242 If the 
abdominal wall bulges, it is probable that the 
load has exceeded the capacity of the transversus 
abdominis and it has lost its corset-like contrac­
tion. Exercise repetition may be low in the early 
stages, as the muscles can fatigue quite readily. 
Progression is through increased repetition, and 
movement of the limb through its full excursion. 

Muscle lengthening procedures for muscles 
attaching to the lumbar spine and pelvis offer 

Figure 10.4 Training lumbopelvic control during 
lengthening of the latissimus dorsi. 
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Figure 10.5 (a) (Left) Sitting in the correct upright neutral posture; (right) Control of the neutral lumbopelvic posture in flexion 
(b) (Left) Sitting in the upright posture; (right) loss of control of the neutral lumbopelvic posture in flexion. 



the same challenges to the maintainance of 
lumbopelvic stability. In addition, some muscles 
of the global system with attachments to the 
lumbar spine, such as the latissimus dorsi and 
iliopsoas, must be able to· lengthen without 
compromising the stability of the region (see Ch. 

2). The precision and monitoring of progression 
used for the leg-loading exercises are equally 
applicable to muscle lengthening procedures 
(Fig. 10 4). 

Trunk inclination exercises 

Intrinsic loads can be placed on the deep muscle 
co-contraction to train its force-generating and 
endurance abilities. This is done by requiring 
patients to control and hold a neutral upright 
lumbopelvic posture during forward trunk 
inclination with hip flexion.124,188 Small trunk 
inclinations are used, starting at 5° and 
progressing to 10° and then 15°; this is in line 
with the aim to train at low loads. The subject 
first attains the correct upright neutral posture 
(Fig. 10.Sa, left), and activates the deep muscle 
co-contraction. The key to this exercise is for the 
patient to maintain control of the lumbosacral 
curve with the deep muscles during the trunk 
inclination (Fig. 10.5a, right). Loss of control can 
be monitored by viewing or palpating a subtle 
movement of the low lumbar segments into 
flexion and a simultaneous subtle increase in the 
activity of the thoracic portions of the erector 
spinae, which encourage the formation of a 
lordosis (or extension) in the thoracolumbar 
region (Fig. 10.5b). The exercise is first practised 
in sitting, but it can also be undertaken in 
standing. This exercise is similar to the waiter's 
bow exercise described by Sahrmann.294,295 

Lumbopelvic control during trunk 
movement 

Normal function requires that the deep muscles 
can maintain continuous tonic activity to sup­
port the lumbar segments and lumbopelvic 
region, while muscles of the global system work 
phasically to produce or control total trunk 
movement and orientation. With the knowledge 
that the transversus abdominis, in its dysfunc-
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tional state in low back pain patients, loses this 
separate control from the muscles of the global 
system,146,148 retraining this separate control 
using directly opposite functions of the local and 
global systems is challenging. Walking provides 
.an ideal fundamental human function in which 
patients can train this capacity. As a prerequisite 
to this stage, the patient must be able to activate 
the transversus abdominis and lumbar multi­
fidus independently of the global muscles. The 
patient's task in this phase is to activate and 
hold the deep muscle co-contraction and then to 
slowly practise walking while concentrating on 
maintaining the contraction (Fig. 10.6). This 
exercise is often quite fatiguing in the early 
attempts, and care must be taken that the patient 
does not switch to a global muscle substitution. 
As a progression, the patient increases the dis­
tance walked while consciously controlling the 
deep muscle activation, and then increases the 
speed of walking. As mentioned, gait is a funda­
mental human function, and this exercise not 

Figure 10.6 Training the deep muscle co-contraction 
during walking. 
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only serves as a convenient format for patients 
to practise towards automatic control, but it is 
also a function in which automatic activation of 
the deep muscles is deemed essentia1.54 

Deep muscle control is also trained through 
the range of spinal movement. The transversus 
abdominis and lumbar multifidus are activated 
in upright standing, and the patient learns to 
hold the contraction while slowly moving 
through the conventional planes of motion. 
Control of pain in an otherwise painful direchon 
of movement is a powerful illustrator of the 
effect of muscle support, and offers the patient a 
powerful incentive to practise. As well as the 
pure planes of motion, training can be extended 
to combined planes, particularly those combi­
nations of movement that are usually pain 
provoking and problematic (Fig. 10.7). Such 
techniques were successfully used by O'Sullivan 
et a1257 in their management of patients with 
spondylolysis and spondylolisthesis. 

Critical evaluation of the effectiveness of a 
particular technique or regime is an important 
element of management. As the patient trains 
the co-contraction of the deep muscles under dif­
ferent conditions throughout this stage, it is always 
necessary to reassess the quality of the contrac-

Figure 10.7 Training the deep muscle co-contraction in a 
position/task which is usually problematic. 

tion and the patient's ability to hold the con­
traction. This is done by returning to the formal 
prone test of the abdominal drawing-in action, 
using the pressure biofeedback unit. This objec­
tivity is needed, as visual inspection and palpation 
of the lower abdominal wall are insufficient, 
unreliable and can be misleading. 

INCORPORATION OF THE MOTOR 
SKILL INTO HEAVIER FUNCTIONAL 
TASKS 

This next stage of the programme aims to ensure 
that the contraction and holding ability of the 
transversus abdominis and multifidus are suf­
ficient to control lumbar spine position with 
increasing loads. The level of load required 
depends on the individual patient, and must 
match the needs and requirements of the 
patient's work and lifestyle. It consists of formal 
exercise training programmes and functional 
exercise programmes related to the patient's 
daily living activities, work and sport. 

Formal exercise programmes 

Load is gradually added to the system through a 
variety of exercises. The spine is controlled in a 
neutral position. Many of these more general 
exercises have features in common with other 
exercise programmes.101,288,293-295,353 Load can be 
applied through body positioning, challenging 
the muscle system by decreasing the stability of 
the body position, use of equipment or the direct 
application of increasing load. 

There are some basic elements in common to 
all the exercises at this stage. The performance of 
any exercise must be preceded by a conscious 
activation of the deep muscles by gently 
drawing in the abdomen. The abdominal wall 
must remain flat during the exercise and not 
bulge (bulging suggests that the transversus 
abdominis corset-like contraction has been lost). 
The emphasis is still on control, and progression 
should not be too fast, as too much load too 
quickly may lead to the global muscles coping 
uniquely with the load with loss of support to 
the spinal segments. Regular reassessment of the 



local muscle performance must be done using 
the prone abdominal drawing-in test. In addition, 
the capacity of the system ·under load is moni­
tored using formal leg-loading tests and the 
pressure biofeedback unit. 

Several different exercises have been tested 
for their suitability to encourage a co-contraction 
of the trunk flexors and extensors in order to 
enhance general trunk stability?85 Exercises that 
induce a rotatory load on to the trunk are par­
ticularly appropriate. The four-point kneeling 
position offers a good starting position to link 
the training of the initial stage with this stage of 
added load. 

First, the patient is taught precision in 
positioning, as often the posture in four-point 
kneeling is poor, and the whole thoracolumbar 
spine is flexed or in a kyphosis, or the low 
lumbar area is kyphotic with the lordosis in the 
lower thoracic upper lumbar areas. Such postures 
may reflect dominant activity in the thoracic 
portions of erector spinae and the obliquus 
externus abdominis and rectus abdominis (Fig. 
10.8). To obtain a good posture, the knees are 
positioned under the hips, and the hands under 
the shoulders, and the actions of several deep 
and postural muscles are recruited. 

Any overactivity, in particular in the obliquus 
externus abdominis, should be addressed first 
and the patient encouraged to relax this muscle. 
The lumbosacral spine is positioned in neutral to 
obtain a correct posture of the whole spine up to 
the craniocervical region. To achieve this, the 
lower portions of the lumbar multifidus are 
recruited to obtain a normal lwnbosacral lordosis; 
the lower trapezius and serratus anterior in 
particular are used to obtain a correct posture of 
the thoracic spine and scapulae. This is achieved 
by letting the patient 'hang' their thoracic spine 
between their shoulder blades, and then actively 
protracting their scapulae while gently drawing 
up their thoracic spine through the action of the 
serratus anterior. The common fault to be cor­
rected is use of the obliquus externus abdominis 
and rectus abdominis as a substitute, this being 
recognizable as thoracolumbar flexion. The head 
posture should be in neutral alignment. An 
active support of this posture is often chal-
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Figure 10.8 Posture in the four-point kneeling position: 
(a) correct postural position; (b) a flexed spinal posture; (c) a 
reversal of normal thoracolumbar posture. 

lenging for the low back pain patient and, in the 
first instance, they may merely need to practise 
assuming and holding this posture. 

A rotatory load is applied to the trunk muscle 
system by extending the opposite arm and leg to 

(a) 

(b) 
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Figure 10.9 Four-point kneeling with arm and leg 
extension. The patient controls the neutral spinal posture 
and pelvic position. 

a horizontal position (Fig. 10.9). The exercise 
can be performed poorly and ineffectively if 
precision is not emphasized. The patient should 
first activate the deep muscles by drawing in the 
lower abdominal wall and holding this contrac­
tion throughout the exercise. The leg is slowly 
extended, the patient focusing not on lifting the 
leg but on maintaining the lumbopelvic position 
(not allowing the pelvis to lift or dip into rotation 
or hyperextension). When controlling this position, 
the arm is raised, with a similar focus on trunk 
and girdle control. The position is held for up to 
5 s and the exercise is then repeated using the 
opposite diagonal. The exercise can be pro­
gressed by challenging trunk stability through 
the principle of unstable surfaces. A ball or small 
balance board can be placed under the sup­
porting hand and the patient works to maintain 
the contraction of the deep muscles and a steady 
trunk position. 

