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Foreword - International
Continence Society

Walter Artibani

Conservative treatment, and namely physical therapy,
is one of the mainstays of management of pelvic
floor disorders and urinary incontinence. To transform
clinical practice into science, and vice-versa to elect
evidence-based medicine as the ground for clinical prac-
tice, is a challenge and this is what this wonderful book
aims to reach.

Every single related topic is comprehensively dealt
with, from anatomy, to neurophysiology, to assess-
ment, to strategies of treatment. All possible clinical sit-
uations in which physical therapy can be effectively

used are extensively covered including the existing
evidence.

The editors and authors are to be commended for
their efforts. The outcome is remarkable and this book
is going to become THE reference book in regards with
physical therapy to all those who are involved in pelvic
floor disorders.

Walter Artibani
General Secretary
International Continence Society
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Foreword - International
Urogynecology Association

Paul A Riss

The science and clinical practice of the diagnosis and
treatment of pelvic floor disorders has changed dramati-
cally over the last few years. While previously most
researchers and clinicians often focused on a particular
problem and remained within their sometimes small
area of expertise it has become apparent that the study
of the pelvic floor requires a holistic approach. This is
true for the different specialties — gynaecology, urology,
physiotherapy, physiology — but even more because of
the fact that it is not enough to look at a particular, well-
circumscribed problem; many different aspects of a
pelvic floor dysfunction have to be considered.

In this respect the role of physical therapy has become
increasingly important. Originally physical therapy
often was considered a minor adjunct in the treatment
of pelvic floor disorders for highly motivated women.
Today, however, the central role of physical therapy in
the prevention and treatment of pelvic floor disorders
and lower urinary tract symptoms is recognized.
Without doubt it has been the work and experience of
our colleagues from Scandinavia which has pioneered
these developments.

We owe the Scandinavians a great debt: they not only
popularized and implemented physical therapy in their
countries but they also put physical therapy on a solid
scientific basis. They addressed the questions of epide-
miology, they conducted trials, and several reviews — for
example in the Cochrane database — demonstrate the
usefulness and effectiveness of physical therapy.

What has been lacking, however, is an overview
bringing together the different aspects of physical
therapy and putting them in context with medical and
physiological research. This is what Professor Kari Be
and her colleagues from Norway and Belgium have
done with this book. On one hand it almost feels like a

textbook on pelvic floor disorders, on the other hand it
shows how concepts of physical therapy are relevant for
all kinds of problems and should be integrated into
therapeutic concepts.

When reading this book one will immediately notice
two particularly noteworthy aspects:

Firstly, as the title implies it is evidence-based physi-
cal therapy. This means that it is not just the narrative
and anecdotal evidence of experienced physical thera-
pists and clinicians but the results of studies and trials
which form the basis of what is presented in this book.
It goes without saying that in this respect special chap-
ters of the book are devoted to methodology, to the
design and the conduction of trials, and to the evalua-
tion of data and the results of trials.

The second noteworthy feature of the book is the fact
that it covers every aspect of pelvic floor dysfunction:
male and female, sexual and urinary function, urinary
and fecal incontinence, incontinence and prolapse, and
of course the role of pregnancy and childbirth.

In this respect it is a very modern textbook. It is based
on evidence, it brings together physical therapists, clini-
cians and researchers, and it focuses on what really
matters — namely the problem of the patient which
impacts on her or his quality of life. Dr Kari Bg, Dr Bary
Berghmans, Dr Siv Morkved and Dr Marijke Van
Kampen are to be congratulated on having brought
together such a distinguished list of contributors. They
will open our eyes and give us a new understanding of
physical therapy of the pelvic floor.

Professor Dr Paul A Riss
Past President
International Urogynecology Association
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Foreword — World Confederation
of Physical Therapy

Sandra Mercer Moore

The World Confederation for Physical Therapy (WCPT)
postulates that physical therapists have a duty and
responsibility to use evidence to inform practice and to
ensure that the care of clients, their carers and communi-
ties is based on the best available evidence. WCPT also
believes that evidence should be integrated with clinical
experience, taking into consideration beliefs and values
and the cultural context of the local environment. In
addition, physical therapists have a duty and responsi-
bility not to use techniques and technologies that have
been shown to be ineffective or unsafe.

It therefore follows that physical therapists should be
prepared to critically evaluate their practice. In addition
they need to be able to identify questions arising in
practice, access and critically appraise the best evidence,
and implement and evaluate outcomes of their actions
(WCPT 2003).

Evidence-Based Physical Therapy for the Pelvic Floor
takes us on a wonderful journey where three core themes
of synthesizing, accessing and implementing evidence
are intertwined. Throughout the wealth of information
in the book is the constant reminder that in order to
provide quality care using the best available evidence,

the practitioner must have detailed knowledge of rele-
vant sciences such as anatomy, physiology, pathology
and measurement as well as a good understanding of
critical appraisal and review of the effects of physical
therapy interventions. The book contains an eclectic mix
of physical therapy assessment and intervention for a
range of conditions from childhood to older age and I
am pleased to note that attention is given to both male
and female patients.

On behalf of WCPT, I congratulate the authors and
editors of Evidence-Based Physical Therapy for the Pelvic
Floor — Bridging Science and Clinical Practice and commend
them for their efforts in contributing to the body of
knowledge in this important discipline.

Sandra Mercer Moore DBA MPhty
President
World Confederation of Physical Therapy

WCPT Declarations of Principle — Evidence Based Practice
Approved at the 15th General Meeting of WCPT, June
2003
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Preface

Kari Bg, Bary Berghmans, Siv Mgrkved and

Marijke Van Kampen

It is with great pleasure and excitement that we present
this new textbook! We hope it will attract all physical
therapists interested in the broad area of function and
dysfunction of the pelvic floor. The editors of this book
have more than 20 years’ experience in clinical practice
and research in the prevention and treatment of symp-
toms of pelvic floor dysfunction. Between us our experi-
ence covers most areas of physical therapy for the pelvic
floor, from children, women and men, to special groups
such as pregnant and postpartum women, athletes, the
elderly and patients with special health problems. In
addition, we also have extensive background in other
areas of physical therapy such as sports physiotherapy,
neurology, rehabilitation, musculoskeletal, ergonomics,
exercise science, health promotion, biomechanics, motor
control and learning and implementation of guidelines.

Prevention and treatment of pelvic floor dysfunction
is truly a multidisciplinary field in which every profes-
sion should play its own evidence-based role for the
highest benefit of the patients. With this in mind, we are
very proud that so many leading international clini-
cians, researchers and opinion leaders from different
professions have participated in the realization of this
book. Our sincere and warmest thanks to all of you for
your unique contribution and the time and effort you
have put in to making this book a truly evidence-based
and up-to-date textbook.

We sincerely hope to have created a special and
important book for the physical therapy profession for
pelvic floor dysfunction. We anticipate that it will be
useful for physical therapy schools and will be found in
scientific libraries worldwide. Moreover, we hope this
book will become the base for postgraduate studies in
pelvic floor physical therapy. We hope that the multidis-
ciplinary nature of the authorship of this book will be

reflected in the readership, serving nurses and other
health professionals working in conservative treatment
and pelvic floor muscle training, as well as those in the
physical therapy field.

As in the medical profession, clinical practice of
physical therapy in pelvic floor has built up from a base
of clinical experience, through small experimental
studies to clinical trials. Today clinicians can build on
protocols from high-quality randomized clinical trials
(RCTs) showing sufficient effect size (the difference
between the change in the intervention group and the
change in the control group). A quick search on PEDro
(the Physiotherapy Evidence Database, Sydney, Aus-
tralia, www.pedro.fhs.usyd.edu.au) shows that physical
therapy is changing rapidly from being a non-scientific
field to a profession with a strong scientific platform. In
February 2007 there were 8859 RCTs, 1478 systematic
reviews and 461 evidence-based clinical practice guide-
lines in different areas of physical therapy listed in the
database. While this book recognizes that much more
research is needed into the prevention and treatment of
many conditions in the pelvic floor area, there are
already more than 50 RCTs evaluating the effect of
pelvic floor muscle training for stress and mixed incon-
tinence. Hence, in good clinical practice the physical
therapist should adapt individual patient training pro-
grammes according to the protocols from these studies
rather than using theories or models which are not
backed by clinical data. In addition, good clinical prac-
tice always should be individualized and should be
based on a combination of clinical experience, knowl-
edge from high-quality RCTs and patient preferences.
Next to this, good clinical practice should always be
based on respect, empathy and strong ethical
grounding.
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In 2001, Lewis Wall, Professor of Urogynecology,
wrote an editorial in the International Urogynecology
Journal describing 7 stages in the life of medical
innovations:

1. Promising report, clinical observation, case report,
short clinical series

2. Professional and organizational adoption of the
innovation

3. The public accepts the innovation — state or third
party pays for it

4. Standard procedure — into textbooks (still no critical
evaluation)

5. RCT!!

. Professional denunciation

7. Erosion of professional support, discredit.

(o)}

He stated that by the time stage 7 is concluded, or
even before the RCT has started, the procedure may
already have given way to a new procedure or method
which has grown in its wake. This cycle continues with
these new methods and procedures being prescribed to
patients without patients being informed about the
effect, risk factors or complications. It is also noteworthy
that, in most cases, patients are unaware of the fact that
there is no scientific base for the proposed treatment.
While Wall’s description of the lifecycle applies specifi-
cally to medical innovations, we are subject to the same
scrutiny and criticism in physical therapy.

Although physical therapy modalities, in compari-
son with surgery, rarely produce serious side effects or
complications, we suggest that Wall’s 7 stages also may
be very useful to show how different theories, and not
science, impact on physical therapy practice. We are
keenly aware and concerned that in the long run such
un-scientific evolution of practice will damage patients,
the physical therapy profession itself and parties respon-
sible for compensation. In particular, the use of such
untested models and theories as a background for
implementing new interventions when there is in fact
evidence available for alternative and proven treatment
strategies, must be considered bad clinical practice,
and may even be considered unethical. Hence, it is our
hope that this book will be a big step towards evidence-
based practice in all symptom areas of pelvic floor
dysfunction.

This does not mean that we should not treat condi-
tions for which there are no or only few/weak control-
led studies to support clinical practice. However, we
sincerely believe that all physical therapists should be
aware of the different level and value of statements,
theories, clinical experience, knowledge from research
designs other than RCTs and knowledge from high-
quality research. It is a duty to openly explain to patients
and other parties that the proposed treatment is not

based on high-quality studies, but only on the best avail-
able knowledge at that time. The profession should
never confuse statements, clinical experience and theo-
ries with evidence from high-quality RCTs, and opti-
mally, we should not use new modalities in regular
clinical practice until they have proved to be effective in
RCTs. In this book we have tried our best to differentiate
between the different levels of knowledge and evidence
and to be very clear about the limitations of the research
underlying the recommendations for practice. In line
with this, we have left out those areas that were not
convincing because of lack of evidence. These areas
include:

¢ Therole or effect of PEMT on core stability to prevent/
treat low back and pelvic girdle pain

¢ The effect of ‘functional training’

® The role of motor control training as the sole treat-
ment of pelvic floor dysfunction

¢ The definition, assessment and treatment for "hyper-
tone pelvic floor’

¢ The effect of body posture on the pelvic floor

¢ The effect of respiration on the pelvic floor and vice
versa.

Our aim is to continue updating the evidence in all
areas of research in pelvic floor physical therapy. There-
fore, we hope that the next edition will already include
more areas because of the continuing growth of knowl-
edge based on high-quality research.

The evidence presented in this book is based on
reviews from the Cochrane Library, the three Interna-
tional Consensus Meetings on Incontinence, other sys-
tematic reviews and updated searches on newer RCTs.
However, the conclusions of these high-quality system-
atic reviews can differ because they are a product of how
the authors have posed their research questions, what
type of studies they have included, what choice of
outcome measures they have made, and how they have
classified the studies. Therefore, not all conclusions in
this book are in line with other conclusions. The goal of
the editors of this book is to evaluate only clinically rel-
evant research questions. Moreover, our selection pro-
cedure and strategy for the in- and exclusion of studies
should be transparent and easy to understand for the
readers of the book.