Bridging from the crook lying position can be 
used as a basic exercise and position. Again, care 
must be taken with performance to gain value 
from the exercise. Prior to the bridge, the deep 
muscle co-contraction is performed and the 
patient bridges, focusing on lifting the pelvis 
and extending the hips with a gluteal contrac­
tion, keeping the spine in a neutral position. 
This position and a common fault are shown 
in Figure 10.10. Direct rotatory resistance can be 
applied to the pelvis by the clinician and 
subsequently by the patient. The resistance can 
be applied slowly in the form of alternating 
isometrics,326 with each contraction being held 
for 5 s. 

� 

"C."'" 

(a) 

f" 

\ 
(b) 

Figure 10.10 (a) Bridging, while holding the spine in a 
neutral position. (b) Incorrect bridging, with the spine in an 
extended position. 

Figure 10.11 The bridging exercise with single leg 
extension. Done correctly, the exercise challenges the 
stabilizing system of the lumbopelvic area. Note the 
lumbopelvic flexion and rotation, which indicate that this 
exercise is too difficult for this patient. 

. 

The bridging exercise can be advanced by 
decreasing the base of support through single 
leg extension (Fig. 10.11), with the emphasis on 
keeping the trunk and pelvis steady. Again, the 
task can be made even more difficult by making 
the supporting surface unstable by placing a ball 
under the foot. An alternative progression is to 
introduce the element of speed, which challenges 
the global muscles to be working phasically 



Figure 10.12 Challenge of lumbopelvic control in sitting by 
using a gym ball as the supporting surface. 

while the deep muscles hold their isometric 
contraction. The patient focuses on keeping the 
abdomen flat and pelvis stea.dy while rhythmi­
cally extending alternate legs. This is done slowly 
at first; as the patient gains control" the speed of 
the alternate leg can be increased gradually.326 

The principle of unstable surfaces can be 
incorporated into many different exercise pro­
grammes. Good use can be made of large gym 
balls, and several exercises and general stabiliz­
ation programmes have been described illus­
trating their use.I88,288 Sitting postural control 
can be challenged (Fig. 10.12), and any of the 
bridging and exercises in four-point kneeling 
can be made more difficult by using a ball as a 
supporting surface. 

Leg-loading exercises can be advanced from 
those practised in the previous stage. The load 
should be increased slowly, and control of the 
lumbopelvic region monitored using the pressure 
biofeedback unit. This feedback helps ensure 
precision in the exercise and guides logical 
progression. At all times the exercise is preceded 
by a deep muscle co-contraction and, as before, 
the abdomen should remain flat throughout the 
exercise. Progression can proceed from single 
leg supported extension (the leg moving into 
extension and abduction to incorporate a rotatory 
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Figure 10.13 Leg-loading exercise with unsupported 
extension of one leg. The pressure must be maintained 
without fluctuations and the abdominal wall must remain flat. 

load), to single leg unsupported extension (Fig. 
10.13). For patients requiring high strength, the 
exercise can be advanced to double leg exten­
sion. The clinician will note that the patient's 
normal breathing pattern is challenged as the 
work required by the global muscles increases. 

Muscle lengthening procedures for the lower 
limb can induce high loads onto the lumbar 
spine, and stretching techniques must be designed 
with lumbopelvic stability in mind (Fig. 10.14). 

Obviously, it is important to avoid injury to the 
lumbar spine during training. 

At regular intervals throughout the training 
programme with load, the capacity of the trans­
versus abdominis and lumbar multifidus must 
be formally tested using the prone abdominal 
drawing-in test, in order to ensure that the 
global muscle system is not being trained at the 
expense of the local muscle system. This is par­
ticularly so for patients who have demonstrated 
marked overactivity in the obliquus externus 
abdominis, who may revert to poor strategies 
and patterns if not monitored closely at all 
stages. The effect of exercise on the interaction 
between the local and global muscle systems is 
monitored using the leg-loading tests and the 
pressure biofeedback unit. 

Functional exercise programmes 

Functional exercise programmes relevant to the 
patient's activities of daily living, work and 
sport constitute the final stage of rehabilitation. 
Training for deep muscle support during high-
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(a) 

(c) 

Figure 10.14 Examples of muscle lengthening techniques 
in which lumbar spine stability must be monitored: (a) 
iliopsoas; (b) tensor fasciae latae; (c) hamstrings; (d) rectus 
femoris. 

impact loading activities such as running and 
jumping may need to be incorporated into the 
rehabilitation programme. Teaching practices of 
safe lifting, carrying and handling, or the correc­
tion of styles in sport, are integral components 
of all rehabilitation programmes, and many of 
the correct practices are integrated into the 
patient management early in the programme but 
practised without load. McGill & Norman224 
have developed provisional guidelines for lifting 
based on world-wide biomechanical research 
and the developing knowledge of muscle func­
tion in stabilization of the spine. They identify 
the need to 'lightly co-contract the stabilizing 
musculature to remove the slack from the sys­
tem and stiffen the spine' as one of the criteria 
for safe lifting (Box 10.1). Our research has sup­
ported this need and has provided more specific 
information about which specific muscles are 
needed to provide segmental support. Even 
more importantly, our research has shown that 
the deep muscles designed to stiffen the spinal 
segments for safe lifting are those which become 
dysfunctional in low back pain. Safe lifting will 
only proceed if the deep muscles are effectively 
and specifically rehabilitated. 

There is no argument that functional ability is 

Box 10.1 Summary of McGill & Norman's provisional 
guidelines for lifting' 

• Maintain normal lordosis and rotate the trunk using 
the hips. 

• Allow time for the disc nucleus to equilibrate and the 
ligaments to regain stiffness after prolonged flexion. 

• Avoid lifting shortly after arising from bed. 
• Lightly co-contract the stabilizing musculature to 

remove the slack from the system and stiffen the 
spine. 

• Choose a posture to minimize the reaction moment 
on the back, but do not compromise the maintenance 
of the normal lordosis. 

• Avoid twisting. 
• Exploit the acceleration profile of the load. 

'Adapted from McGill & Norman,224 p. 1 12. 



an ultimate goal of rehabilitation in association 
with relief of pain and prevention of recurrent 
episodes. Persons must be trained to cope with 
the loads inherent in their daily activities, work 
practices or sport. What must be ensured is that 
the deep muscle system is trained to supply the 
inner support so that forces absorbed by the 
global muscles in high or rapid loading can be 
transferred safely and efficiently to the passive 
structures. At the present time there are no 
methods for checking if appropriate control of 
segmental motion is occurring during functional 
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tasks. The assessment of deep muscle activation 
and holding ability introduced in this text (see 
Ch. 8) remain the only objective measures avail­
able at this time. Research to indicate whether 
these tests reflect automatic deep muscle func­
tion in complex functional activities or indeed 
research to develop measures capable of demon­
strating if problems do exist in the deep muscles 
during such activities, present the ultimate 
challenge of this approach to the treatment of 
motor-control problems in the deep muscles of 
low back pain patients. 
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Practical aspects of 
treatment planning and 
delivery 

Clinicians are faced with a variety of low back 
pain patients presenting with different patho­
logies and problems, ranging from those suffer­
ing their first episode of low back pain to those 
with chronic and persistent back pain. The 
physical presentation of back pain patients is 
also highly variable, ranging from an acute pain 
state with a marked deformity and grossly 
limited active movements, to the situation where 
pain is not severe but is persistent, and active 
movements are relatively pain-free. Confronted 
with this diversity, there are three very legit­
imate questions that are often asked by clinicians: 

• Which patients require stabilization training? 
• Are other treatments used in the management 

of low back pain patients still relevant? 
• When can stabilization training begin? 

TREATMENT PLANNING 

Stabilization training 

When deciding whether a patient needs stabil­
ization training there are two issues to consider. 
Current evidence suggests that the problems 
which present in the deep or local muscles of the 
lumbopelvic region are not pathology specific. 
To date, a variety of back pain patients have 
been studied in the clinic and laboratory. Some 
patients had evident morphological change, but 
often the diagnosis was non-specific mechanical 
low back pain. The impairments in the deep 
muscles characterize back pain patients, and this 
is independent of the likely variety in pathology 
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in these subjects.136,139,146,257,259,282 This finding is 
not surprising and is consistent with the fairly 
regular reactions observed in muscles with 
primary antigravity and supporting functions in 
other regions of the body. For example, inhi­
bition and wasting of the vastus medialis 
obliquus is inevitably present and indeed is. 
pathognomonic of a problem in the knee, 
regardless of whether the patient has an acute 
anterior cruciate ligament rupture, an osteo­
arthritic knee or a patellofemoral complex 
problem. Therefore, it can be argued that all 
patients with low back pain potentially require 
assessment and retraining of their local muscle 
systems, just as all patients with knee joint 
arthropathies require specific quadriceps retrain­
ing. While pain may ease after an acute bout of 
back pain, there is no guarantee that the muscle 
will automatically recover. Indeed, evidence 
points to a lack of automatic recovery, despite a 
return to normal activity levels.136 

The second issue involved in which patients 
require stabilization training revolves around 
terminology and concepts and definitions of 
clinical instability (see Ch. 2), Too often a very 
narrow definition of instability is applied, which 
focuses on the more major losses in integrity in 
the osseoligamentous system, It is well known 
th�t pat�ents with a spondylolysis or spondy­
lohsthesls or those with marked disc disruption 
have an instability problem. However, clinical 
stability as has been presented throughout this 
text is a broader issue, encompassing lack of 
proper functioning in any or all of the spinal 
stability systems, the passive or osseoligamentous 
subsystem, the active subsystem (the spinal 
muscles) and the neural control system.262,263 
Deficits in motor control in the deep, local 
muscle system have been shown in back pain 
patients with potentially different articular 
problems, and this suggests that clinical 
instability in its broader definition is a basic and 
fundamental impairment in back disability. 
Retraining motor control of the deep muscle 
system is required to redress a specific physical 
or neurophysiological impairment which is 
present in patients with low back pain and 
injury. 

Other treatments 

From a physical perspective, back pain reflects a 
problem in a highly interrelated neuromuscular­
articular system. No structure is necessarily 
spared from injury, and all structures of the 
motion segment are potential sources of pain. 
All systems and their reactions require attention 
in, a comprehensive treatment programme. 
Other treatment strategies are still required for 
the patient with low back pain, and retraining 
the motor control of the deep muscles should be 
incorporated within a total management pro­
gramme for the low back pain patient. This 
training is complementary to other management 
pr�cedures, wl:ich are directed towards relieving 
pam, addressmg other physical impairments 
inherent in the condition and restoring the 
patient to normal functional levels. 

The other physical impairments in the articular 
or neural systems may be influenCing the 
patient's ability to activate their deep muscles or 
be increasing the difficulty for the local muscles 
to provide segmental support. Joint injury and 
pain are well known to have profound effects on 
the muscle system. Relief of pain and restoration 
of motion and joint kinesthesia are funda­
mentally important to rehabilitation, not only 
of the segmental joint complex,156 but also of 
the muscle system itself. As such, manipulative 
therapy is still very much indicated to relieve 
pain and restore segmental joint motion, and is 
usually an important component of total patient 
management. Retraining muscle control of the 
spinal segment is complementary to both passive 
manipulative therapy procedures and active joint 
mobilization, and all treatments can be com­
menced together with quite distinct b�t inter­
related treatment rationales. 

Restrictions in range or movement abnor­
malities in adjacent spinal, pelvic or hip joints 
are not infrequently a feature in the physical 
presentation of low back pain patients. When 
motion deficits in adjacent jOilltS cause compensa­
tory increases in or altered motion at the lumbo­
sacral area, it may become more difficult for the 
muscles to maintain lumbopelvic support. Simi­
larly, overactive or tight multijoint muscles in 



the lumbopelvic region, such as the quadratus 
lumborum, tensor fascia lata and hamstrings, 
can influence movement and control of the 
lumbar segments, and can reflect quite complex 
forces on the lumbar spine if their tightness is 
asymmetrical. These factors need to be addressed 
in the total management of the patient in order 
to optimize the environment for deep muscle 
retraining and function. 

While there has been a deliberate focus on the 
deep muscle system in this text, this is not meant 
to detract from the importance of the global 
muscle system. Rather, such a focus reflec.ts the 
fact that the global muscle system has already 
received copious attention in research and clinical 
practice. These muscles must be strong enough 
to take the external loads and protect the local 
muscle system and spinal segments by 
minimizing the loads on the lumbosacral region. 
Equally, their coordination must be efficient, in 
order to cope with and protect the spine from 
impact and other complex loading. In addition, 
low back pain sufferers may become decon­
ditioned for the physical requirements of their 
lifestyles if their pain has been persistent and 
has decreased their overall activity levels. Such 
patients often eventually require cardiovascular 
and general exercise aimed at restoring fitness 
levels as needed for their work, sport or 
recreational demands. 

When can stabilization training 
begin? 

Stabilization training can and should begin as 
early as possible in the patient's management, 
and there are few reasons why it should not be 
begun in the first treatment session in associ­
ation with other treatment methods, which may 
be more focused on joint or neural tissue pain 
and dysfunction. Again, using the knee joint as 
an analogy, facilitation of the quadriceps is a 
routine part of an initial treatment of all 
knee conditions, regardless of other treatments 
employed. Nevertheless, in the early phases of 
rehabilitation of the patient with low back pain, 
care must be taken not to unduly stress recently 
injured and inflamed tissues,43 as provocation of 
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pain during the exercise could cause further 
inhibition and should be avoided. The testing 
and facilitation of the transversus abdominis 
and the segmental lumbar multifidus are low­
load procedures, with the patient positioned in a 
painless recumbent position, which should not 
compromise any damaged tissue. Furthermore, 
the spine is in a neutral posture; it has been 
shown that, even when joints are inflamed, in 
this posture the activation of articular nociceptors 
is minimal.301 It must always be appreciated that 
the peripheral nociceptive sources and causes of 
back pain are the result of a complex interaction 
of factors. As much as manipulative therapy, 
electrophysical agents and medication may be 
prescribed to address and lessen the perception 
of pain, muscle control is a powerful factor 
which will assist in pain control. 

Logically, muscle support should be restored 
to the spinal segment as soon as possible. As 
demonstrated in our study of first-episode acute 
low back pain patients,136 early institution of 
methods to activate the deep muscles was not 
harmful with regard to resolution of painful 
symptoms when they were limited to low-load 
isometric exercise. In fact, far from being detri­
mental, the exercise was essential in preventing 
continuing reflex inhibition in the multifidus, 
which was still present at 10 weeks in the non­
exercise group. 

TREATMENT DELIVERY 

A basic proforma has been advocated through­
out this text, i.e. to address motor control 
problems and then work towards restoration of 
trunk muscle stability capacity. The initial focus 
should be on training the motor skill by isolating 
the contraction of the deep muscles of the local 
system. The muscles must be trained so that 
they can be activated voluntarily by the patient 
and the patient can hold a low level isometric or 
tonic contraction repeatedly at will. A basic 
guideline for the patient is to aim ultimately to 
be able to hold a contraction for 10 s and be able 
to repeat this 10 times. Activation of the deep 
muscles can be incorporated into functional 
activities and, once the patient can activate and 
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control the im1er muscle unit, training of the 
outer muscle unit can begin safely and effectually. 
This involves first training the interaction 
between the outer and inner muscle layers in 
light functional tasks. Functional training under 
heavier loads can be introduced later in the 
programme to suit the level of a patient's work, 
sport and lifestyle demands. The ultimate aim is 
to restore the automatic (involuntary) protective 
function of the deep muscles without the need 
for voluntary activation of these muscles during 
functional tasks. In the clinical situation, it is 
difficult to predict whether this has occurred 
and, if so, whether it is permanent. For this 
reason, at present patients are usually requested 
to prophylactically practise the deep muscle co­
contraction as part of a daily health routine, akin 
to cleaning their teeth every day. Only future 
prospective research will show whether the 
autonomic protective function is restored by 
training. 

Explaining the concept 

Patients' concepts of exercise are usually more 
aligned to exercise for cardiovascular fitness, 
stretching and strength training. Thus asking 
them to perform the low-load precision exercises 
to activate the deep local muscles as a primary 
focus of the initial exercise programme is foreign 
to them. It is necessary, therefore, to carefully 
explain the nature and purpose of training a 
specific motor skill for joint stabilization, 
especially in the early stages of the programme. 

It is wise to initially join their concept of 
exercise, and carefully explain the different 
forms of exercise training and their purposes. 
Patients understand well that if they wish to 
improve their cardiovascular fitness then they 
must undertake exercises such as walking, 
jogging, aerobics, cycling or swimming. They 
know that exercises to build up muscle strength 
often involve the use of weights. Motor skill 
training for spinal stabilization needs to be 
introduced as another form of exercise that is 
different to these more conventional and well­
known exercise methods but vital to the 
alleviation and prevention of back pain. 

To explain the concept of assessment and 
training the deep muscles for their function of 
joint control and support, it is important for the 
patient to understand the role of the deep muscles 
in normal function and in dysfunction. Several 
different examples can be given. Comparing the 
spine to a multisegmented flagpole is often a 
clear example. The long muscles of the trunk, 
such as the rectus abdominis and the thoraco­
lumbar extensors, can be likened to the guy 
ropes that balance the whole pole while the deep 
muscles provide the link and support between 
each segment of the pole. It is of little use having 
strong guy ropes if there are weaknesses in the 
links between the segments; the pole will break 
at its weakest point, the injured lumbar inter­
vertebral segment (Fig.1l.1). Another strategy 
that is particularly helpful in getting the patient 
to visualize the role of the transversus abdominis 
in lumbar spine stabilization is to liken the spine, 
devoid of any muscles, to a piece of paper. If a 
force or load is applied to the single sheet, it will 
buckle. However, if the piece of paper is made 
into a cylinder by the transversus abdominis 
with the diaphragm as the lid and the pelvic 
floor as the base, it can now resist a force quite 
effectively. This is a very easy and convincing 
demonstration for the patient. Other patients 
may better visualize the role of the transversus 
abdominis and the deep back muscles as a deep 
muscle corset, which provides support and pro­
tects the injured joint in the back. 

(a) (b) 

Figure 11.1 (a) The analo.gy of the spine to a 
multisegmented flagpole supported by guy ropes and 
segmental links. (b) Despite strong guy ropes, the flagpole 
will become unstable if a segmental link is broken. 