Active exercise is the core of physical therapy inter-
ventions. Passive treatments may be used to stimulate
non-functioning muscles and to manage pain so that
active exercise becomes possible. The following is a
quote from Hippocrates which elegantly lends itself to
the philosophy of physical therapy:

“All parts of the body which have a function, if used
in moderation and exercised in labours in which each is
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accustomed, become thereby healthy, well-developed
and age more slowly, but if unused and left idle they
become liable to disease, defective in growth, and age
quickly.” It is the role of the physical therapist to moti-
vate patients and to facilitate exercise and adapted
physical activity throughout the lifespan.

We hope that new students in this exciting and inter-
esting field will find enough guidance in this book to
begin to prevent, assess and treat pelvic floor dysfunc-
tion effectively in their clients/patients, but they must
also learn to be critical of new theories and modalities
that have not yet been tested sufficiently. For experi-
enced physical therapists we hope that providing con-
temporary scientific evidence to support or contradict
clinical practice will effect changes in practice and will
push for more high-quality clinical research projects.

Hopefully, you will enjoy reading the book just as much
as we have enjoyed working with it. Through working
on the book we have certainly become aware of many
unanswered questions, and have identified many new
research areas that need to be addressed in this challeng-
ing area. We encourage the readers interested in research
to continue with formal education in research methodol-
ogy (MSc and PhD programs) and join us in trying to
make high-quality clinical research in the future. We
appreciate any constructive feedback for chapters to be
changed or included for the next edition.

Kari Bg, Professor, PhD, MSc PT

Bary Berghmans, Researcher, PhD, MSc PT
Marijke Van Kampen, Professor, PhD, MSc PT
Siv Merkved, Associate Professor, PhD, MSc PT
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Overview of physical therapy for
pelvic floor dysfunction

Kari Bg

CHAPTER CONTENTS
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References 8

PELVIC FLOOR DYSFUNCTION

The framework of this book is based on the approach to
disorders of the pelvic floor in women described by
Wall & DeLancey (1991). Wall & DeLancey (1991) stated
that ‘pelvic floor dysfunction, particularly as manifested
by genital prolapse and urinary or fecal incontinence,
remains one of the largest unaddressed issues in
women’s health care today’ (p. 486). In their opinion
lack of success in treating patients with pelvic floor dys-
function is due to a professional ‘compartmentalization’
of the pelvic floor.

Each of the three outlets in the pelvis has had its own
doctor and medical specialty, with the urethra and
bladder belonging to the urologist, the vagina and
female genital organs belonging to the gynaecologist,
and the colon and rectum belonging to the gastroenter-
ologist and the colorectal surgeon (Fig. 1.1).

Wall & DeLancey (1991) argue that instead of con-
centrating on the three ‘holes’ in the pelvis, one should
look at the “‘whole pelvis” with the pelvic floor muscles
(PEM), ligaments and fasciae as the common supportive
system for all the pelvic viscera.

The interaction between the PFM and the supportive
ligaments was later elaborated by DeLancey (1993) and
Norton (1993) as the ‘boat in dry dock theory’. The ship
is analogous to the pelvic organs, the ropes to the liga-
ments and fasciae and the water to the supportive layer
of the PFM (Fig. 1.2).

DeLancey (1993) argues that as long as the PFM or
levator ani muscles function normally, the pelvic floor
is supportive and the ligaments and fascia are under
normal tension.

When the PEM relax or are damaged, the pelvic
organs must be held in place by the ligaments and
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fasciae alone. If the PFM cannot actively support the
organs, over time the connective tissue will become
stretched and damaged.

Bump & Norton (1998) also used this theoretical
framework in their overview on the epidemiology and
natural history of pelvic floor dysfunction. They sug-
gested that pelvic floor dysfunction may lead to the fol-
lowing conditions:

Colorectal
surgeon

Gynaecologist

Urologist

Pelvic
floor

Fig. 1.1 Gynaecologists, urologist, and colorectal surgeons
concentrate on their areas of interest and tend to ignore
the pelvic floor common to them all.

Fig. 1.2 'Boat in dry dock’. (From Norton 1993, p 927.)

urinary incontinence
incontinence);

fecal incontinence;
pelvic organ prolapse;
sensory and emptying abnormalities of the lower
urinary tract;

defecatory dysfunction;

sexual dysfunction;

chronic pain syndromes.

(stress, urge and mixed

Bump & Norton (1998) also described three stages in

the development of pelvic floor dysfunction:

1.

2.

3.

a perfect pelvic floor that is anatomically, neurologi-
cally, and functionally normal;

a less than perfect, but well-compensated pelvic
floor in an asymptomatic patient;

a functionally decompensated pelvic floor in the
patient with end-stage disease with urinary inconti-
nence, anal incontinence, or pelvic organ prolapse.

A model describing etiological factors possibly

leading to or causing pelvic floor dysfunction in women
has been developed, classifying the factors into:

predisposing factors (e.g. gender, genetic, neurologi-
cal, anatomical, collagen, muscular, cultural and
environmental);

inciting factors (e.g. childbirth, nerve damage, mus-
cle damage, radiation, tissue disruption, radical
surgery);

promoting factors (e.g. constipation, occupation,
recreation, obesity, surgery, lung disease, smoking,
menstrual cycle, infection, medication, menopause);
decompensating factors (e.g. ageing, dementia, debil-
ity, disease, environment, medications).

[T
(L
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Wall & DeLancey (1991) argued that progress in
the treatment of pelvic floor dysfunction in women
would occur more rapidly if a unified, cross disciplinary
approach to disorders of the pelvic support was
developed.

Wall & DeLancey (1991) mentioned only the different
medical professions as part of a multidisciplinary team.
In this book we will argue that physical therapists (PTs),
having assessment and treatment of the musculoskeletal
system in general as their speciality, should be core
professionals in a multidisciplinary approach to pelvic
floor dysfunction.

PHYSICAL THERAPY FOR THE
PELVIC FLOOR

The nature of physical therapy

In May 1999, at the 14th General Meeting of The World
Confederation for Physical Therapy (WCPT), a position
statement describing the nature and process of physical
therapy/physical therapy was approved by all member
nations (1999). This description will be used as a foun-
dation and framework to give an overview of physical
therapy/physical therapy in the area of pelvic floor dys-
function. The term ‘physical therapy” will be used
throughout this book, in accordance with the guidelines
of the WCPT Europe.

According to the WCPT, physical therapy is ‘provid-
ing services to people and populations to develop,
maintain and restore maximum movements and func-
tional ability throughout the lifespan’.

The main area of practice for PT is musculoskeletal
pain and dysfunction. However, many PTs also special-
ize in other areas such as the cardiorespiratory field,
neurology, and coronary disease. In all areas PTs
aim to improve functional capacity and improve the
patients’ ability to maintain or increase physical activity
level.

The PFM are not responsible for gross motor move-
ments alone, but work in synergy with other trunk
muscles. Therefore, pelvic floor dysfunction may lead to
symptoms during movement and perceived restriction
in the ability to stay physically active (Bo et al 1989,
Nygaard et al 1990). Several studies have shown that,
for example, urinary incontinence may lead to a change
in movement patterns during physical activities (Bo
et al 1989, Nygaard et al 1990), withdrawal from regular
fitness activities and bother when being active (Brown
& Miller 2001, Nygaard et al 1990).

Lifelong participation in regular moderate physical
activity is important in the prevention of several dis-

eases, and is an independent factor in the prevention of
osteoporosis, obesity, diabetes mellitus, high blood
pressure, coronary heart disease, breast and colon
cancer, depression and anxiety (Bouchard et al 1993).

In addition, limitations in the ability to move or
conduct activities of daily living either due to age or
injuries may also lead to other problems, such as sec-
ondary incontinence.

Physical therapy for pelvic floor dysfunction may
therefore also include physical activities for increasing
general function and fitness level.

‘Physical therapy includes the provision of services in
circumstances where movement and function are
threatened by the process of aging or that of injury or
disease’

WCPT

Hippocrates (5th—4th centuries Bc) claimed that ‘all
parts of the body which have a function, if used in
moderation and exercised in labors in which each is
accustomed, become thereby healthy, well-developed
and age more slowly, but if unused and left idle they
become liable to disease, defective in growth, and age
quickly’.

The PEM are subject to continuous strain throughout
the lifespan. In particular, the pelvic floor of women is
subject to tremendous strain during pregnancy and
childbirth (Merkved 2003). In addition, hormonal
changes may influence the pelvic floor and pelvic organs
and a decline in muscle strength may occur due to
aging. Hence, the PFM may need regular training to stay
healthy throughout life.

‘Physical therapy is concerned with identifying and
maximizing movement potential, within the spheres of
health  promotion, prevention, treatment, and
rehabilitation’

WCPT

Physical therapists may promote PFM training
(PEMT) by writing about the issue in newspapers and
women’s magazines, informing all their regular patients
about PEMT, including PEMT in regular exercise classes
and in particular in antenatal and postnatal training, as
well as before and after pelvic surgery in men and
women. Physical therapists who treat pelvic floor dys-
function should be fully trained in this specialty or
should refer to colleagues who have the thorough
knowledge to treat patients according to the principles
of evidence based physical therapy.

‘Physical therapy is an essential part of the health ser-
vices delivery system’
WCPT
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‘PTs practice independently of other health care pro-
viders and also within interdisciplinary rehabilitation/
habilitation programs for the restoration of optimal
function and quality of life in individuals with loss and
disorders of movement’

WCPT

In most countries physical therapy work is by referral
from medical practitioners. However, during recent
decades this has changed in some countries such as
Australia and New Zealand. In 2006 Dutch PTs have
also become primary contact practitioners. Both systems
require good collaboration between the medical and
physical therapy professions.

The referral system implies that the medical practi-
tioner is aware of what the PT can offer, and also has
PTs available to send referrals to. One of the weaknesses
of this system is that medical practitioners who are not
motivated or who have insufficient knowledge about
the evidence for different physical therapy interventions
will not send suitable patients to physical therapy. The
patients will more likely be offered traditional medical
treatment options such as medication or surgery. These
treatments may have adverse effects and are more
expensive than exercise therapy (Black & Downs 1996,
Smith et al 2002). In addition, the referral system is
expensive because it involves an extra consultation.

The argument against PTs as primary contact practi-
tioners has been that PTs do not have enough education
to make differential diagnoses, and may therefore not
detect more serious diseases such as cancer or neuro-
logical disease underlying the symptoms.

The editors of this book do not take a stand for either
system of physical therapy service. We believe that pre-
vention and treatment of pelvic floor dysfunction needs
a multidisciplinary approach and would encourage col-
laboration between physicians and PTs at all levels of
assessment and treatment.

“

‘Physical therapy involves “. .. using knowledge and
skills unique to physical therapists and, is the service
ONLY (author’s emphasis) provided by, or under the
direction and supervision of a physical therapist”’
WCPT

The educational standard of PTs differs between
countries throughout the world. In the US, physical
therapy is at master’s degree level (although this is based
onanundergraduate degree other than physical therapy),
whereas in most countries in Europe, Asia, Africa, it is a
3-year bachelor degree and in Australia and New
Zealand itis a 4-year bachelor degree with the possibility
to continue with a master’s degree and PhD.

Physical therapy schools are within the university in
many countries, but in other countries physical therapy

is taught in polytechnic schools or colleges below
university level.

There can be different educational requirements
for entry into undergraduate programmes within one
country and from country to country. In most countries,
however, physical therapy is a professional education
and the entry level for physical therapy undergraduate
studies is very high, in some countries being at the same
level as medicine. In the area of pelvic floor dysfunction,
several PTs are professors and many PTs throughout
the world have master’s and PhDs.

The emphasis on pelvic floor dysfunction in under-
graduate physical therapy curricula varies between
countries at both undergraduate and postgraduate
physical therapy level. The broad knowledge of anatomy
and physiology, medical science, clinical assessment
and treatment modalities learnt by all PTs can be applied
to the pelvic floor. Several countries also have post-
graduate education programmes for PTs specializing
either in women’s health or pelvic or pelvic floor physi-
cal therapy with education level and content varying
between countries.

‘The physical therapy process includes assessment,
diagnosis, planning, intervention, and evaluation’
WCPT

Assessment

"Assessment includes both the examination of individu-
als or groups with actual or potential impairments,
functional limitations, disabilities, or other conditions
of health by history taking, screening and the use of
specific tests and measures, and evaluation of the
results of examination through analysis and synthesis
within a process of clinical reasoning’

WCPT

In patients with pelvic floor dysfunction, after thor-
ough history taking, the PT will assess the function of
the pelvic floor by visual observation, vaginal palpation
and/or measurement of muscle activity (measurement
of vaginal or urethral squeeze pressure, electromyo-
graphy [EMG], ultrasound) (Be & Sherburn 2005).

Diagnosis

‘In carrying out the diagnostic process, physical thera-
pists may need to obtain additional information from
other professionals’

WCPT

MostPTsin private practice obtain referrals of patients
from general practitioners. These medical practitioners
themselves seldom have access to urodynamics, EMG,
magnetic resonance imaging (MRI) or ultrasound.



Physical therapy for the pelvic floor

5

According to the Report from the Standardization
Subcommittee of the International Continence Society
(Abrams et al 2002) a diagnosis of stress or urge
incontinence or pelvic pain syndrome cannot be based
on history taking alone. Therefore, interdisciplinary
collaborations with other professionals are highly rec-
ommended. In real life most PTs in private practice treat
patients who have not undergone a thorough diagnostic
investigation.

DeLancey (1996) has suggested that the cure and
improvement rates of PFMT would be higher for stress
urinary incontinence (SUI) if more detailed knowledge
about the pathophysiology of each patient was
available.

Planning

‘A plan of intervention includes measurable outcome
goals negotiated in collaboration with the patient/client,
family or care giver. Alternatively it may lead to refer-
ral to another agency in cases which are inappropriate
for physical therapy’

WCPT

It is extremely important that the patient decides the
final goal of the treatment. For example, not all women
need to be totally dry during jumping because they may
never perform this activity.

One goal for an elderly woman might be to be able
to lift her grandchild without leaking or feeling heavi-
ness from a pelvic organ prolapse. If she is able to con-
tract the PFM with a certain degree of strength this may
be quite easy to accomplish with proper instruction of
pre-contraction of the PEM before and during lifting.

Another woman may have the goal of being totally
dry or having good organ support while playing tennis
(Bo et al 2004a). To achieve this she may need much
more intensive PFM training because she needs to build
up muscle volume and stiffness of the pelvic floor and
gain an automatic PFM action during an increase in
abdominal pressure or a high ground reaction force (Bo
2004b).

Because most PTs treat patients with pelvic floor
dysfunction without a full diagnosis it is of utmost
importance that they communicate with other medical
professions if they discover discrepancies between
expected outcomes, or suspect other underlying condi-
tions to be the cause of the patient’s complaints. For
example, urgency and urge incontinence may be the
first signs of multiple sclerosis.

Intervention

‘In general physical therapy intervention is imple-
mented and modified in order to reach agreed goals and

may include: manual handling; movement enhancing;
physical, electro-therapeutic and mechanical agents;
functional training (muscle strength and endurance,
coordination, motor control, body-awareness, flexibil-
ity, relaxation, cardiorespiratory fitness); provision of
aids and appliances; patient/client related instruction
and counseling; documentation and coordination, and
communication’

WCPT

In treating pelvic floor dysfunction the mainstay of
physical therapy is education about the dysfunction,
in-formation regarding lifestyle interventions, manual
techniques and PFMT.

PEMT can be taught with or without the use of bio-
feedback or other adjunctive therapies, such as electrical
stimulation or mechanical agents. It includes teaching
of the correct contraction, muscle and body awareness,
coordination and motor control, muscle strength and
endurance, and relaxation.

The PT will choose different treatment programmes
for different conditions and different patients. In some
cases the PT will also provide preventive devices to the
patients, and teach them how to use them.

Interventions may also be aimed at preventing
impairments, functional limitations, disability and
injury and include the promotion and maintenance of
health, quality of life, and fitness in all ages and
populations.

To prevent urinary incontinence, teaching pelvic
floor exercises in pregnancy and after childbirth is
essential.

The choice of interventions should always be based
on the highest level of evidence available.

Ideally, the PT will choose the protocol from a ran-
domized controlled trial (RCT) where the intervention
has been shown to be effective and adjust this to the
patient’s needs and practical requirements.

In the area of SUI there is sufficient knowledge from
RCTs to choose an effective training protocol. However,
in other conditions that may be caused by pelvic floor
dysfunction such knowledge is not yet available. The PT
then has to develop a programme on the basis of clinical
experience (his or her own or other experts), small
experimental studies or theories. It is essential that such
experience or theories are quickly developed into
research hypotheses and tested in RCTs by trained
researchers to see if there is a clinically worthwhile
effect.

Collaboration between experienced clinicians and
researchers is extremely important in planning clinical
research. Experienced clinicians should not jump at new
theories and ideas or change their practice based on
theories and small experimental studies alone. Ideally,
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the only information that should lead to a drastic change
of clinical practice are results (positive or negative) from
RCTs.

When undertaking research and deciding on a PT
intervention, the PT must be aware that the ‘quality of
the intervention’, particularly the intensity of the physi-
cal therapy intervention, will affect the outcome. Inef-
fective (low dose) or even harmful treatments can be in
aRCT thathas high-quality methodology. These research
challenges are the same when conducting RCTs
that include both surgery and PFMT, and the method-
ological quality of studies of both surgery and PEMT
has been variable (Hay-Smith et al 2001, Smith et al
2002).

When participating in research led by other profes-
sionals it is important that the physical therapy inter-
vention meets quality standards. No drug company
would dream of conducting a study with a non-optimal
dosage of the drug. In published RCTs, there are several
PEMT programmes with low dosage showing little or
no effect (Hay-Smith et al 2001).

Evaluation

‘Evaluation necessitates re-examination for the purpose
of evaluating outcomes’
WCPT

Using the same outcome measures before and after
treatment is mandatory for the purpose of evaluating
outcomes in clinical practice.

In treating symptoms of pelvic floor dysfunction the
PT uses different forms of PFMT (independent variable
in experimental research) to change the condition
(named dependent variable in experimental research
e.g. stage of pelvic organ prolapse, pelvic pain or
SuI).

It is mandatory that PTs use the concept of the Inter-
national Classification of Impairment, Disability and
Handicap (ICIDH) (1997), later changed to International
Classification of Function (ICF) (2002) to evaluate effi-
cacy of the intervention. The ICF is a World Health
Organization (WHO)-approved system designed to
classify health and health related states. According to
this system (see Ch. 5.1) different health components are
related to specific diseases and conditions:

* body functions: physiological and psychological
functions of body systems (e.g. delayed motor latency
of the nerves to the PFM);

* body structures: anatomical parts (e.g. rupture or
atrophy of the PEM);

* impairments: problems in body function or structure
such as significant deviation or loss (e.g. weak or
non-coordinated PEM);

* activity: execution of a task or action by an individual
(e.g. to stay continent during increase in abdominal
pressure);

* participation: involvement in a life situation (being
able to participate in social situations such as playing
tennis or aerobic dancing without fear or embarrass-
ment of leaking);

* environment (e.g. easy access to the bathroom).

Physical therapy aims to improve factors involving
all these components. Therefore we need to select
different outcome measures for different components.
For example, PFMT may improve timing of the co-
contraction during cough (ICF: body functions; neuro-
physiology). This may be measured by wire or needle
EMG.

One of the aims for PEMT in treating pelvic organ
prolapse (POP) is to alter the length/stiffness of the
PEM so they sit at a higher anatomical location inside
the pelvis (ICF: body structure, anatomy). This may be
measured using MRI or ultrasound.

Impairment of the PFM can result from inability
to produce optimal strength (force). Muscle strength
can be measured by manometers or dynamometers
during attempts of maximal contraction.

Ambulatory urodynamics of urethral pressure during
physical activities may be developed as a future measure
of automatic co-contraction during activity.

Urinary leakage could be classified as disability in
the ICIDH and as activity in the new ICF system. The
actual leakage can be measured by number of leakage
episodes (self report) or pad tests.

Physical therapy also aims at, for example, reducing
urinary leakage to a point where this is no longer
restricting the patient from participation in social activi-
ties (ICF: participation). This can be measured by quality
of life questionnaires. PTs can also work politically to
improve the environment such as advocating for easy
access to toilets in public buildings.

Ideally, PTs should assess the effect of the physical
therapy intervention in all these components using
outcome measures with high responsiveness (measure-
ment tools that can detect small differences), reliability
(intra- and inter-tester reproducibility), and validity (to
what degree the measurement tool measures what it is
meant to measure).

PTs should “use terminology that is widely understood
and adequately defined” and ‘recognize internationally
accepted models and definitions’

WCPT

In the area of pelvic floor dysfunction we are fortu-
nate to have international committees working on
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standardization and terminology. The International
Continence Society (ICS) constantly revises its stan-
dardization of terminology (Abrams et al 2002), and the
Clinical Assessment Group within the same society
has also delivered a standardization document (www.
icsoffice.com).

Physical therapists must refer to definitions and ter-
minology from the WHO, the WCPT and for definitions
and standards developed in exercise science and motor
learning and control to be able to communicate effec-
tively with other professions.

Linking research and practice

‘Emphasise the mneed for practice to be evidence-
based whenever possible’ and ‘appreciate the inter-
dependence of practice, research and education within
the profession’

WCPT

Sackett et al (2000) has defined evidence-based medi-
cine as ‘the conscientious, explicit and judicious use of
current best evidence in making decisions about care of
individual patients’. Neither the best available external
clinical evidence (RCTs) nor clinical expertise alone is
good enough for decision making in clinical practice.
Without clinical experience, ‘evidence’ can ignore the
individual’s needs and circumstances, and without
evidence, ‘experience’ can become old fashioned/out
of date.

Evidence-based (PT) practice has a theoretical body
of knowledge, uses the best available scientific evidence
in clinical decision making and uses standardized
outcome measures to evaluate the care provided
(Herbert et al 2005).

Herbert et al (2005) have stated that research con-
ducted as part of routine clinical practice can be prone
to bias because there is often a lack of comparison of
outcomes with outcomes of randomized controls. In
such studies it may be difficult to distinguish between
effects of intervention and natural recovery or statistical
regression. In addition, self-reported outcomes may be
biased because patients may feel obliged to the thera-
pist. There may be no record or follow-up of drop-
outs, outcome measures may be distorted by assessors’
expectations of intervention, adherence to the training
protocol is seldom reported and long-term results
are often not available. The best evidence of effects of
intervention comes from randomized trials with ade-
quate follow-up and blinding of assessors and, where
possible, blinding of patients too.

Our understanding of the mechanisms of therapies
is often incomplete, and it is unknown whether the

effects of some PT interventions are large enough to be
worthwhile (effect size).

Only high-quality clinical research (RCTs) potentially
provides unbiased estimates of the effect size (Herbert
2000a, b). This provides several challenges in clinical
practice.

To increase their level of knowledge in clinical prac-
tice PTs need to:

e stay updated in pathophysiology;

* use interventions for which we have evidence-based
knowledge of dose-response issues;

e if possible: use interventions/protocols based on
results/protocols from high quality RCTS with posi-
tive results (clinically relevant effect-size);

® use pre- and post-treatment tests that are responsive,
reliable, and valid;

e measure adherence and adverse effects!

ROLE OF THE PHYSICAL THERAPIST IN
PELVIC FLOOR DYSFUNCTION

* Work in a team with other professions in medicine
(e.g. general practitioner, urologist, gynecologist,
radiologist).

e Evaluate the degree of pelvic floor dysfunction symp-
toms and complaints and overall condition by cover-
ing all components of the ICF.

e Fully evaluate PFM performance, including ability to
contract and strength.

e Set individual treatment goals and plan treatment
programmes in collaboration with the patient.

e Treat the condition individually and/or conduct
PEM exercise classes.

e Teach preventive PFM exercise individually or in
classes during pregnancy and postnatally.

¢ Clinicians without a research background can partici-
pate in high-standard research as deliverers of high-
quality physical therapy and conduct evaluation of
the intervention. They should, however, refuse to be
involved in studies with low-quality methodology
and/or low-quality intervention (e.g. inadequate
dosage).