Research has provided evidence that the 
transversus abdominis and the lumbar multi­
fidus are usually dysfunctional in low back pain 
patients. This will be reinforced by the assess­
ment of these muscles using quantitative 
methods such as the use of the pressure biofeed­
back unit. It is a potent incentive to demonstrate 
to the patient who otherwise may be quite fit or 
strong that they are unable to perform an 
apparently simple task such as drawing in their 
abdomen away from the pressure sensor in the 
prone test. It is also necessary for the patient to 
understand that the problem, in the transversus 
abdominis in particular, is one of motor control, 
and the type of training required can be likened 
to training a skill. Precision and focus is 
required to retrain the muscle activation, as 
would be needed to train any other fine skill in 
work or sport. 

Muscle control for pain control 

The m.ajority of patients who present for treat­
ment of their back condition are primarily 
interested in obtaining relief of their back pain. 
Regaining muscle control and support of the 
injured lumbar segment will assist in relieving 
pain, and this is a potent 'selling point' for the 
programme. In addition, a considerable number 
of patients have been suffering recurrent and 
chronic pain or have gained only temporary 
relief from previous treatments, and are actively 
seeking exercise that may help them more 
effectively in the long term. Compliance with 
the exercises ceases to be an issue when patients 
observe that, once they can achieve activation of 
their deep muscles, their backs feel safer or they 
can control their pain. 

Introducing exercise 

The picture that the clinician needs to convey to 
the patient is that with acute or chronic injury 
there is likely to be damage, for example to the 
disc or zygapophyseal joint. Therefore, there is 
loss of integrity in the passive subsystem in 
variable amounts. Other structures or systems 
must be optimized to counter this deficit in 
ligamentous support. 
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Support by the deep muscles can accommodate 
this deficit, and muscle control of the lumbar 
segment is required to protect and support the 
injured segment and control the pain in both the 
healing phase and in the long term, knowing 
the limited healing capacity of structures such as 
the disc. The irony is that the muscle system so 
badly needed to protect and substitute for the 
injured passive structures in the control of 
the spinal segment is also dysfunctional from 
the very beginning. Our research into acute, 
first-episode low back pain 136,139 has demon­
strated that inhibition of the deep stabilizing 
lumbar multifidus muscle occurred virtually 
immediately following the onset of low back 
pain. The transversus abdominis has been 
shown to have motor control problems which 
can severely compromise its important contri­
bution to lumbar spine stabilization.146,147 Logi­
cally, the introduction of exercise strategies to 
reactivate and train the segmental muscle sup­
porting system should commence as soon as 
possible. It is advocated that, ideally, this is in 
the first treatment session, regardless of whether 
the condition is acute or chronic. Restoration of 
muscle support is linked with pain control. 

Clinicians often encounter patients who, once 
the acute pain has subsided, are not interested in 
further treatment or exercise. It is the responsibility 
of the clinician to ensure that the patient under­
stands, if they have not already experienced it, 
that back pain has a high tendency for recurrence 
and chronicity. Local muscle support is one of 
their major natural defences against re-injury 
and pain, and training deep muscle control is a 
potent prevention strategy. Introducing the 
muscle re-education programme early in the 
treatment programme also obviates the need to 
subject the patient to additional treatments and 
costs which may occur with a delay in its 
introduction. 

Selecting the exercise strategy 

In Chapter 9 various strategies were described 
which can be used to reactivate the deep sup­
porting muscles. The nature of the patient's 
condition, often their inherent motor control 
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abilities, their kinesthetic a wareness, and the 
extent of their impairment are all factors that 
may influence which exercise strategy will be 
successful for the individual. In treatment, the 
clinician must quickly try a variety of strategies 
to determine which may most successfully 
activate the deep muscles. Precision in exercise 
is a key, especially with the knowledge that the 
transversus abdominis in its stabilizing role is 
operated by a separate control system from the 
other abdominal muscles.152 On the basis of this 
evidence, accepting a compromise of a general 
global abdominal muscle contraction is unlikely 
to achieve the desired retraining of the trans­
versus abdominis in its stabilization role. 

Repetition 

With evidence of a motor-control timing deficit 
in the transversus abdominis, an aim of treat­
ment is to increase the excitability of the motor 
neuron pool and cognitively change the motor 
command to return this muscle to its role of 
supporting the lumbopelvic region. This means 
that the prescription of muscle activation must 
focus on high repetition. The number of times a 
patient performs the abdominal drawing-in co­
activation should be maximal and be a balance 
between regular opportunity and the avoidance 
of fatigue, which may introduce the possibility 
of the patient substituting incorrect muscle 
action. It is necessary that patients can perceive 
the correct muscle action and recognize fatigue 
so that they cease practice at that time. It is 
recommended that patients practise roughly on 
the hour, and hold the contraction while con­
tinuing a normal breathing pattern for at least 
10 s. This regime also trains endurance of both 
the transversus abdominis and the lumbar 
multifidus muscles. 

Cues to practise 

Unfortunately, few of us have lives that are 
predictable enough to exercise precisely on the 
hour every hour. As keen as patients may be to 
comply with the exercise, their attention is easily 

distracted from the task and they forget to 
practise the muscle activation, due to attention 
to the day's activities and work. It is therefore 
advantageous to discuss events during the day 
that may cue patients to practise, and to identify 
times when they are involved in activities that 
require little of their attention. For example, 
many people . at work or at home answer the 
telephone frequently during the day. The tele­
phone ring provides a good cue to assume an 
upright neutral posture and activate and hold 
the deep muscle co-activation. It does not matter 
if, once they are involved in the conversation, 
they relax the muscle contraction. The 10 s atten­
tion span to the exercise is usually achieved. All 
patients are aware of time spent sitting in traffic, 
sitting on buses or trains, or daily walking acti­
vities. These are ideal times for practice. Fitting 
exercise periods into patients', often busy, life­
styles without compromising their time is an 
attractive format and one that is more easily 
acceptable and achievable. Discuss options with 
the patient and, ideally, encourage them to 
suggest cues and times that would match their 
daily activities. 

Achieving the isolated contraction 

In some patients it is difficult to facilitate a,deep 
muscle contraction in relative isolation from 
often overactive synergists. In those cases it is 
easy for the clinician to become frustrated, often 
before the patient, and to consider the whole 
precision exercise strategy too difficult. Some 
patients do take time to learn the activation. 
While some patients will be able to achieve 
some activation in the first treatment session or 
over the first few days of practice, others may 
take several weeks. Patients have to be allowed 
time on their own to practise and learn the skill. 
Facilitation of the local muscle co-contraction is 
a therapeutic skill, and clinicians will improve 
their own skills with repetition and practice. 

Frequency of treatment 

As with any skill learning, it is difficult to 
predict how long it will take an individual 



patient to learn and train the skill of activating 
and holding the specific deep, local muscle 
contraction. From the perspective of retraining 
the muscles, both the clinician and the patient 
must appreciate that the time required by an 
individual patient to learn the skill to activate 
the deep muscles will be variable and be in 
response to several factors. These could include 
patients' inherent motor skills, the extent of the 
motor control deficit associated with their back 
problem, influences of pain and reflex inhibition 
and, indeed, the teaching and facilitation 
skills of the clinician. Individuals with good 
coordination and body awareness will quickly 
learn the skill and become proficient in a 
relatively short period of time, while others will 
need a longer period of dedicated practice to 
achieve the same level. The experienced and 
skilled clinician will gain a reasonable estimate 
of patients' potential efficiency at the time of the 
initial assessment, based on their response to 
various facilitation strategies. The time can vary 
from several days to several weeks. 

The frequency of treatment sessions relates to 
patients' ability to learn the muscle actions. In 
the initial stages of management of either acute 
or chronic back pain patients, the number of 
sessions should be sufficient to ensure that the 
patient is achieving and practising the correct 
muscle actions. Once this has been achieved, 
sessions should be spaced appropriately to allow 
time for retraining. Facilitation and retraining 
should, whenever possible, be commenced in 
the first treatment session along with treatments 
for other systems which are directed towards 
relief of pain and restoration of spinal move­
ment. During management of the painful stage, 
this permits regular teaching and reassessment. 
When exercise becomes the focus of manage­
ment it is usually most efficient, both in terms of 
exercise effect and cost, to space treatment 
sessions. This applies both to the subacute 
patient and the patient with persistent pain who 
primarily seeks treatment to prevent recurrence. 
Patients need to be given the chance to practise 
to achieve the muscle activation, before there 
can be rational, safe and logical progression 
through the stages of the programme. 
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Training in functional positions 

Training the activation of the deep, local muscles 
in functional positions such as standing and 
sitting serves several purposes. Repetition is a 
key to ·successful retraining when the aim is to 
increase the excitability of the motor neuron 
pool and cognitively change a motor command 
to counter a dysfunction in the motor control of 
a muscle. While the supine lying or side lying 
positions may be used for initial teaching and 
facilitation of transversus abdominis and multi­
fidus activation, they are not convenient posi­
tions for practice during the day on a regular 
basis. For this reason, the patient is taught 
activation strategies in standing or sitting as 
soon as possible, which they can easily and 
conveniently incorporate frequently into their 
daily routine. In addition, activation of this deep 
muscle corset will provide support and control 
to the lumbar segments during everyday acti­
vities such as sitting, standing, bending and 
walking. Pal:ient observations such as 'my back 
feels safer' and 'I can control my pain' by 
practising and using the abdominal drawing-in 
action in function is a powerful incentive for 
compliance. 

Training the outer muscle unit 

Training the outer muscle unit can be safely 
commenced once control of the inner muscle 
unit, and hence control at the lumbar segmental 
level, has been achieved. To delay the intro­
duction of this more conventional type of 
exercise until the pa tient can successfully acti­
vate and hold the deep muscle co-activation is 
often a source of frustration to the clinician and 
patient alike. However, there is always the 
temptation to introduce these exercises too 
early, and this can do more harm than good. 
General exercise with load may render an 
uncontrolled segment vulnerable to strain. 
Furthermore, the nature of the motor-control 
dysfunction in the transversus abdominis 
indicates that, if the rehabilitation approach 
focuses on general exercises such as sit-ups 
alone, there is a risk that the muscle will act with 
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the torque producers and not resume its stabil­
ization function. 

Training of the outer muscle unit and its inter­
action with the deep muscles is an important 
component of stabilization training, but exercise 
must be undertaken as precisely and carefully as 
when training the inner muscle unit. Initial 
exercise strategies are of a low-load nature. They 
should be performed slowly and carefully so 
that maintenance of control of a neutral spine 
position can be achieved. When leg load is used 
to challenge the trunk muscle co-activation, the 
patient's ability to hold and control a stable 
position of the lumbopelvic region can be moni­
tored objectively using the pressure biofeedback 
unit. This feedback about the ability to control 
the lumbopelvic posture soon convinces the 
clinician and patient of the need to begin exercise 
with low load when muscle control is the key 
element of training. 

Progression of the programme challenges the 
muscle system through added load and more 
unstable positions. Caution must be applied in 
the rate of progression. Clinicians and patients 
must resist the temptation to progress too 
quickly to levels that the patient is unable to 
control. Such exercise becomes counterpro­
ductive to the aim of the programme, i.e. to 
enhance muscle stabilization capacity. If this 
capacity is exceeded by the exercise, the patient 
will adopt inappropriate strategies to cope with 
the task, which may not only be ineffectual but 
may also risk adverse strain on the lumbar 
motion segment. The degree of flattening of the 

abdomen and lumbopelvic position should 
always be monitored. The extent of the loads 
and speeds incorporated into the exercise pro­
gramme should match the functional and 
recreational demands of the patient and will 
therefore vary between different patients. 

Reassessment of the inner muscle 
unit 

It is necessary at all stages of the exercise 
programme to ensure that the patient maintains 
the ability to activate and hold the deep muscle 
co-activation. For this reason, it is recommended 
that the quantifiable prone test of the abdominal 
drawing-in action is done regularly throughout 
the entire treatment period. Furthermore, at this 
stage of our knowledge, it is recommended that 
the patient continually self-check the action on a 
regular basis, even when their pain has subsided 
and they have been discharged from formal 
treatment. In some patients, once the action has 
been retrained, they retain the skill, whereas in 
others the skill needs to be refreshed at regular 
intervals. A weekly self-check after discharge is 
often prescribed. If the patient considers that 
their ability has decreased or they develop 'that 
feel' of vulnerability in their backs, then a con­
centrated period of practice is in order. Main­
taining the function of the inner muscle unit 
affords protection to the lumbar segments in the 
quest for prevention of re-injury and chronic 
and recurrent back pain. 
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SECTION 5 

Future directions 

One of the exciting outcomes of the continual 

interaction between scientific and clinical 

development is the potential for refinement of the 

clinical approach on the basis of scientific evidence 

and the development of scientific ideas on the 

basis of clinical findings. This must result in better 

health care delivery and eventually to the control 

and prevention of the debilitating condition of low 

back pain. 
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The stringent analyses of the effectiveness of 
many current conservative treatment methods 
for low back pain through the research tech­
nique of meta-analysis have not produced 
strong evidence in favour of a particular method 
or methods.190,191,193,341 They have also produced 
evidence that certain treatments should be 
abandoned. While reasons may be offered for 
the seeming lack of performance of some of the 
treatment approaches, the message must come 
through that there needs to be a constant search 
for new knowledge about the musculoskeletal 
dysfunction in low back pain, and new 
evidence-based directions in treatment developed 
to solve this enigmatic problem. 

This book has presented the scientific argu­
ment and clinical reasoning that was involved in 
the development of a completely new exercise 
approach for the management of low back pain. 
The new method aims to achieve pain control 
and to address the recurrence of back pain by 
selectively exercising specific muscles from a 
synergistic group in order to enhance their 
unique features of supporting and protecting 
from injury the spinal segment and lumbopelvic 
area. In the future, the method may direct 
measures to prevent the first occurrence of low 
back pain. 

The new concept involves exercises using only 
relatively low activity levels in the muscles. 
More emphasis is placed on a motor skill which 
has to be relearned, practised and then gradually 
incorporated back into functional movement. 
These specific muscle contractions involve a 
group of muscles close to the spine which, we 
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believe, act as a single unit to provide support to 
the lumbopelvic region, seemingly operating 
independently of the muscles which move or 
brace the trunk in functional tasks. This division 
in muscle system function is logical and efficient 
for bodily function. The global system of larger 
muscles is responsible for responding to the 
external environment, to minimize the resulting 
force and damaging load on the lumbopelvic 
region. The system of deep muscles lying close 
to the spine is specialized for joint protection at 
a local level. Most importantly, it has been 
argued that it is the muscles in this latter system 
which are most affected in the low back pain 
patient, and it is impairment in the function 
of this system which is linked to the high 
recurrence rate seen in this condition. 

Interestingly, a similar approach to the treat­
ment of a musculoskeletal condition has also 
been developed for the neck, shoulder, hip and 
knee regions. Again, specific muscles linked to 
joint support rather than joint movement seem 
to be most affected by injury to the region, and 
these muscles are trained separately and inde­
pendently as the first step in the rehabilitation 
process. 

ASSESSING THE LOCAL 

STABILIZING MUSCLES OF THE 

SPINE 

It is widely acknowledged that outcome measures 
which reflect impairments in the muscle system 
are essential to proving the efficacy of the various 
types of therapeutic exercise in treating back 
pain. In this age of technological advancement, 
highly accurate, sophisticated and repeatable 
measurement techniques have been developed 
for assessing the strength and endurance of 
most movements of the body, even in three 
dimensions. However, these measures have not 
raised the question of or exposed the presence of 
deep local muscle dysfunction in low back pain, 
nor do they provide the answers to how the 
impairments in deep muscles can be assessed. 
The development of these assessments has been 
made more difficult due to the location of the 
target muscles deep in the body and close to the 

spine. The assessments may be difficult to 
comprehend initially, as these muscles cannot be 
seen from the surface of the body and their 
contractions do not result in movement of the 
trunk or limbs as is usually required for 
measurements of skeletal muscle function. 

Quantification is gradually being achieved, 
with scientists working closely with those who 
treat back pain patients. While invasive measures 
have been described using fine-wire electromyo­
graphy (EMG), there is a great need for valid 
non-invasive measures that have wider applica­
tion. A combined measure using ultrasound 
imaging, surface EMG and pressure recordings 
is currently being developed. Preliminary data 
using the interrelationship between these three 
modalities are promising, but other methods 
should be investigated. In the management of 
the back pain patient, new non-invasive assess­
ments may provide detailed information about 
the degree of motor control deficit, and hence 
direct the type and specificity of therapeutic 
exercise required to achieve a good long-term 
result for the individual patient. 

It is acknowledged that we have not specifi­
cally assessed several muscles of the local system, 
such as the medial fibres of quadratus lumborum, 
the lumbar longissimus and iliocostalis, for 
specific dysfunction in relation to segmental 
stabilization in the back pain patient. This 
promises to be an interesting area for future 
research. 

THE TREATMENT TECHNIQUE 

Treatment of deep muscle impairment, as we 
have described, does not involve the use of a 
standard approach. The facilitation teclmiques 
necessary to achieve the isolated contraction of 
the deep muscles without the contraction of the 
global muscles can vary for each patient. 
Assessment of the individual patient followed 
by clinical problem-solving of their particular 
pattern of muscle performance holds the key to 
choosing successful treatment techniques. It is 
fair to say that the treatment procedures described 
in this book do demand high levels of clinical 
skill and practice. These high levels of clinical 



skill are necessary to prevent the negative 
consequences of allowing the patient to perform 
poor patterns, which can be reinforced in their 
home exercises and result in no improvement or 
even a worsening of their condition. Another 
challenge for the clinician is to help motivate 
the patient to perform these precise exercise 
routines as frequently as possible during the 
day. It is skill retraining that requires precision 
and repetition. The clinician's skill in 'selling' 
the concept of this differen t form of exercise will 
impact on their personal success in using the 
method. Having an evidence base for the exercises 
makes this task easier. 

One question that is often asked of us is what 
level of precision is required to gain the most 
effective results in the minimum of time? Our 
current opinion is that it is necessary to reach a 
high level of precision of the skill, i.e. where 
negligible contribution of global muscles occurs 
with the deep, local muscle cocontraction. This 
is based on experience in our back pain clinic, 
where real-time ultrasound is available to help 
with assessment and facilitation. The future may 
see this question of the level of precision required 
in training the motor skill answered quite 
quickly. This is possible with the increasing 
knowledge available on methods of optimally 
learning a new motor skill, as well as the 
possibilities of new research directed towards 
the specific problems in back pain patients. 