* Research PTs should:

— conduct basic research on tissue adaptation to dif-
ferent treatment modalities;

- participate in the development of responsive, reli-
able and valid tools to assess PFM function and
strength and outcome measures;

- conduct high-quality methodological and inter-
ventional RCTs to evaluate effect of different
physical therapy interventions.
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In the preceding chapter, Kari Bo described her vision
of physical therapy for the pelvic floor. A core part of
that vision is that practice should be guided by evidence
in the form of high-quality clinical research. This chapter
develops that theme by considering one specific sort of
evidence: evidence about the effects of interventions.
The chapter begins by identifying the sorts of evidence
that tell us about the effects of intervention. It then
explores how readers of the research literature can dif-
ferentiate between high- and low-quality evidence. The
chapter concludes by briefly considering how high-
quality evidence of the effects of intervention can be
used to assist clinical decisions.

RANDOMIZED TRIALS AND
SYSTEMATIC REVIEWS

Randomized trials

Randomized trials (also called randomized controlled
trials or randomized clinical trials [RCTs]) provide a
mechanism for estimating the effects of interventions.
They involve samples of people (trial ‘subjects’ or “par-
ticipants’) drawn from clinical populations who either
have a health disorder (in studies of treatment) or are at
risk of a health disorder (in studies of prevention).

Each participant in the trial is randomly allocated to
receive the intervention of interest or not. The group of
participants that does not receive the intervention of
interest is often called the ‘control group’. Subsequently
the experimenter compares the outcomes of participants
in the intervention and control groups.
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There are a number of variations on this broad
approach (Herbert et al 2005). In the simplest version,
participants are allocated to groups that receive inter-
vention or a group that receives no intervention. Alter-
natively, participants in both groups could receive
standard care but participants in one group could
receive, in addition, the intervention of interest. Or one
group could receive an intervention and the other group
could receive a different intervention. If participants are
randomized to groups all of these variations can be
called randomized trials.

Two features differentiate randomized trials from
other studies of the effects of intervention: there is com-
parison between outcomes of groups that do and do not
receive a particular intervention, and participants are
allocated to conditions using a random procedure.
These features make it possible to separate out the
effects of intervention from other factors that influence
clinical outcomes, such as the natural history of a condi-
tion, or statistical phenomena such as statistical regres-
sion. The logic is as follows: randomization generates
groups that are likely to be very similar, especially in
large trials. So when we give the intervention of interest
to one group and not the other, differences in the out-
comes of the two groups are attributable to the interven-
tion. A complication is that, because randomization
produces similar but not identical groups, differences in
outcomes could be due to small differences between
groups at baseline. Statistical methods can be used to
assess whether this is plausible or not. This means that
the difference between the outcomes of the two groups
in a randomized trial provides an estimate of the effect
of intervention.

Importantly, randomization is the only way to
generate two groups that we can know are comparable.
No other method can assure a ‘fair comparison’ between
intervention and control groups. (Some empirical evi-
dence suggests well-conducted non-randomized trials
often produce similar results to randomized trials
[Benson & Hartz 2000, Concato et al 2000; but see Kunz
& Oxman 1998], but there is no reason why we should
expect that to be so.) For this reason randomized trials
can claim to be the only method that can be expected
to generate unbiased estimates of the effects of
interventions.

Systematic reviews

Many physical therapy practices, including several
interventions for the pelvic floor, have been subjected to
multiple randomized trials. Where more than one trial
has examined the effects of the same intervention we
can potentially learn more from a careful examination
of the totality of evidence provided by all relevant

randomized trials than from any individual trial. Poten-
tially we can get more information about the effects of
an intervention from literature reviews rather than from
individual studies.

Until a couple of decades ago, reviews of the litera-
ture were conducted in an unsystematic way. Authors
of reviews would find what they considered to be rele-
vant trials, read them carefully, and write about the
findings of those trials. The authors of the best reviews
were able to differentiate between high- and low-quality
trials to bring together a balanced synthesis that fairly
reflected what existing trials said about the effects of the
intervention.

Nonetheless, traditional (narrative) reviews have
always had one important shortcoming: their methods
are inscrutable. It is hard for readers of narrative reviews
to know if the review was carried out optimally. Readers
cannot determine, without specific knowledge of the
literature under review, whether the reviewer identified
all of the relevant trials or properly weighted the find-
ings of high-quality and low-quality studies. Also,
readers usually cannot know how the reviewer went
about drawing together the findings of the relevant
trials to synthesize the review’s conclusions. There
must always be some concern that the evidence
provided in narrative reviews is biased by selective
reporting of studies, unbalanced assessment of trial
quality, or partial interpretations of what the best trials
mean.

The method of systematic reviews was developed
in the late 1970s to overcome some of the shortcomings
of narrative reviews (Egger et al 2001, Glass et al 1981).
The most important characteristic of systematic reviews
is that they explicitly describe the methods used to
conduct the review; typically systematic reviews have a
methods section that describes how the search was
conducted, how trials were selected, how data were
extracted, and how the data were used to synthesize
the findings of the review. Thus, in systematic reviews,
the methods are transparent. This means the reader can
make judgments about how well the review was
conducted.

A principle that underlies the design of most system-
atic reviews is that the methods should minimize bias
by attempting to find all relevant trials, or at least a
representative subset of the relevant trials. Also, pre-
determined criteria are used to assess the quality of
trials, and to draw together the findings of individual
trials to generate an overall conclusion.

To summarize, systematic reviews generally provide
a better source of information about the effects of an
intervention than narrative reviews because they employ
transparent methods designed to minimize bias (Box
2.1).
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Box 2.1

The best information about the effects of
physiotherapy interventions for the pelvic floor is
provided by randomized trials or, where there has
been more than one randomized trial, by systematic
reviews of randomized trials

What can't randomized trials and
systematic reviews tell us?

Theoretically, randomized trials could provide us with
estimates of the effects of every physical therapy inter-
vention and every component of every physical therapy
intervention. In practice, we are a long way from that
position, and it is likely we will never get there.

Randomized trials are cumbersome instruments.
They are able to provide unbiased estimates of the effects
of interventions, but do so at a cost. Many trials enroll
hundreds or even thousands of participants and follow
them for months or years. The magnitude of this under-
taking means that it is not possible to conduct trials to
examine the effects of every permutation of every com-
ponent of every intervention for every patient group.

In practice the best that randomized trials can provide
us with is indicative estimates of effects of typical inter-
ventions administered in a small subset of reasonable
ways to typical populations, even though we know that
when the intervention is applied in clinical settings its
effects will vary depending on precisely how the inter-
vention is administered and precisely who the interven-
tion is administered to.

Randomized trials can suggest treatment approaches,
but the fine detail of how interventions are implemented
will always have to be supplemented by clinical experi-
ence, by our understandings of how the intervention
works, and by common sense.

Randomized trials and systematic reviews of rand-
omized trials are suited to answering questions about
the effects of interventions, but are not able to answer
other sorts of questions. Different sorts of designs are
required to answer questions about the prognosis of a
particular condition or about the interpretation of a
diagnostic test (Herbert et al 2005).

A major limitation of randomized trials is that the
methods developed for analysing randomized trials can
only be applied to quantitative measures of outcomes.
But it is not possible to quantify the full complexity of
people’s thoughts and feelings with quantitative meas-
ures (Herbert & Higgs 2004). If we want to understand
how people experience an intervention we need to
consult studies that employ qualitative methods, such

as focus groups or in-depth interviews, rather than ran-
domized trials. In general, qualitative methods cannot
tell us about the effects of intervention but, because they
can tell us about people’s experiences of intervention,
they can inform decisions about whether or not to inter-
vene in a particular way.

How can the evidence be located,
and how much evidence is there?

Several databases can be used to locate randomized
trials and systematic reviews of the effects of
intervention.

PubMed indexes the general health literature and can
be accessed free of charge at http://www.pubmed.
gov.

CENTRAL, part of the Cochrane Library (http://
www.mrw.interscience.wiley.com/cochrane/), specifi-
cally indexes randomized trials and is free in many
countries. (To see a list of countries from which
CENTRAL can be accessed free of charge, follow the
link to ‘Do you already have access?’).

The only database that specifically indexes rand-
omized trials and systematic reviews of physical therapy
interventions is PEDro. It is freely available at www.
pedro.fhs.usyd.edu.au. In May 2005, a quick search of
the PEDro database for records indexed as relevant to
the “pelvic floor or genitourinary system’ yielded 183
randomized trials and 40 systematic reviews. The quality
of these trials will be discussed in the next section.

Dimensions of quality of randomized trials
and systematic reviews

Randomized trials and systematic reviews vary greatly
in quality. There are high-quality studies that have been
carefully designed, meticulously conducted and rigor-
ously analysed, and there are low-quality studies that
have not!

Physical therapists must be able to differentiate
between high- and low-quality studies if they are to be
able to discern the real effects of intervention.

A key characteristic of high-quality randomized
trials and systematic reviews is that they are relatively
unbiased. That is, they do not systematically underesti-
mate or overestimate effects of intervention.

And of course high-quality trials and reviews must
also be relevant to clinical practice. That is, they must
tell us about the effects of interventions when adminis-
tered well to appropriate patients, and about the effects
of the intervention on outcomes that are important.
Finally, high-quality trials and reviews provide us with
precise estimates of the size of treatment effects. The
precision of the estimates is primarily a function of the
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sample size (the number of subjects in a trial or the
number of subjects in all studies in the review). Thus
the highest quality trials and reviews, those that best
support clinical decision making, are large, unbiased
and relevant.

The following sections consider how readers of trials
and reviews can assess these aspects of quality.

SEPARATING THE WHEAT FROM
THE CHAFF: DETECTING BIAS IN
TRIALS AND REVIEWS

Detecting bias in randomized trials

When we read reports of randomized trials we would
like to know if the trials are biased or not. Another way
of saying this is that we need to assess the validity (or
‘internal validity’) of the trials.

One way to assess internal validity is to see how well
the trial has been designed. Over the past 50 years meth-
odologists have refined the methods used to conduct
randomized trials to the extent that there is now consen-
sus, at least with regards to the main features of trial
design, about what constitutes best practice in the design
of clinical trials (Moher et al 2001, Pocock 1984). This
suggests we could assess internal validity of individual
trials by examining how well their methods correspond
to what is thought to be best practice in trial design.

Alternatively, we could base judgments about the
validity of trials on empirical evidence of bias. Several
studies have shown that, all else being equal, certain
design features are associated with smaller estimates of
the effects of intervention (e.g. Chalmers et al 1983,
Colditz et al 1989, Moher et al 1998, Schulz et al 1995).
This has been interpreted as indicating that these design
features are markers of bias.

Potentially we could use either of these approaches:
we could base decisions about the validity of trials
either on expert opinion or empirical evidence. There is
much debate about which is the best way to assess
validity. But fortunately both approaches suggest that
trial validity should be assessed by looking for the pres-
ence of similar features of trial design (Box 2.2).

Random allocation

Most methodologists believe that true random alloca-
tion reduces the possibilities for bias, and some empiri-
cal evidence supports this position (Kunz & Oxman
1998). To ensure that allocation is truly randomized it is
important to ensure that the person who recruits patients
into the trial is unaware, at the time he or she makes

Box 2.2: Key features conferring validity to
clinical trials

e True (concealed) random allocation of participants
to groups

e Blinding of participants and assessors

® Adequate follow-up

decisions about whether or not to admit a patient into
the trial which group the patient would subsequently
be allocated to. Similarly, it is important that patients do
not know which group they would be allocated to. This
is referred to concealment of the allocation schedule.

Failure to conceal allocation potentially distorts ran-
domization because experimenters might be reluctant to
let patients with the most serious symptoms into the
trial if they know the patient is to be allocated to the
control group, and patients may be less likely to choose
to participate in the trial if they know they will subse-
quently be allocated to the control group. This would
generate groups that are not comparable at baseline
with regard to disease severity, so it introduces poten-
tial for serious bias. For this reason concealment is
thought to protect against bias in randomized trials.
Indeed, empirical evidence suggests failure to conceal
allocation may be one of the most important indicators
of bias (Chalmers et al 1983, Schulz et al 1995).

Of the trials of physical therapy for the pelvic floor
listed on the PEDro database, only 27% explicitly conceal
the allocation schedule.

Blinding

A second key design feature is blinding. Blinding
implies that a person (such as a trial participant or a
person assessing trial outcomes) is unaware of whether
the trial participant is in the intervention group or the
control group.