Besides the area of relearning a motor skill, 
there are many directions for future research 
into optimal treatment methods. Some include 
finding the ways in which the contraction of 
specific pelvic floor muscles as well as the dia­
phragm can help achieve the isolated contrac­
tions of the transversus abdominis and lumbar 
multifidus for the re-education process. The use 
of real-time ultrasound as a biofeedback tool in 
the re-Iearning phase of rehabilitation needs 
specific investigation to ensure its efficacy and 
its safety when used repetitively in treatment 
programmes rather than its more usual use in 
medical diagnosis. Another question that relates 
to patients with overactive global muscles, is 
what methods will optimally help to decrease 
the activity of muscles such as the obliquus 
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externus abdominis or internus during retrain­
ing of the deep muscle action. The use of dif­
ferent breathing patterns, pelvic belts, posturing 
on large gym balls, and inhibitory muscle 
stroking are some options yet to be investigated. 

MECHANISMS 

The mechanisms of action of the specific exercise 
programme are not clear at present, but they are 
likely to include both biomechanical and 
physiological factors. The role of the lumbar 
multifidus in providing segmental support has 
been studied closely (see Ch. 3) and there is a 
growing understanding of how the transversus 
abdominis can contribute to spinal segmental 
control (see Ch. 4). The deep muscles, trans­
versus abdominis and lumbar multifidus, are 
closely linked to the fascias, which encircle the 
lumbar spine and pelvis. In a conceptual model, 
as their action causes a tightening of the fascias, 
these deep muscles could be seen as being part 
of a dynamic active fascial system of support 
for the lumbar and pelvic joints. Biomechanical 
models need to be constructed to demonstrate 
that active support of the intervertebral seg­
ments and sacro-iliac joints can be achieved by 
the deep myofascial system independently of 
the actions of the muscles whose role it is to 
move and control the displacements of the 
whole trunk and limbs. 

Neurophysiological studies are required to 
extend our knowledge of the nervous system in 
order to explain the mechanisms involved in 
spinal and postural support and the changes 
that occur when pathology is involved. Several 
factors require investigation: the challenge for 
the central nervous system to integrate and 
coordinate the respiratory and postural func­
tions of the diaphragm; the mechanisms of 
muscle synergies in spinal support; clarification 
of the specific control of the local group of fibres 
of the lumbar multifidus; the responses of the 
trunk muscles to other types of perturbation; 
the bilateral co-activation of the transversus 
abdominis; and the mechanism of the delayed 
postural activation of the trunk muscles. The 
possible physiological and biochemical effects in 
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the effector organs, muscles and fascias also 
need to be studied. 

There are likely to be other mechanisms that 
require investigation. These include the likeli­
hood of contraction of the deep muscles 
increasing the circulation to the spinal structures 
and assisting the healing of injured tissue. It is 
possible that the contraction could provide very 
specific sensory input, which could help with 
the modulation of pain at various levels in the 
central nervous system. Future basic science 
research is needed to prove or disprove these 
possible mechanisms. 

This biomechanical, physiological and bio­
chemical research is needed to explain the 
essence of active control of segmental move­
ment. Some of these studies would need to 
continue hand in hand with clinical research to 
find the reason why training of the deep myo­
fascial systems could be producing clinical effects 
of controlling pain and persistent episodes of 
low back pain. 

WHO BENEFITS FROM 

THERAPEUTIC EXERCISE? 

There are many types of therapeutic exercise 
recommended for the back pain patient, ranging 
from aggressive strength training, to general 
stability programmes, to exercises to enhance 
cardiovascular fitness. Many of these pro­
grammes result in functional benefits for patients, 
increasing their activity level and giving them a 
feeling of well-being. TIll' uniqueness of the 
specific exercises described in this book is that 
they target pain relief directly, as well as the 
control of persistent episodes of low back pain. 

We believe that all patients who suffer low 
back pain require this specific exercise training 
and this is based on our experience of the 
seemingly universal reaction in the deep muscles 
to back injury and pain.136,146,257,259 This does not 
dismiss the benefits of or the need for other 
types of exercise. Notably, it does not deny the 
possibility that other methods and techniques of 
exercise currently in use could result in success­
ful retraining of the deep muscle supporting 
function. The provision of valid non-invasive 

measures of deep muscle function will allow the 
effect of such programmes to be investigated. 
What we do contend is that retraining of the 
deep muscles needs to become an integral part 
of rehabilitation of low back pain patients, such 
retraining providing a foundation for the safe 
performance of more general exercise pro­
grammes directed at general stability, strength 
or cardiovascular fitness. There is a group of 
patients whom we do believe should withdraw 
from other types of exercise training to receive 
only specific and precise deep muscle training 
until the deep muscle function is restored. These 
are the patients who are suffering quite 
debilitating persistent or recurrent problems, for 
often they have quite significant motor control 
problems which can be perpetuated by general 
exercise and which in turn hinder any hope of 
successful re-education of deep muscle sup­
porting function. 

The specific exercises used to target the deep 
muscles potentially have many other benefits 
that need to be addressed in future research. The 
provision of increased 'core' stability may result 
in better coordination and use of the more distal 
pelvic and limb muscles, and enhance the 
general muscle performance of the individual. 
In addition, athletic trainers, as well as health­
care practitioners, could benefit from studying 
the effects of improving core stability on their 
current strength training regimes. 

Our increased understanding of the support­
ing function of the deep muscles for the back 
and the interrelationship of muscle groups to 
provide this support is relevant to the treatment 
of other conditions. For example, the treatment 
of muscles of the pelvic floor for conditions such 
as stress incontinence and constipation297 is being 
refined as the close associations between these 
pelvic floor muscles and the deep muscles 
supporting the back are being revealed. The 
knowledge of the relationships between specific 
muscles of the abdominal wall and specific 
muscles of the pelvic floor offer very real possi­
bilities for more effective treatments of con­
ditions involving the rehabilitation of the muscles 
of the pelvic floor. 

The link between the deep trunk muscles, the 



diaphragm and breathing patterns offers 
another area of unexplained questions in muscle 
function and re-education alternatives. Could it 
be that training deep muscle function in the 
trunk could be used to influence respiratory 
patterns? Does this have any potential benefit 
for the treatment of chest conditions, where 
efficient functioning of the diaphragm is 
required? These are new research questions, the 
practical significance of which is currently under 
investigation. 
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Future research into the deep muscles of the 
trunk abounds with possibilities for those 
interested in the treatment and prevention of 
back pain, and knowledge in this area should 
escalate. The combination of new knowledge 
about the impairments in the muscle system 
linked to low back pain, new technologies and 
fresh directions of thinking for therapeutic 
exercise places physical therapy in a good 
position to meet the challenges of providing 
effective and efficient evidence-based practices. 
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Abdominal curl-up exercises, 
relationship to leg loading test 
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Abdominal wall 
drawing in of 4, 33, 96, 98, 99, 1 36, 

1 5 1 , 1 53 
lumbopelvic control, testing 1 07, 

1 1 8, 1 1 9  
pressure biofeedback unit 1 23 
substitution strategies 131 ,  133 
transversus abdominis testing 
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muscles 4, 5, 14, 30-39 

see also Obliquus internus 
abdominis; Transversus 
abdominis 

observation, unwanted global 
muscle activation 1 27-128 

Active subsystem, spinal stabilization 
model 1 2  

Acute low back pain, lumbar 
multifidus activation 1 1 8  

Ankle ligament injuries, gluteus 
maximus activation 90 

Ankle plantar flexors, exercise training 
87 

Antigravity muscles 
atrophy 89 
decrease in function 90-91 
fusimotor representation 83 

Aponeurosis, transversus abdominis 
31 , 32 

Assessment model 106, 1 07 
development of three-tier system 

1 21-122 
Athletes, lumbar multifidus 

dysfunction 69 
Atrophy 

muscle fibres 70 
paraspinal muscles, low back pain 

patients 70 
reflex inhibition contributing to 88 
vastus med ialis 89 

Automatic control, lumbopelvic 
position under load 1 1 9, 1 20, 
121 

Axial rotation, lumbar muscles 24 
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Back pain and lumbopelvic 
stabilization 1 1-19 

spinal stabilization 1 2-14 
muscle function 1 4-17 

Ballistic limb movement 48 
fast, and joint stabilization 86--88 

ankle plantar flexors 87 
clinical relevance 88 
knee 81,  82, 86-87 

Bergmark, local and global muscle 
systems 1 4  

Biomechanical models and studies 4, 
1 2, 1 5-16, 1 7, 27-28, 35-37, 83, 
1 69 

clinical application 1 7-19 
see also Clinical trials 

Breathing pattern 95, 1 1 1 ,  1 35-136, 1 71 
teaching restoration of normal 1 38, 

140 
and unwanted global muscle 

activation 1 28 
see also Respiration 

Bridging exercise 1 52-153 
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Carbon dioxide rebreathing 1 35 
Central respiratory drive potential 53 
Cervical spine 

external fixation, control of spinal 
pain 1 3  

reflex inhibition 90 
Chest conditions, muscle re-education 

1 71 
Cholewicki and McGill, biomechanical 

studies 1 5-16, 83 
lifting study 1 8  

Chondromalacia patellae, pain and 
reflex inhibition 88-89 

Chronic low back pain, lumbar 
multifidus activation 1 1 8  

Circulation to spinal structures 1 70 
Clinical instability, definition 1 2-1 3, 

1 58 
Clinical management, overview of 

principles 93--102 
approach to clinical testing 98 
concept of specific exercise strategy 

94-96 
features of exercise techniques 94 
rehabilitation approach 98-1 02 
relearning motor skill 96-98 
see also Treatment 

Clinical presentation, low back pain 
patient 1 26 

Clinical testing 4-5, 1 05-123 
approach to 98 
assessment model 106, 1 07 

development of 121-122 
future directions 1 22 
lumbar multifidus 4, 5, 1 1 5-1 1 8, 1 59 

relationship between clinical tests 
and other measures 1 1 7-1 1 8  

lumbopelvic posture control 
1 1 8-1 21 

pressure biofeedback, development 
of 1 22-123 

transversus abdominis 4, 5, 1 07-1 1 5, 
1 59 
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the formal test 1 1 1 -1 1 4  
preparation for test, teaching the 

action 1 09-1 1 1  
relationship between clinical and 

laboratory tests 1 1 5  
relationship between low back 

pain and test 1 ] 4-1 1 5  
Clinical trials 

mechanism studies 5-6 
multifidus muscle atrophy and 

rehabilitation 74-76 
pain and reflex inhibition studies 90 
ten week exercise programme 5 
see also Biomechanical models and 

studies 
Closed-chain exercise 86 
CNS dysfunction, activation delay in 

postural muscles 67 
Co-contraction 4-5, 93 

integration into dynamic function 
1 00-101  

joint stabilization through 84-86 
co-contraction exercises 85-86 

maintaining during trunk 
movement 149-150 

transversus abdominis and lumbar 
multifidus 94-96, 1 27 

additional methods of facilitation 
131 ,  1 33, 1 34, 138 

body position 131  
clinical testing 98 
exercise training, clinical trial 6 
instructions and teaching cues 

1 29-131 
Computed tomography (CT), 

multifidus muscle atrophy 70, 
71 

Constipation 1 70 
Crisco and Panjabi, biomechanical 

study 28 
'Critical point' 29 

D 

Deep abdominal corset 6 
Deep longus capitus 81  
Deltoid muscle, electromyographic 

activity, shoulder movements 
45, 46 

during phases of respiratory cycle 
54 

Diagnostic assessments 106, 1 07, 
121-122 

Diaphragm 37, 1 71 
action in respiration 1 40 
activity linked with transversus 

abdominis 95, 1 35-136, 1 69 
and trunk stability mechanism 

50-51 
Disc surgery patients, pathological 

changes in multifidus muscle 70 
Dynamic fatigue 69 
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Electromyography 1 68 
abdominal muscles 33-34, 94 

during leg movement 46-47 
during pelvic floor contraction 

52-53 
during shoulder movements 

45-46 
during trunk movements 41-44 
low back pain subject 62, 63, 64 
phases of respiratory cycle, 

during shoulder flexion 54 
biofeedback, decreasing muscle 

overactivity 1 40-141 , 142 
deltoid, shoulder movements 45, 46, 

54 
diaphragm contraction, during 

shoulder Aexion 50, 51 
lumbar multifidus 29 
quadratus lumborum 30 
quadriceps and hamstring, during 

knee movements 82 
use in diagnostic assessment 1 07, 

1 21-122 
Erector spinae 

lumbar 25 
thoracic 1 4, 80 

function 24 
type I fibres 25 
unwanted activation 1 1 6, 1 26, 

1 28-129 
see (lIsa I liocostalis lumborul1l pars 

lumborum; Longissimus 
thoracis pars lumborum 

Excessive spinal loading, global 
muscles 1 7  

Exercises, teaching see Treatment: 
delivery 

F 

False-positive test results, transversus 
abdominis contraction 1 14 

Fascicles, lumbar multifidus 22, 23, 25, 
29 

Fatigue 
deep muscle co-contraction whilst 

walking 149 
excitability of motor neuron pool 67 
paraspinal muscles 69 
transversus abdominis contraction 

1 1 1  
Fatty infiltration, paraspinal muscles 

70, 71 
Forces applied to lumbar spine, 

minimizing 1 7-18 
Four-point kneeling position 151  

with arm and leg extension 1 51-152 
transversus abdominis contraction 

1 10-1 1 1  
Fusimotor activity 83 

Future directions, research and clinical 
practice 1 67-1 71 

assessing local stabilizing muscles of 
spine 1 68 

mechanisms 1 69-170 
patients benefiting from exercise 

1 70-1 71 
treatment technique 1 68-169 
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y (fusimotor) spindle system 83, 84 
Global muscle stabilizing system 

1 4-15, 95, 1 01-102, 1 68 
limitations in supporting spinal 

segment 1 6-1 7 
overactivity 1 02, 1 06, 1 14 
signs of unwanted activation 

1 26-129 
strength and endurance training 1 8  

Gluteus medius 81 
Goel et al, biomechanical study 27 
Gracovetsky, biomechanical study 35 
Gym ball exercises 1 53 

H 

Hamstrings, electromyograms during 
knee movements 82 

Heavy-load functional tasks, 
incorporation of skill into 
101-102, 1 60 

formal exercise programmes 
1 50-153 

fwKtional exercise programmes 
1 53-155 

Hemilaminectomy, multifidus muscle 
atrophy 71 

High-load tests 1 1 8- 1 1 9, 1 53-155 
Home programme, testing in full 142 
'Hydraulic amplifier mechanism' 28 
Hyperoxic hypercapnia 1 35 

Idiopathic scoliosis and vestibular 
deficits 67 

Iliocostalis lumborum pars lumborum 
anatomy 22, 23, 24 
control of shear forces 28 
function 23, 24 
innervation 25 
muscle fibres 25 
torque production 25 

Imaging, muscle atrophy changes 70, 
71, 72, 73-74 

see (lIsa Ultrasound imaging 
Insidious onset low back pain 1 9  
I ntersegmental 

compression 56 

motion, control of 
rotation 58 
stiffness of abdominal contents 58 
transversus abdominis 

contribution 55-56 
Intersegmental muscles 21-22, 27, 28 

lack of spinal control 18 
proprioceptive role 15 

Interspinales 15, 21-22, 27 
lntertransversarii 15, 21 -22, 27 
Intra-abdominal pressure ( lAP) 

contribution to extensor movement 
36-37, 38 

pressures required, load lifting 37 
electromyographic recordings 42, 43 
and function of spine as an arch 

57-58 
obliquus internus abdominis 

contribution 39 
transversus abdominis contribution 

6, 34, 41 , 42, 50, 94 
conversion of abdomen and spine 

to rigid cylinder 55, 95 
Intrinsic muscle stiffness 83 
Isometric fatigue 69 

J 

Joint position, control of 86 
Joint stabilization 79-91 

and fast ballistic movement 86-88 
links with muscle stiffness and 

kinesthetic sense 82-84 
clinical relevance 84 

loss of muscle control 90-91 
clinical relevance 91 

multi joint muscles 80-81 
muscle control, joint pain and 

pathology 89-90 
clinical relevance 90 

muscles specialized for 81-82 
clinical relevance 83 

through co-contraction and co­
activation of muscle groups 
84-86 

clinical relevance 85 
see (lIsa Spinal stabilization 

K 

Kaigle et al, lumbar segmental 
instability model 27 

Kinesthetic sense 82-84 
reduced acuity 1 36 

Knee joint 
facilitation of quadriceps 159 
fast ballistic movement and joint 

stabilization 86--87 
fast repetitive movement, co­

contraction of muscle groups 85 
link between ligament receptors and 

muscle stiffness 83 



Knee joint (COlltri) 
reflex inhibition 

after injury 75 
muscle wasting 89 

studies, muscle control and support 
3 

L 

LaPlace's law 55 
Leg loading exercises, lumbopelvic 

posture control 1 1 8-1 21 ,  151  
control of  neutral postures 146-147, 

149 
progr ssion of leg load 120 
unsupported extension of one leg 1 53 

Lifting 
McGill and Norman's guidelines for 

1 54 
study, Cholewicki and McGill 1 8  
transversus abdominis stress 101 

Ligaments 13 
contribution to joint stability and 

proprioception 83, 84 
damage to, affect on sensory input 

to muscles 90 
Light functional activities 

back injury 1 6  
excessive global muscle co­

contraction 1 7  
incorporation o f  motor skill into 1 00, 

1 45-150, 1 60 
Limb movement 

changes in upper limb reaction time 
67 

transversus abdominis role in spinal 
stability 45-47 

Limb-movement velocity 67 
Load-deformation behaviour, spinal 

segment 1 3  
Local muscle stabilizing system 1 1-19, 

21-40, 81 , 95 
abdominal wall muscles 30-39 

see also Transversus abdominis 
functional significance 1 5-16 
muscles of lumbar region 21-30 
operational deep local system 1 8-19 

Long loop pain inhibitory mechanism 
67 

Longissimus thoracis pars lumborum 
anatomy 22, 24 

cross-section 25, 26 
control of shear forces 28 
function 23, 24 
il1l1ervation 25 
muscle fibres 25 
torque production 25 

Longus colli 81 
Low-load tests, leg loading 1 1 8-1 19, 

146, 147 
Lumbar multifidus 4, 14, 81 , 1 69 

anatomy 22, 23 
cross-section 25, 26 

clinical testing 4, 5, 98, 1 1 5-1 1 8, 1 59 
co-contraction with transversus 

abdominis 94-96, 98, 1 34, 1 37 
dysfunction 68-76 

composition 69-70 
fatiguability 69 
muscle activation 68-69 
muscle size and consistency 