Blinding of the participants in a trial is achieved by
giving a sham intervention to subjects in the control
group. Sham interventions are interventions that resem-
ble the intervention of interest, but are thought to have
no specific therapeutic effect. (An example of an attempt
to use a sham condition in a trial of an intervention for
the pelvic floor is the trial by Sand et al (1995) which
compared the effects of active transvaginal electrical
stimulation with sham stimulation.)

By providing a sham intervention all trial partici-
pants can appear to receive intervention, but only the
intervention group receives active intervention. Conse-
quently trial participants can be ‘kept in the dark” about
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whether they are receiving the intervention or control
condition.

The usual justification for blinding trial participants
is that this makes it possible to determine if an interven-
tion has more of an effect than just a placebo effect.
In so far as placebo effects occur, they are expected to
occur to an equal degree in intervention and sham-
intervention groups, so in sham-controlled trials the
estimated effect of intervention — the difference between
group outcomes — is not influenced by placebo effects.

An additional and perhaps more important justifica-
tion is that, in trials with self-reported outcomes, blind-
ing of participants removes the possibility of bias created
by patients misreporting their outcomes. In unblinded
trials, patients in the intervention group could exagger-
ate improvements in their outcomes and patients in the
control group could understate improvements in their
outcomes, perhaps because they think this is what asses-
sors want to hear. When participants are blinded (when
they do not know if they received the intervention or
control conditions) there should be no difference in
reporting tendencies of the two groups, so estimates of
the effect of intervention (the difference between groups)
cannot be biased by differential reporting.

In most trials of physical therapy interventions for
the pelvic floor it is difficult to administer a sham inter-
vention that is both credible and inactive. For example,
it is difficult to conceive of a sham intervention for train-
ing pelvic floor muscles. In that case the best alternative
may be to deliver an inactive intervention to the control
group, even if the inactive intervention does not exactly
resemble the active intervention. An example is the trial
by Dumoulin et al (2004) that compared pelvic floor
rehabilitation (electrical stimulation of pelvic floor
muscles plus pelvic floor muscle exercises) with bio-
feedback. These authors gave the control group relaxa-
tion massage to the back and extremities in the belief
that this would control, to some degree, the effects of
placebo and misreporting of outcomes. Such trials
provide some control, but perhaps not complete control,
of the confounding effects of placebo and misreporting
of outcomes.

The difficulties of providing an adequate sham inter-
vention preclude participant blinding in most trials of
physical therapy interventions for the pelvic floor. Only
6% of these trials truly blind participants.

It is also desirable that the person assessing trial
outcomes is blinded. Blinding of assessors ensures that
assessments are not biased by the assessor’s expecta-
tions of the effects of intervention. When objective
outcome measures are used, blinding of assessors is
easily achieved by using assessors who are not other-
wise involved in the study and are not told about which
patients are in the intervention and control groups.

However, blinding of assessors is more difficult when
trial outcomes are self-reported (as, for example, in
studies which ask women whether they ‘leak’). In that
case the assessor is really the participant, and the asses-
sor is only blind if the participant is blind.

Follow-up

A third feature of trial design that is likely to determine
a trial’s validity is the level of follow-up.

In most trials participants are randomized to groups,
but for various reasons outcome measures are not sub-
sequently obtained from all participants. Such ‘loss to
follow-up” occurs, for example, when subjects become
too ill to be measured, or they die, go on holiday, or
have major surgery, or because the researchers lose
contact with the participant. Loss to follow-up poten-
tially “‘unrandomizes” allocation, and can produce sys-
tematic differences in the characteristics of the two
groups, so it potentially biases estimates of the effects
of intervention.

How much loss to follow-up is acceptable in a rand-
omized trial? When is loss to follow-up so extreme that
it potentially causes serious bias? There is no simple
and universally applicable answer to these questions.
However methodologists have applied threshold losses
to follow-up of between about 10 and 20%. Losses to
follow-up of less than 10% of randomized subjects are
usually considered unlikely to produce serious bias, and
losses to follow-up of greater than 20% are thought be
a potential source of serious bias.

Fortunately most trials of physical therapy interven-
tions for the pelvic floor have adequate follow-up: 67%
of the relevant trials have loss to follow-up of less than
15%.

A related but more technical issue concerns problems
with deviations from the trial protocol. Protocol devia-
tions occur when, for example, people do not receive the
intervention as allocated (e.g. if participants in an exer-
cise group do not do their exercise), or if outcome
measures are not measured at the allocated times. This
presents a dilemma for the person analysing the data:
should data from these subjects be excluded? Should
data from subjects who did not receive the intervention
be analysed as if those subjects had been allocated to the
control group? The answer to both questions is no!

Most methodologists believe that the best way to
deal with protocol violations is to analyse the data as if
the protocol violation did not occur. In this approach,
called “analysis by intention to treat’ (Hollis & Campbell
1999), all subjects’ data are analysed, regardless of
whether they received the intervention as allocated or
not, and their data are analysed in the group to which
they were allocated.
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Analysis by intention to treat is thought to be the
least biased way to analyse trial data in the presence of
protocol violations. Of the relevant trials on PEDro 24%
explicitly analyse by intention to treat.

Detecting bias in systematic reviews

The search strategy

Systematic reviewers attempt to provide an unbiased
summary of the findings of relevant trials. Ideally sys-
tematic reviews summarize the findings of all relevant
trials that had ever been conducted. That would achieve
two ends: it would ensure that the reviewer had taken
full advantage of all of the information available from
all extant trials, and it would mean that the summary of
the findings of the trials was not biased by selective
reporting of only those trials with atypical estimates of
the effects of the intervention.

Unfortunately it is usually not possible to find com-
plete reports of all relevant trials: reports of some trials
are published in obscure journals, others are published
in obscure languages, many are published only in
abstract format, and some are not published at all. Con-
sequently even the most diligent reviewers will fail to
find some trial reports.

Given that it is usually not possible to find reports of
all relevant trials the next best thing is for reviewers to
obtain reports of nearly all trials. We can use reviews
that summarize nearly all relevant trial reports to tell
nearly all of what is known about the effectiveness of
the intervention.

Incomplete retrieval of trial reports raises another
problem. If reviewers do not identify all trial reports
then there is the possibility that they have retrieved a
particular subset of trials with exceptionally optimistic
or pessimistic estimates of the effect of the intervention.
We would like to be reassured when reading a system-
atic review that the reviewer has located a representa-
tive subset of all trials. That is, we would like to know
that the reviewer has not selectively reported on trials
that provide overly optimistic or pessimistic estimates
of the effects of intervention. Even if we cannot expect
reviewers to find reports of all trials we can require that
they find an unbiased subset of nearly all trials.

To this end, most reviewers conduct quite thorough
literature searches. For a Cochrane systematic review
of pelvic floor muscle training (PFMT), for urinary
incontinence in women, Hay-Smith et al (2000)
searched the Cochrane Incontinence Group trials
register, Medline, Embase, the database of the Dutch
National Institute of Allied Health Professions,
CENTRAL, Physical Therapy Index and the reference
lists of relevant articles. They also searched the proceed-

ings of the International Continence Society page by
page. Some reviewers include trials published only as
abstract form, whereas others include only full papers
on the grounds that most abstracts have not been peer
reviewed and often contain too little information to be
useful.

Occasionally systematic reviewers conduct limited
searches, for example by searching only Medline. This
is potentially problematic: although Medline is the
largest database of the medical literature such searches
are likely to miss much of the relevant literature. It has
been estimated that Medline only indexes between 17
and 82% of all relevant trials (Dickersin et al 1994).

When reading a systematic review it is important to
check that the literature search in the review is reason-
ably recent. If a report of a systematic review is more
than a few years old it is likely several trials will have
been conducted since the search was conducted, and
the review may provide an out-of-date summary of the
literature.

Assessment of trial quality

Systematic reviewers may find a number of trials that
investigate the effects of a particular intervention, and
often the quality of the trials is varied. Obviously it is
not appropriate to weight the findings of all trials
without regard to trial quality. Particular attention
should be paid to the highest quality trials because these
trials are likely to be least biased; the poorest quality
trials should be ignored. Systematic reviews should
assess the quality of the trials in the review, and quality
assessments should be taken into account when drawing
conclusions from the review.

A range of methods have been used to assess the
quality of trials in systematic reviews. The most common
approach is to use a quality scale to assess quality, and
then to ignore the findings of trials with low-quality
scores. Commonly used scales include the Maastricht
scale (Verhagen et al 1998) and the PEDro scale (Maher
et al 2003); a copy of the PEDro scale is shown in Box
2.3. These scales assess quality based on the presence or
absence of design features thought to influence validity,
including true concealed randomization, blinding of
participants and assessors, adequate follow-up and
intention to treat analysis.

This approach sounds sensible, but there are some
reasons to think that it may discriminate inappropri-
ately between trials. The available evidence suggests
there is only moderate agreement between the ratings
of different quality scales (Colle et al 2002). Nonetheless,
it is not known how better to assess trial quality, so these
rudimentary procedures must suffice for now. For the
time being we should expect systematic reviews to take
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Box 2.3: The PEDro scale

(More details on this scale are available from http://
www.pedro.fhs.usyd.edu.au/scale_item.html.)

1. Eligibility criteria were specified

2. Subjects were randomly allocated to groups (in a
crossover study, subjects were randomly allocated
an order in which treatments were received)

3. Allocation was concealed

4. The groups were similar at baseline regarding
the most important prognostic indicators

5. There was blinding of all subjects

6. There was blinding of all therapists who
administered the therapy

7. There was blinding of all assessors who
measured at least one key outcome

8. Measures of at least one key outcome were
obtained from more than 85% of the subjects
initially allocated to groups

9. All subjects for whom outcome measures were
available received the treatment or control
condition as allocated or, where this was not the
case, data for at least one key outcome was
analysed by ‘intention to treat’

10. The results of between-group statistical
comparisons are reported for at least one key
outcome

11. The study provides both point measures and
measures of variability for at least one key
outcome

into account the quality of trials, but we cannot be too
discerning about how quality is assessed (Box 2.4).

ASSESSING RELEVANCE OF TRIALS AND
SYSTEMATIC REVIEWS

Not all valid trials are useful trials. Some provide valid
tests of poorly administered interventions, others
provide valid tests of the effects of intervention on inap-
propriate samples of patients, and yet others provide
valid tests of the effect of intervention on meaningless
outcomes.

The following sections consider how the quality of
the intervention, the selection of patients, and outcomes
can influence the relevance of randomized trials and
systematic reviews.

Quality of intervention

Randomized trials are most easily applied to pharmaco-
logical interventions. In one sense pharmacological

Box 2.4: Key features conferring validity to
systematic reviews

e An adequate search strategy (that finds an
unbiased subset of nearly all relevant trials)

® The review considers trial quality when drawing
conclusions about the effects of intervention

interventions are relatively simple: they involve the
delivery of a drug to a patient. Because pharmacological
interventions are quite simple they tend to be adminis-
tered in quite similar ways in all trials. (One possible
exception is the dose of the drug, but toxicity studies,
pharmacokinetic studies and dose-finding studies
often constrain the range of doses before definitive
trials are carried out, so even this parameter is often
fairly consistent across studies.) In contrast, many
physical therapy interventions are complex. In trials
of physical therapy interventions the intervention
is often tailored to the individual patient based on
specific examination findings, and sometimes the inter-
vention consists of multiple components, perhaps
administered in a range of settings by a range of health
professionals. Consequently a single intervention (such
as PFMT) may be administered in quite different ways
across trials.

Wherever there is the possibility of administering the
intervention in a range of ways we need to consider
whether, in a particular trial, the intervention was
administered well (Herbert & Bg 2005). It is reasonable
to be suspicious of the findings of trials where the inter-
vention was administered in a way that would appear
to be suboptimal.

Criticisms have been leveled against trials because
the interventions were administered by unskilled thera-
pists (Brock et al 2002) or because the intervention was
administered in a way that was contrary to the way in
which the intervention is generally administered (Clare
et al 2004), or because the intervention was not suffi-
ciently intense to be effective (Ada 2002, Herbert & Bo
2005). Such criticisms are sometimes reasonable and
sometimes not.

Of course it is impossible to know with any certainty
how an intervention should be administered before first
knowing how effective the intervention is. Trials must
necessarily be conducted before good information is
available about how to administer the intervention.
Consequently a degree of latitude ought to be offered to
clinical trialists: we should be prepared to trust the find-
ings of trials that test interventions that are applied in
ways other than the ways we might choose to apply the
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intervention, as long as the application of the interven-
tion in the trial was not obviously suboptimal.

Patients

Trials of a particular intervention may be carried out
on quite different patient groups. Readers need to be
satisfied that the trial was applied to an appropriate
group of patients. It could be reasonable to ignore the
findings of a trial if the intervention was administered
to a group of patients for whom the intervention was
generally considered inappropriate. An example might
be the application of pelvic floor exercises to reverse
prolapse in women who already have complete pro-
lapse of the internal organs. Most therapists would
agree that once prolapse is complete conservative inter-
vention is no longer appropriate and surgical interven-
tion is necessary.

The same caveat applies here: it is impossible to
know with certainty, at the time a trial is conducted,
who an intervention will be most effective for. Again we
must be prepared to give trialists some latitude: we
should be prepared to trust the findings of trials that test
interventions on patients other than the patients we
might choose to apply the intervention to, as long as the
patient group was not obviously inappropriate.

Outcomes

The last important dimension of the relevance of a
clinical trial concerns the outcomes that are measured.
Ultimately, if an intervention for the pelvic floor is to
be useful, it must improve quality of life. Arguably
there is little value in an intervention that increases the
strength of pelvic floor muscles if it does not also
increase quality of life.

Studies of variables such as muscle strength can help
us understand the mechanisms by which interventions
work, but they cannot tell us if the intervention is worth
doing. The trials that best help us to decide whether or
not to apply an intervention are those that determine
the effect of intervention on quality of life.

Many trials do not measure quality of life directly,
but instead they measure variables that are thought to
be closely related to quality of life. For example, Bo
et al (2000) determined the effect of PEFMT for women
with stress urinary incontinence (SUI) on the risk of
incontinence-related problems with social life, sex life,
and physical activity. It would appear reasonable to
expect that problems with social life, sex life and physi-
cal activity directly influence quality of life, so this trial
provides useful information with which to make deci-
sions about PFMT for women with SUL

In general trials can help us make decisions about
intervention in so far as they measure outcomes that are
related to quality of life.

USING ESTIMATES OF EFFECTS OF
INTERVENTION TO MAKE DECISIONS
ABOUT INTERVENTION

The most useful piece of information a clinical trial can
give us is an estimate of the size of the effects of the
intervention. We can use estimates of the effect of inter-
vention to help us decide if an intervention does enough
good to make it worth its expense, risks and inconven-
ience (Herbert 2000a, 2000b).

Obtaining estimates of the effects of
intervention from randomized trials and
systematic reviews

Most people experience an improvement in their condi-
tion over the course of any intervention. But the magni-
tude of the improvement only partly reflects the
effects of intervention. People get better, often partly
because of intervention, but usually also because the
natural course of the condition is one of gradual
improvement or because apparently random fluctua-
tions in the severity of the condition tend to occur in the
direction of an improvement in the condition. (The latter
is called statistical regression; for an explanation see
Herbert et al 2005.) In addition, part of the recovery may
be due to placebo effects or to patients politely overstat-
ing the magnitude of the improvements in their
condition.

As several factors contribute to the improvements
that people experience over time, the improvement in
the condition of treated patients cannot provide a
measure of the effect of intervention.

A far better way to estimate the effects of interven-
tion is to look at the magnitude of the difference in out-
comes of the intervention and control groups. This is
most straightforward when outcomes are measured on
a continuous scale. Examples of continuous outcome
measurements are pad test weights, measures of global
perceived effect of intervention, or duration of labour.
These variables are continuous because it is possible to
measure the amount of the variable on each subject.

An estimate of the mean effects of intervention on
continuous variables is obtained simply by taking the
difference between the mean outcomes of the interven-
tion and control groups. For example, a study by Be
et al (1999) compared pelvic floor exercises with a no-
exercise control condition for women with SUIL The
primary outcome was urine leakage measured using a
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stress pad test. Over the 6-month intervention period
women in the control group experienced a mean reduc-
tion in leakage of 13 g whereas women in the PEMT
group experienced a mean reduction of 30 g. Thus the
mean effect of exercise, compared to controls, was to
reduce leaking by about 17 g (or about 50% of the initial
leakage).

Other outcomes are dichotomous. Dichotomous out-
comes cannot be quantified on a scale; they are events
that either happen or not. An example comes from the
trial by Chiarelli & Cockburn (2002) of a programme of
interventions designed to prevent post-partum inconti-
nence. Three months postpartum, women were classi-
fied as being continent or incontinent. This outcome
(incontinent/continent) is dichotomous, because it can
have only one of two values.

When outcomes are measured on a dichotomous
scale we can no longer talk meaningfully about the
mean outcome. Instead we talk about the risk (or prob-
ability) of the outcome; our interest is in how much
intervention changes the risk of the outcome.

Chiarelli and colleagues found that 125 of the 328
women in the control group were still incontinent at 3
months, and 108 of 348 women in the intervention
group were still incontinent at 3 months. Thus the risk
of being incontinent at 3 months was 125/328 (38.1%)
for women in the control group, but this risk was
reduced to 108/348 (31%) in the intervention group. So
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SUMMARY

The anatomic structures that prevent incontinence and
a prolapse during elevations in abdominal pressure
include sphincteric and supportive systems. In the
urethra, for example, the action of the vesical neck and
urethral sphincteric mechanisms at rest constrict the
urethral lumen and keep urethral closure pressure
higher than bladder pressure. The striated urogenital
sphincter, the smooth muscle sphincter in the vesical
neck, and the circular and longitudinal smooth muscle
of the urethra all contribute to closure pressure. The
mucosal and vascular tissues that surround the lumen
provide a hermetic seal via coaptation, aided by the
connective tissues in the urethral wall. Decreases in the
number of striated muscle sphincter fibres occur with
age and parity, but changes in the other tissues are not
well understood.

The supportive hammock under the urethra and
vesical neck provides a firm backstop against which the
urethra is compressed during increases in abdominal
pressure to maintain urethral closure pressures above
the rapidly increasing bladder pressure. This support-
ing layer consists of the anterior vaginal wall and the
connective tissue that attaches it to the pelvic bones
through the pubovaginal portion of the levator ani
muscle and the uterosacral and cardinal ligaments com-
prising the tendinous arch of the pelvic fascia.

At rest the levator ani act to maintain the urogenital
hiatus closed in the face of hydrostatic pressure due to
gravity and slight abdominal pressure. During the
dynamic activities of daily living they are additionally
recruited to maintain hiatal closure in the face of inertial
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loads related to visceral accelerations as well as
abdominal pressure resulting from activation of the
abdominal wall musculature and diaphragm.

Urinary incontinence is a common condition in
women, with prevalence ranging from 8.5 to 38%
depending on age, parity, and definition (Herzog et al
1990, Thomas et al 1980). Most women with inconti-
nence have stress urinary incontinence (SUI) (Diokno
et al 1987), which is treated using conservative therapy
or surgery. Despite its common occurrence, there have
been few advances in our understanding of its cause in
the past 40 years. Most of the many surgical procedures
for alleviating SUI involve the principle of improving
bladder neck support (Bergman & Elia 1995, Colombo
et al 1994). Treatment selection based on specific ana-
tomic abnormalities has awaited identification, in each
case, of the muscular, neural, and/or connective tissues
involved.

Understanding how the pelvic floor structure/func-
tion relationships provide bladder neck support can
help guide treatment selection and effect. For example
if, while giving vaginal birth, a woman sustains a par-
tial tear of a portion of her pelvic muscles that influence
her continence, then pelvic muscle exercises may be
effective.

On the other hand, if portions of those muscles are
irretrievably lost, for example due to complete and per-
manent denervation, then no amount of exercising will
restore them; pelvic muscle exercises may well lead to
agonist muscle hypertrophy, but whether or not this will
restore continence will depend upon whether the agonist
muscles can compensate for the lost muscle function.

This chapter reviews the functional anatomy of the
pelvic floor structures and the effects of age on urethral
support and the urethral sphincter, and attempts to
clarify what is known about the different structures that
influence stress continence. This mechanistic approach
should help guide research into pathophysiology, treat-
ment selection, and prevention of SUL In addition, we
also review the structures that resist genital prolapse
because vaginal delivery confers a 4-11-fold increase in
risk of developing pelvic organ prolapse (Mant et al
1997).

HOW IS URINARY
CONTINENCE MAINTAINED?

Urethral closure pressure must be greater than bladder
pressure, both at rest and during increases in abdominal
pressure to retain urine in the bladder. The resting tone
of the urethral muscles maintains a favourable pressure
relative to the bladder when urethral pressure exceeds
bladder pressure.

During activities such as coughing, when bladder
pressure increases several times higher than urethral
pressure, a dynamic process increases urethral closure
pressure to enhance urethral closure and maintain con-
tinence (Enhorning 1961). Both the magnitude of the
resting pressure in the urethra and the increase in pres-
sure generated during a cough determine the pressure
at which leakage of urine occurs (Kim et al 1997).

Although analysis of the degree of resting closure
pressure and pressure transmission provides useful
theoretical insights, it does not show how specific
injuries to individual component structures affect the
passive or active aspects of urethral closure. A detailed
examination of the sphincteric closure and the urethral
support subsystems (Fig. 3.1) is required to understand
these relationships.

The dominant element in the urethral sphincter is the
striated urogenital sphincter muscle, which contains a
striated muscle in a circular configuration in the middle
of the urethra and strap-like muscles distally. In its
sphincteric portion, the urogenital sphincter muscle
surrounds two orthogonally-arranged smooth muscle
layers and a vascular plexus that helps to maintain
closure of the urethral lumen.

fascia

fasc. pelv.

Rectum — A
Levator ani
External anal - Urethra
sphincter
P Perineal
membrane

Fig. 3.1 Lateral view of the components of the urethral
support system. Note how the levator ani muscles support
the rectum, vagina, and urethrovesical neck. Also note how
the endopelvic fascia beside the urethra attaches to the
levator ani muscle; contraction of the levator muscle leads
to elevation of the urethrovesical neck. Puborectalis muscle
is removed for clarity. (Redrawn from Delancey 1994, with
permission of C V Mosby Company, St Louis. © DelLancey
2005.)
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THE URINARY SPHINCTERIC
CLOSURE SYSTEM

Sphincteric closure of the urethra is normally provided
by the urethral striated muscles, the urethral smooth
muscle, and the vascular elements within the submu-
cosa (Figs 3.2 and 3.3) (Strohbehn et al 1996, Strohbehn
& DeLancey 1997). Each is believed to contribute equally
to resting urethral closure pressure (Rud et al 1980).

Anatomically, the urethra can be divided longitudi-
nally into percentiles, with the internal urethral meatus
representing point 0 and the external meatus represent-
ing the 100th percentile (Table 3.1). The urethra passes
through the wall of the bladder at the level of the vesical
neck where the detrusor muscle fibres extend below
the internal urethra meatus to as far as the 15th
percentile.

Trigonal
urothelium
Trigonal
ring
Pubovesical
muscle

Longitudinal smooth
muscle

Circular smooth
muscle

Striated urogenital
sphincter muscle

Symphysis
pubis

Distal venous

plexus

The striated urethral sphincter muscle begins at the
termination of the detrusor fibres and extends to the
64th percentile. It is circular in configuration and
completely surrounds the smooth muscle of the
urethral wall.

Starting at the 54th percentile, the striated muscles of
the urogenital diaphragm, the compressor urethrae, and
the urethrovaginal sphincter can be seen. They are con-
tinuous with the striated urethral sphincter and extend
to the 76th percentile. Their fibre direction is no longer
circular. The fibres of the compressor urethrae pass over
the urethra to insert into the urogenital diaphragm near
the pubic ramus.

The urethrovaginal sphincter surrounds both the
urethra and the vagina (Fig. 3.4). The distal terminus of
the urethra runs adjacent to, but does not connect with,
the bulbocavernosus muscles (DeLancey 1986).

Superficial trigonal
muscle

Deep
trigone

Detrusor
muscle

Crista
urethralis

Trigonal
plate

Longitudinal subepithelial
venous plexus

Proximal venous
plexus

Submucosal vaginal
muscle

Vaginal
mucosa

Non-keratinizing
squamous epithelium

Fig. 3.2 Midsagittal section showing the anatomy of the urethra. (© Delancey 1997)



22

FUNCTIONAL ANATOMY OF THE FEMALE PELVIC FLOOR

Functionally, the urethral muscles maintain conti-
nence in various ways. The U-shaped loop of the detru-
sor smooth muscle surrounds the proximal urethra,
favouring its closure by constricting the lumen.