70-76, 89 
function 24 

control of shear forces 28 
in posture and movement 29-30 
role in lumbar spine stabilization 

27, 28 
innervation 25 
muscle fibres 25 
perception of contraction 99 
rehabilitation of motor skill 1 33, 1 34 

tactile cues 1 30 
ultrasound imaging as visual 

feedback 137 
relationship to zygapophyseal joints 

27 
repetition of isolated holding action 

1 00 
Lumbar muscles 22-30 

anatomy 22-23 
cross-section 25, 26, 27 
biomechanical factors 27-28 
control of shear forces 28-29 
function 23, 24 
morphology 25-27 
posture and movement 29-30 

Lumbopelvic muscles 
posture control 

in aggravating postures 101  
during trunk movements 101 ,  

1 49-150 
neutral lumbopelvic postures 

1 00-1 0 1 , 1 38, 139, 1 46-149 
teaching 1 38, 139 
testing 1 1 8-121 

responses to shear loading of spine 
1 6  

stabilization and back pain 1 1-19 

M 

McGill and Norman 
biomechanical studies 36, 37 
lifting guidelines 1 54 

Macintosh et at, biomechanical studies 
1 6, 35 

Manipulative therapy 1 58 
Microtrauma, repeated 1 6, 66, 68 
Mirrors, use in visual feedback 1 37 
Monoarticular muscles 80 

decreased antigravity function 
90-91 

Motor neuron 
pool, influences on exitability of 67 
reduction in conduction velocity 

68 

I N DEX 1 89 

Motor reflexes 
protective 83 
in reflex inhibition 89 

Motor skill 
clinical testing 98, 1 05-123 
formal motor skill training 99-100, 

1 25-129 
integration into dynamic function 

incorporation into heavier 
functional tasks 150-155 

incorporation into light functional 
tasks 1 00, 1 45-150 

rehabilitation 129-141,  1 67 
additional methods of facilitation 

1 31 , 1 33-141 
body position 131  
implementation of  activation 

strategies 141-1 43 
instructions and teaching cues 

1 29-131 
specificity linked to deep stabilizing 

function 96-98 
analysis of learning precise skill 

97-98 
precise skill without error 97 

Multi joint muscles 80-81 
Muscle fibres 

changes in type 
chronic neck pain 90 
low back pain patients 69-70 

type I muscle fibres 
lumbar muscles 24-25 
susceptibility to reflex inhibition 

89 
Muscle function, spinal segmental 

stabilization 1 4-1 7 
concept of muscles designed for 

spinal support 1 4-15 
Muscle lengthening techniques 154 
Muscle stiffness 1 3, 83 
Muscle tone 

contribution to stability 1 3  
holding capacity, lumbar multifidus 

1 1 6  

N 

Neck muscles, spinal stability 14  
Neural control system 4 ,  6 ,  1 8, 1 9  

joint stabilization 85 
Panjabi model 1 2  

Neurophysiological studies 1 69-170 
Neutral lumbopelvic postures, control 

of 1 00-1 01 ,  1 38, 139, 1 46-149 
Neutral zone 1 3, 1 5, 27, 28, 56 

o 

Obese patients, abdominal drawing-in 
test 1 14 

Oblique abdominal muscles 4, 5 
activity during respiration 1 28 
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Oblique abdominal muscles (contd) 
decreasing overactivity 138, 140 
electromyographic activity 

during leg movement 47 
during shoulder movement 45, 46 
during trunk movement 42 
low back pain subject 62, 63, 64 

obliquus externus abdominis 1 4  
unwanted activation 1 02, 126, 1 27, 

128, 1 36, 1 5 1  
obliquus intenlUs abdominis 4, 1 4, 

35, 39 
attachments and fibre orientation 

38, 39 
and local spinal stability 58-59 
unwanted activation 1 26 

Open-chain exercise 86 
Osseoligamentous control system 4, 1 1  
Oxidative enzymes, lumbar muscles 

25 

p 

Pain 3 
insidious onset low back pain 1 9  
lumbar multifidus activation 1 1 8  
provocation 1 59 
and reflex inhibition 88-90 
relief 1 58, 1 70 

muscle control for 1 6 1  
see also Back pain a n d  lumbopelvic 

stabilization 
Palpation 

lumbar multifidus 1 15-1 1 7  
teaching isometric contraction 1 30 

transversus abdominis, teaching 
contraction 1 30-1 3 1  

Panjabi, biomechanical studies 4, 1 2, 
1 5, 1 8, 27 

Paraspinal muscles, atrophy 70-71 
Passive subsystem, spinal stabilization 

model 1 2  
Patellofemoral pain syndromes 89 
Pelvic arch mechanism 1 6  
Pel vic floor muscles 

co-activation with transversus 
abdominis 95, 1 34-135, 1 69 

and trunk stability 52-53 
Pelvic tilt 1 1 6, 1 18, 1 27 
Perception of contraction, local 

muscles 99 
Peripheral joints, muscles involved in  

stabilization 81  
Peroneal nerve, reaction time delay 68 
Persistent back pain 3 
Posture 

back muscles and 29 
diaphragm contribution to 50-51 
see also Lumbopelvic muscles: 

posture control 
Power spectral analysis, lumbar 

multifidus 69 

Preactivation, deep trunk muscles, 
lumbopelvic position control 
1 1 9, 120, 1 2 1  

Pressure biofeedback u n i t  4, 5, 1 02, 
1 07, 121 , 1 42 

development of 1 22-123 
leg loading exercises 1 46, 1 47 
transversus abdominis contraction 

1 1 1 , 112-113 
test results 1 14 

Prone position 
abdominal drawing-in test 98, 111, 

1 1 3, 1 51 , 1 53 
obese patients 1 1 4  

lumbar multifidus palpation 
1 1 5-1 1 7  

obliquus extern u s  abdominis and 
rectus abdominis contraction 
127 

Proprioception 
injury to passive joint structures 90 
intersegmental muscles 1 5  
ligaments 83, 84 

Protective reflexes 83 
Psoas major 1 4  
Pubococcygeus 

co-activation with transversus 
abdominis 1 34 

electromyography 52 

Q 

Quadratus lumborum 1 4  
medial fibres 30 

Quadriceps 
electromyograms during knee 

movements 82 
inhibition after surgery 90 
rehabilitation after knee injury 87 
wasting of, knee joint injuries 89 

R 

Raschke and Chaffin, biomechanical 
study 16  

Rate of progression 164 
Rectus abdominis 1 4  

electromyographic activity 
during leg movement 47 
during shoulder movement 45, 46 
low back pain subject 62, 63, 64 

unwanted activation 1 26 
Rectus femoris 80, 89 
References 1 73-184 
Reflex inhibition 67 

decrease in size, multifidus muscle 
75, 76 

and pain 88-90 
Reflex-mediated muscle stiffness 83 
Rehabilitation see Motor skill: 

rehabilitation 

Repetition and practice 1 00, 142, 162, 
169 

Research, future directions 167-1 71 
see also Biomechanical models and 

studies 
Respiration 

and spinal stability 53-54 
transversus abdominis contribution 

to 33-34 
see also Breathing pattern 

Respiratory disease, abdominal 
drawing-in test 1 14 

Rib cage 
elevation, teaching 141 
unwanted global muscle activation 

127 
Rotator cuff 81 

s 

Sacro-iliac joint 
control of stability 58 
protection against shear forces 1 6  

Scoliosis 
tonic (slow twitch) fibres 91 
and vestibular deficits 67 

Screening tests 106, 107, 121 
see also Clinical testing 

'il'gmental multifidus 81  
'Self-injury' 1 9  
Self-monitoring b y  patient 1 35, 142 
Semispinalis cervicus 81 
Sensory pathway, reflex inhibition 89 
Shear forces, control of 

global muscle system 16  
lumbar muscles 28-29 

Sitting postural control, challenging 
1 53 

Snijders et aI, biomechanical study 16, 
1 7  

Spinal movement, unwanted global 
muscle activation 127 

Spinal orientation, control of 1 1 ,  1 2, 24, 
25 

Spinal stabilization 4, 1 1 ,  12-14 
assessment, future directions 1 68 
control of spinal stiffness 57 
muscle fWlCtion 1 4-17 

. 

spinal loading 1 7  
see nlso Joint stabilization 

Spondylolisthesis and spondylolysis 
93, 158 

exercise programme clinical trials 5 
Spring attachment, exercise model 86, 

87 
Steffen et at biomechanical study 

27-28 
Stress incontinence 1 34, 1 70 
Substitution strategies 1 27, 1 36, 141 

abdominal drawing-in action 1 1 4, 
1 27-128, 131 ,  133 

breathing pattern, altered 1 28 
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reducing 

EMG biofeedback 140-1 41 
ultrasound feedback 1 36 

rib cage 1 27 
self-detection 142 
thoracic erector spinae 1 1 6, 1 26, 

128-129 
Superficial multifidus 

electromyographic activity 
during leg movement 47 
during pelvic floor contraction 52 
during shoulder movement 45, 

46 
low back pain subject 62, 63 

loss of biphasic pattern 67 
Supine crook lying position, testing 

lumbopelvic posture 1 1 8, 119, 
120 

T 

Ten week exercise programme, clinical 
trials 5 

Tensor fasciae latae 80 
Thoracolumbar fascia 14, 38, 55, 56, 94 
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