The striated urethral sphincter is composed mainly
of type 1 (slow twitch) fibres, which are well suited to
maintaining constant tone as well as allowing voluntary
increases in tone to provide additional continence pro-

Fig. 3.3 Transverse histologic section of the midurethra of
a 21-year-old woman. On the left structures are visualized
using a sigma-actin smooth muscle stain, which shows the
pubovesical muscle (PVM), the circumferential smooth
muscle (CMU) layer, and the longitudinal smooth muscle
(LMU) layer. On the right, the contralateral side is stained
with Masson's trichrome to show the arcus tendineus fascia
pelvis (ATFP), the striated urogenital sphincter (SUG), the
levator ani (LA), the anterior vaginal wall (AV), and the
submucosa of the urethra (SM). (From Strohbehn et al
1996, with permission of Lippincott Williams Wilkins,
Baltimore, MD.)

Table 3.1

tection (Gosling et al 1981). Distally, the recruitment of
the striated muscle of the urethrovaginal sphincter and
the compressor urethrae compress the lumen.

The smooth muscle of the urethra may also play a
role in determining stress continence. The lumen is sur-
rounded by a prominent vascular plexus that is believed
to contribute to continence by forming a watertight seal
via coaptation of the mucosal surfaces. Surrounding this
plexus is the inner longitudinal smooth muscle layer.
This in turn is surrounded by a circular layer, which
itself lies inside the outer layer of striated muscle.

Fig. 3.4 Lateral view of urethral and pelvic floor muscular
anatomy. BC, bulbocavernosus; CU, compressor urethrae;

D, detrusor; LA, levator ani; US, urethral sphincter; UVS,
urethrovaginal sphincter. Puborectalis muscle is removed for
clarity. (© Delancey 2004.)

Urethral topography and urethral and paraurethral structures

Percentile of urethral length

Location—-Region of the urethra

Structures

0-20 Intramural Internal urethral meatus

Detrusor loop

20-60 Mid-urethra Striated urethral sphincter muscle
Smooth muscle

60-80 Urogenital diaphragm Compressor urethrae muscle
Urethrovaginal sphincter
Smooth muscle

80-100 Distal urethra Bulbocavernosus muscle
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The smooth muscle layers are present throughout the
upper four-fifths of the urethra. The circular configura-
tion of the smooth muscle and outer striated muscle
layers suggests that the contraction of these layers has
a role in constricting the lumen. The mechanical role of
the inner longitudinal smooth muscle layer is presently
unresolved. Contraction of this longitudinal layer may
help to open the lumen to initiate micturition rather
than to constrict it.

CLINICAL CORRELATES OF URETHRAL
ANATOMY AND EFFECTS OF AGEING

There are several important clinical correlates of ure-
thral muscular anatomy. Perhaps the most important is
that SUI is caused by problems with the urethral sphinc-
ter mechanism as well as with urethral support.
Although this is a relatively new concept, the supporting
scientific evidence is strong.

The usual argument for urethral support playing an
important role in SUT is that urethral support operations
cure SUI without changing urethral function. Unfortu-
nately, this logic is just as flawed as suggesting that
obesity is caused by an enlarged stomach because gastric
stapling surgery, which makes the stomach smaller, is
effective in alleviating obesity. The fact that urethral
support operations cure SUI does not implicate urethral
hypermobility as the cause of SUL

Most studies have shown not only that there is sub-
stantial variation in resting urethral closure pressures in
normal women compared with those with SUIL but also
that the severity of SUI correlates quite well with resting
urethral closure pressure.

Loss of urethral closure pressure probably results
from age-related deterioration of the urethral muscula-
ture as well as from neurologic injury (Hilton & Stanton
1983, Smith et al 1989a, b, Snooks et al 1986). For exam-
ple, the total number of striated muscle fibres within
the ventral wall of the urethra has been found to
decrease seven-fold as women progress from 15 to 80
years of age, with an average loss of 2% per year (Fig.
3.5) (Perucchini et al 2002a).

Because the mean fibre diameter does not change
significantly with age, the cross-sectional area of striated
muscle in the ventral wall decreases significantly with
age; however, nulliparous women seemed relatively
protected (Perucchini et al 2002b). This 65% age-related
loss in the number of striated muscle fibres found in
vitro is consistent with the 54% age-related loss in
closure pressure found in vivo by Rud et al 1980, sug-
gesting that it may be a contributing factor. However,
prospective studies are needed to directly correlate the
loss in the number of striated muscle fibres with a loss
in closure pressure in vivo.
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Fig. 3.5 Decrease in total number of striated muscle fibres
in the ventral wall with age. The closed circles denote data
from nulliparous women, and the open circles denote data
from parous women. (From Perruchini et al 2002a, with
permission of Lippincott Williams Wilkins, Baltimore, MD.)

It is noteworthy that in our in-vitro study, thinning
of the striated muscle layers was particularly evident in
the proximal vesical neck and along the dorsal wall of
the urethra in older women (Perucchini et al 2002b). The
concomitant seven-fold age-related loss of nerve fibres
in these same striated urogenital sphincters (Fig. 3.6)
directly correlated with the loss in striated muscle fibres
(Fig. 3.7) in the same tissues (Pandit et al 2000); and the
correlation supports the hypothesis of a neurogenic
source for SUI and helps to explain why faulty innerva-
tion could affect continence.

We believe that the ability of pelvic floor exercise to
compensate for this age-related loss in sphincter striated
muscle may be limited under certain situations. Healthy
striated muscle can increase its strength by about 30%
after an intensive 8-12 week progressive resistance
training intervention (e.g. Skelton et al 1995). For
example suppose an older woman had a maximum
resting urethral closure pressure of 100 cmH,O when
she was young but it is now 30 cmH,O due to loss of
striated sphincter muscle fibres. If she successfully
increases her urethral striated muscle strength by 30%
through an exercise intervention and there is a one-to-
one correspondence between urethral muscle strength
and resting closure pressure, she will only be able to
increase her resting closure pressure by 30%, from
30 cmH,O to 39 cmH,0, an increment less than one-
tenth of the 100 cmH,O increase in intravesical pressure
that occurs during a hard cough. It remains to be deter-
mined whether pelvic floor muscle exercise is as effec-
tive in alleviating SUI in women with low resting
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Fig. 3.6 Decreasing nerve density (number per mm? in
the ventral wall of the urethra with age. This is a subgroup
of the data in Fig. 3.5 (Perucchini et al 2002a). The closed
circles denote data from nulliparous women, and the open
circles denote data from parous women. (From Pandit et al
2000, with permission of Lippincott Williams & Wilkins,
Baltimore, MD.)

urethral pressures as it can be in women with higher
resting pressures, especially for women participating in
activities with large transient increases in abdominal
pressure.

URETHRAL (AND ANTERIOR VAGINAL
WALL) SUPPORT SYSTEM

Support of the urethra and vesical neck is determined
by the endopelvic fascia of the anterior vaginal wall
through their fascial connections to the arcus tendineus
fascia pelvis and connection to the medial portion of the
levator ani muscle.

It is our working hypothesis that both urethral con-
striction and urethral support contribute to continence.
Active constriction of the urethral sphincter maintains
urine in the bladder at rest. During increases in abdomi-
nal pressure, the vesical neck and urethra are com-
pressed to a closed position when the raised abdominal
pressure surrounding much of the urethra exceeds the
fluid pressure within the urethral lumen (see Fig. 3.1).
The stiffness of the supportive layer under the vesical
neck provides a backstop against which abdominal
pressure compresses the urethra. This anatomic division
mirrors the two aspects of pelvic floor function relevant
to SUL urethral closure pressure at rest and the increase
in urethral closure caused by the effect of abdominal
pressure.

y = 3.667 +0.003x; R2 = 0.471 °

Nerve density

- = AN N
N Ea (2] oo o N
PR T Y | I (T ——|

°
U T —T T L T T T T
500 1500 2500 3500
Striated muscle fibre number

—
4500

Fig. 3.7 Correlation between nerve density (number per
mm?) and total fibre number in the ventral wall of the
urethra. No distinction is made between nulliparous and
parous women (Perucchini et al 2002a). In the equation
given for the regression line, Y denotes the ordinate, X the
abscissa, and R? the coefficient of variation. (From Pandit
et al 2000, with permission of Lippincott Williams &
Wilkins, Baltimore, MD.)

Support of the urethra and distal vaginal wall are
inextricably linked. For much of its length, the urethra
is fused with the vaginal wall, and the structures that
determine urethral position and distal anterior vaginal
wall position are the same.

The anterior vaginal wall and urethral support
system consists of all structures extrinsic to the urethra
that provide a supportive layer on which the proximal
urethra and midurethra rest (DeLancey 1994). The major
components of this supportive structure are the vaginal
wall, the endopelvic fascia, the arcus tendineus fasciae
pelvis, and the levator ani muscles (see Fig. 3.1).

The endopelvic fascia is a dense, fibrous connective
tissue layer that surrounds the vagina and attaches it to
each arcus tendineus fascia pelvis laterally. Each arcus
tendineus fascia pelvis in turn is attached to the pubic
bone ventrally and to the ischial spine dorsally.

The arcus tendineus fasciae pelvis are tensile struc-
tures located bilaterally on either side of the urethra and
vagina. They act like the catenary-shaped cables of a
suspension bridge and provide the support needed to
suspend the urethra on the anterior vaginal wall.
Although it is well defined as a fibrous band near its
origin at the pubic bone, the arcus tendineus fascia
pelvis becomes a broad aponeurotic structure as it
passes dorsally to insert into the ischial spine. It there-
fore appears as a sheet of fascia as it fuses with the
endopelvic fascia, where it merges with the levator ani
muscles (see Fig. 3.1).
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Levator ani muscles

The levator ani muscles also play a critical role in sup-
porting the pelvic organs (Berglas & Rubin 1953, Halban
& Tandler 1907, Porges et al 1960). Not only has evi-
dence of this been seen in magnetic resonance scans
(Kirschner-Hermanns et al 1993, Tunn et al 1998) but
histological evidence of muscle damage has been found
(Koelbl et al 1998) and linked to operative failure (Hanzal
et al 1993).

There are three basic regions of the levator ani muscle
(Kearney et al 2004) (Figs 3.8 and 3.9):

* the first region is the iliococcygeal portion, which
forms a relatively flat, horizontal shelf spanning
the potential gap from one pelvic sidewall to the
other;

the second portion is the pubovisceral muscle, which
arises from the pubic bone on either side and attaches
to the walls of the pelvic organs and perineal body;

e the third region, the puborectal muscle, forms a sling
around and behind the rectum just cephalad to the
external anal sphincter.

The connective tissue covering on both superior and
inferior surfaces are called the superior and inferior
fasciae of the levator ani. When these muscles and their
associated fasciae are considered together, the combined
structures make up the pelvic diaphragm.

The opening within the levator ani muscle through
which the urethra and vagina pass (and through which
prolapse occurs), is called the urogenital hiatus of the
levator ani. The rectum also passes through this opening,
but because the levator ani muscle attaches directly to
the anus it is not included in the name of the hiatus. The
hiatus, therefore, is supported ventrally (anteriorly) by
the pubic bones and the levator ani muscles, and dor-
sally (posteriorly) by the perineal body and external
anal sphincter.

The normal baseline activity of the levator ani muscle
keeps the urogenital hiatus closed by compressing the
vagina, urethra and rectum against the pubic bone, the
pelvic floor and organs in a cephalic direction (Taverner
1959). This constant activity of the levator ani muscle is
analogous to that in the postural muscles of the spine.
This continuous contraction is also similar to the

Fig. 3.8 Schematic view of the levator ani muscles from
below after the vulvar structures and perineal membrane
have been removed showing the arcus tendineus levator ani
(ATLA); external anal sphincter (EAS); puboanal muscle
(PAM); perineal body (PB) uniting the two ends of the
puboperineal muscle (PPM); iliococcygeal muscle (ICM);
puborectal muscle (PRM). Note that the urethra and vagina
have been transected just above the hymenal ring.

(© Delancey 2003.)

Fig. 3.9 The levator ani muscle seen from above looking
over the sacral promontory (SAC) showing the pubovaginal
muscle (PVM). The urethra, vagina, and rectum have been
transected just above the pelvic floor. PAM, puboanal
muscle; ATLA, arcus tendineus levator ani; ICM,
iliococcygeal muscle. (The internal obturator muscles have
been removed to clarify levator muscle origins.) (From
Kearney et al 2004, with permission of Elsevier North
Holland, New York, © Delancey 2003.)
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continuous activity of the external anal sphincter muscle,
and closes the lumen of the vagina in a manner similar
to that by which the anal sphincter closes the anus. This
constant action eliminates any opening within the pelvic
floor through which prolapse could occur.

A maximal voluntary contraction of the levator ani
muscles causes the pubovisceral muscles and the pubo-
rectalis muscles to further compress the mid-urethra,
distal vagina and rectum against the pubic bone distally
and against abdominal hydrostatic pressure more
proximally. It is this compressive force and pressure
that one feels if one palpates a pelvic floor muscle
contraction intravaginally. Contraction of the bulbocav-
ernosus and the ventral fibres of the iliococcygeus
will only marginally augment this compression
force developed by the pubovisceral and puborectalis
muscles because the former develops little force and the
latter is located too far dorsally to have much effect
intravaginally.

Finally, maximal contraction of the mid and dorsal
iliococcygeus muscles elevates the central region of the
posterior pelvic floor, but likely contributes little to a
vaginal measurement of levator strength or pressure
because they do not act circumvaginally.

Interactions between the pelvic floor muscles
and the endopelvic fasciae

The levator ani muscles play an important role in pro-
tecting the pelvic connective tissues from excess load.
Any connective tissue within the body may be stretched
by subjecting it to a tensile force. Skin expanders used
in plastic surgery stretch the dense and resistant dermis
to extraordinary degrees, and flexibility exercises prac-
ticed by dancers and athletes elongate leg ligaments.
Both these observations underscore the adaptive nature
of connective tissue when subjected to repeated tension
over time.

If the ligaments and fasciae within the pelvis were
subjected to continuous stress imposed on the pelvic
floor by the great force of abdominal pressure, they
would stretch. This stretching does not occur because
the constant tonic activity of the pelvic floor muscles
(Parks et al 1962) closes the urogenital hiatus and carries
the weight of the abdominal and pelvic organs, prevent-
ing constant strain on the ligaments and fasciae within the
pelvis.

The interaction between the pelvic floor muscles and
the supportive ligaments is critical to pelvic organ
support. As long as the levator ani muscles function to
properly maintain closure of the genital hiatus, the
ligaments and fascial structures supporting the pelvic
organs are under minimal tension. The fasciae simply act

to stabilize the organs in their position above the levator
ani muscles.

When the pelvic floor muscles relax or are damaged,
the pelvic floor opens and the vagina lies between the
zones of high abdominal pressure and low atmospheric
pressure outside the body. In this situation it must be
held in place by the suspensory ligaments. Although the
ligaments can sustain these loads for short periods of
time, if the pelvic floor muscles do not close the pelvic
floor then the connective tissue will eventually fail,
resulting in pelvic organ prolapse.

The support of the uterus has been likened to a ship
in its berth floating on the water attached by ropes on
either side to a dock (Paramore 1918). The ship is analo-
gous to the uterus, the ropes to the ligaments, and the
water to the supportive layer formed by the pelvic floor
muscles. The ropes function to hold the ship (uterus) in
the center of its berth as it rests on the water (pelvic floor
muscles). If, however, the water level falls far enough
that the ropes are required to hold the ship without the
supporting water, the ropes would break.

The analogous situation in the pelvic floor involves
the pelvic floor muscles supporting the uterus and
vagina, which are stabilized in position by the ligaments
and fasciae. Once the pelvic floor musculature becomes
damaged and no longer holds the organs in place, the
supportive connective tissue is placed under stretch
until it fails.

The attachment of the levator ani muscles into the
perineal body is important and damage to this part of
the levator ani muscle during delivery is one of the
irreparable injuries to pelvic floor. Recent magnetic res-
onance imaging (MRI) has vividly depicted these defects
and it has been shown that up to 20% of primiparous
women have a visible defect in the levator ani muscle
on MRI (DeLancey et al 2003).

It is likely that this muscular damage is an important
factor associated with recurrence of pelvic organ pro-
lapse after initial surgical repair. Moreover, these defects
were found to occur more frequently in those individu-
als complaining of SUI (DeLancey et al 2003). An indi-
vidual with muscles that do not function properly has
a problem that is not surgically correctable.

PELVIC FLOOR FUNCTION RELEVANT TO
STRESS URINARY INCONTINENCE

Functionally, the levator ani muscle and the endopelvic
fascia play an interactive role in maintaining continence
and pelvic support. Impairments usually become evi-
dent when the system is stressed.

One such stressor is a hard cough that, driven by a
powerful contraction of the diaphragm and abdominal
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muscles, can cause a transient increase of 150 cmH,O, or
more, in abdominal pressure. This transient pressure
increase causes the proximal urethra to undergo a
downward (caudodorsal) displacement of about 10 mm
in the midsagittal plane that can be viewed on ultra-
sonography (Howard et al 2000a). This displacement is
evidence that the inferior abdominal contents are forced
to move caudally during a cough.

Because the abdominal contents are essentially
incompressible, the pelvic floor and/or the abdominal
wall must stretch slightly under the transient increase
in abdominal hydrostatic pressure, depending on the
level of neural recruitment. The ventrocaudal motion of
the bladder neck that is visible on ultrasonography indi-
cates that it and the surrounding passive tissues have
acquired momentum in that direction. The pelvic floor
then needs to decelerate the momentum acquired by
this mass of abdominal tissue.

The resulting inertial force causes a caudal-to-cranial
pressure gradient in the abdominal contents, with the
greatest pressure arising nearest the pelvic floor. While
the downward momentum of the abdominal contents is
being slowed by the resistance to stretch of the pelvic
floor, the increased pressure compresses the proximal
intra-abdominal portion of the urethra against the
underlying supportive layer of the endopelvic fasciae,
the vagina, and the levator ani muscles.

We can estimate the approximate resistance of the
urethral support layer to this displacement. The ratio of
the displacement of a structure in a given direction to a
given applied pressure increase is known as the compli-
ance of the structure.

If we divide 12.5 mm of downward displacement of
the bladder neck (measured on ultrasonography) during
a cough by the transient 150 cmH,O increase in abdomi-
nal pressure that causes it, the resulting ratio (12.5 mm
divided by 150 cmH,0) yields an average compliance of
0.083 mm/cmH,O in healthy nullipara (Howard et al
2000a). In other words, the cough displaces the healthy
intact pelvic floor 1 mm for every 12 cmH,O increase in
abdominal pressure. (Actually, soft tissue mechanics
teaches us to expect ever smaller displacements as the
abdominal pressure increments towards the maximum
value).

The increase in abdominal pressure acts transversely
across the urethra, altering the stresses in the walls of
the urethra so that the anterior wall is deformed toward
the posterior wall, and the lateral walls are deformed
towards one another, thereby helping to close the ure-
thral lumen and prevent leakage due to the concomitant
increase in intravesical pressure.

If pelvic floor exercises lead to pelvic floor muscle
hypertrophy, then the resistance of the striated compo-
nents of the urethral supportlayer can be expected to also

increase. This is because the longitudinal stiffness and
damping of an active muscle are linearly proportional to
the tension developed in the muscle (e.g. Blandpied &
Smidt 1993); this is partly because, for the same muscle
tone, the hypertrophied muscle contains more cross-
bridges in the strongly-bound state (across the cross-
sectional area of the muscle) and these provide greater

resistance to stretch of the active muscle.

If there are breaks in the continuity of the endopelvic
fascia (Richardson et al 1981) or if the levator ani muscle
is damaged, the supportive layer under the urethra will
be more compliant and will require a smaller pressure

increment to displace a given distance.

Howard etal 2000a showed that compliance increased
by nearly 50% in healthy primipara to 0.167 mm/cmH,0O
and increased even further in stress-incontinent primi-
para by an additional 40% to 0.263 mm/cmH,O. Thus,
the supportive layer is considerably more compliant
in these incontinent patients than in healthy women;
it provides reduced resistance to deformation during
transient increases in abdominal pressure so that closure
of the urethral lumen cannot be ensured and SUI

becomes possible.

An analogy that we have used previously is attempt-
ing to halt the flow of water through a garden hose by
stepping on it (DeLancey 1990). If the hose was lying on
anoncompliant trampoline, stepping on it would change
the stress in the wall of the hose pipe, leading to a defor-
mation and flattening of the hose cross-sectional area,
closure of the lumen, and cessation of water flow, with

little indentation or deflection of the trampoline.

If, instead, the hose was resting on a very compliant
trampoline, stepping on the hose would tend to accelerate
the hose and underlying trampoline downward because
the resistance to motion (or reaction force) is at first negli-
gible, so little flattening of the hose occurs as the trampo-
linebegins to stretch. While the hose and trampoline move
downward together, water would flow unabated in the
hose. As the resistance of the trampoline to downward
movement increasingly decelerates the downward move-
ment of the foot and hose, flow will begin to cease. Thus,
an increase in compliance of the supporting tissues essen-
tially delays the effect of abdominal pressure on the trans-
verse closure of the urethral lumen, allowing leakage of

urine during the delay.

Additionally, the constant tone maintained by the
pelvic muscles relieves the tension placed on the endo-
pelvic fascia. If the nerves to the levator ani muscle are
damaged (such as during childbirth) (Allen et al 1990),
the denervated muscles would atrophy and leave the
responsibility of pelvic organ support to the endopelvic
fascia alone. Over time, these ligaments gradually
stretch under the constant load and this viscoelastic

behaviour leads to the development of prolapse.
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There are several direct clinical applications for this
information. The first concerns the types of damage that
can occur to the urethral support system. An example is
the paravaginal defect, which causes separation in the
endopelvic fascia connecting the vagina to the pelvic
sidewall and thereby increases the compliance of the
fascial layer supporting the urethra. When this occurs,
increases in abdominal pressure can no longer effectively
compress the urethra against the supporting endopelvic
fascia to close it during increases in abdominal pressure.
When present, this paravaginal defect can be repaired
surgically and normal anatomy can thus be restored.

Normal function of the urethral support system
requires contraction of the levator ani muscle, which sup-
ports the urethra through the endopelvic fascia. During a
cough, the levator ani muscle contracts simultaneously
with the diaphragm and abdominal wall muscles to build
abdominal pressure. This levator ani contraction helps
to tense the suburethral fascial layer, as evidenced by
decreased vesical neck motion on ultrasonographic
evaluation (Miller et al 2001), thereby enhancing urethral
compression. It also protects the connective tissue from
undue stresses. Using an instrumented speculum
(Ashton-Miller et al 2002), the strength of the levator ani
muscle has recently been quantified under isometric con-
ditions (Sampselle et al 1998), and racial differences have
also been found in the levator muscle contractile proper-
ties (Howard et al 2000b).

Striated muscle takes 35% longer to develop the same
force in the elderly as in young adults, and its maximum
force is also diminished by about 35% (Thelen et al

1996a). These changes are due not to alterations in neural
recruitment patterns, but rather to age-related changes
in striated muscle contractility (Thelen et al 1996b).
Furthermore, if the striated muscle of the levator ani
becomes damaged or if its innervation is impaired, the
muscle contraction will take even longer to develop the
same force. This decrease in levator ani strength, in turn,
is associated with decreased stiffness, because striated
muscle strength and stiffness are directly and linearly
correlated (Sinkjaer et al 1988).

Alternatively, if the connection between the muscle
and the fascia is broken (Klutke et al 1990), then the
normal mechanical function of the levator ani during a
cough is lost. This phenomenon has important implica-
tions for clinical management. Recent evidence from
MRI scans, reviewed in a blinded manner, shows the
levator ani can be damaged unilaterally or bilaterally in
certain patients (DeLancey et al 2003).

URETHROVESICAL PRESSURE DYNAMICS

The anatomical separation of sphincteric elements and
supportive structures is mirrored in the functional
separation of urethral closure pressure and pressure
tran